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SUMMARY

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,

Econometric 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 ﬁhése wfitings: simultaneous equa-

'tﬂon 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.

% Threz econometric innovations are employed. One is to use the multi-
table method of Yoel Haitovsky to obtain éstimatcs of the capital and labor
output ela:sticitiesu This is possible.because for 1963vand 1964, gross-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 gcccrding 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 bias due to mis-specification.
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Another innovaﬁion is to use a "reverse covariénce" estimator and
Haitovsky's method to demonstrate the upimpor;ance of the simultaneous equation
‘blas that arises from a correlatién between labor and the stochaétic term. A
Wreverse 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' estimatoxr that results from a stane
dard application of Haitovsky's méthod, is efficient but subject to bias, A

" eollation of the ordinary and reverse covariance 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
- geventeen 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 1952-1S04 time series analysis,

This leaves only the coefiicient of neutral technical progress to be estimated
from the time series. To extend the analysis t@ the five regions.it is nec-
essary to assume no regional variabilitj in the capital and 1ab§r coefficiencs,-
thus permitting.use(of the Yugoslav crossjsectiﬁn capital and labor ceefficients
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 whicp 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:

Yugoslavia : ' - 3.8%
‘ North | - 3.7
~ 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 adailable.r For five regions, for
nineteen indué;ries, for the years 1952 to 1966, four variables are given:
employment, total fixed assets, equipment, and value added (social product);
The last three are in constant 1966 prices and therefore benefit from the
price rationmalizations of the 1965 Reform. Thé most importaﬁt.new céntribucion
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 PRGGRLIGS I TIIE SCDIIITSI ulITIRP R[S E5 OF YUGOSLAVIA:
A COBB-DOU3LAS ANALYSIS USING EXTRAMIOUS LSTYUIATORS

L - o T R

PART I
PROJLIMS Cr SPECIFICATICN AND IDINTITICATION -

“Iatroduction

S This paper1 p¥ rovides a formal statistical analysis of the growth of

real output among the socialist enterprises of Yugecslavia, According to the

Cobb-Douglas model used, growth is explainad by three factors: the mobiliza-

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

and disembodied technical progress. <Xemporarily, no cognlzance is given to
the changlnn quality of labo“ or rgpntn‘ to uon—neutral technxcal progress,
or to structural shifts bctwecn the blﬂlCﬂ”S of the social sector. The objec-

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

.

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

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

of the Néw Economic POlle in 1952 and the RcFovm of 1065. Since this paper

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

paration, concentraticn cencers on the statistical methcdology and results

-~ ‘-:

rather than tb°1r cconoric 1nterpretation.

Already ve can imagine a gcowl frem cconometricians, and a yawn from
- development ecoromists., A qulck SLnT1"y of tho nqgcr pcblams and our proposed

solutlon is necessary to relax these countenantes and preserve readers,

1Wo1.k is cuirentlv under way on twe com
Denison type analysis of the dctcrmlr it of cggrepake growih for all sectors.
Since wages and prices ccimot b2 ralicd upon to reflect marginal products,
the productivitiss ‘deriveda in this naper are ¢ crucial input., The second is
a theoretical and empiricnl microanalyais of eanterprices behavior. How has
the system of Workoers MManngemrnt czcotvibuted to the rapid growth of the
Yugoslav economy? Again, this pap2r provid2c the foundation for the analysis,

peaion pleces. The first is a
my
[~}

g
0
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Only a very brief search of the literature is needed to find eminently

qualified critics of statistical production functions. Professor Edmund Malin-

vaud writes;

esesthe 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
vexry limited purposes in the present context. However, there is
also an identification problem because of multi-collinearity using
time-series data. On the Theory and Measurement of Technolosical
Change (Cambridge: Cambridge University Press, 1966), 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 thé excellent cre-

dentials of the authors but also because they describe the three problem areas
that are most relevant to this study: (1) lack of identification due to
simultaneous equation bias; (2) or to multi-collinearity; and (3) difficulties

in the definition and estimation of the capital stock.
Thé greatest hurdle in making productibn function estimates credible

to econometricians 1is 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, institutional
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realities in Yugoslavia make it possible, even essential, tﬁ-incorporate cer-
{gqin mechanisms of resource allocation into the aggregate paranetefs. Speci-
ijically, the distributipn of management ability and the intra=-industry invest-
ment allocatién mechanism are effécts which are built into our estimates of thé
cepital and labor coefficients. Effects of this type that are included in our
estimates of the éoefficients are conéequently éxcluded from the measure of
téchnical progress, The rétionalelfor not including mahagément‘and investment

effects under the technical progress rubric are explgined 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 correcting what isn't liked re-
‘mains: A model and an estimator are needed that will eliminate the unwanted

portion éé tﬁe bias, Our approach is to first specify a model which is appro-
priate to the Yugoslav ecvomy, and define six different statistical estima-
tors of the parameters of the model, Next, on a priori grounds these six esti-
‘mators are crudely ranked in two ways: according to the possible biases that
might af?éct 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. Anticipatiﬁg the conclusion, the estimator which
“ranks highest (under a~favored assumption iﬁ is coﬁpletely bias free) and
“the éstimatof which rankénlowest on our bias‘scale but has maximum efficiency,
fgive nearly ideﬁtical results for aggregate sectors. Consequently, we conclude

:'thét simultaneous>equation bias is not an important problem with the model
used,land that considerations of efficiency may be allowed to determine thé
‘best overall estimagor. Ve will treat the oﬁher t&o 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 thé capital stocl: a

“iore detailed disucssion is given in the Appendix.
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. Im a:prOpg:1y spgcif;ed model, the deleterious effects of multi-collin-
éarity reveaiﬁtﬁemselvéé iﬁlig;ge standard errors for the coefficients.2 How-
éver, Brown's concern (and that of the myriad scholars he cites)3 is that the
true values of capital, labor and oﬁtput prescribed by our theory are so highly
correlated. in the data sample that the paramétér est;mates are really being
fitted to perturbations in the data arising from short run disequilibria, mono~
poly imperfections, and so forth. Not being able to oﬁsefve short run dis-
équilibria, monopoly imperfections and similar phenomena, no real test of this
assertion is possible. We would expect, however, that if the‘estimatés vere
principally dete:minediyy_Suéh pertufbations, the parameter estimates for dife-
ferent, indepéndenﬁ, cross-section saﬁples would be highly unstable, Ve do
not feel our estimates show this degree of.instability,.but thé reader may
resefve judgment until the estimates are presented. There is no question but
thag multiecollinearity in the data is high. For example, from the.Employﬁent
»grouping in Table 2, the -capital-labor correlation is . %86, the capital-Output
«991, 2nd labor-output .999.4 These high corfelations are typical of the
crossesgetion data and yet they do nét cause destructive increases in the stans
dayd erroré of the coefficients. Another statistic from Table 2 suggests the
rveason for this: while multi-collinearity is large, so too is the range of

thé 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
atteehing to the estimates of the separate effects of X2 and X3, when the two
variables are highly correlated" J. Johnston, Econometric Methods (New Yorlk:
McGraw Hill, 1¢60), p. 2C4.

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

_ 4'.l‘he measure presented is computed from unweighted, per-firm data for
the twelve size categories, .

4
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This gréat range of thé ratio of the independent variables provides adequate -
information for the'gstimation qf s;atigtica1ly,significanc,éoefficienté. .
.. .- - Hopefully, the range is also sufficient to overcome the distorting. .
effects of any systematic perturbations of the type mentioned by Erqwn. Like
the cross-section data, the time-series also exhibits high multi-collinearity.
. In this case, however, the range is much smaller, and consequently we place ...
as -little emphasis as possible on the use of time-serieéAto unscramble the .
competing effects of capital and labor. N s e Véft o

2 = - _While identification is the statistical hurdle most promineﬁtly hindering
~ ereditable estimates, the theoretical problem of greatest difficulty is how to
‘measure’ capital's contribution to production. It is this difficulty that leads
Professor Hicks to question the validity of any attempt to prodﬁction function
estimation similar to the type we propose. - The more detailed questions of

: déflation and measurements of capital stock are relegated to Appendix C ,- Ac,
‘this point we are only concerned with the more overriding question of whether
or_noﬁ theoretical problems in the definition of capital and in the contribue
tion of capital to production make it a "vain endeavor to construct statistical
production functions.” In a recent review of this literature, Israel M. Kerz-
ngrs_convincingly concludes. that whether capital is to be treated as a flow

of services or as a stock of goods whose very existence c&ﬁtriﬁaﬁéé'zo>gfoduc¥
ticn with no diminishment of the stock's capabiiity, depends on tﬁe time period‘
of the analysis. Where the relevant time ﬁeriod is' the planniﬁg horizon of
éﬁe‘firm, all inpuﬁé must be considered vgriabie>so;ﬁhat a flow approach is

ﬁﬁé proééfrone. On the other hand, as we consider éhorter and shorter time

pexiods, more variables become fixed for the purpose of analysis and it

5An Essay _on Capital (New York: August M. Kelley, 1966), particularly
Chapter Tvo. ' ‘

B b
.
’ . )
'
[
. .
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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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dollate“(and adjusted for diffefing durabilities); and intermediate inputs; -
the latter are the skill of management in combining the productive factors, and
the state of technoloéical knowledge. A visual introduction to these vari-
ables is given in equation (1.1) where Y, L, K and G denote the quantitatively
otéetuable variables--output; labor, capital and intermediate goods;.and M and
T represent the non-observable variables--management and technology. This
ouerly abstract statement is intended to serve only as a peg for diseussing
sanefotﬂthe more genefal problems of production function estimation.
(.1) Y = £(,L,G: M,T)
oﬁf first problem is aggregation} We”begin_with a description of the

_datargenerated by the disaggregate firm and discuss, step by step, the aggre-
gations made by ourselves and the Federal Statistical Bureau of Yugoslavia
(SZS). This somewhat round—about process serves-to empha51ze that the under=- »
'l.yino data collection is done on an exhaustive basis coveriné all firms each
year. Although the published variables and aggregates vary from year to year

A

' they~are generated by the same censal process, At times we are forced to
6p11ce together various seiiesktecause the data for the entire population 15
not_published annually. The underlying continuity of the censal process is
important since it means we do not have 5uch seriouo problems in comparing
vdata from different time periods and different -sectors as we would have if
they'were generated by differing sets of surveys and samples, What we haue
_areHVafious windowa looking into the population of firms, the windows change
their.loeation through time, but they always continue to observe the complete

population of firms without distortion.

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

D

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
aQailability, 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 4l-sector breakdown of the economy. However, even this level of
aggregation is too burdenscme.

Table 1 describes how we aggregate the 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 since after 1962 we have available
cross-sectional data on each of the industries, The cross-section data, des-

- cribed in more detail below, groups firms in each industry 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 sy 12 size categoriés. In the dimensions.of ceo=
graphy, we use a S-region aggregate;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: the
basic unit of analysis is éﬁe year., In summary, the first step in simplifying
the data is to aggregate into 1 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 simplificationm.

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&ntribqtion to data simplicity, and the greatest lbés to
information occurs because the cross-section data does not become publicly |
available until 1962. - At the time of this writing, a time series of the cross-
section data by our nineteen sectors is available for 1962 through 1966. Mow-
ever, we will only be-concerned with two years of this data: 1963 and 1564.
'The year 1962 was one of mini-recessions and the existence of excess capacity
in 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 cut-backs in the rate of growth and transition
problems associated with the reform of 1965 again cause low capacity and labor
utilization to distort production rglétionshipé. 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 republies. This breakdowuvv
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 Coael EEA T S
:22.  What we are left with by these apgregations 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 being presented; third, for indﬁstry and mining alone, for 1963 and
’1964, and also for 1965 through 1967 the same aforementioned cross-section

‘data further presented according to Republics.

R Pt
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TABLE I

AGGREGATION OF PRODUCTIVE SOCIAL SECTOR ACTIVITIES:

ECONOMIC GROWTH CENTER AND RELATED TWO-DIGIT

' o :
YUGOSLAV CLASSIFICATIONS

Total Productive Séctqr
Induséry & Mining
Agriculture & Fishing
Constrﬁction

Transport & Communications

_Handcraft ‘

Other (Forestry, Trade, and Utilities)

INDUSTRY AND MINING

Electricity

£ Coal and Coal Mining

Food, Drink, Tobacco

Textiles and Clothing

 Timber and Furniture

Paﬁer_Printing and Publishiﬁg
Leather, Rubber and Footwear
Stone, Clay and Glass
Chefiicals and Petroleum
Metal Using ° _ ' .
Metal Making |

Miscellaneous

YUG

—

LY oe.as
AN - Lt

003, 006,

000
001
002
oou
005
007

008

111

. 112

127,

129

124

123,
125,
116,
113,
117,

i1u,

133
128
126
121

120

119

115

118, 130, 131, 132
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Ve 1nifia11y focus attention on the terminal yea?é 1965 and 1964 where
the best data isiévailable, aﬁalyze this peribd in detail, then use the re-
sults obtained from this benchmark to investigaﬁe the time path which brought
tﬁé"economy to‘this terminal point; A crucial step in the statistical anaiysis
1é‘to uée fhéioutput elasticities obtained fromlthe 1963~-64 cross-section
analysis asrextraneous estimators for.our analysis of technolegical change
in the broader 1952 to 1962 period.

rEq;ation (1.1) postulates a relationship between gross output and a
sét of iﬁputs which include intermediate prodﬁcts. A significant simplifica- .
tidn ofrfhe éﬁalysis is achieved by deleting inéermediate products from the in-
.puéé and relating value added to capital, labor, and ﬁhe non-observable
variables. Table_l presents evidence that suggests this constriction of the
analysis does not have any ;e;iéuS'effects';niour appraisal of the soutc;s of
'é;;wtﬁi Tﬁis table presents for the total economy (social plus private sectors),
éhe 50ﬁiai sector, and industry and mining, the ratio of ;ntermediate products
éSnsuQed tor§alue édded, For each of these three sectors of the economy,

Sdt pafficﬁlarly for the first two, the change in this ratio between'i962 and
194 £S‘hnimportaﬁt. In a more practical'vein, although we do have current
ﬁricejtiné éeries dAta on intermediate goods (the variable G); no deflated
ééries are cufrently availéble and the pogsible gain from creating such a
éeries"does not seem to be worth the work required.

The question of whether or not to include intermediate:goods alsa
érises.in our analysis of the cross-section data. Since we mean to use this .
&ata to obtain extraneous estimators of'0utpu£ 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




RATIO

SECTOR
Total Economy
Social Sector

Industry and Mining

e

# A1l underlyiﬁg measures are in purrent prices and taken from SB 228 and SG 1966.

=15~ .xl

- TABLE.2

OF MATERTAL EXPENDITUKE TO VALUE ADDED

(SOCIAL PRODUCT)*

.95

095 M

Sodas o e

12

1959

1.05

1964
.96

.96

1,04

YN



-16~

biased estimates of the capital and labor ouﬁput 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
empiriqgl evidence on this question is available; In the Yugoslav cross-section
?ata 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 ﬁf 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 adde&.

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 awkward 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 ones con-
cerning plant layout, production processes, etc, that relate machines and
labor to output. While "management decisions" are made at all levels, 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

By 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
rather 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 among 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,

:(1.2) 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 éf '
. management improvement, so that increases in scale provoke automatic increases

in efficiency.

9We_do not know of any surveys that present data on the extent to which
the recruiting of management is done internally. The ILO describes the formal
requirements for "open competition,' but also notes that these were often not
successful because of the lack of qualified candidates. Workers Management in
Yuposlavia (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 embodied in our production.fruition
éstimates.lo It is a bias if the sole objective is to gstimate parameters
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-’
mefer 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 1952-1964

.period, this former set of agents would include members of the Nationél Bank,
tﬁe 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 realationship incorporating value added‘rather

-tﬁan gross output as the indepeﬁdent variable 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(x,L;T)

lqWhere 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 Economics: Studies in Mathematical Economics
-=Econometrics in Memory of Yepupa Grunfeld (Stanford: Stanford University
"Press, 1963), p. 143, Since our cross-section data is grouped, this approach
is not available. : :

11".l‘hi.s distinction between agents is advocated by Thomas Marschal,, "On
the Comparison of Centralized and Deccentralized Economics,' American Economic
Review: Papers and Proceedings, May 1969, Vol, 57, No. 2.
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length of the work weelk, the participation ratio for women, education; and
other variables influencing labor input, but at this point we rely on a crude
mén-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 revalorizatioﬁ,of all
capital goods in Yugoslavia in 1962 which sought to adjust their bool: valqe to
current market prices, but nc attempt is made to deflate the 1963 and 1G4
increments in the capital stock in constant'dollars, nor is there aﬁy 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 duraollvtle and price change. We now turn to
the question of functional forms. ‘

While a great variety of functional forms are-potegtially available
for this analysis we consider only two as serious contenders: a conventional
Cobb-Douglas type function with disembodiéd technbidéiééi pfégressiaé_intro-
duced by Solow; and a CES productign function of the form fitted by Martin L.
Weitzman to the Soviet economy.l2 We conciude in favor of a Cobb-Douglas function.

This is important since Weitzman's objective is similar to §urs, and
centers its focus on the same time period, The most important factor leading
Weitzman to fit a CES rather than a Cobb—Dougla; function is the rapid 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 1559, and 286 by 1964
Clearly, capltalllabor substitution is an important part of Sov1et growth so

that if the elasticity of substitution is mistakenly assumed to be unity, this

2MarL:.n L, Weitzman, "Soviet Postwar Economic Growth and Capital Labor
Substitution " Cowles Foundation Discussion Papnr No. 256, October 30, 1763,
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sheeification error may have an important effect upon results. The situation
in Yugoslavxa is quite dlfferent. For the social sector the same capital/labor

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

creases only moderately to 1,20 by 1966.13 Therefore due to the absence of

capltalllabor Substltutlon the fmplicit assumption of the Cobb Douolas functlon'

that the elastxcxty of SubStltutlon is unity cannot be of great importance to

the analysis, For the briefer period 1952 to 1?64 the unimportance of sub=-

stltutlon becomes still clearer--the 1%64 value is only 106. This does show,

however, that between 1“61 and 1°66 the capltalllaoor ratio grew by 13 percen~

tage poxnts so that a model of the post-reform econormy may require a CES

'functlon performed by Weitzman,
Equation (1l.4) summarizes our description of the available data and our

decision to incorporate it into a Cobb-Douglas type function. Data limitations

lmpose that the cross-section varxables referenced by the subscripts are available

- only for 1963 and 1964' and w1th the exceptlon of industry and mining, we do
not have these cross-sections avallable by regions. Two additional varlaoles

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

vided by a breakdown of the capital stock into its structures and equipment

components, Since this subdivision is not available for the cross-section

data it is simpler to omit it from the discussion at this time.
. “ B .

ir ir
= A
(1.4) Yirts irt “irts Lirts

- ‘ 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
importantly distort these findings since the socialized part of agriculture
is comparatively small and the capital/labor ratio in that branch has a move-
ment similar to the aggregate social sector: 100 in 19513 .92 in 1959; and
finally, 1.13 in 1966.
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r  refers to 5 regions of which two (Yugoslavia
and the South) are obtained as aggregates, 5o
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 th;t
réturns to scale, measured as the sum of.a pluslB , 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 coefficienés
for different industries 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 prozress is
neutral and disembodied, Consequently, there are no time subscripts to either
alpha or beta. Besides being neutral and disémbbdied, we 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) A ¢ = Exp (Air )

irx

Before beginning a discussion of the stochastic specifications of the regres-

t

sions, it is necessary to briefly consider the.broader sets of simultanecous
equations from which we have lifted the producéion relatioﬁship (1.4).

The identification question was introduced earlierlwith the quotations
from Professors Malinvaud and Brown., It was argued that in a study such as
éurs with limited objectives, it is possible to partially dodge the issue by
acgepting 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, wefneed a theory of behavior for
Yugoslav: enterprises, a theory which will tell how available resources, the
decentralized ﬁarketrsystem, worke%s management, and centrally influenced in-
vestment allocation determine the capital and 1§bor inpﬁts.‘ Unfortunately,

in our opinion, n0‘SuCh theory is cur;éntly avaiiable, nor does any seem possible
Viqhout extepsive inQestigations of empirical behavior, While we wiil 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.are the least subject

to errors of model specification.

i

Six single-equation estimators are tgied. Some of these are completely
bais-free if ome grants their assumption, Generaily, however, it is qﬁite |
Qfoiculg to ;ell whether these assumptions are satisfied or not, For example,
sbg use of»}éggegryalues,of‘ther@ndependent variab1es as instrumental vawriables
E;9dgces biag-free estimates if the iagged values are not correlated with the
contemporary error term. It would seem that many of the transitory factors,
,sﬁch as weather which affect prpductién in one year and produce a correlation
between the error term and one of the-input y?riablés might not exist in subse-
quﬁtjyears. On_the-other hand, one can also think of éffects such as we
~ have described for management and intra—industrykinvestment allocation which‘
would continue for'lpng periods, While a variety of assumptioﬁs of this type
under lie 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
by the reqli;ies of the Yugoslav economy. This is that the capital stock,
gpﬁe for,the intra-industry investment gllqcat;on effect described 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- ;E
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;ﬁ;_from three to four years in duration on the avérage. Consequently,
1:éhaﬁéégii;?th§: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-

. rent error téfuh; 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 term, H, 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 ve seek to measure. é;wever, correlations between either of the two

stochastic components and the inputs cause a biased parameter estimate., We

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. l46.
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between tbe'inpﬁts and U "simultaneous equation bias." We next give a brief

desériﬁtion of £he‘theory underlying the varioﬁs'eétiﬁators”uséd;- TTTLmonAi e
T Chanée n;Eétioﬁ so fﬂétﬂﬁpper désejlettérs—ﬂéﬁaféTnéturél'logarithﬁﬁ,
téméorérilyréﬁppress the industry and régionrsubscripts,‘and consider the
réiafionship (1.4)7ana (1.6). tﬁe then have gﬁé'follghing'equatiohs.qorreSpon-

ding to (1.4) and (1.6): ' : TS

(1.4a) Yts aLg + aKts + BKts TlL et s TW

(Lea) B =B +U, s

Rl e

Temporal bias, the H_ effect, may be eliminated by using "covariance estima-

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

‘defining dummy time variables and estimating their coefficients which are un-
biased estimates of Et' 1f one is not interested in knowing the values of Ht’
_bdt only in obtaining unbiased estimates of @ and B , the same result may be

obtained by defining the six variables of (l.4a) and (I.6a) as deviations from

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

for example, ’ - e SOTELEUTED e

where Yt is a simple average taken over the 12 size’éétégoriééi ~1f we use the

annual deviates
. _ ,£ . :
o kesr e 21 Vs :
in (1.4a), then ht 1s eliminated from (l.6a) and e£s<éqdéi§ de;;lj

.~ ~ This transformation, 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 general theory of covariance estimators, see

Henry Scheffe, The Analysis of Variance (New York: John Wiley & Son, 1959),
ppP. 192-220,
17

We are free to paramaterize our model so that 'T-ht = h, = 0,
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.or zts and U ge .Given our'inébility to specify a simultaneous equation qugl,
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

‘yariables k and lt-

1,s*

textbooks on econometrics and needs no description here. In addition to the

t-1,s

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 ( 5;§'); the covariance estimator denoted by ( @ ,'B ) and

the instrumental variable estimator obtained by using R._, ¢ and L_q ¢ 88
p “ L S)

a2y 19
instruments for Kts and Lts’ gnd denoted by (_a , B,
Defining the covariance matrix of the independent variables for the

estimators by A, A and A, we have:

K 1 R
A = X,L),
~ . k
A-=] | (k)
-~
~ {K!
A = -1 (K,L).
t
]

81bid., pp. 160-163.

. 191f 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

description of the theory underlying the various estimators used.

Change notation s0 that upper case letters denote natural logarithns

'temporarily suppress the industry and region Subscripts and consider the
relationship (1.4) and (1.6). We then have the followxng equations oorrespon-

ding to (1 4) and (1.6)

+
I aKts + BKts

Ht + Uts

It

(1.4a) Y

]

(1.6a7)’7EtS

Temporal bias, the Ht effect, may be eliminated by using "covariance estima-~

tes n16

A straightforward application of the covariance techniquerinvolves

definlng dummy time variables and estimating their coefficients which are un-

biased estimates of Ht. If one is not 1nterested an&HOWLHg the values of Ht’
but only in obtaining unbiased estimates of @ and B , the same result may be

obtained by definino the six variables of (1 4a) and (1 6a) as deviations from

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

for example,

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

annual deviates

. E o )
ts’ ts and Yes
.17

in (l.4a), then h is eliminated from (l.6a) and e  equals u

This transformation, however, still does not remove the simultaneous

A e i e s v e

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

o 16For 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 oo :

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—l’ are N x 1 vestors of observation. The corres-
ponding least squares parameter estimates aras then .
- _
o] ° -_1 K'
= A Y, Simple Least Squares Estimator
8 i
= A ] - .
o ael k'T . :
" = A y, Covariance Estimator
LB ] | 2! ]
~ PK' -
- = A-l =1 Y. Instrumental Variables Estimator,
LB L'-l Type 2 (Both capital and labor used
T - as instruments)

The Mundlak estimator _( a, B) is defined by

% I reae
A = A-l ' -1 Y. Mundlek Estimator, Type 2
ot Tt .
| | B S | ,
. Where -
A K'-k'-K'_1
£ = (R-k-K ., L-4-L_,).
L"E"'L' )

-l
That is, the variables from (1.4a) and (l.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 conditions,. particularly the presumed independance of the wage rate
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and temporal effecté, is not apt to be so easily obtained. One important con-

gributor to Ht for the cross-section data is change in price of outputs.(non-’
deflated output data is used), It is difficult to be confident.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 pfomise to be more efficient than other estimators
with comparable bias. A less biased, less efficient estimator is di$Cussed
next.

One method of eliminating temporal and simultaneoﬁs equation bias is
to use the combined estimator ( o, B ).which'wé call a covariance/insfrumental

- estimator and which is given by

v
[+

¥y, Covariance/Instrumental
Estimator, Type 2

v
B 5 -1
v |k
where A

g-1| [k 2l

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

How does the econometrician choose? The basic choice is between bias
Qnd.efficieﬁcy, but even that choice is complicated by the existence of alter-
native model specifications; most importantly, 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. Thesg 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 would introduce inadmissable bias to use Type 1 esti-

mators under the B classification, For reasons already explained covariance/
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instrumental is superior to Mundlak, and with some trepidation, we place co-
?ﬁtiﬂnce after Mundlak, The reason why reverse covariance dominates the A

¢;§§éif1cation-is explained later..
IR

- Having obtained a ranking on the criterion of minimum bias, we must

nex# define measures that indicate the extent to which an estimator violates

thg g_grlorx side condltlons we wish to impose. Violation of these side con-
??ions may be taken as evidence that low eff1c1ency and resulting high

a§§p43rd errors are at fauli, or simply that an unacceptable degree of bias

l al

ig B;esent. The weakest such zondition is that paramater values be positive,

slig tly stronger is the condition tha“ they be both positive and otatlstlcally
frin: :

aﬁgpificant. A 51mple count of both these conditions over the 2 x 19 para-

4B

mquw estlmates computed for each estimator provxdes the best measure. If one

h'\

——-‘

yilling to assume profit maximization and perfect compet1tion it is also

.‘J._
m@p ngful to compute a coefficient of variation for the marginal products of

A.h

Fch‘input for each estimator.  High values of the coefficient of variation
WQgﬂd be indicative of low efficiency in the estlmator. We do compute co-

eff%pients of 'variation for two estimators, but more from curiosity than con-
FEadh
v}gﬁﬂono In summery, we seek the estimator that promises minimum bias, and

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

RULUS | ~
:?géﬁétes' L e —

oy




CROSS-SECTION ESTIMATES OF LABCR AND CAPITAL
OQUTPUT ELASTICITIES

INTR ODUCTION

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 extraneoﬁs estimators in the time_series
analysis. A general discussion of the statisti;al model has been givéﬁ. 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.
“Toward that end consider equation (2.1):

@.1) Yy o= A TR Y BTy T YU

vhere 1 = 1 ... 19; t = 1962, 1963; 1964; s = 1 ... 12, All of the variables
are described earlier, but noté that no attempt is made to estimate tech~

nological progress in this model. The shift parameter a, includes the ef-

1ts
fects not only of technologicai change, but also of annual changes in the

prices of output; and in the prices of increments to the capital stock. It

is ag 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
sim;lar condition is assumed for the price of increments to the capital stock.
Although there was an extensive re-valorization'of.fixed aséeté 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

importantly disturb the distribution of the capital stock which 1is correctly
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measured for 1962. 'AiSd‘cdncerning the capital stock, it is presumed that

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

tures so that the average lengch of life of capital goods for the different

categories is the same.

To give the reader a better 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 =

Lndustry aggregates defined in Table 1. The pariicular industry used in
Table 3 is the most aggregate one available--thai for the total productive
part of the social sector. The most notable feature of this data is that the

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

- L

.according to the number of employees, 'and the other according to the value of

fixed assets, CThe Statistics.are also available, grouped according to gross

value added and net value addcd however, as will shortly be demonstrated,

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

each of the 1ndependent varlables of the analy51s ) Another feature is that

#on -

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

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

€ r

of equatlon (2 1) it is necessary to divide each column of variables by the

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

gory to category,‘efficient least squares estimation requires, regardless of
which estimator we use, that the estimates should be based upon a weighted re-
gression with the weights being the square root of the number of firms.zo

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

of firms is used as a weight vnless otherwise specified.

20Edmund Malinvaud, Statistizal Methods of Econometrics, (Chicago: Rand
McNally & Co., 1966), pp. 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 indepéndent variables it is more
efficient to compute an estimate using all of the tables than to rely upon any
one of thems This combined regression can be described-in ghe following way:
'éompute 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 Haitovsyy's
-dérivétion, 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.indicate 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;r 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 Coefficients 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-

ro
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hencéforth grouping 2. Denoting the mis-specified estimates by bars, their

“least squares formula is given by (2.4)¢22

s .

Taking the expectations of ( af), we discover that they equallthe un-
fﬁiééed'estimaﬁes of the correctly specified covariance model (2.2), which we
fdenote by (& é, plus an error bias term. Tﬁis is expressed in (2.5). We may
now substitute (2.4) into (2.5) and solve for-the vector of unbiaseé estimates,
Ehereby obtaining (2.6). Haitovsky obt?ins thenvariances of (;,é) in a similar

mannex. , :

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 denoce the unbiased instrumental variable esti-

mtes corresponding to equation (2.1) by (¢, 8) we have (2.7). The Mundlak

A A

_estimator is obtained in a similar way, denoted by (;,é) and presented in

equation (2.8).

PP

The reverse covariance estimat;x musﬁﬁégill.be defined. We do so by
giméiy changing the table subsaribts”in equation (2.6). This means, in terms
of (2.4), that we éstiﬁafe the capital coefficient from the labor ﬁable, and
éﬁé labor coefficient from the capital table., The reverse covariance estimator
'iglosviOUSIy less efficient than the ordinary covariance estimator, but might
iﬁ Be less biased?
To answer this let (o%, B%) denote the reverse covariance estimator.
éé;rgarlier rankingiéf estimators implied that'feve¥se covaéiance is most bias-

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

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

o 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 (&,B) is the mis-specified ordinary covariance estimator, and (&%, B¥) {is

its reverse covariance counterpart.

(2.2) g = “ks + B2 + E,

2.3y, =Tk, +E

s 1:» .
v =82 +E
s s 2s
_ Elvk
(2.4) @ =537
d
_ Zzyl
B = 2
222 L
) . Elkl
(2.5) a=atB 5 k2
1
_ - szz -
B=a + B
z 22 . ’
2
[~ 2 o1 T :
o Zlk zlkz Zlyk Ordinary Least Squares
(2.6) = Estimator
;ﬁ% bZZkl 22 2232
(2.7 ¢ _ z1kk—l lek_l zlyk-l " Covariance/Instrumental
* -1 Estimator, Tvpa 2
8 | Lzzky,_l I,88 3 I,ve_y
Tal Trealxr ) 5. ar-ge-1x ) |5, (fR-yk-¥® )| Mund1ak
. 1 -1 1 -1 1 -1 Torioat
(2.8) - - i : (L2 2 - Est m;tc
lﬁ [EZ(AL—kl-RL_12 2 -2 —LL_l) ZZ L—vl—YL_l, Type
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";If‘i,fﬁésume that capital and the error tzrm are not correlatad but
:ﬁat laﬁbtfénd the error termia}e correlatad, this gives
E(Zlke) = E(szc) = 0,

and  E(LEe) # 0. -

But’ﬁhgéﬁéﬁégtfﬁ(zzés)?k ﬁhile it might secem thaﬁ the prasumed corralation be-

' t&geﬁ ii\iéﬁdLl$ would make E(ille) %_0,”this is ﬁof correct. Vhean using

. éf&upéd dgfé} if-the groupiﬁg variable ié itéelf independent'of“thererrof‘term,"“
ig ﬁay Sérve as an instrument ﬁo pﬁrge an§-othar variahbles in that table of correla~

tion with 5.23

Immediately we see that all variables in the capital table,
' ; iaﬂlénigfa:e‘free of such correlation, and narticularly E(lee) = (). This means

that under the assumntions ,, _ R . .
E(ke) = 0

- E(2¢) i o,

the covariance estimator (?2.6) is subject to simultaneous equation bhias,

A

23See the discussion by Malinvaud, op. cit., pn. 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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TABLE ¥ « SAMPLE CROSS-SECTION DATA 5k,

TOTAL SOCIAL SECTOR, 1964 1 nM |
¢

A

e e i ¥,

i
|
»
i

"y ,,v.'l. ..
. EMPLOYMENT BASIS \ . ‘\ . .
Less i Over
Unit of than .6 ' - 1001~ x 2001~ 3001- 4009
Measure Totzl Employces| 7-15 16-29 30-60 61-125 126-250] 251-500| 501-1000| 2000 'y 3000 4000 | Employees
Number of firms No. 14870 1753 1788 1919 2578 2589 1831 1216 . 622 365 6 54 53
Erployment - annual average |thousands |, 2915 5 i3 L2 111 228 322 426 431 501 231 185 5049
Gross Tixed Assets bil. din. |: 8962 8 23 ' 62 198 H7_7 785 1104 1147 1517 B suy 660 2132
(Revalorized in 1962) X
. ! .
Value Added bil. din. |: 4857 10 27 60 162 351 53y 688 705 838 423 306 74€
(Current prices) ' :
.: N
! [
‘ CAPITAL BASIS
. Less = Over
Unit of | than 0.5/ 0.5- 1.5- | soo0- 1500~ 5000~} - 15000
Measure " Total |[mil.din. 1.5 2.5 2.5-5 5-15 15<50 50-150 {150-500 1500 5000 15000 | mil.dia.
Number of firms No. 14870 990 788 46y 803 1799 2941 2865 2187 1178 568 130 107
Erployment = annual average | thousands 2915 7 7 ) 14 51 185 303 461 546 613 360 ‘ 337
} . .
. Gross Fixed Assets bil. din. §: 8962 0.1 0.7 0.9 2 16 87 257 603 1005 151 1518 3956
(Revalorized in 1962) z
Valve Added bil. din. 4857 7 8 6 17 63 211 427 701 | 856 1014 682 858
{Currént prices) : i | N
' 8a -

RO AR




Estimator

A. 1963-64 with Square Root Weights#
. 1. Reverse covariance: 1963-64
2, Covariance/Instrumental, Type
3. Covariance/Instrumental, Type
4. Kundlak, Type 2
5. Mundlak, Type 1
6. Covariance: 1963-64

B 1963-£4 with Firm Yeights®
‘1. Paverse covariance: 1953-64
2. Covariance/Instrumental, Type
3. Coveriance/Instrumental, Type
4. Mundlak, Type 2
5. Mundlak, Tywn 1
i. bBa. Ccvariance 3-64
6b. Covariance: 1°6° 64

€. 1163-57 with Sauvare Root.Weights#
Ti. foverse covariance: 1963-04
2. Covariance/Instrumental, Type
3. Cevariance/Instrumental, Type
L. Mundlak, Tyoe 2
5. Mundlak, Type 1
6 Covariance: 1953-64

“Par: B uses the number of - firms per cell as a regression weight, Parts A anéd C use the sg

+A1l covariance/instrumental and covariance parameters are s:wm.f:.cantly positive at a conf

’

i

T et TABLE § 57 T

AGGREGATE ESTIMATES:

-Lotal Social Sector

not

errors of the estimates are not known for Mundlak estimators

1963-64+

Iﬁdustry and Mining

12 Cells 12 Cells
] B a+B . 8 o8
- ¥ .89 1.04 .13 , .89 1.02
. W14 .88 1.02 A4 .88 1.02
<. W16 ) .85 1.01 .18 .88 1.02
.09 .95 1.04 .15 .89 1.08
.13 . .83 1.02 .17 .85 1.02
.13 .89 1.02 ° .13 .89 1.02
o
1
omitted
: omitted
© .12 .88 1.00 .10 .89 .99
A1 .91 1.02 .12 .90 1.02
.12 ..88 1.00 .15 +85 1.00
.12 .88 1.00 .10 .89 .99
.12 .89 1.01 07 .93 1.00
‘available

.16
.18
.19
.16

A9

.15

.16
.19

L

.11
.13
1h
-.02
-.02
.10

fidence level of .95.

-

Indus d
UtV s ining

.83

.81

.80
. 84
.80
.84

‘omitt
.87

.80

e 86
omitt

.84

.82 -

.81
97
.98

.85

Stﬁndard

asd

.99
.99
.99
1.01
.99
.98

e d-
1.03
.%99
1.00

.95
«35
.95
.95
.96
- 4325

uare root of the number of firus.

- avy

]

P e o< o]

s

N

~
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Consider first not the two input coefficients, but their sum, the scale
coefficient. As would be expected, the,scale.coefficient shows greater stab-
iliﬁy than eithef of its components, o or g8 . GeAgrally; all of the results
from the 12-cell data show returns to scale very close to unit&. Excluding
Section C, the range of éhe scale coefficient fgr ﬁoph_industry and'mining and
the total social sector is from .99 to 1.04 with a median value around 1.01
or 1,02, These valﬁes are not statistically significantly differenﬁ from unity
to allow rejection of tﬁe hypothesis of constant feturns to scale, ;In none of
the results, however, is the scale ccefficient forced to be‘un{ty; the preseccce
of high multi-collinearity can cause this specification to explosively affect

‘the estimates of the capital and labgi éoeffiéients. It is ihteresting that
when sqﬁare root weights are used, the 9-céll géta,consistently giv%s lower

: éstimates of thé scale coefficients. The diffcience in each case is exactly

3 percentagejpdints. A much greater differencé ip the scale coz2fficients 139
found in the'9-¢e11, 1963-67 regibnél daté ﬁsing équare'root weighté (Part C),
COmparing thisldata with the 94ce11 estimates frqm 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 indiéation of decreasing returns to scale
with a value of .95 but wgiwould'épéculate that gi;de'this 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 coasz, it would explaiﬁ 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 yzars validates cur restricting atiention to S ;
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only the pre-reform yeafs, thus assuring a more homogeneous samplé 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 ﬁhe total social sector of industryrand mining. For
the 9-cell data, however, it is substantially léss, somewhere in the. low .80's,
CorreSpondingly, the capital coefficient, o , teﬁds to lie in the_iow teens for
the 12-cell data, and in the high teens for.the 9-cell data. In Section C, the
two capital coefficients according to thé Mundlak estimators are slightly nega-
tive.'.The magnitude of these negatiye values suggests violation cf the Mundlak
assumptions in the longer time period rather. than a distortion due to ;ampling.

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

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 eSFab-
1lish the.importance or unimportance'of the cbrrelation between capital and
the error term, we,contfast 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.
Howéver,uit should not be interpreted to mean that-the.introduction of capital
88 an instruménfal variable has removed any significant bias, rather it is more
likely that the consistent change of the parameters by a few points is due
simply to the less-than-perfect correlation which exists between lagged capital
iand.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,
8 y yp _
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“'At this point, along with the Type 2 estimators, we also disczrd the
Mundlak estimators, The presence of the two negative czpital ccefficients in-
dicates that the assumptions of that estiwator 3re.not mat., If we compare the
éoVariénce/ins?rumental Type 1 estimators with either the ordinary covariance
or reverse covariénce estimators, we find that the former sesms to yield a
higher capital coefficient estimate aﬁd a lower iabor estimate. Here again,

- this result can be explained by the less-than-perfect correiation which existé»
between lagged labor and current labor. This wculd céuse the labor ﬁoefficient
for the:covariance/instrumental, Type 1 estimétqr to be smaller “han that for .

either of the covariance estimctors.

Z7 - -The most interesting comparison is betwcen the covariance and the reverse

covariance estimators. Under our preferred assumption that capital and the

error term are not corrzlated, the reverce covariance estimator offers the

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

-y

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

~

instrumental variable estimators bacause the latier caanct remove such correla-.~

-
//

tions if the errors affecting the varisbles are associated through timef' There-
.fbré, a comparison of the covariance ané the reverse ccovariance estimafors pro-
vides our best mzthod for'jﬁdging th2 importance of the bias generated by a pqééi;ié:
correlation beiween labor and the error term. -The resule is surprising.

There are fcur blocks of data fox Whicﬁ ths two estimators may be com-
pared. For these fcﬁr blocks, none of the paranater cstimstes.difo?s by more
than one percentage point, signifying}ﬁhét viritually identical resulés are 1

achieved whether we use reversa2 covariance or covariance estimators. The con-

. pd .
RPN -, R .
‘clusion must be that sipultenzcus equaticn bias resulting from a correlation
. - - ’l/ . . . '“\
‘between laboer and the/;tror term does not exist, at least not t=7cr the assump- N

.

P . .
‘tions of the model, This also moans that there is no reason for further

7/ .

/
.’
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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 estimstes 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 approximatcly 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 greatestvstatistical import 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 estimatesc occurs

when we go from the 12-cell data to the 9-cell data which implies that con-
solidation 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 thsat 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 covariauce. Since the ordinary covariance estimators are more effi-
cient they would seem to be supcrior., Estimates for the nineteen sectors con-

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

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

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




onomic Growth Center Sector

SECTORAL ELASTICITY ESTIMATES FOR 1963-64

Covariance/Instrumental,

N

TABLE 5

Ordinary Covariance

Reverse Covariance

Tona 4 : )

o 8 o+ o B o+B o B on

tal Social Sector ' (600) .16 .85 1.01 .13 .89 1.02 .12 .89 1.01

dustry and Mining (001) .14 .88 1.02 .13 .89 1.02 .13 .89 1.02

rriculture - (002) .11 .87 .98 .10 .88 .98 .12 .86 .98

mstruction with size effect (003). .20 .60 .80 11 .71 .82 -.00 - .84 .04

3 .24 .69 .93 (.671)

ransportation & Communication (004) .21 <74 .95 .18 .77 .95 .16 +82 .98

andicrafts (005) .20 .79 .99 .16 .84 1.00 .16 .84 1.00

rade & Miscellaneous (006) .21 .77 .98 .20 .78 .98 .20 .78 .98

lectricity (111) .29 .72, 1.01 .29 .72 1.01 -.19 1.59 1.40

' ' _ _ (.uu1)
oal & Coal Mining (112) .29 .76 1.05 .31 .74 1.05 .28 .79 1.07
ood, Drink & Tobacco - (113) -.01 1.8 1.13 | .09 1.05 1.1 A2 4,01 /- 1.13
’ (.024) - S _ '

extiles & Clothing (114) .08 .99 1.07 | .18 .92 1.06 .10 .98 1.08

imber & Furniture (115) .24 .75 .99 .23 .75 .08 .16 .86 1.02

aper, Printing & Publishing (116) .17 .81 .88 | .16 .81 .97 .12 .89 1.01

eather, Rubber § Footweay (117) .28 .83 1.11 .18 .92 1.10 .16 .96 1.12

tone, Clay & Glass (118) .26 .82 1,08 .23 .86 1.09 .26 .82 1.08

hemicals & Petroleum (119) .35 .69 - 1.04 .29 .77 1.06 .38 .61 .99
etal Using (120) .18 .93 1.11 .12 1.00 '1.12 .09 1.03 1.12

¢tal ¥aking (121) .26 .85 1.11 .10 1.04 1.15 .05 - 1.11 1.16

(133) .

iscellaneous - (122) .07 .78 .85 .15 .69 .84 .04 .86 .90

: (.038) (.061) '

;77-
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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 the 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

; . .
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 regiouns
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.



Region

Yugoéiavié.
North
South )
Serbia /gr'oper

South less
Serbia ':Proper

Yugoslavia
North
South
e
Serbia Proper

South less
Serbia /Ep’roper

*All coefficients are significantly positive at a confidence level of .95. aThe covariance estimates
Serbia-groper for 1963-64%, and the North for 1963-67, fail at the .875 level, however..

Covariance/Instrumental,

Type 1
[« T t B
W19 .80
17 - .86
J1u .80
.28 .85
W11 .92
A .81
.07 .92
.15 .78
.18 .73
.19 .79

" TABLE 6

REGIONAL ELASTICITY ESTIMATES
FOR INDUSTRY AND MINING®

Ordinary Covariance

a3 o B
. Year.. from 1963 to 1964
|
..990 .15 .84
1.03 .10 .93
.oh ! .81
‘93 ) . 028-‘ 16!4‘
1.03 .03 1.01
Year. from 1963 to 1967
.95 .10 .85
.99 .03 .96
.93 11 .83
.91 .15 .76
.98 1y .8

ov8

.99
1.03
-95

.92

~1.04

.95
.99
.9!4

.91

.98. . -

~—

~—

Reverse Covariance

- .16
.08
.31

.27

l11
-~.03
{.036)

.16

.15

: 015

B

.83
.96
+62

.66

«99.

.76

.827

ofB

.99

1.04
- .93

.93

1'014

.95
1.02

.92

.91

.97

fbr South less

..9}7-
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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 lcw measure for the iabor coefficient and for returns to
scale, The statistics 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 Sé:bia 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 criterionm involves many qualifications and modifications; never-
theless, a straightforward, naive comparison is not without merit. At‘thg very
least it éan 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
hands 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



TABLE 7 )
Jite- - -oo .. SECTORAL MARGINAL PRODUCT ESTIMATES - -~ = -~ -=o-- .
FOR 1963-64% 0
e - ) K 'Covarianée/ -1 Ofdinary
ER T nstrumental., Tvne 1 ~ Covariance
oL T o avK WL ~“HPK PG
'Total_sdcial Sector - (o000) 19 T~ | T . 1.5
Industry é;d Mining . 7 (o01) 1.11 1.2 | .10 1.%u
Agrlculture »i_ o 7'  (022) " .06 | r.gg » .06 igs o
.Constructlon w1th size effgct (003) ,52 ;gi : .53 | .96
: Transportation & Commgnlcatlon (oon) it .10 ' 1.12— | 09 .1.ii
Handicrafts T (005) ss . 47 .83
‘Trade € Miscellaneous (006) | .37 1.1 .35 1.13
Electricity,,r R ii_ffi nz;i;; , ,.067 2.2 .0t ‘-:2.227 ‘
c§a1 & Cogllﬂéningr y 7' .(;12) W12 'Ar.,vs, f h.is CJTh )
Food, Drink & Tobacco . ©  (118) | ¥—?'°?,,. - 1;96‘ | .07 1,75
| Texfilqs'é Clothing '_ o)} .09 1,49 S LA ;.10'
Timger's Furniture _»' | : (i155 .24 .71 23 .m
Paper, Printing & Publishing - (116) ) .25 1.34 .25 ;};3$ _
teather,'Rubber & Footwear (117) - .38 P 2% I A 1.26
stone, Clay £ Glass o (118) 17 .83 | .15 .87
Chemicals € Petrolewn . - (119) 37 1.83. .31 2.03
Metal Using - [: -i (120) ST 1.36 12 1.46
Metal Making" | _ ._S" (121) .13 1.32 - .05 ‘~»1.63l
n;scellaneoﬁs B O (122) | .09 1,34 .20 1.12 _
V= Coefficient of variationt E = ~-79.60 4220 61.40 3”.20.

Marginal ‘Products are computed at the weighted geometrlc mcan. = 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 éample
standard deviation and X is the sample mean. '



~49-.

infusion of large amounts of capital, so much capital that the rate of return
is driven below what is available in other cectors, Later, in the section
dealing with éggregation problems, the marginal product of capital for both

of these two sectors is shown to te biased dcwoward by the process of linear

aggregation. . » : : ' .

"*Whi}g_significance statéments are not avéilable for the marginal products,
é ;oefficieﬂt ofibariation can ke used to meacure 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 prcduci of labor is identical for ordinary
covariance and covariance/instrvmental, but thé coefficient of variation for
;he marginal products of capital is smaller for ordinary covariance, 61.4, than
for covariance/instrumeﬁiai, 79,6,

Similar data is given in Table 3 for wvegional marginal products. Again,

- fhe regional classification is 2 much more important determinant of marginal
L e

hﬁfoduét 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 thz immobility of labo:; Yor the marginal product of
capital, however, exgectations 2re not 30 clenz cut; On. the one hand, greater
efficiency in the North causes average output per unit of capital to be high,
which raises marginal productivity; on the other hand, capitalldeeéening has
progressed further in the North--the Capital/labF? ratlo is one-third larger
than in the South--and this lowers nsrginal productivity, The fact that the
measured prqduct is lower for the Horth suggeéts that capital deepening has

.j bgen.éarrigq beyond what is 0ptim:11.26 This contlusion is reversed in the

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

- that capital is used morse effiriently in :the lorth than ia the South. Our study

agrees with his in concliuding that some reallocation of labor from South to North

would be desirable. James Plummnir, "Intexficm Production Function Analysis of
Yugoslav Industrial Resource Allocation," mimeogvaph, D2c. 1969, p. 7.
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Years from 1963 to 196u
»:14.. . »1,21
.13 1,37
Caan ';I,> 1.13
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- Years from 1963 to 1867 -

.12 T 1.61

06 1.90

13 1.4
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.13 11y

MPK - MPL

.11 1.27
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.02 1,99
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.5 1.9
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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

Serbia Proper that are more in line with our'eXpectationS. If the regressions .

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 1356: 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 the estimates
and confirms the existence of a relatively smail capital coefficient and.re-
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
éoefficients 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 seétor there are estimates for both the aggregates and
fheir sub:;ggrégaté components. This raises the question.qf whether or not the
aggregate coefficients for capital or labor are unbiased functions’ Sf the sub-
aggregate coefficients. If they are not, the difference is cailed "aggrega-
tion bias."27 We begin with the simpler issue mentioned first, the ﬁypotﬁesis
ﬁof regional equality.

- For industry and mining the nine-cell, regionally disaggregate data may
be used to test the hypothesis of regional equaiity. This is an impértant and
" convenient hypothesis, and one that is at times forced upon us. Frém Table 6,

tﬁé maximum difference (covarianée estimator, 1963-64 data) for the capital
coefficient is .25 obtained as the difference between 54 = .28 and ;5 = ,03.
Féf?the labor coeffiéient, the maximum difference is obtained for the same
cétegory and is .37. Assuming the statistical independence of parameters esti-

mated for different regions, the standard errors are:

~ ~

R T = .06
- - a‘,‘ + - i -
o and ;
B S a E = ,031
- = 4 .+ 5 - - - B

The respective "t-statistics" for capital and lébor 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 qverstate these "t-statisticé".' (The assuméd independence

6f'barameters may understate it.) Even the smaller differences that exist

vwhen we compare the North with the South, still generate "t-statistics" of 2.5

e 270m: discussion of aggregation bias follows R.G.D. Allen, Mathematical
Bconomics (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/weighted29
sum of the sub-aggregates components of the two 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 industry and 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 fhe labor coefficients are dnly 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 coefficient

slightly smaller., What economic interpretation may be given to these differences?

To give an economic interpretation to the difference between the linear

estimates (a, ) and the geometric estimates (a, ), 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 "shift" parameters, two per table). This gives 36-6=30
degrees of freedom; however, siuce the total number of firms is the same in
both tables one cell is redundant so that the final outcome is 35-6=29 degreces
of freedom.

29'I‘he weights are the‘square roots of the average number of firms in
the industry in any year. That is: P

X Nit/T\> 1/2
t=1 /
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: TEELE
e U TEST FOR AGGREGATION BIAS

IN ELASTICITIES

et S - Direct . Weighted Sum of
_Regression Sub-Aggregates
I:\ ' MN ~ Fa — e - -
o B at B & B8 - ot
Sectoral Aggregation (12 -cell):
“Total Social Scctor .13 .89 1.02 .17 .83 1.00
:(17 suk-aggregates ) : o :
-Inds try and Mining .13 .89 1.02 | .18 .87 1.05
(12 sub-aggregates ) R Lo
_ Regidnal ‘Aggregation (9-cell):
ZIndwtry and Mining T L5 .84 .99 | .13 .87 1.00
«* (3 sub-aggregates) ’ SR ’ ' :
h ?

P

T PR
' /
- .
e - L]
—
.

} .
. .
. [

-‘ '_
Laos -
M -
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assumption of constant returns to scale (¢ + B = o+ B = 15;30 On the basis
of this assumption the production function may be expressed as,

(.1) Y* = a, k¥

is i T is )
and =1 - a,
~Bi i’
where Y% =Y, 6 -~ 2 _,
is is is
and . k¥, =k, =~ L. .
is is is

Consider the auxiliary regression.

2.2) k"is = dis k“s + Ais

z
ke K - J L, is a asti
where s log(zi “is) log(l 15)’ Ais is stochastic term,
and o, 1is a parameters,
. is
_Equation (2.2) expresses how the sub-aggregate capital/labor ratios are re-
lated to the aggregate capital/labor ratio for any size category.
The question we ask is, suppose (2.1) expresses the true micro-production
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 :
% = o, = * = *
2.3) vy s i2=1 Y s ai2=1 k is + g, =@ k.s + €

Substituting (2.2) into (2.1) and aggregating, we have
- J/I
(2.4) y"s X a . 6. kS + A

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

from the former variables

2.5) o =

0, . L

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,




56

Furthermore, defining the "sum of éub-aggregaéés" estimate by
. R : S A -

o 7 o= L G.i/ I-’

R = 1=1
we finally obtain

~

@ & -F 1o G E.

Equation (2.6) answers our original question. Where the "direct regression"

Y

- estimate, a , is smaller than the "sum of sub-aggrepates" estimate',31 @ s
it implies that Cov(a., 8. ) is negative. Cr, in more familiar tefminology,
it implies that 1ndustr1es with 1arge rapltal coefficients have small capital/

labor ratios; and also the obverse industries w1th 1arge labor coefficients

- ‘have large capital/labor coefficients. For the regional estimates, there is

- in marginal products that govern the flow of resources,

-a tendency for the opposite results but the magnitude is too small to be im-

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

- y As revealed in Table 10, the marginal products of labor GﬂPy) shows

-mno importaunt bias for either seﬂto*al or reg10na1 aggregation, and the mar-
ginal product of capital (MPK) shows none for regional aggregation. There-is,
nevertheless one 1moortant case of agoregatlon bias., For both the total
social sector and industry and mining, the "dlrect regre551on yields a MPK
that is significantly lower than that: produced by the "weighted sum.,"
Application of the aggregation thecry in the paragraphs above provides an ex-

planation with economic import, The fact that a is smaller than & implies

"~ that there is a positive correlation beiween the marginal products and the

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

(') o

IWe use a weighted sum,in Table 8 to adjust for the fact that weighted
—regresszons are used to obtain ¢ and ai"




TABLE 10

TEST FOR AGGREGATION BIAS
IN MARGINAL PRODUCTS®

- S , Direct

’ g Regression .
- MPK : MPL
Sectoral Aggregation (12 —cell)

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

Indws try and Hining

- (12 sub-aggregates) . .10 1.34

Regional Ag,c;-r‘egation {(S-cell):

Indws 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

o Marginal produc;.: are compu’ced at the geometr‘lc mean of the cross —sectmn

data for 1%3-64.

R
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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 IIT

 TIME SERIES ESTIMATES .OF WEUTRAL TECHNICAL PROGRESS:
e 1952 to 1964 I

3The 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 aggregatioh, deflation and so forth. So
éﬁgé wéwﬁay come-difeéti§ to the re;ults, the descripfion of the steps taken
-and methods used is relegated to an Appendix. The Appendix also contains a
?omplete publicaﬁion of the resultant statistical series for value added, em-
: ﬁlé;ment;>tota1 fixedrcapital and eduipment. These series ére presented for

five regions and nineteen:sectors for the years 1952 to 1966.

. .. The timé.éeriés'ééunterpart.of (2.4) is:

. ' .
ir ° 0‘:i.rKix:t: + B-irLirt: + Xirt + Eirt

G Yy =
where i=1...19 induétries
¥ =1l...5 regibns, and
-T or t>;-1 ese 13 years from 1952 to 1964,
The variables Y, K and L are in logarithms, and T is in natural integer units.
To satisfactorily estiméte the neutral technical progress coefficient Air’ it

is necessary to make the assumption

. 6 = a = 0 o O
(sz) il i2°°" i5 i
and 'Bil = BiZ'f’ = 815 = Bi for all i,

where @, and

) E; are the ordinary covariance estimates obtained from Table 5.
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To estimate Air 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 labor coefficients are restricted to.the values pre-
scribed by (3.2) and new estimates are computed for air and Air'32 .

The values of A(l) obtained in step 1, and A(2) obtained in step 2,
are found in Table 11. Results cre presented only for'Yugoslavia asla whole.
These results strongly favor the A(2) coéfficients which is based on the ex~
traneous estihators and restricted regression. The large dispersion of A(li,
~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, Therestimates 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 extraneous estimators is to compute how destructive
assumption (3.2) is to the coefficient of multiple determinafion (RZ). A com~
parison of columgs three and four <f 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-

1 - { - _L = + .
gression, Y, . ailirt &L e a . NoEF 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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;o . TiLu A1 fiver, irizis
i 7x - .f'sadjORAL'ESTIMATBs OF TECH:NICAL PROGRESS - )
A1) T a2 RRa) - RA(2) Cx

Total Social Sector - - (oo0) . 2.1 3.8 RE .991 3.93

Industry & Mining T (oot) 8,9 s L9939 .997 5.10

Agriculture & Fishing - (002) -8.4 W3 ) ,._9:79 ' -.882 20.21

cénétruction ' _‘,(003) 26.5 3.3 . .88L .852 1.25
:‘-Trarispgrtafion & Communication "—((:)014)”' 7.5 5.0 . .~993 ..981} 4.85

}landiéraft-’ - e - (005) ‘ 9.3 - 2.1 . .998 981 31.00

Retail Trade € Otherff,’ . (oos) 1.2 1.6 .. .995 . .989 6.03

E;ectricit9 L - " (111) 7.2 5.2 - . ,990 989 0.35

Coal € Coal Mining =~ CiTi(112) 5.6 _472 o ...983 982 0.33
- Food, beink & Tobacoo < ot (113) - 12.1 0.9 . .988 .942 16.49

Textiles & Clothing EREEEET CEV'S BT U0 HENESNE O ~ 997 .995 2.18

Timber € fﬁfnitu;é - ST (415) 2.0 w2 - - .98 | .987 . 26.50
-'Paper, Prinfing £ éhblishingf. - (116) ~ 10.6 3.8 . ---995 .952 2.71
- ﬁéather,‘ﬁﬁbbcr’é'rootwear 5-j(117)" oM, T T 2.8 itiiro-.99Y .993 0.86

Stone, Cléy%é Glass . (118)  10.2 5.2 . - o: .995 971 23.59
.ChemicalsAﬁ_Petfpleym;_ T i(118) 3.5 5.8 -71:7-.999 1998 6.43

_netai Using ' ©, (120) 4.6 3.9 +996 . 994 1.67
_ Metal Making - (121) 6.8 5.9 999 .993 27. o
" Miscellaneous (122)  12.6 2.4 .e85 833 45.61

. -7 T\ 0L ; o

‘0
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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




‘ -2
TABLEliz
? ~ ' RﬁélonAL ESTIMATES OF THCHNICAL PROGRESS
TEIL o Lo ..~ (in per cent) B -
. - . : South less
- E -~ Yugo- : LT s . . Serbia  Scrbia
33 - ‘7 slavia Nor:‘th — Sout.h . Proper Proper
Total Social Sector  (000) 3.8 3.7 3.3 3.7 2.7,
Industry & Mining (oo01) #.5, 3.9 ‘u.g 5.0 4.6
Aéricultureﬁ Fishing | o (602) - u.3 1.1 | -1.4 -1.6 0.k
Construction C | (003) | 573‘ . | 3.2 3.3 4.7 -0.6
TransPOPtatioh’s Comiuni.cation , (oo4) 7 - 5.0 'S.lt'r J 77 5..5 A 61 u'.7
Handicrafts o (0055 2.1 0.7 2.0 2.4 1.8
Retail Trade and other (006) ;;s o 1.5 R 0.8
Electricity Caan) 5.2 18 12.4 12.6 12,5
,.cbal & Coal Mining . (142) 4.2 4.7 b6 4.7 4.3
'%ood,'Dpink s_fobacco - (113) 0.9 2.3 -3.6 -3.2 i -4.0
Textileé 3 élotﬁing | (11n) i.$ 0.8 _31§ o fz.é 9.2
Tinber £ Furniture ‘v.(115) 4.2 2.9 0.7 2.1 g
Paper, Prifting & Publishing " (116) 3.8 2.8 5.4 | 2.7- 13.2
Leather, Rubber & Footwear ~ (117) 2.8 3.1 1.9 1.2 5.9
;étone, Clay & Glass Q-Mi11e) 4.2 2.9 5.2 5.3 4.9
C'hemic'.ails € Pefroleurn (119) . 5.8 6.0 | . _l&.B. 67 1.8
‘Metal Using  ~ - (120) 3.9 3.3 5.3 5.6 5.1
‘Metal Making | T-;' K _.(121) | 5.9— 74;1'ff: 7.8 8.1 . 8.2
‘Miscellaneous - Co(122) 2.1 0.4 2.4 -.0.5 2.7
. - l . e
N . . , )
e hie e = N
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éoefficienté in all, these out liers are to be expected.

The footnote on page 52 relegates ecohémic analysis to the companion
papers which follow. Nevertheless, four ébservations 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 all of the
regions of Yugoslavia. The North and Serbia Proper are both at the high end
of tﬁis range and the South less Serbia Proper is at the low end. Sécond, 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 the rénge is much larger, 7.1 to -1.6,
aﬁd this time the North is at the top while two southern regions are at the
bottém. A scrutiny of the other large, one-digit.sectors reveals oﬁly com-
Parétively small regional variation. Iour, for the branches of induskry and
mining, the southern regions do comparativeiy better versus the North in such
non-agricultural, resource-oriented sectors as electricity (111), metal
making (120) and ﬁetallusing {(121). The North, on the other hand, is 5uberior
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 generalization is that the comparatively modest aggregate advan-
‘tage ﬁf the North in dynamic efficiency is primafily due to its more market-"
origptéd agriculture and food preccessing industries rather than advantages in
the area of heavy industry. In 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 obtain disaggregate estimates

of production function cocfficient suitable for dnalyzing the growth of out-

put in Yugoslavia. This goal is met. Having gore this far, however, we take .

6ne more step and measyre, for the Yugoslav social sector as a whole, the conm-

tribution of resource mobilization, 2conomies of scale, and neutral .technical

progress to output growth. Table 13 gives the rates of growth for output,

inputs and the value of the scale c_oeff:'.cie,nto36

R The impressive growth rates of social sector enterprises is revealed
here--value added in the social sector grows.by‘nearly cen percent per year.
This output growth, hoﬁever, is matcﬁed by an equally impressive job of re-

_source mobilizatioun--capital and 1abor gro7 at over six percent per year.

The resultant residual for techaiccl progress approaches four percent.

. ibughly, we conclude that forty percen: of outpui growth is due to technical

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

“to unity, its contribution is minimal. Similarly, since the rates

“of capital and labor are nearly equal, the contribution of "capital deepening"

“4ds also slight. - T ’ L

) ‘There is a good deal of variability in these findings, but the explana-

“tion of growth in terms of "extensive davelopment” with high rates of balanced
“resource mobilization and substantial technical progress is not contradicted.
If we could forget the large, comparatively stagnant private sector, qufput

~ growth could even be described as balanced. A discussion 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 race of growth; whoreas, the rates of growth of capital,

.. labor and output are annual compound rates of grewth., Tor this reason, the

“‘elasticity weighted ratc of rcsource growth plus the rate of technical progress
is not necessarily equal to the ratc. of output growth. This is to be revised.
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+ The weights are the ordinary.covariante:estimates from -
“&Continuous compound rate of ‘growth from least square resression.
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TATLT 13
n / . RATES OF GROWTH AND RETURNS TO SCALE: 1952 to 1964
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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 - (002) 7.2 8.0 7.1 4.3 8.7 a8,
Construction T (003) 4.0 9.3 5.0 3.3 7.0 93
Transportation & Communication (oou) 4.5 i.8 3.8 5.0 8.9 95
Handievaft ~ (005) 8.8 10.6 9.1 2.1 10.14 100
Retdil Trade & Other (008) 5.0  12.3 6.4 1.6 7.6 98
Electricity . (111) 7.0 9.y 7.8 5.2 13.7 101
‘Coal & Coal Mining (112) 0.8 3.6 1.7 4.2 6.0 105
Food, Drink & Tobacco (113) © 8.0 7.8 3.1 0.9 9.4 © 114
Textiles & Clothing @) 7.8 6.8 8.1 1.5 9.6 106
Timber & Furniture ©(115). 6. 3.0 5.5 4.2 8.4 99
Paper, Printing & Publishing (116) 9.6 12.8 9.8 3.8 13.4 97
Leather, Rubber £ Footwear 1 (117) 7.9 7.2 " 8.6 2.8 1.4 1fo
Stone, Clay & Glass -~ . (118) 5.8 5.7 6.3 4.2 9.8 109
Chemicals & Petroleum . (119) 9.5 - 10.2 10.3 5.8 15.4 106
MNetal Using (120) 9.2 7.2 10.1 3.9 © 14,8 112
. ' . n ' . Pl '
Metal Making - (121) 3.7 5.7 4. 5.9 9.9 115

22.7 9.0 2.1 8.5 '
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DATA APPENDIX

Value'added, employment and capital stock statistics are described

i

in this appendix. Complete statistics for the years 13552-1966, 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 constant 1566 dollafs, is considered to be equivalent to
the Yugoslav measure of "social product." Since official constant price series
are not available for the branches of industry and mining, these missing series

are estimeted by the method of bi-proportioﬁal matrices. Employmant is measured

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

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

addition to our standard sectoral and geographic disagpregation, we present a

breakdown of fixed assets according to structures and equipment. The perpetual

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

mates after conversion to 1266 prices. 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

insufficient.
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SECTION A

VALUE ADDED

The Yugoslav concept of "social product" principally differs from
"gross value added" in Western terminology because aggregate measures eiclude
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
1968 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 disapggregation 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 1566 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 those 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 particglar, by shifting to the 1966 price base ﬁe benefit from the mwajior
rationalization of prices ﬁhich occurred in the 13¢5 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 1266 price, regional series of
social product for each of the 12 branches of industry and «aining is resolved

.by applying the method of bi-proportional matrices, Thi; method is available
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 tvo~-dimensional array of current price ;£a£EStics (the rows being the 12
branches of industry and the columns being the five iegions), whereas mar-
ginéi totals'in botﬁ éurrentrand fixed prices are available; What we wish
. to do is convert the elements of the two-dimensional table from curient ﬁo
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
qpldating input=output matrices by Bachatach.2 I1f 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

current pfice values.
T In practlce, rather than first ag grenatlnﬁ republics into reglons
aﬁd‘aggregating the 22 Yugoslav sub-branches of industry into our 12 sub-
bfénéﬁes “we pefform the bi—probortional estimation'for the more disaggorepate
data and performed the agsregation afterwerds. Since the amournt of price
iﬁfléfion in industrial branches was comparativeiy slicht between 1952 and
1566; it is felt that with one exception no serious error was introduced

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

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

1"On a Least Squares Adjustment of a Sampled Frequency Table When
the Expected Marginal Totals are Know,'" Annals of Mathematical Statistics,
Vol. XI (1940), pp. &27-444,

z"EStimating Non-negative Matrices from Marginal Data," International
Bconomic Review, Vol. 6, No. 3 (Sept. 1265), pp. 2S4-31C.

) 3D Friedlander, "A Technique for Estimatinz a Contingency Table,
Given the Marginal Totals and Some Supplementary Data " Journal of the qual
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
1S52 to 1963 is giQen in Statistical Bulletin 310, OJimilar data for subse-
quent years is contained in the Statistical Yearbooks. From 1952 to 135 ;
therdata in §B310 are obtained from monghly surveys of all firms in the social
sector, and after 1955 from semi-annual surveys. Exclusions include appren-

. tices, part time employed, overseas employedz etc. Since 1961 an alternate
series obtained from the complex annual reports (KGI) is available. Except
for agriculture, the difference between these ﬁwo 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 agriculfural
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: Market Syndicalism”, American
Economic Review, Vol. 48, p. 5C4. '
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their magnitude. 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 1. ESTIMATION OF THE CAPITAL STCCK

i

Introductlon

A11 firms in the social sector of the Yugzoslav economy 2re 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 disfinguishing investments in inventory, equipwent,

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

.published in highly dié;ggrégate form, by three digit branches of the

_economy, republlc and autonomous regions, private and social sectors (the

.

private sector investments are obtained by much cruder estimates), and by
chhnical types of investment (total, structures, equipment; and othe?),
Vé;é:Provides an gnuSuaily éound statistical base for estimating capital
‘stock according to the perpetual inventory method. The recent publication

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

titled Investments 1946-1266, 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.

o U

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 g;antgd 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.

The 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

'--a ‘t' -,

tecently, 1662 and 1966, the government revalued the capital stock

‘fof enterprlses5ﬂﬂ Amon? other things, this revalorization is designed to

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

. 1A partial llst of the most important of Dr., Vinski's works on the
iYuooslav capital stocl: may ove 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,

1¢59), pages 160-192. These estimates for 1953 are extended to the Republics
" of Yugoslavia in the publication Procijena Nacionalnos Dogatstva po podruciina
Jugoslaviavi je (Zagreb: Ekonomski Institut, 1953). Using the perpetual
inventory method the regional estimates are then used to prepare capital
stock estimates for the entire post war period in 1956 prices with the result.
being presented in Procijena Rasta Filksnih Fondova po Juposlavenskin Republikana
od 1846 do 1960 (Zagreb: Ekonomski Institut, 1°65). GHore recently, a six
sector breakdown for Yuposlavia as a whole is niven in 1962 prices for the
years 1%44 to 1964 in the article "Ret Fiksnih Fondova Jugoslavije od 1¢44

do 1%64," Ekonomist, Broj for 1965, pp. 667-679. Estimates for the prewvar
period are also cvailable in "National Product and Fixed Assets in the
Territory of Jugoslavia: 1209-195¢," Income and VWealth, 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 NEQ ESTIMATES

We believe that our estimates make twé significant contribufions to
the existing capital stock figures, as well as é 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 cap?tal stock for the sub-branches of in-
'dﬁstry 5y regions and investment tyﬁe. Thé ﬁeed to veight equipment and
structures by their respective durabilities arises because, 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 tht
of output except that A has an‘average length of life of 10 years while
machine B has an averége length of life of oné\yéar. In a perfecﬁly con-
petitive economy which equalizes the discounted value of expected future
;eceipts, thé price of machine A will be ten times 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 dallaf of invéstment in machine
B produces ten times the current output that a dollar investment in machine
A does. To propérly agsregate machines with different life expectancies

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 _ S o | RS
For practical reasons we distinguish oﬂly bgtween two types of in- o

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 ziven by the variable

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

R¥ =S, +
(1) RF=S§, +E

v S - e
) X o= Si Ci + Ei Ci
! Cs 2 - 9-pM g
i 1 - -pM,
-pH
e _1-

Ci = e
1-e Py

Se e ; e e o
the average length of life of equipment Mi; the average length of life of
-

s . . . P .
structures Mi; and an arbitrary normalization coeificient M, - Given

7Trygve Haavelmo, A Study in the Thecory of Investment (Chicacoe:
University of Chicago Press, 1560), pp. $7-1C2. See also the discussion of
this topic in the context of investment functions by Svi Grilichxs, "Capital
Stock in Investment Functions” in Measurement in EFconomics, Ed. Carl Chyist
and Others (Stanford: Stanford University Press, 1¢63), pp. 115-137.

The necessavy assumptions concerning marliet equilibrium used by
Haavelmo are: (1) that the rate of interest, P, is eupected to remdrin con-
stant over the life of investment goods; (2) that the annual deflated income
from owning capital goods is cxpected to remain constant ovex 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 seccialistic planning and enterprise decentralization
that constitutes the Yugoslav economy than they would be for the typical
capitalist economy. For example, at least in theory, the central planning
of investwents should eliminate many of the uncertainties that are associated
with uncoordinated, independent investment decisions. These uncertainties
cause investments in particular areas to have high risk premiums thct raise
the rate of interest which is to be used In discounting future receipt
strecams. Indeed, our estimation problems for the variable P are quite simple
since: for the great majority of firms, an unchanging charge of 6% per
annum was the lendin: rate of the Yugoslav governuwent,
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estimates of these four coefficients we may construct a capital stock series
for the variables K whose usefulness in producfion\funetion analysis is .
markedly superior to the variable K¥. The magnitude of the differcnces
in the coefficients c® ana Ce, and ﬁhe significant differential in the rate
of growth of S and E in the Yugoslav economy suggests that Haavelmo's con-
jecture that eIt is my guess that such a érOCQdure {conversion fo 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 sefies is a
disaggregation of industry-into its sub-branches, Until this time, there
has been no capital stock sexries available for these branches either for
Yugoslavia as a whole or by regions. Our estimétes, available by five
‘'vregions, are presented for 12 branches of industry. These twelve branches
represent am aggregation of the 22 branches available in the Yugoslav.threg
digits classifications. 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 Republic
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 above-uentioned publication of the IEI
presents, for thelfirst time publicly, investment data for these areas.

Among the minor improvements we would include the conversion of all

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

8ypid., p. 101..
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only available in 1956 prices and his most recent national data is in 1262
prices, Our use of 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 ezmactly 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 to
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 intuition.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. 119, An empirical study of the importance of
this assumption is given Ly Helen StpneTice, "Depreciation, Obsolescence,
and the Measurcment of the Aggregate Capital Stocl: of the United States,
1900-1262," The Review of Income and Wealth, Series 13, No. 2, June 1567,
pp. 11S-154, T '
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two requirements “and thelr attendant problems, our use of durability welnhts

when aggregating structures and equipment means that ve must somehow obtain

estimates of the average lengths of life for these two types of investment,

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

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

fore,.ve concentrete our d1SCu3510n on the estimates of base period CcD‘tal
stock, and the average lensth of life of equipinent and structures., As a
prellminary to these d150u531ons equatlons (°) throu ‘h (7)roresemt‘the for-
.mulas used in computatlon. Equatlons (3) and (&) derlne the stock of |
.etructures andrthe retirement of struetures as:
3) si’jtﬂ = sijt_1 O L -‘Ir{‘i. , and

o 5 "
. @) =S =-iitl
U A ijt M

[ N

=h

Equatlons (5) and 6) define the stock of equlpment and the retirement o

equipment as:

’ e 7e e
R T '
S . (6) ¢ = ijt-1 )
' ijt ME
i

Total capital stock is then obtained as the direct sum,

K,. =E . +35 .
@ ijt ijt ; ijt
. :
In the above, 1ijt and 1 .. refer to investment in structures and equipment,
J ) .

vhere i refers to industry, j to regiom, 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

Ys the averaﬂe“length of life we estimate for the total capital stocl in

the productive part of the soc1a1 sector of the economy. o

T B P

oo - e - . B - _
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THE PROBLEM{ OF AVERAGE LENGTH OF LIFE

Consider first the problem of estimating the average length of life
of equipment énd stfuctures, M aﬁd us, Lackin; Loth a table describing
the expected length of life of physical iiems,qf capital stock, as well as
an enumeration ofrthe 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. Ecowever, even usiﬁg
this indirect procedure, laci of data prohibits us from deriving regional

~estimates of each of these magnitgdes. Actually; this may beran 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 jinclined to undereatiimate depreciation in
order to increase distributaile earnings than are the northern republics
who are more confident that contributions to the depreciation fund wiil
ultimately become available to the enterbrise ifself so that such con-
tributions are both a tax.offset to current income and a source of future
Iinvestnent fﬁnd.) In any-évent, our application of national coefficients
to the various republics presumes that the durability of capital goodc 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, Investicifie na Podruciu iuroslavije 1947-1.50,
(Zagreb: Ekonomski Institut, 1960), p. 12C.
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According to this procedure depréciation in any-year vhere an enterprise
is computed as a simple fraction 1/M of the book value of all undepreéiated
assets, Given 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 Mlas
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 1965. 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 moise. The .

sources of our data are given in a footmnote to Table 2. The cited Statis~ v

tical Bulletins are unusual in that they present the accumulated deprecia-

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

to'estima£e depreciation over the three year period as the differcnce

between the end éeriod depreciation fund in 1965 and the initial déprecia-

'tidh fund in 1962. A valid objective to this proéedure 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
(our first) - L ' .

usingfround estimates of M and then going back and obtaining a second

roﬁnﬂ 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 Trans-
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
.xesult in unusually long lengths of iife, in one case infinite. To
‘correct for this we impose the restri;tion that > 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 no
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 1E1 investment price deflat;rs 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 estimate an initial capital stock for any
year since 1946. From one point.of view the most satisfactory year would be
1953 since that is the date of the capital census from whicﬁ 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
is ot true of other years. DNevertheless, this is not the base year which
we choose for making our estimates. The reason for this we now explain,
7772 "~ The estimation of a‘base year capital stock value for the six ma jor
sectors mdy not be a problem, but the estimations of this variable fof 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.” Howvever,
there is one importént factor which suggests that even substantialbegtimation
_ervors for the base year 1946 may be unimportant to the value of the capital
- stock fq: the.years after 1$52-~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.which.are made
in the initial capital stock values for 1946. Cur tactic then is to make
very crude estimates for 1946 and rely on the rapid growth of investment
‘until 1952 to make our errors unimportant.'.For this reason we elect to use
1946 as our base year for estimating the capital stock. The growth of
fnvestment after that ‘date also tends to make tﬁe'replaéement error induced

by using Vinski's estimates relatively unimportant,

11Ivo Vinski, Procijera Rasta Fiksnih Fondova Jugoslavije od 1246 do

e nda ® he . b 109 N 111 3
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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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1952 1953 1954 1955 1956 1957 ‘1é58 i}141'59 1960
LAGOR 1386805+ 1472056 1627113 1803176 1792242 1931813 2059836 2216063 2426369
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SERBIA PROPER . : |
' : . 1959 1960
1952 1953 1954 1955 1956 1957 1958 1
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CAPITAL o1n20 shua4 26086 27663 28758 30154  31619- 33531 33;;3
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1961 1962 - 1963 1964,. 1965 1966
2652601 2709824 2771612 2960710 2930113 2934028
136704 147959 160432 175581 186176 197085
65986 71532 78184 86512 91922 97720
49896 52968 59992 67914 . 71164 76206
—_ _ A
b L
1961 1962 1963 1964 1965 1966
1414485 1442415 1478905 1572992 1583339 1547821
66607 72538 78861 86010 90631 94988
32815 35848 39154 42930 45209 47510
27431 29427 33318 37039 38488 41341
1961 1962 1963 1964 - 1965 1966
1238116 1267409 1292707 1387718 1406774 1386207
70096 75420 81571 89569 95545 102097
33171 35684 39030 43580 46713 50210
T 22u64 23543 26673 30875 32675 34863
1961 1962 1963 1964 1965 1966
637641 659996 676070 722231° 729431 692755
30968 33384 35693 38582 41157 44393
148433 15571 16820 18412 19715 21363
Togs1l 10092 11591 13783 14616 15608
. 1961 1962 1963 1964 1969 1966
590475 607413 616637 665487 677343 693452
39100 42011 45851 50968  Su4366 57584
18709 20085 22186  251u4 26973 28824
12783 13447 17092 19255
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_ 1952
LABOR 127660
CAPITAL 7153
EQUIPMENT 2874
VALUE ADDED - 2146
HNORTH

. . - 1952

. LABOR & 80697
CAPITAL ¥ 4633
EGUIPKENT 1814
VALUE ADDED . 937
SOUTH

1952
LruoR 46963
CAPITAL 2520
ECUIPHENT 1060
VALUE ABUED 1209

S et e

1953
133208
7250
2921

1849

. 1953
84065
4600
1787
o982

"1953
45143
2651

1134~

867

SOUTH LLESS SERBIA PROPER

;1952
LAGOR 24408
CARITAL 1120
EGUIPKLNT 536

VALUE ADDED 531
SERBIA PROPER

1952
LAHOR 22555
CAPLITAL 1400
EQUIPMLHT H24

VALUL ADDED 628

1953
27744
1165
S6l
212

1953
21399
1486
573
655

1954
29172
1198
587
237

1954
25261
1546

612
479

1955
175274
7651

3292
1839

1955

110474
L4786
1989

943

© 1955
64800
2866
1303
895

19655
35323
1269

648

324

1955
29477
1597
655
571
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1956
184642
8175
3697

1517

e

1956
117831
5062
2248

877 _

|
,
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1956
66791
3113

+ 1449
640

''1956-

37862
1415

© 736

219

1956
28929
1698
© 713

421

g

.AGFICULTQRE AND FISHING

i
1957
190488
. 9163
4534
2420

!.

‘1957

119447
5655
2747

1398,

-
1957
71041
. 3508

1788
1022

1957
41650
. 1582

874

282

1957
29391
1926
913
740

1958
212926
10551
5712
2713

1958
132751
6564
3538
1706

i958

80175

3987

2174 .

1007

1958
47104
1783
1031
323

1958
33071
2204
1142
685

16859

1960
245164 268783
12646 14286
7352 Bull
4332 4525
1959 1960
155064 172955
7925 8754
4eus 5043

. 2477 2528
1959 1960
90100 95828
4721 5531
2706 3372
1855 1997
1959 1960
54962 58594
2033 2285
1195 1405
530 656
1959 1960
35138 37234
2688 3247
1512 1967
1341

1325
.

1962

1961

327634 308332
15442 16658
9185 - 9980
4654 5407

. 1961 1962

216679 198233
9411_. 10339
5474 6108
3203

3852

1961 ¢ 1962

110955 110099
. 6031 6318
., 3711 3872

1451 © 1555
1961 1962

71439 69858
2432° 2545
1498 1580
704 714
1961 1962

39516 40241
3598 3774
2212 2292
747

840

1963
311223
17986
10807
5817

1963
195041
11313
6715
4258

1963
116182
6673
4092
1558

1963
70072
2671
1657
739

1963
46110
4001
2435
819

1964

315639
‘19486
11768

6324

1964
195799
12272
7317
4549

1964
119840
7213
4451
1774

1964
72038
2897
1820
857

1964

47802

4317
2631
917

1965
312708
20279
12292
6362

1965
196357
12736
7632
L364

1965
116351
7543
4660
19¢7

1965
68961
3023
1917
1040

1965
87330
03520
2743
953

1966
333248
21111
12743
7660

1966
217363
13292
7963
5227

1966
1158485
7819
07680
2632

1966
65965
3175
2013
1277

1966

49920
464y
2767
1155
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Lﬁuox“f,w LEELTY
CAPITAL . PATI3
FoUIpMILLT 35074
VALUE ADDED 7887
PG TH

! O 1952
LAGORY T 315598
CRPITAL 14918
ToulepenNT 3113
VAl ADDED 5563
SOUTH

! Las2
1LACOR 262573
CAPITAL i 33257
LOUTPRENT Tusl
VALLE ADDED -« -3024

. ‘1952

1953

571979

50813
LLH4
a4311

LGB3
2138
107
729
S254

SCUTH LESS SERNTA PRUPER

1652
LALOR! 1223564
CAPLTAL H230
EouIpPMEnT o 5127
VALUZ ADDED 1454
STRUITA PROPER
. » 1952
AB0R 170209
CrirliaL G2
[RE LTS RIS 789
VALUE ADDED

1570

1653
174598
T T7lzy

SJ6d5

1515

1U53

128137
10500
o2

1739

. 670635
37314

20587

9505

1954
377799

.16854

S427
5678

1954

292836
20460
‘11160

3828

1954 -

1465807
7906
L1104
1815

1954
146229
12513
7015
2012

1954

« 40594
22574
10847

1955
415095
17754
5936
6409

1955,
332999,

22839
125638
L4438

1958
169098
9090
4621
2107

1955

163901
13710
7578

2330 -

- '1955 "
748094

'1956
788151
42815
23980
11918

11956
434951
18420
10358
6809

1956

* 353200

24396
13622
5109

1956
180340
8853
5452
24358

1956

172860 -

.14506
8132
2701
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INDUSTRY "AND MINING ..

. 1957
855915
54890

25267
13683

-1857
468334
19290
10922
7894

1857,
387581
25600
14346
6088

1957
197513
10385
5758

2693

1957

189968
15170
8552
3390

'1958

19287561 ' 991351
45918 49416
266688 28430
15649 17481
11958: 11959 .

503199 534746
20190 21340
11581 12390

8484 9562
1958 1959

425562 4568605

26728 28076
15107 16040
7165 7918
1958 1959
214736 227398
11021 11738
£186 6598
3120 3432
1958 1959

210826 225207

15674 16307
8838 9311
4045 4436

AP ¥
’

1659

1960

1071980
53164
31062

19887 .

S74074
23107
13655
10864

1950
497886

30057
17506
9002

1950

247436

12627
7358
3933

1960
250450
17400
10019
5050

11960,
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©1961 1962
1127675 1165048
57670 624156
34108 37254
21223 22783

. 19561 1962
599404, 615211
25167 27372
15052 16571
11702 - 12512
1961 1952
528271 549837
32503 35044
19057 20683
9520 10271

1961 1962 -

258618 269945
13609 14459
6072 8709
4314 4664
1981° 1962
269653 279892
18866 20548
10957 11947

5207

5606

1963
1221960
67757
41213
26336

1963
644629
29763
18249
14315

. 1963
877331
37994
22964
12021

19563
287949
15420
9419
5540

1963
288382
22544
13520
64381

1964
1318742

73949 -

45786
30575

1964

690750
32251

20022 .

16262

1964 '
627992
415698
25763
14313

1964
3101i8'
16560,
102907
658

1964
317874
25014
15449
7723

H §oe

' 1965 -

1377584
78214
48857
33118

1€65
71521
33603
20990
17483

(194%

662253
44710

27067
15635

1965

3316488

17966

11121
7356

1965
530575
26702

16723

8279

v

1966

F |

1358000

83273
52298
35236

1666

598200

34986
21932
18797

1946
655800
48287
30363
16439

1866
3321400
16537
12203
7743

1966
3274090
20679

161358

8696
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1952
Lt AIGR 217001
CAPLTAL 1299
TeuUIPMENT 877
YALUE ADDED 2427
MNORTH

1952
LAHOR 814380
CRPITAL 478
LGUIPMENT 299
VALUZ ADDED 645
SCUTH
) - 1952
L.A0R 132121
CreITil &z4
EOUIPMENT 578
VALUE ADDED 1582

1953
256151
1528
1060
- 2681

1553
101671
. 582

378

1076

1953
154480
947
682
1605

S0UTH LESS STRGIA PROPLR

1952
LALOR 50159
CACITAL 420
EGQUIPMENT - 293
VALUE ADDED g6
SERBIA PROPER

1952
LABOR 51962
CAPITAL 404
EQUIPMENT 285
VALUE ADDED 719

1953
91561
472
341
936

1953
62239
475
341

669

JURSRI A %

1954
288855
1696
1173

2982 |

1954
117365
654

427

1253

1954
171490
1041
747
1728

1954
95082
525
381
935

1954

T 76408

516
266
793

1955
305154
1804
1240
2759

1955
116689
696
450
1223

1855
188465
1108
789
1536

1955
112926

558 -

403
819

1955

75539
549
387
718
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228891
1869
1277
2009

1956
92059
722
462
: 928

1956
136832
1147
815
. lo8l

1956

79290.

591
429

499

1956
57542
£56
385
582

1956

'

. 1957

254843

2152
1550
2352

1957
107472
883

- 621

. 1110

1957
147371
12569
830
1252

!.‘
1957
85676
667
505
S44

1957
61695
601
425
698

| i
- 1958 - 1959
264330 274482
2377 2548
1758 1919
2515 2993

: |

1958 1959,
110181 116395
S93 1086
726 811
1204 1467
1958 . 1859
154149 .158086
1384 1461
1032 11108
1311 1526
1558 1959
81320 86475
727 765
555 592
580 - 5660
1958 1959
72769 71611
657 696
478 516
866

731

' ; CONSTRUCTION

n
1960
316452

2776

2120
3596

0

1660
132049
- 1196

S04

1777

1960
184403
1580
1216
1820

1960
104781
815
637
792

1960
79622
765
579
1028

. 1961
335357
3085
2392
4379

1561
143626
1313

1002 .

2095

1961
191731
1772
1390
2284

1961

105634
901
717

869 -

1961
82097
872

673 -

1415

do
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1962
328250
3340
2578
4356

1962
146077
1432
1088
209T

1962
182173
1907
1490
2265

1962

105235

993
779
853

1962
76938
914

711

1412

i
t

1963 .
330503

3645
2824
Siet

1963
151806
+1598
1220
2502

1963 °

178697
2047
1604
2662

1963
102219
1065
834
991

1963
76478
982
771
1671

+ 1964

1955
358791 . 331337
4127 4267
3246 3360
5836 5397
1964 1665
168340 150777
1801 1865
1380 1430
2603 2466
1964 1965
190451 180560
2325 2403
1866 1920
3234 2931

e

1964 1965
111094 1013260
1169 1169
929 954
1582 1199
1964 1965
79357 79200
1157 ° 1203
937 976
1652° 1733

e in e i

1966
290929
4405
3467
5639

1966
127650 -
1923
1473
2569

1966
163279
2582
1993
3070

1866
73453
1258
1002
* 1262

1966
89826
1224
991
18178
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1952

© LABOR 139501
CAPITAL 20166
EQUIPMENT 12373
VALUE ADDED 2229
HORTH | o

1952
LALOK 734108
CAPITAL 15089
ECOIPHENT «6870
VALUE ADDED 1145
SOuTH ro

1952
Lrson 65393

:CﬁPETML‘ 14085

VEQUIPMENT o L5503

TVALUE ADDED 1083

1953
135575
29983
11993
2432

1953
71725
15958

6730

1231

1953
65.50
144930

5293

1200

SOUTI LESS SERBIA PROPER

‘ 192
P LAGOR 23132
CAPLIAL b339
CouipEahy 2159
VALUZ ADLED 418
SERSIA PROPER
! 1952
ﬂLAbOR 3661
{ CAPITAL 3747
CEQUIPMENT 343
VALUEL ADDED bb8

'

1933
29033
5514
2090
501

1053
344517
8r16
3223
780

1954
144734
¢ 29813

11736

2598

1954
76105

15878

6563
1425

1954

* 68529
13935
5141

1173

1954
32126
5285
2033
469

1954 .

36503
8650
3io8

704

R R W
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. 1955 1956

155329 152086
29857 30149
11639 11818 -

3077 3163
1955 1956
85557 81181
15891 16021
6598 6698
1641 1755
1955 1956 -
69762 70905
13966 14129
5041 5121
1437 1408
1955 1956
33324 33842
5348 5549
2014 2109
577 603
1955 = 1956
36438 37063
8618 8579
3026 3012
860 805

./ TRANSPORT. AND COMMUNICATION

" 1957
160261

30671 -

12207
3630

1957

85135

16169
68156

2022,

1957

75126
14502
5391
1608

1957,

354865

. 5888
- 2336
658

.. 1957
39661

8614
3055
950

1958

173039
31426
12631

4005

1958
93298
16509

7078

2212

1958
L 79741
14816

5553

1958

37511

60371
2399’
721

. 1958

. 42230
" 8780

3155
1072

1959
185183
32483
13166
4500

1959
SGo14
17064

7364

23685

.- 1959
, 85569
15419

5802 .
1793

2104

.- 1959
40075
6411
2564
8548

. 1959

45494

‘9009
3239
1256

1960
195886

23694

13683
5352

i

1960
104588

17478
7597

2779

1960
91298

16216

6086
2573

1950
44144

6918 |

2757
1003

1960 .

47154
9299
3329
1570

1961

_ 1962
208161 223715
34845 35813
14164 14652
5582 5860
1961 " 1962
111342 121631 .
17856 18344
7828 8090
2878 3098
1961 ¢ 1962
96819 102084
16989 17469
1 6336 6563
2704 - 2782
1961 1962
47259 50631
7379 7656
2911 3056
1085 1125
{1961 1962

49570 51453 -
9610 . 9813
3425 - 3506
1619 © 1637

X

1964

246328

38197
15949
6765

1964
136227

19659

8835

3696

1964
l1ci61l
18538
7114
3069

1964
85130
8041
3328
1308

1964
55031

10498 '
- 3786

1762 .

1965

250826
© 39029

16490
72905

1965
138443
2CC20
9151
3853

< 1965
112383
19009

7339

3352

g?
1965

- 56690
aios
3406
1373

55693
10902

3934
. 1979

1965

1966
246600
40052
17219
7636

1956
1333090
20536
9609
3940

1966
112700
19527
7610
3665

1966
56000
8277
3531
1506

1966
56700
11250

4079

2190 -
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1952
LAOR 73796
CAPITAL 592
FQUIPMENT 350
VALUE AGLED 873
HONTH

1952
LABOR 33760
CAPITAL 349
CUIPKeENT 211
vALUZ ADDED 506
CouUTH

1952
LAsOR 35036
CAULTAL 243
FouipreuT 140
VALUE ADLLD 372

1953
TO344
6l3
“ 353
82

1953
55165
358
214
' 583

1953
36179

255
149
"336

SOUIH LESS SERBIA PROPER

19%2
LAGOR 15730
CAPiTAL 80
FOULIpanT 4z
VALUZ ADOED 158
SEBBIA PROPER

1952
"LABCR 13206
CAPITAL 163
EQUIPMCIT 97
VALUL ADCED Zl4

1953
15229
87
49
133

1953
18950
168
1100
204

1954
87683
660
387
1034

1954
50500
392
232

657 .

1954
20182
173
102
217

1955
109685.
701
410
1285

1955

60694
416
245
801

1855
48991
285
165
483

1955
22245
106
59
208

1955
26746
179
106
276

bl

© . ".YUGOSLAV PRODUCTION STATISTICS, 1952 TO 1966 °
c e panoferaRTe ‘

\ - r
.

1956

1957
120591 136747
736 792
430 462
1417 1615
1956 1957
66914 74591
v 437 468
256 , 275

| 873 972 .
1956 1657
53677 62156
300 . 324
174 186
544 643
1955 1957
22987 27013
117 126

86 71

220 257
1956 1957
30696 35143
183 198

. 108 115
324 386

1958
154435
852
503
1845

1958
84763
505
302
1089

1958
69672
348

201.

756

1958
30404
140
79
308

1958
39268
208
‘122
450

1959

171568
955
573

2054

1959
g6408
562
345
1?28

1959

75160
393
228

827

© 1659
32810
169
o4
328

1959
42350
224
134
499

[
1960
192729
1096
665
2270

1960

107962

647

400

1366

1660
84767

450

265
903

1960
38449
200
112
© 392

*1¢60
46318
250
153

511

1961
| 213476
1235
749
2539

1961
119978
734
454
1538

©1961.

934938
501
‘e, 295

¥l

d001 -

1961
43714
227
127
442

1961

49784
274

168.

559

1962 1963
215683 209015
1363 1511

' 823 921
2573 2767
1962 1963
118825 . 117107
806 . 89
492 - 548

© 1536 - 1598
%1962 . 1963
96858 91908
558 618
330 373
1038 1169
1962 1963
44082 40415
254 290
144 170
436 512
1962 1963
52776 51493
304 328
186 203
601 658

1964
220330
1693
1040
3153

1964
123625
990
608
1813

1964
96705
703
432
1340

1964
44090
333
199
561

1964
52615
371
233
779

1965

2145605
1803
v 1118
200

1935

120403

1049
651
1913

1965
gu2n2
754
457

1337 °

S
1645
43454
354
221
602

1965
50748
- 390
2456
785

1966
177851
1Q26
1207
3309

1666
95108
1117 .
695
1904

1966
81743
808
512
1405 -

1966
36937
402
251
551

1966
44806
407
261
814



T 1952
LAHDR A 260576
AP ITAL 3470
LFUxPnL“T ., 2009
ALGE AL SOED 5880
NoRTid
152
LIEIRISHY | 135032
CrriTAL S 135
CCHPRENT 1017
Viliun ADDED 2951
SOUTH
1952 -
LABGK . 1z1io4b
Casiial hagl
Ceuipaeliy yg2
Vilut A“LILD 2929

1953

275799
0125
2191
738

1953
1523500
04593
1105
2642

1953

143599

4722
1687

2196

SCUTH LESS %EleA PROPE

' 1952
AR 79962
CAPYTAL 2217
Lkle\L”T .. 525
VALUE ARDED ¢ 1375
SERUBIA PROPER
s i o 1952
LASUR Liod2
CAPLTAL .12
EOULPMeNT oue?
VALUE ADLED

L1593

1063

iosy

284356

10207

T 2414

6165

1954
1356132
4918
1226
3131

L1954

145224
5289

1188

3034

1654
84936
2602
645

1447 °

1954
63288

25658

Sy

© 1587

' : YUGOSLAV PRODUCTION STATISTICSc

1956

1955
154719 317881
5475 12417
1440 3083
3570 6978
1955 1956
309640 162045
11324 6056
2855 - 1602
6875. 3624 .
. 1955 1956
154921 155836
5848 6350 .
1415 ' - 1482
3305 3355
£195% ¢ , 1956
89530 ' 88177
2338 ‘' 3124
709 0 743
1561 ' ' 1465 .
'1955 ' ' 1¢56
65391 -~ 67659
3010 ' 3236
706 739
1744 1689

TRADE AND OTHER

©°1958°

1957
333559 326345 348315
14137 16123 18441
3505 3902 4257
7989 8524 9u87
1957' 1958 1959
167790 162746 176509
6956 = 7955 9111
1846 . 2093 2370
4196 4489 4878
19571 ' "1958 '+ 1959
165769 (163599 .171806
. 7181 8168 9330
11659 1 1809 1887
13793 4044 4609
© 1957+ - 1958 . 1959
© 94158 | 88563, 94316
35361 .4072 ., :4723
800 878 . B6S
11607 1852 - 1863
"1 1957 ' - 1938 1958
'71611 ! 75035 77490
P 36457 4095 4607
859 :1 931 - 1023
12186 1 23520 . 2745

11989

|
'31960:

Y 11961
380559 440298
21312 24427
4765 ‘5388
10710 - 11519
. i

1960' © 1961
190534 223456 .
10541 12126,
2646 3005
5593 6015 -
19564 1961

190029 216842

10771, 12300
2118 *,, 2382
5116 - 5504.°
11950, 1961,

103824 . 116987
5559 . 6420
1957 ;. 1108
2159 = 2267

$1950 1951 .

86201 - 99855
5212 5330

L1152 127%
2957 . 3236

1952 TO 1966

1963

11962 1964 5. . 1965
468796 467879 S00820. 503053
28369 32900 38129  4a2usn.
T 6245 7347 8723 9805
11989 13613 15261 4 15782
1962 19631 1964 .1955
242438 240978 258251 . 262030
14245 | 16428 19037 - 21338,
3499 4061 4768 . 5335
6338 7239 8116 8409
T 1962 1953, 1964, 1955
226358 226901 242569 241015
14124 16472 0 19092 ' 21126
2746 3286 3954 ', 4450
5652 6374, , 7145 7373 °
&
1962, 1963 . 1964 1965
120245 123456 129761 127278
7467 3393 9482 ' 10497
1303, 1557 1846 2096
2300 . 2621 2886, 3046
1962 1963 | . 1964 . 1965
106113 103445 112808 113707
6658 . 8079 9611 10629
1443, 1729 2108 . 2353
3351 3753 . 4259 4327

s -

1966,
528000

46308

3&;"'"

10789 .

16726

1966

275200
23134
5838
8504

1666

252500

23174
4452

7822

1966

128000

11694

12363
3229

1966
124800
11460

2588
4592

[P T
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LA headl Ll

ke

anata

[

G Ay .

Poanimet: Al L S e

eh2
LAV 71l
Cri*ITAL 3705
o) littT :GOS
Vil M?ULO 7498
BCRTH '

Tah2
Lo 2ud2
Chy lx:\L uls
[N I NALMT 1)
VA \| Ehel A ]Ll...D ’ 512
J\)L,T-‘ B

uha
Lo #0339
CihslinL Sa7e
TaUIPEnT L1170
VALUL ADRDED 1356

13

SESS S B

SOUT!HE LESS SEKi:ia PROM

ios2
LaboR 2278
CAPITAL b3
ECUTPMENY $33
VALUL ADLED 336
STRIIA PRUPER

1as52
LALOR ' 13018
Caplral 1357
CoUlpndNT 737
VALl ADDED - 13C

LY

)-1_ . s

'l ‘ 1)5
‘42
\_;(]2
150
252

$-a ~
IV ja s G
Qv O

1954
74962
4039
2186
852

1954
29702
1629
€57
351

1954

452560
2419
1229

501

1954
26530
-S47
505
335

1954
18330
14562
aa24
165

1955
84943
4152
2231
932

1955
33391
1667
871
392

1955
51552

2594 .

1360
. 540

1958
306086
1008
532

365

1955
20546
1586
828
175

‘ YUGOSLAV-PRODUCTION STATISTICSr 1952 TO 1966

1956
53619
2663
1440
637

1956
31524
1112
583
433

1956

220695
1551
856
204

COAL AND COAL MINING

1957.

92450
4594
2439
1114

1957

35559

16857

56891
2902
1571

6568

1957
33586
1228
625
431

1957
23305
1674
946
236

l
1958
91931
4831
2603
1133

1658
35560
1713
674
432

1958

56371 °

3119
1729
701

19L8

34250

1322
Sk
459

1958
22121
17¢8

L i0u3

231

1

T

i
L

1959

-91729

5141
2813
1251

1959
34399
1766
901
452

1959
57330
3375
1912
798

1959
34333
i461
780
523

1959
22997
"1914
1132
270

1950
89947
5373

. 2967
1313 -

1960

32729
1801
923
475

1960
57218
3572
2044
- 838

1960
34139
1538
832

562

1950
23079
2033
1213
276

1961
86586
5465
3002
1372

1951
31328
1810

923

© 511

1961
55258
3655
2079

860 -

1961
34201
1562
834
559

1¢51
21057
2093
125
301

1962

81490
5558
3059
1350

1962

28002 .

1793
906
509

1962

53488 -

3765
2154
841

1962

33469
1542
800

570

1952
20019
2223
1354
271

1963
80856
5760
3230
1491

1963
26267
1797
208
505

1963

54539 °

3964
2322
986

1953
33510
1543
793
725

1963
21079
<2421

1529

261

1964

81129
6013
3460
1591

1964
25477
1807
918
512

1664
55652
4211
2542
1079

1954

35231
1580
gz21
765

1964
20021
2631

17?1

314

1965

83
6
3

“~

1

012
26056
507

1609

605

26146

1

41d
5352
592

1965
57456
LY B S
- 2733
1117

o

i
1965,

36733
1577

1

20713

908
790

965

2771
132

328

1966
81100
C09
3830
1577

19466
24760
30
957
50z

1966

" 56400

4530
2873
1075

19&6
36200
1721
933

751

1966
20200
2¢06¢
1640
324
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.- YUGOSLAV PRODUCTION STATISTICSe 1952 TO 1966 . _b

et ELECTRICITY' - 9

1952 1953 . 1954 1955 1956 1957 1958 ~ 1959 1960 1961 1962 1963 1664 1965 1960,

LATIUR . 14051 14197 16123 17758 ' 20327 |, 23368 23762 26275 29101 ' 30771 33512 32309 33688 ' 36038 36000 :
CAPLITAL 4573 5650 6611 7675 8335 8895 9398 10164 11159 12212 12954 13554 14754 15842 17057
EOUIFPENT . - 2002 2566 3046 3602 398% 4338 ' 4667 ' 5165 .5801 6378 6709 7065 7698 8163 na3!.:
Vi UL ADDED 399 . 465 530 617 727 - 897 1051 1154 1156 1459 1590 1945 2103 2131 2254 °
LORTH o C ' : . : ‘ . ;.

(. v

1952 1953 1954 1955 1956 = 1957 . 1958 1959 1960 1961 © 1962 . 1963 - 1964 19455 1960

Lo 7469 7804 8975 10329 10673 12236 12141 13549 14784 15427 16554 . 15806 16690 17450 17205
CAPTTAL 1664 2204 2501 - 2837 3101 3386 3666 4037 4541 ° 4955. . 5187 5425 5814 5098 6353
L CUTPRENT 901 1103 1261 -1458.. 1597 - 1790 ., 1979 2205 2534 = 2733 2820 2937 3123 3258 3004
VALUL ADDED. 317 358 391 450 ' 484 535 598 627 623 755 . 814 995 1029 1006 1092
SOUTH s - i_ Wl . .
1952 1953 1954 1955 1956 1957 1958 . 1959 1560 1961, , 1962 . 1953 1964 1965 1960
LALOR 6562 0393 7148 7429 6654 11132 11621 12726 14317 15344 16958 16503 16998 18588 1R800
CatiTaL 2713 3446 4110 4338 5234. 5509 5732 - 6127 6618 7256 7768 8169 8939 9743 10704
IRSTE YRS 1102 1484 1785 2144 © 2387 . 2548 - 2687 2960 3267, . - 3645 3869 4120 4575 4905 5425,
PLUE ALDED 83 107 140 167 243 . 362 453 527 . 53% , 704 , " 776 © 950 1074 1125 1163!
SOUTH LESS SENUIA PRUPL ! BN : : J
1952 1953 1954  * 1955 1956 1657 1988 - 1959 1950 1561 1962 1953 1954 1965 1966
LALOK 3384 2576 3374 3592 4790 5454 6305 6398 7663 . .B465 8907 .. 9289 9495 10363 1040% .
CapPliaL . 1216 1481 - 170h4 2004 2201 . 2284 2391 2575 2773 2992 3103 = 3226 3546 5091 4HRL
COUIPRLNT 531 649 785 925 1071 1121 1186 1303 - 1434 1569 1622 1674 . 1814 2041 2345
VALUE ADUED 36 57 78 104 139 208 248 306 313 372 404 519 576 597 666
St b IA PROPER '
o Co1952 1953 1954 1955 . 1956 - 1657 1953 1959 1960 . 1961 - 1962 1953 1964 1555 1660
L£5OK 3178 2817 3774 3437 4864 ° 5678 5316 ~ 5828 6454 6879 8051 7214 7503 8225 - B4OO
LAPLTAL 1498 1965 2407 2834 3033 3225 - 3321  ,3553 3645 4264 556 4913 5393 5653 6023 -
53535“;@550 519 s34 1020 1219 1316 1427 1501 1656 1833 2076 - 2267 ' 2u5% 2762 2855 3079
E Al 3 104 154 205 221 220 332 371 431 493 527 497
' ' . i : . : : - . B
l .
PR R L.‘( | B a'. __‘
i L ! { , - -
' Aoy i ! ! { —




oy

ek e b o,

.

1452
LA Louhh
C;‘:'I l—l‘\.t- .l.-ID7
o tlpnthiY LY3
2. KDDLD ably
[ H
1452
Lroaeg &390
C:“ i (,'24 .
£ 469
Y 333
S '
Luse
Ll 1.4
ChRiiTAL L2
CCULP NENT 424
VALUZL ADLCD 471

Tis3
ie0
-9
33
39

S 1053
3013
35
Culh
194

1053
14i.77
L4
159
+H5

5Culit LESS SERC.LA PROMED

1452
L"H"\./';‘( ’ '};‘»:}'Ll-
CAIPITAL 282
ECUIPMENT »32
VAacu ADLED 252
SEUIA PRORPER
- 1802
LALIOR 8750
CAiPITAL 5350
tOUIPKCNT 272
VALULZ ADDLD 219

1353
L33

T 9s.

101
211

14953
Gont
579
%78
TTEDY.

1954
61250
1976
-1022

1090 -

1954

36373
1064
568
513

1954
24877
908
454
577

1654
14070
309
171
314

16354
10807
599

283"

2563

. . YUGOSLAV PRODUCTION STATISTICS/ .1952 TO 1966

1655
68455
2117
1102
1112

1955
39256
1181
616
527

1955
29199
G65
L4886
584

1955
16767

327

185
358

1955
12432
639
301
226

.

1956

74239
2382
1242
1291

1956 .

42336
1313
703
641

1956
31843
1069
539

8651

1956
19515

363

208

402 |

1956 -

12328
706
331

- 259

FOOD» DRINK: AND TOBACO ..

‘i;
|
1957
80737
2690

1443

1451

1657
46172
11483
816
761

1957
34615
1208
627
690

1957
20500
417

248 -
361

1957
14015
790
379

20

P Py

- 1958

90669
2984
1627

1619 -

1558
50506
1650
935
827

1958
40163
1334
692
791

1988
24107
479
282
4453

1988
160%6
85o

L1
56

1959
. 95160
3231
1806
1675

1959
53926

1774
1034
872

1959
41234
1457

771

704

1959
24003
519
310
490

1959
17231
,933
461
304

1960
104268
3550
2013

1862 -

‘1960
58659
2002
1187
1103

1850
48559
1547
‘826
759

1989
25113
543
334
411

1950
204395
1004
493
358

1961
107¢c71
3890
2251
1883

i%6l
62559
2282
1350

‘1137

1961
44212
1628
891
746

1961
21937
568
353
362

1952

22275
1060

528

354

1962
1100626
4138
2426
1920

1952
64183
. 2450

1489

1194

1962

45843

1689
938
727

1962
22236
603
388
337

18562
23607
1036
550
3¢0

1963

© 117811
4430
2619
2320

1963
70222
2540
1602
1289

1963
47589
1750
1017
931

1963
25037
653
428
4863

1963
22552
1137
5569
468

1964
127343
4699
2787
2739

1964
4765
2800
1700
1555

1964

5255
. 1893
1088
1184

1964
28712
697
459

615 .

1964
23846
1196
626
568

1965
131228
1675

PP
286Gy

2924

1935
788572
2339
i752
1530

19535
54369
1966
1167
136

3

19€5,

30202
749
492
692

1965
24167
1237
655
672

1966
220100
12352
637
- 740

t
'
!
H

'b
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1
i
i
Tang RIS |
TEICN] FETREIVY. et
Chivs |';'.L U9 2ol
LGOI HNT 3ol PO
AT f\DDL.u IRGR1RS L.taH
S IEE CTR ’
. 1w a3
Lt Souid Dauly
CCAPTLTAL and 1.458
- DOl NT 513 ol
. :'\.JJLD 70 1\:}
152 15003
- 212 2105
TRtEa L 706 PR
: Tl LT b °]
A FRENE nUDtD 51 S5
QU L SERha\ PROPLiN
: 1eh2 1653
- LALGR 08 Y
Latiian Y L Fa.
CCULrECRT 95 w9
S YALUS ADUGLD ‘ 28 =3
. SERGIA PROVER
_ 102 1053
[ S L ATTY Inaangy 124467
PCAPITAL - Lt U2
TOUTESLNTY ‘ 530 S0
PVALUL ADLED 2u3 172

1954
87693
2207
1354
1510

1954
62045
1374
€ol
1203

1954
25648
833

L83 |

307

1954
9791
195
110
77

1954
18857
638
383
230

1955,
102440
2233

1400 °

1748

1955
71036

1397

870
1374

1955
31404
886
531
374

1955
12252
224
124
a8

1955~

19182

662

276

YUGOSLAV PROOUCTION STAT;STICS;

1956,
106429

2331

1435
1784

1556
73239
1407
869
1368

1956
33190
- 924

566
816

1956
12858
249
147
125

11858

20332
675
419
291

e

T e
[ N
PR L

TEXTILES ANO CLOTHING |

1957

115622
24y
1529

2051

1957
78159
1468
914
1535

1957,
37453
977,

615
516

1657
14573
290

. 1958

128414

2552

1627
2204

1658-
85123
1564
1002

1587

1958

| n3291

182

165

- 1957
22580
687

433 |

-~

DOL

S$98
624

8617

1958
17501

309 -

193.

216

1958
25790
6€9
431
401

<1959

136513

2679
1699
2385

1959
89085
1597

1713

1959

16499

330 -

206
252

1959
27929
751
466
419

1952 10

o
.

o

1960
146522
3034
1950
2713

- 1980
93588
1711
1108
1926

1960
52934
1323
g2
787

1950

21792
391

245
266

1660
31152
932
397
491

1961

155044

3520
. 2296

2805

1951

" 96863

1887

1242

lgal

196l

‘58181

1633
1034

o24

1961
245450
469
289
351

1961
33341
1164
765
573

1962

170742
3992
‘2635
+ 3159

1962
103887
2083
T 1390
2099

1952

66855
1908
1246
1060

1962

313(!!,1

358
444

1962
3551 -

1342
. 887
616

1963

© 181799

4399
2956
3527

1963

Aoaoug

2228
1499
2244

1963
. 72859
2171
1457
1283

1963
35124
653
435

600 -

1963
37735
1508
1022
683

1964
165871
4805
3315
3947

1964
115596
2371
1623
2488

' 1954
75875
2434
1693

1459 -

<1964
37626
776

539

649

1964
32249
1658
1184
810

b |

196- 1GR6
12 1.14. quus2
2425 1733
1671 1219
2525 2907
1965 1565
267741 1232C0
4937 2514
2433 1743
4152 2667
1665 1566
£5020  HEGLO
2569 880

1812 633
15627 805

T 19547 1966
41542 90100
635 2667
593 1900
720 1774
1965 1965
13400 46100
5181 1737
645 1267
4461 059
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Lasiiin
Crprling
[T EREI ST
Vatus ALED

BINHAN]

[SERETEEN
CrivefAL
LI PHENT
VYot alDED
SO .

LA

C fot !l v.l\l
E(u.w' Y
VALULZ ADDED

SOUTH LRSS SERS

l.l’\':_l{\'iz
CrrelraL
E(‘Uu MENT
Vi i l\[-'JLD

SCiiilA PROPER

LAOR
AP ETAL
COUEPGENT

VALUZ ALGED

32 16033
38 Leend
=1 P
658 1050
113 7
152 310203
L 29 =29
V43 L5
LU3 56
523 190
1uh2 153
7.:.559 Suuo?
LL36 w24
515 136
290 08
I PROPLE
Lu52 x
1n50] 3
L35 453
2ho Ll
T as1 W57
1652 1953
Juz2s 7:2453
Y17 2348
=24 1062
39 - 45

1954
3887
484

234

49

1954
27548
1074
522
3380

11934
22242
- 513
228
337

1954
44875
1274
544
365

1054
5346
520
233
43

m e e maa

1955
43630
1283
540
443

1958
72513
2362
1004
821

1955
28883
1079
524
378

1955

4570
538
265

50

1855

24213

502
220
328

-7

YUGOSLAY P(ODUCTION STATISTICSr 1952 TO 1966

© 1956

46257
1237
543

465.

1856
76649
2368
11069
825

1956
30382
1081
526
260

1956
25912
489
213

300

1656

81258
2429
1108

215

TIMBER AND FURNITURE

1957
5470
555
276
60

1957
49054
1329
568
540

.1957
32174
1100
540
375

1957
25968
481
208
304

1957
6206
584
297

71

1958
855864
2459
1129
:968

1958
52123
133%

575

521

1958

|33u41

1124
554
Lu7

1958
26522
472
201
359

1953
691
619

319

as

1959

.86503

2528
1175
1185

1959

5714)
1367
599
649

1959

39352
1161
576

536

1959

30615

1960
108124
2659
1265
1333

1950
62861
15410
635
692

1960
45263
1243
630
641

1950
34540
472
208
503

1980

10317
750

=L
-7

138

1961
113259
2834
1375
lu2i

19561
64410
i470
671
© 7860

1961
48849
1363
705
661

1961
36741
487
217
515

1961

12108
843
L59

145

AL

1962
123211
2995
1481
1590

1962
67975
1525
709
891

1962
552322
1469
772
699

1952
386538
508
234
515

1962
16574
933
510
184

i

1963
129174
3174
1610
1762

-1953
66062
1590
756
954

'1563
62292
1584
854
808

1963
46374
5t.0
2560

591.

1963
18918
1019
508
2156

B

1964
136343
3365
1739

20356 -

1954
68871
1560
8oL
1072

1968

65472 -

17065
935

965

1964
47548
569
2gz2
730

1964
17¢2t
1112
628
235

773

1965
17341
1157
661
205

£
[t iy o]
tag

O (O
oos e O O
G o

1266
15700
1180

676

251 -



SALGE ADDED

EREIA PROI'ER

OULennT

43

220

I
PN
163
9
27

Ien2
#3552
<l
L33

LK

iv. PROP:

!
H
i
i
{
i
i

1954,

9135
528
324
121

1954

3602
112

Cr
28

1954
5533
b1
250
© 93

- A

1955

26432
1173
700
Lo

1955
15768
586
336
241

1655,
10656

537
364
153

1555,

4710
125

32

19557

5955
462
294
120

YUGOSLAV 'PRODUCTION STATISTICS: 1952 TO 1966

1956
29525

1229
749
527

1956
17395

593
346
397

1955
12129
63
403
229

1956
5704

13

e 72

1956,

6425
492
320

137

PAPER PRINTING AND PUBLISHING

1957

32200
1356
838
704

1857,

19141
627
370
431

1957,

13059
729

568
273

1957

886

152 |

S7
90

11957

7173

577

371

183

- 1958

36421
1476
935

773

1658

20821

649
392
434

1958

15600

827
| 544

338

1958

6551
i70
115

1.8

1938

g49
€57
Lz9
27

=

1959
7380
134

125

1z8

-185¢9
10844
723
Lg2
302

1960
45355
1868
1243
1056

1950
25023
811
S04
531

1850

20332

1057
739
525

1960
8190

346

1961

s09L3

2134
1431

© 1204

1961

27367
a3l
595
8653

1961 -

23576
1203

835
552.

1961

98756
254

178
194

lagL
13658
938
658

358

1962
54157
2651
1779
1290

“1962
. 25454
1163
748
725

1962
24703
1488
1031
5565

19¢e2
10262
209
219

214

19862
14501
1179
gLz
352

272

1963

14985
1347
ou2
397

1964
63537
3592
2479
1730

1964

34299

i622
1167
920

1964
29238
1670
1372
810

1964
12599
458
34
308

1964

16639
1512 .

1088

502 .

O e

Ol (M D O O

G .
b pea b O) 3
EAR N S G 8

C)

1655

S 31772

* 2119

a8

8890

1965
14004

49g

341

321

1965,

17768
1621
1140

559

1966

1180690

1705
1211
605
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LALUR
caprital
EQUINHENT
VALUC ADDED
EYOTES 1Y TR

LALGR

CARITAL
EQUIPHENT
VALUS ADLED -
SoUTH

LALG:
CAiriinbL
ECJIPRENT
VALUE ADLLD

SOUTH LESS SERPIA PROMER

LAGOR

CAPPITAL
EQUIvMENT

3 VALUL ADDED -
} SEfITA PROPER

LABOI

¥ OCAPITAL

EQUIPHINT
VALUE ADDED

IER R i
R ' R
st N T 4

.. [
¢ = . ! v . 4 A
. ) | N )
. . ‘.'-" Y
[ [ . ‘r
.l' St AL I b i G
q y PR - Fa !
1-- - “YUGOSLAV | PRODUCTION STATISTICS, 1952 TO 1966 :;f :
; T . o a3t . e Y "
| : ' .LEATHER, RUBBER/' AND FOQTWEAR e :
! '- : 2 R ) ‘ oL R B
-t e ' o i ' vy
: ! o C ) o y o -
1952 1053 1954 1955 1956 1957 1958 - 1959 1960 - 1951 196é 1964 1965
1903 3YUR9 22493 24359 . 26745 30263 33154 36576 40358 42995 45482 53701 53065
357 105 483 493 495 - 510 559 639 747 818 892 1122, 1239
272 w4 284 291 291 303 335 392 466 . 518 560 724 797
311 ius 347 398 451 519 554 621 761 810 852 1268 1349
3un2 1un3 1954 1955 1956 1957 1958 ' 1959 ~  19&0 1961 ° 1962 1964 1965
100621 14705 16320 17422 19246 - 21430 23080 25186 26543 . 28000 < 28234 - 32138 34626
271 282 298 309 310 322 341 386 435 455 511 639 638
165 ) 178 186 , 186 196 209 244 280 304 - 327 415 457
236 232 265 298 335 379 395 - 443 538 1577 620 831 883
1652 1953 1554 1955 1956 1957 © 1958 1959 1960 1961 1962 " 1964 1965
Lgu2 Hisg 6173 6937 7499. 8833 10074 11390 13815 14995 17228 21563 23439
1:5 13 185 184 185 188 218 253 312 353 381 483 521
i07 195 106 105 105 107 127 - 148 186 214 234 309 340
76 62 &2 101 116 140 159 178 223 233 - 242 437 466
. E . T o
1952 1953 1954 1955 1956 1957 . 1953 1959 1960 1961 1962 1954 1969
Y727 1618 1922 2109 22684 2542 2970 3402 4200 5290 6667 8868 10053
77 A 81 az 85 87 107 130 150 165 178 227 250
Gy 4y 47 47 49 51 65 81 * 95 106 115 152 171
11 11 15 20 23 25 . 35 35 51 o4 57 148  _ 155
1952 1953 1954 1955 1956 . 1957 1958 1959 - 1960 1961 1962 1964 1965
3155 3326 4251 4628 5215  -6291 7104 7998 9615 - 9705 10561 12695 . 13386
108 106 103 101 100 101 111, 123 161 188 203 256 272
63 52 59 57 56 56 62 67 S0 108 . 119 - 157 169
65 51 67 81 93 1157 128° . 144 - 172 169 185 288 303
. ' R N . ! .
S AT & T . i

1-

el T RIS
R B TP E L P T EE RS DHCE R SRS RN S TR



19452
Ao 5150
CAPPITAL 2134
EQUIPERCHY 1122
yAaLLC ADDED 558
HORTH
1952
LALGOR U773
CAPIThRG 971
P oUIlMEnT S542
VALUE ADDED 305
SOUTH
. 1ys2
LA 452
CRi"ITAL 1103
LGJdlpmetiT o Lt
VALUE ADDED 153
SOUTH LESS SERt:.A P
552
LAL G I 51- 0
ChirlTAL 636
LOUTPNENT S393
VALUEZ. ADDED 87
SERLIA PROPER
. lus2
A0 11796
CrPPITAL 527
CGUITENT 248
VYALULE ADRED 96

1954

153
LIeB2 69106
2458 20656
1558 1449
.26 664
1vs3 1954 -
53405 39041
1111 1196
537 6385
293 447
1453 1954
Y 4 30065
1 ALT 1459
701 To4
183 217
ROPE K
153 1954
1.0l 14274
739 785
304 426
3 87
1953 1954
13595 15791
213 674 .
507 338
105 130

1955
76962
2807
1587
724

1955
42559

1266.

726
472

1955
34403
1541
821
253

1955

15643

809
449
100

1955
18760
732
372
133

'
P
.1

) o

YUGObLAV PRODUCTION STATISTIC 1952
1 STONE » CLAY- AND 'GLASS

1956 1957 1958 - 1959 1960
76700 83454 90163 93797 100550
2895 2958 ° 3004 3110 3374
1614 1653 1683 1765 1952
740 875 964 1070 1209
1956 1957 1958 1959 19560
42754 44822 47254 48995 . 51279
1319 ° 1356 1395 1477 1619
772 791 817 885 990
457 522 535 626 698
1956 1957 1958 1959 1960
33946 38632 42909 44302 49271
1577 1602 1609 1633 1755
843 861 ‘866 580 953
283 352 430 e 511
1956 1957 1958 1959 - 1950
15147 . 17290 19492 21093 23835
&00 805 806 816 862
442 L49 449 458 450

» 104 124 156. 139 214
1956 1957 1958 1959 1960
18799 21342 23417 23709 25436
777 797 803 818 293
401 412 417 423 472
179 ‘255 297

229

274

3
v

7011966

1961
110101
3730
2193
1280

1961
52836
1787
1117
708

19561.
57265
1943
1076
572

1961
27272
954
549
22

1961
29993
269
526
340

s
Y

1962
107406
3965
2359
-1355

1962
50926
1888
1191

742°

1962
56480
2077
1169
613

19862
27249
1018
600

1962
29231
109
563
558

1963
104676
4173
2524
1545

+ 1963
49747
4691
1272

841 -’

.1963°

54929
2182
1252

704

1963
26239
1062
634
294

1963
28690
1121
618
410

1964
109661
4599
2686
- 1816

1964
52553
2107
1356
979

1964
57108
2292
1330
838

1954
26450
1100
665
336

1964
30658
1191
665

502

1965
113019
4562
2800
19615

1955
54679
2174
14320
967

1955
5R/340
2388
1400
917

o
1965
26993
1137
691
381

1965
3107
1250
709
537

19”6
103100
4753
2529
1999

19506
51460
2221
1423
1000

1966
SATG0
2532
1506
999

1966
26500
- 11489

731

399

1)00
3020
12 uz

-Zwr

601

qt,,,,:m

L

B R T e  a et SR AL DRI

e o e e s
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YUGOSLAV PRODUdTION STATLSTICSO 1952 ToO 1966

! 9
. - L ' t;! ; :I . i..
. X _ CHEMICALS "AND P TROLEUM _ ' ?? : i.; :
C —_— 1 ' f iﬁ_ ‘.{;' -3
1952 1953 1954 1955 -+ 1956 1957 1958 - 1959 1960 1961 19@% 1963 - 1964 1965 1966
LAGOR . 22172 25037 . 27157 31022 34323 38271 43118 48b65 - 53124 53578 556 62113 71942 77275 81200
CAPITAL - 2303 2088 3144 3686 3504 . 4081 4166 4i15 4875 5670 -65é C 7426 . 8130 8550 9374
ECUIPMENT = 1261 1511 . 1811 2209 2342 2463 0 2527 2732 3084 3677 429 - 4931 5458 5809 6348
VALUE ADDED 422 467 561 ., 673 766 926 '1060 1272 - 1479 1655 188 2296 - 2117 3273 3701
HORTH . T : o , P \
: ’ L. . ! ‘
1952 1953 1954 - 1955 1956 1957 1958 1959 1960 1961 ‘196 . 1963 1964 1935 1665
LAGOR 14272 16264 -17094% 19034 206485 22070 24190 27789 - 31122 31002 32438  3o644 . 42536 44651 45900
CAPITAL © 1661 1774 1881 1922 1926 2054 2161 2hes 2815 3508 4063 4661 5123 5400 5813
ECUIPHENT BoL . 938 ° 1008 , 1053 _ 1067 1142 1206 1397 1691 2101 2599 ..3015 3336 3557 3798
VALUE ADDED 277 306 . 384 448 391 597 . 664 - 179 - 923 1044 1188 1463 . 1756 2184 2561
SOUTH ’ ’ : : IJ . . b ‘ A
1952 1953 1954 1955 1956 1957 ‘1958 1559 1960 1961 11962 19637 1964 . 1965 1966
LAGOR 7900 . 6673 10063 11988 13838 16201 18928 20876 22002 22576 23175 25469 29406 32594  3u400
CAPITAL oh2 017 1264 | 1765 1978 . 2027 ° 2005 1986 2060 2262 . 2488 2765 3006 3149 3561
ECUIPMENT 377 573 803 1156 1275 1321 1321 1335 1393 1576 1696 1916 2122 2252 2550
VALUE ARDED e 162 177 225 . 375 329 396 493 555 612 699 833 961 1090 - 1140
SOUTH LESS SERBIA PROPER o ) - . : : . - ' :
. . - Lo } . i o .

N : 1952 1453 1954 1955 '  1956. 1957 1953 1959 1960 1961 1962 1963 1964 1955 1966
LABOR 3546 3652 4270 5384 6187 67u6 6279 7402 7831 8532 8857 10247 11840 13363 14300
CAPITAL 181 209 - 349 . 811 1015 1074 1065 1024 - 1004 1007 1023 1090 1210 1312 1565
EQUIPNMENT 109 133 211 537 661 706 711 704 713 747 755 798 887 965 1162

VALUE ADDED - 66 76 68 100 | 219 142 150 . 168 165 221 245 260 340 413 457
SERUIA PRUPER : T , A , .

1use 1953 1954 ¢ 1955 1956 , ' 1957 1958 1959 1960 1961 1962 1963 £964 1965 1966

LABOR - 4354 4s21 5793 6604 7651 9455 12649 13474 14171 14044 143 ' ‘

' . 2 2 22 15222 | 17566 19231 20100
EQSigﬁtn ??1 ?08 915 . 953 - 962 853 S4o 962 1057 1255 | 1465 1676 1796 1837 1965
v. WENT 208 40 593 619 614 615 610 . 631 T 680 829 941 1118 1235 1286 1383

ALUE ADDED 79 8? 109 125 - 156 187 246 325 361 391 - 454 . 573 621 677 . 682

LT esarry

L.

oy e

'

e A S e . = g e

tew

.
e e ey ————

o T TN Y
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LALOR
CAPITAL |
EAUIPHMERNT |
VALUE ADDED-
MOITH

LAiOR
CAPITAL

- QUIPMENT
VALUE ADDED
SOUTH -

L AIBOI
CARITAL
SOUIPMENT . |
VALUE ADDED

SOUTI LESS SERBIA PROPER

LABOK
CAPITAL
EQUIPMENT
VALUE ADDED

SERBIA TMROPER

LABOR
CAprITAL
EQUIPMENT
VALUE ADDED -

1952 1953
101158 115940
dbL22 3371
S 2183 T 2523
1195 1530
1un2 1953
Sny71 50369
lyu2 2121
1250 1316
719 901
1952 1953
46687 L1571
153 1750
893 1607
476 629
1952 1ub3
137990 14861
Y65 1160
519 029
124 160
1952 1953
22697 36710
575 590
374 379 _
351 109

1954
129334
4174
24384
1774

1954

69567

2236
1378
1064

1954

59767
1938
1106

710

1954
16840
1282
' 699
176

1954
42927
656
407
534

" YUGOSLAV PRODUCTION STATISTICS. 1952 TO,

[ SR

¥

'METAL USING

1957

167754

’.-

1955 . 1956
145059 152653
4405. 4529,
2597 2680
2017 2217
1955 1956
77816 81306
2321 2351
1400 1414
1186 1242
. 1955 1956
67249 71347
2084 2178
1197 1266
830 975
1955' 1956
19003 20552
1337, 1371
740 768
189 231
1955 1956
48246 . 50795
748 807
457 499
641 v

4833

. 2884 -

2815

1957
89043
2455
‘1485
1566

1957

78711 -

2377
1399
1249

1957
24389
1524
869
307

1957
S4322
853
530
942

y ol
1958
189018
5123
- 3123

3304

1958
98229
2561
-1566
1752

1958

90739 .

2562
1557
1552

1958

27738
1648

995
355

1958
63051’
894!
551°
1197

[y
.

!.m
W

1959

205487 .

5342
3299

3840

1959
107214
2638
1627

1978

1959
98273
2704
1672

1863 -

1959
28433
1786
1092
426

1959
69840
218
580
1437

'
e

1960
230646
5639
3507
4547

1960
120441
2749

1717,
2333 -

1960
110205
2891
1789
2215

1660
33511
1925
1176

480 -

. 1950
76694

965
613
1735

.I o
1966
!

19561
84700

1037

656 -

1619

RREE
1962
256775
6853
4434
4916

1962
135299
3170
2051
2598

.v‘i]
11962

121476
3683
2383

2318

1952
36319
2529
1638
602

1962
85157
. 1155
746
1716

Y

1963
279415
7677
5089
5847

1963
149012
+ 3502
2307
3116

"1963°
130403
4175
2782
2731

1963

38013 .

2048
1965
730

1963
92390
1327
877
2001

1964
316221
8710
5911
7160

1964

166519
3929

2628
3722

1964
149702
47381
3283
3438

1964
44262
3164
2161
950

1964
105440
1617
1122
2488

1965
332765 324200

9275 9036 -
63412 6766 -
7588 7832
1955 1948
172573 164900
4140 4305
2779 2905
3815 3896
1965 1966
160192 159200
.5i35  S531
3563 3e61
3773 3926
1965' 1966
49597 . 50500
3365 3611
2318 2514
1188
1965 1966
110595 108800
1770 1920
1244 1347
2585

2725

4

1966 ..

1212
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: ¥/ YUGOSLAV PRODUCTION $TATISTICSy 1952 TO 1966 | . ,

o S e e L . . . N | N o *

E T . 'METAL MAKING - P R

; Py b ',' 4 ' A

: 1952 1953 ' 1954 1955 1956 1957 1958 . 1959 _ 1960 . 1961 1962 1963 1964 1965 1966
S LALOR 59106 .-63038 66513 76404 77908 83658 86868 ..89077. 91446 = 90598 89910 91762 95049 98194 99700
1 CAPITAL 6007 7354 8296 . 8884 9179 9175 9221 9253 9358 9541 10006 11011 12302 13302 14467
| LQUIPMENT  § 3440 . 4283 5031 ~ 5374 . 5547 5464 5426 5388  Su44 - 5578 5859 6690 7747 8579 9475
1 VALUE ADDED : 808 934 1048 1324 1471 1715 1918, 2049 2348 . 2407 2611 2765 - 2973 3237 3405
| HORTH - . ' . ‘ - IS Lo _ -

: ' 1ys2 1933 1954 1955 1956 1957 1958 1959 ° 1950 = 1961 1962 1963 1964 1965  19A6
4 LALOR 119922 2113% 23205 27178 © 28024 29762 30906 30751  3i632 31227 31030 31639 33119 33662 34400
4 CAPLTAL T 2155 2822 | 2737 2852 . 2868 2806 2741 2659 2606 . 2610 _. 2826 | 3156  3527. 3652 3728
; ECUIPMENT ' 1319 1562 1710 1769 . 1788 1737 = 1687 1624 1586 1599 - 1755 - 2018 2345 2459 2519
Y, VALUE ADDED ! 367 w2l . 473 545 729 622 702 _ 781 .. 934 960 ' 920 - 950 989 1149 1116
% SOUTH ’ B ' o Cn : :

3 . ) . . ) . . : : A ‘e . . ) . .

1 1952 1953 1954 - 1955 , 1956 1957 1958 1959 . 1960 1961 % 1962 1963 1964 . 1965 1966
s LALOR 391a4 41904 43248 . 49226 49884 53896 55962 58326 59814 59371 68880 60123 61930 . 64532 55300
? CAPITAL 3852 4833 5560 6032 6311 .6369 6480 6594 6752 . "693%L 7180 7855 8775 9650 10739
4 EoutPMENT. - 2121 2821 3321 3605 3759 3727 3733 . 3764 3858 , 3979 . 4104 4672 5402 6120 6956
1 VALUE ADUED 501 513 576 779 741 1093 . 1215 1267 1414 ' 1447 1691 1815 1984 2087  2288. .
§ SOUTH LESS SERBIA PROPER " . o , ; T : )

g 1952 1953 1954 1955 | 1956 1957 -.1958 1959 1960 1961 . 1962  .1963 1964 1965* 1966
s LAvOk 2L944 26824 27922 32876 34613 38159 40617 . 41842 42904 42925 42177 42289 43664 45905 46000
3 CAeITaL 1191 1507 | 153% 1583 1612 1647 1750 1916 2133 2294 2377 2496 2612 2743 2970
g koulenoey BT 755 816 841 846 833 859 9u8 1105 - 1234 1323 1439 1541 1640 1820
% VALUE ADULD 260 282 309 - 407 308 . 545 ° 568 641 771 864 1023 1113 | 1179 1261 1409

SEKYIA PROPER ’ : ' - ' .

. - !

1952 1053 1954 . 1955 = 1956 - 1957 1958 1959 . 1960 _196i‘ 1962 1963 1964 1965 1966

: LABOR 13240 15080 15326 16350 .. 15271 15737 15348 16484 16910 16446 16703 17834 . 18266 18627 19300
3] CAPITAL : 20061 3425 4026 4449 L6929 4722 4738 4677 L4612 . 4637 . 4803 - 5359 6163 =~ 6907 7769
EQUIPHENT 1523 2use .. 2505 2764 2913 2894 287¢ 2816 2754 2744 2782 3233 3861 4u72 5126

VALUE ADDED =~ 221 231 266, 373 433 - 548 649, 627 643 583 668 702 804 826 879
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I N . .
° .
‘é. :"--: ) ) .‘ \ . ' B ' ;l "‘,:',.. : | ’I \ . : .: ' A .“ '- ‘ R
b - . ™~ .. ' St | S ' . . H . . % 0
k. - . - ~. YUGOSLAV PRODUCTIQN STATISTICS: 1952 TO 1966 . °, - : o _ -
>' ’ . N . :‘. . [ - . ' . o . - . ) s
] e . .0 T™ v MISCELLAREOUS S : b o X ?

il

L ! ' - ; ! P o ’ .
1952 1953 1654 1955 1956 1957 1958 11959 1960 1961 1962 .1963 1964 1955 1966

i .
i

ate N4

§ Lauor 19260 T 19048 20431 21747 24439, 26830 29679| -30798. 32519 36197 36740 37225 36257 36241 34000
4 caerTaL 1u4 178 © 299 546 828 . 925 1136 1288 1528 1728 1861 1942 2053 2144 2204
i EOUIPMENT 97 130 216 448- 720 ' 805 1008 1146 1369 1546 - 1655 1717 1780 1841 1870
¥ VALUE ACDED 283 283 283 311 326. 368 458 495  * 469 580 679 866 817 974 1049
4 HokTH C ' ' o ST .k B o ’
5 - 1952 1953 195% 1955 1956 1957 1958 1959 1960 1961 - 1962 1963 1964 1965 1966
TLAuoR 16197 16329 16567 17684 18570 20846 = 23266 24164 25403 27525 27225 , 28384 27767 28245 26300
1 CAPITAL . 51 s2 . 108 160 268 313 ¢ 415 - 501 600 660 .. 713 . 718 845 913 967
§ EOUIPMENT - 35 36 62 - 103 207 245+ 7,339 414 501 - , 549 - 587 - 635 667 712 742
j VALUS ADDED" ‘244 T 235, 226 - 265 . 255 . 292 : (355 405 ' 414 483 553 - -708 667 779 861
¥ SOUTH , : _ : , L P DR , K ' ' -
R ‘ ) ) . I P . ; . "’,i‘ K ' i v . M
.2 1952 1953 1954 - 1955 , 1956 1957 1958 - 1959 1960 1961 *. 1962 .- 1963 1964 1965 1966
B Lanow 30637 3519 3864 - 4063 = 5869 5984 - 6413 6634 . 7116 . 8672  95i5 - 8841  B490 7995 7700
j cariTaL 93 126 190 385 . 560 . 612. ° 720 787 . 928  "1069 1148 1165 1208 | 1232 . 1237
3 roulesEnT 62 95 154 . 345 513 560 668 . 732 858 "1, 997 1069 1082 1113 ° 1128 1128
‘, VALUZ ADTED 39 48 . 57 66 71 75 1 99 90 155 " 97 - 126 158 150 194 188
§ SOUTH LESS SERBIA PROPER ' I b ARV R &
= . . . . B s, o . < .
3 1952 1953 1954 1955 1956 1957 © .1958 1959 1940 . 1961 1962 1963 1964 1965 1966
-3 LASCR 972 1264 1370 1543 2254 2420 . 2404 2498 3112 3265 3860 3729 © 3723 3302 3200
5 CARITAL 43 47 - 9n 279 418 405 ' 483 5300 . 615 687 713 709 720 718 725
] EQUIPKENT 15 18 © 62 - 250 382 368 445 490 571 637 657 654 . 657 653 657
] VALUE ADUED 8 10 15 17 22 25 29 29 . 20 .34 51 . 56 41 59 55
1 SERUIA PROPER | . | o L ' c
i . T 1952 1953 1956 1955 - 1956 - 1957 1958 - 1959 1660 1961 1962 1963 1964, 1965 1966
¥ Lagon 2091 2255 2494 2520 3615 3564 4009 4136 4004 5407 5655 5112 . 4767 ° 4693 4500
i CAPITAL 50 .79 . 101 106 143 208 228 257  -313. 382 435 456 488 513 513
4 CQUIPMENT - - 47 76 92 95 131 193 223 242 297 . 360 ' 411 428 457 475 471
1 VALUE ADDED 32 8 w2 49 49 5Q 60 61 35 63 75 102 108 135 133
j ) u ) e
! T T : ¥
! el : e

i B - I
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