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USE OF ADAPTIVE ECONOMETRIC MODELS IN COMPARATIVE ANALYSIS

Novosibirsk EKONOMETRICHESKOYE MODELIROVANIYE in Russian 1979 pp 128-150

[Article by Ye. M. Levitskiy, candidate of economic sciences, published in
the series "Problems of Building and Using National Economic Models,"
edited by Ye. M. Levitskiy and Yu. A. Chizhov, candidates of economic sci-
ences]

[Text] The intensive development of trade relations of the USSR and other
socialist countries with the capitalist countries and the increasingly elab-
orate international division of labor confront economic science with the
problem of analyzing the processes of reproduction in capitalist countries,
of forecasting the development of the capitalist economy and of studying
problems related to economic competition with the capitalist countries.

Mathematical economic models based on Marxist-Leninist political economy are
an effective means of analyzing the patterns and mechanism of social repro-
duction and long-range structural shifts and factors determining rates of
economic growth. The use of mathematical models makes the economic analysis
of the problems of economic competition between the two systems more con-
crete and sound.

An attempt is made in the present paper to compare levels of economic devel-
opment of the USSR and United States with respect to various criteria on the
basis of computations run on intersector econometric models of the two coun-
tries, The problem of making this comparison is very complex and necessi-
tates solving many problems of methodology, methods and statistics. The
problem of sector classification is one of the principal ones here if inter-
sector models are to be used as the principal instrument.

The models we used each cover 19 sectors. The following were taken as the
basis of sector classification: in the model of the USSR--the 104-sector
classification of the retrospective intersector balance (MOB) for 1966! and
in the model of the United States--the 87-sector classification of the ret-
rospective intersector bal=nce for 1967.2
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We will note certain peculiarities of our 19-sector classification. Since
the ore-extractive industries are not given separaiely in the USSR MOB (the
mining of the ores of ferrous and nonferrous metals has been added to the
sector "Production of Ferrous and Nonferrous Metals"), the respective indus-
tries in the United States balance have also been consolidated and comprise
the sector "Metallurgy."

Since the petroleum-refining industry is included in the fuel industry in
the USSR sector classification,3 the respective industry in the United
States MOB has also been included in the sector "Fuel Industry.” In compar-
ing the gross outputs of the economic sectors of the USSR and the United
States the sectors "Finance" and "Services" are omitted from the sector
"Trade, Finance and Services" of the United States MOB. The remaining sec-
tor "Wholesale and Retail Trade" basically corresponds to the sector "Trade,
Material and Technical Supply, and Procurements' of the USSR MOB.

The peculiarities enumerated above eliminate those discrepancies between
the intersector balances of the USSR and United States models that have been
present in previous versions.

But our classification of sectors contains a number of discrepancies which
have still not been eliminated and which give rise to certain errors. For
instance, the sector "Agriculture" in the United States model contains the
subsector "Fish and Fish Products," which in the USSR model is included in
"Food Industry." The gross output of the sector "Fish and Fish Products"
(in the USSR) in 1965 was equal to 5.03 billion rubles, which constituted
5.8 percent of the gross output of agriculture and 2 percent of the total
volume of industrial output. Thus the ratio between the USSR and the United
States is in our calculations low in the comparison of agricultural output
and a bit high in the comparison of the output of the food industry and the
entire industrial sector of the two countries. This error has no effect on
the ratio between the USSR and the United States in terms of gross social
product.

Another error is engendered by the discrepancy between the sectors "Trans-
portation”" and "Communications" in the intersector balances of the two coun-
tries. In the USSR MOB these sectors include outlays for transportation and
communications insofar as they serve production. Outlays for passenger
transportation and communications insofar as they serve the public are in-
cluded in "Social Consumption" (second quadrant of the MOB). There is no - -
such division in the United States MOB. In 1966 outlays for passenger
transportation and communications insofar as they served the public amounted
to 2.7 billion rubles, and those for transportation and communications inso-
far as they served production amounted to 19.1 billion rubles. Total out-
lays amounted to 21.8 billion rubles (4.4 percent of the gross social prod-
uct of the USSR). Outlays for passenger transportation and communications
insofar as they serve the public represent 12.4 percent of this total (0.5
percent of the gross social product).
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The third error is related to the discrepancy between the sectors "Electric
Power" and "Fuel Industry" in the USSR and United States models. The prob-
lem here is that the subsector "Gas Supply" is included in the sector "Elec-
tric Power" in the United States MOB, while in the USSR MOB it is included
in "Fuel Industry." That is why in our calculations the ratio of the gross
output of the sector "Fuel Industry" (USSR and United States) is high, and
that of the sector "Electric Power" low. We accordingly consider it more
correct to compare the gross outputs of the group of sectors (fuel industry
and electric power industry) of the two countries. At the same time this
last error does not affect the relation with respect to the total volume of
industrial output.

The second stage of preparation for comparison of the two countries in terms
of economic development is conversion of the statistical information used as
the basis for constructing the models (retrospective intersector balances of
production and distribution of outputs and dynamic series of indicators of
national accounts) to comparable prices. Selected as the comparable prices
were 1972 prices.

In computing indices of comparable prices (1972 = 1) we used data on whole-
sale price indices of USSR industry including the turnover tax (1949 = 1)
for the following industries:" electric power, petroleum refining, coal,
ferrous metallurgy, chemical and petrochemical, machinebuilding and metal
manufacturing, timbering and woodworking, fuel and paper, the building mate-
rials industry, light industry, the food industry.

Wholesale price indices of the coal industry were taken for the fuel indus-
try, wholesale price indices of ferrous metallurgy were taken for metal-
lurgy, and wholesale price indices of the sector "Machinebuilding and Metal
Manufacturing" were taken for the sectors "Machinebuilding" (not including
transport machinebuilding) and "Transport Machinebuilding." For "Other Man-
ufacturing Industry" we used the general wholesale price index of the entire
industrial sector. This same index was used to convert the gross output of
the sectors "Transportation,” "Communications," and "Other Sectors' to 1972
prices.

The gross output of construction consists mainly of the "fixed assets put
into service" which in our statistics is represented in 1969 comparable
prices. The price index for the sector "Construction" was therefore taken
as equal to unity.

The price index for the sector "Agriculture” was obtained as follows. By
comparing the gross output of agriculture in the 1951-1975 period in current
prices and in 1965 prices, we first obtained a price index with respect to
1965, and then we converted the series of indices obtained so that they re-
lated to 1972.

Price indices were available for converting the intersector balances of the
United States to 1972 prices except for "Agriculture," "Transportation,"

3
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"Communications," "Trade," and "Other Sectors," for which average price in-

dices for the output of the entire national economy were used.

The sum total of the gross outputs of the sectors in the USSR model which
were converted to 1972 prices on the basis of the "average" indices was
equal to 26.8 billion rubles (1959) and 37.5 billion rubles (1966), which is
9.4 percent and 8.1 percent, respectively, of the gross social producc. In
the United States balances the total of the gross outputs of these sectors
is considerably greater (36.7 percent for the MOB in 1958 and 37.5 percent
for the MOB in 1967).

The result of comparing volumes of adjusted net output from the analytical
balance and from the statistics of national accounts for the respective year
in new prices might, for example, serve as an objective criterion of the
correctness of converting intersector balances to comparable prices. Thus
for the USSR model the difference between the calculated and actual magni-
tude of adjusted net output in 1972 prices was 12.7 billion rubles (7.7 per-
cent) in 1959 and 2.9 billion rubles (1.2 percent) in 1966. For the United
States model this difference was $19.0 billion (3.2 percent) in 1958 and
$5.9 billion (0.7 percent) in 1967. These data indicate sufficient accuracy
of the calculations we made in converting the retrospective intersector bal-
ances of the USSR and United States from current to comparable (1972)
prices.

The third stage of preparation for comparing levels of economic development
of the USSR and the United States should be a computation of sector rela-
tionships of the purchasing power of the dollar and ruble. Solving this
complicated problem requires the conduct of special research dealing with a
large amount of the necessary information. We did not set ourselves such a
task and used ready data which we had at our disposition.5 TFor a number of
important indicators the results obtained were close to the data of the USSR
Central Statistical Administration on the ratio between the USSR and the
United States with respect to the production of the most important types of
industrial products and the principal indicators of economic development.®

- For the others there are discrepancies related to differences in the meth-
odology of the estimates.

1. Materials Intensiveness and Capital Intensiveness of Output and Labor
Productivity in the USSR Model (1951-1975)

Price changes have a sizable impact on the dynamic behavior of the materials
intensiveness of output in the national economy of the USSR. For instance,
in comparing output for 1959, 1966 and 1972 in actual and comparable prices,
we observe different tendencies in the variation of that indicator (Table 1).
Materials intensiveness of gross output in actual prices is rising, while in
comparable 1972 prices it is dropping. Yet the change of the materials in-
tensiveness of production in a sector-by-sector breakdown represents a more
complex picture. When we examine the sequence of balances in comparable
prices, we can single out four groups of sectors differing from one another
in the character of this indicator's variation.

4
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Table 1. Materials Intensiveness of Production in the Sectors of the USSR

Economy
In Current Prices In 1972 Prices

Sector 1959 1966 1972 1959 1966 1972
Agriculture 0.357 0.298 0.376 0.321 0.292 0.376
Fuel industry 0.338 0.353 0.382 0.263 0.315 0.382
Construction 0.500 0.513 0.506 0.611 0.560 0.506
Food and tobacco industry 0.598 0.667 0.729 0.820 0.799 0.729
Textile and garment industry 0.528 0.610 0.603 0.664 0.685 0.603
Timbering, woodworking and

furniture industry 0.482 0.499 0.505 0.457 0.523 0.505
Pulp and paper industry 0.606 0.593 0.592 0.632 0.506 0.592
Chemical industry 0.586 0.549 0.543 0.695 0.635 0.543
Leather footwear industry 0.528 0.509 0.484 0.664 0.584 0.484
Building materials industry 0.539 0.467 0.501 0.549 0.476 0.501
Metallurgy 0.617 0.609 0.637 0.626 0.609 0.637
Machinebuilding, not including

transport machinebuilding 0.429 0.499 0.505 0.641 0.590 0.505
Transport machinebuilding 0.490 0.541 0.545 0.764 0.657 0.545
Other manufacturing industry 0.336 0.417 0.521 0.423 0.455 0.521
Transportation 0.305 0.209 0.210 0.390 0.231 0.210
Communications 0.307 0.171 0.121 0.387 0.176 0.121
Electric power 0.413 0.369 0.436 0.594 0.437 0.436
Trade 0.161 0.146 0.125 0.183 0.159 0.125
Other sectors 0.422 0.238 0.360 0.403 0.239 0.360
Total 0.467 0.479 0.510 0.523 0.518 0.510

The group of sectors for which materials intensiveness is rising consists of
the "Fuel Industry" and "Other Manufacturing Industry." The second group
consists of sectors in which materials intensiveness was first dropping (up
until 1966) and then increased. This group includes the following sectors:
"Agriculture,” "Pulp and Paper Industry," "Building Materials Industry,"
"Metallurgy," and "Other Sectors." 1In two sectors ("Textile and Garment"
and "Timbering, Woodworking and Furniture") materials intensiveness first
increased (up to 1966) and then dropped. And finally, the fourth group of
sectors, which consists of "Conmstruction," "Food and Tobacco," "Chemical,"
"Leather Footwear," "Machinebuilding," "Transportation,”" "Communications,"
"Electric Power" and "Trade," is distinguished by the fact that materials
intensiveness shows a constant decrease.

For industry as a whole the fluctuations of this indicator are not great.

In the 1951-1966 period the materials intensiveness of industrial output
hardly dropped at all, and in the 1966~1975 period it rose 3.4 percent. The
materials intensiveness of agricultural production has undergone greater
changes. During the first half of the period under review it dropped 10.3
percent, and it increased 31.5 percent over the last 10 years.

5
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In construction the materials intensiveness of output hardly changed at all
in the first 9 years of the base period. A substantial drop began in 1960
and continued until 1971. In the last several years the materials inten-
siveness of the output of construction has stabilized at a level of 0.505,
which is 21.2 percent lower than the 1959 level. ’

Variation of the materials intensiveness of output reflects one of the as-
pects of the interaction of intensive and extensive components of economic
factors. A relative decrease of materials intensiveness signifies a rise in
the efficiency of utilization of the factors of production. A rise in the
efficiency of utilization of raw materials and supplies occurred over the
last decade of the base period in a majority of the sectors of the economy.
At the same time a drop in the efficiency of utilization of intermediate
products is typical of agriculture, the fuel industry, pulp and paper, the
building materials industry, metallurgy, "other" manufacturing industry and
"other" sectors of material production.

The capital intensiveness of output in the USSR national ecomomy varies more
unambiguously than materials intensiveness. Except for 2 or 3 years when
there were deviations from the general trends, capital intensiveness of out-
put has been rising. For instance, in the industrial sector the ratio be-
tween the output-capital ratio and the capital-worker ratio has been as fol-
lows (relative to adjusted net output in 1972 prices):

Output-Capital Capital-Worker Labor Productivity,
Ratio, billions Ratio, billions billions of rubles/
of rubles/bil- of rubles/mil- millions of workers

Year lions of rubles lions of workers (Col 1 x Col 2)

1951 1.52 1.62 2.46

1955 1.21 2.77 3.35

1960 0.97 3.90 3.78

1965 0.81 5.29 4.28

1970 0.72 7.11 5.12

1975 0.65 10.16 6.60

The capital intensiveness of adjusted net output in the USSR industrial sec-
tor increased 2.3-fold between 1951 and 1975 thanks to the fact that in that
period the volume of adjusted net output grew 5.6-fold, and the volume of
fixed productive capital increased 13.1-fold. But over the last 10 years
the rise in the capital intensiveness of industrial output has slowed down
greatly. Whereas it increased twofold in the 1951-1966 period, in the 1966-
1975 period it increased only 1.14-fold. We will give the ratio between the
output-capital ratio and the capital-worker ratio in USSR agriculture {on
the basis of adjusted net output in 1972 prices):
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Output-Capital Capital-Worker Labor Productivity,
Ratio, billions Ratio, billions billions of rubles/
of rubles/bil- of rubles/mil- millions of workers

Year lions of rubles lions of workers (Col 1 x Col 2)

1951 1.39 0.62 0.86

1955 1.55 0.90 1.39

1960 1.39 1.33 1.85

1965 1.09 2.11 2,30

1970 0.80 3.47 2.78

1973 0.65 4.64 3.02

1975 0.42 , 5.51 2.31

Fixed productive capital in agriculture increased 7.7-fold over the base pe-
riod, and the volume of adjusted net output increased 2.3-fold. The capital
intensiveness of adjusted net output of agriculture increased 3.3-fold. It
has experienced a particularly sharp increase over the last 10 years. For
instance, over the 1951-1966 period the capital intensiveness of agricul-
tural output rose 1.3-fold, while over the 1966-1975 period it increased
2.5-fold. 1In the USSR construction industry we observe the following rela-
tion between the output-capital ratio and the capital-worker ratio (on the
basis of adjusted net output in 1972 prices):

Output-Capital Capital-Worker Labor Productivity,
Ratio, billions Ratio, billions billions of rubles/
of rubles/bil- of rubles/mil- millions of workers

Year lions of rubles lions of workers (Col 1 x Col 2)

1951 2.76 0.47 1.29

1955 2.55 0.68 1.74

1960 2.29 1.01 2.30

1965 1.71 1.56 2,66

1970 1.65 2.15 3.55

1975 1.41 2.84 4.00

The capital intensiveness of the adjusted net output of construction nearly
doubled over the period under review. The increase between 1951 and 1966
was 1.7-fold and between 1966-1975 it was 1.2-fold.

Thus in the industrial sector and the construction sector of the USSR we

note a recent change in the relationship between extensive and intensive

factors of production to the advantage of the latter. 1In agriculture exten-
_ sive factors of production continue to prevail.

Now let us examine the dynamic behavior of labor productivity in the USSR
_ economy.

The number of employees in the industrial sector increased 2.1-fold between
1951 and 1975 and amounted to 33.9 million persons in 1975. Labor
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productivity (based on adjusted net output) rose 2.7-fold. Since labor pro-

_ ductivity can be represented as the product of the output-capital ratio and
the capital-worker ratio, we can clarify the contribution which each of
these factors made to the labor productivity indicator and their dynamic re-
latlonship. As is evident from the data given above, the "contribution" of
the output-capital ratio has been dropping sharply, and the rise of labor
productivity has been occurring mostly thanks to the rise in the capital-
worker ratio.

Labor productivity in agriculture increased 2.5-fold between 1951 and 1973,
while the increase in the volume of adjusted net output was threefold and
the number of employees decreased 15 percent.

Over the first several years of the base period, and also in the years of
large harvests, the output-capital ratio increased in agriculture and con-
siderably exceeded the "contribution" of the capital-worker ratio to the la-
bor productivity indicator. For instance, in 1976 the growth rate of labor
productivity owing to the output~capital ratio was 77.6 percent, while that
owing to the capital-worker ratio was 22.4 percent; in 1973 (a year of a
large harvest) the respective figures were 62 and 38 percent. But then
about 1959 the output-capital ratio began to drop sharply, and the subse-
quent growth of labor productivity was mainly achieved thanks to the rise of
the capital-worker ratio.

Labor productivity in the construction industry has been rising steadily,
and in 1975 stood at a level 3.1-fold higher than in 1951. Over that period
the number of employees increased 2.7-fold, while the volume of adjusted net
output grew 8.5-fold. The value of fixed productive capital increased 16.7-
fold.

As a consequence of the constant drop in the efficiency of utilization of
capital and the considerable growth in its volume the "contribution" of the
output-capital ratio is negative and the growth rate of labor productivity
has been determined over this entire period by the rise in the capital-
worker ratio.

2. Materials Intensiveness, Capital Intensiveness of Output and Labor Pro-
ductivity in the United States Model (1955-1975)

The materials intensiveness of output in the sectors of the United States
economy (Table 2) shows a different variation depending on the price system.
In current prices materials intensiveness dropped from 0.514 in 1958 to
0.489 in 1972. 1In constant 1972 prices it increased from 0.483 in 1958 to
0.495 in 1967 and then dropped to 0.489 in 1972. For all the sectors in the
United States model (except for "Other') this same pattern took place: ma-
terials intensiveness first increased (until 1967) and then dropped.

The materials intensiveness of industrial output increased 2.8 percent be-
tween 1955 and 1966, but decreased 1.2 percent by 1973. In agriculture it

8
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040039-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040039-3

FOR OFFICIAL USE ONLY

rose until approximately 1968 (6 percent), and in subsequent years stayed at
a constant level. The materials intensiveness of output in construction
hardly changed at all over the entire base period (0.570-0.573). Thus in
the United States economy there has been a tendency toward a decline or sta-
bilization of the materials intensiveness of output.

Table 2. Materials Intensiveness of Output in the Sectors of the United
States Economy

In Current Prices __In 1972 Prices
- Sector 1958 1967 1972 1958 1967 1972
Agriculture 0.572 0.615 0.586 0.554 0.591 0.586
Fuel industry 0.605 0.597 0.569 0.560 0.576 0.569
Construction 0.582 0.558 0.572 0.571 0.574 0.572
Food industry 0.715 0.706 0.697 0.644 0.708 0.697
Textile and garment industry 0.679 0.664 0.663 0.648 0.666 0.663
Timbering, woodworking and
furniture industry 0.628 0.583 0.519 0.519 0.519 0.519
Pulp and paper industry 0.620 0.607 0.626 0.615 0.628 0.626
Chemical industry 0.581 0.603 0.658 0.637 0.662 0.658
Leather footwear industry 0.585 0.589 0.526 0.485 0.539 0.526
Building materials industry 0.479 0.497 0.464 0.433 0.472 0.464
Metallurgy 0.624 0.628 0.609 0.568 0.615 0.609
Machinebuilding, nct including
transport machinebuilding 0.558 0.556 0.554 0.518 0.559 0.554
Transport machinebuilding 0.638 0.645 0.645 0.633 0.648 0.645
- Other manufacturing industry 0.563 0.547 0.560 0.544 0.562 0.560
Transportation 0.371 0.387 0.381 0.350 0.388 0.381
Communications 0.184 0.213 0.210 0.180 0.218 0.210
Electric power 0.510 0.524 0.513 0.498 0.516 0.513
Trade, finance and services 0.338 0.330 0.327 0.319 0.329 0.327
Other 0.644 0.560 0.554 0.613 0.561 0.554
Total 0.514 0.497 0.489 0.483 0.495 0.489

Capital intensiveness of the adjusted net output of the United States in
1973 was at the 1955 level.’ In the interval between these two moments of
time changes in capital intensiveness were cyclical in nature. In years of
crisis capital intensiveness increased to 1.6, but in years of economic boom
it dropped to 1.4.

Labor productivity in the United States based on adjusted net output ia-
creased 1.6~fold over this entire period in the industrial sector, 3.1-fold
in agriculture and 1.2-fold in construction. Taken by 5-year periods, the
increase of this indicator is characterized by the following data (billions
of dollars/millions of persons in 1972 prices:
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Year Industrial Sector Agriculture Construction
1955 12.46 4,13 14,70
1960 14.07 5.61 14.73
1965 16.25 7.73 16.54
1970 17.62 10.90 16.12
1975 20.05 12.80 17.05

In industry the size of the work force increased 1.2-fold, while the volume
of adjusted net output increased 1.8-fold. In agriculture adjusted net out-
put rose 1.6~fold, and the size of the work force decreased by a factor of
10/19. 1In construction adjusted net output increased 1.7-fold, while the
size of the work force increased 1l.4-fold (1973). The relationship between
the output-capital ratio and the capital-worker ratio has undergone sharp
changes over the base period:

Output~Capital Capital-Worker Labor Productivity,
Ratio, billions Ratio, billions billions of dollars/
of dollars/bil~- of dollars/mil- millions of workers

Year lions of dollars lions of workers (Col 1 x Col 2)

1955 1,341 15,013 20,132

1956 1,322 15,241 20,149

1957 1,297 15,779 20,465

1958 1,259 16,536 20,819

1959 1,308 16,556 21,656

1960 1,298 16,793 21,797

1961 1,296 17,319 22,445

1962 1,340 17,585 23,564

1963 1,359 17,928 24,364

1964 1,390 18,152 25,232

1965 1,419 18,610 26,407

1966 1,437 19,213 27,608

1967 1,407 19,790 27,845

1968 1,406 20,343 28,603

1969 1,376 20,760 28,566

1970 1,315 21,507 28,281

1971 1,313 22,231 29,189

1972 1,346 22,333 30,061

1973 1,367 22,582 30,870

1974 1,287 23,125 29,763

1975 1,210 24,349 29,463

In the 1955-1958 period the output-capital ratio dropped in the United
States economy, and its "contribution" to the growth rate of labor produc-
tivity was negative. Labor productivity at the same time increased because
of the higher capital-worker ratio. In 1959 the output-capital ratio in-
creased, and its "contribution" to the growth rate of labor productivity
stood at 97.2 percent. The share of the capital-worker ratio was 2.8
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percent of the growth. In 1960 and 1961 there was another drop of the out-
put-capital ratio, and the rise of labor productivity was determined solely
by the rise of the capital-worker ratio. Over the 5 years that followed up
through 1966 the output-capital ratio again increased, but when the crisis
came in 1966 it began a decline up until 1971. A rise of the output-capital
ratio was noted in 1972 and 1973, when the output-capital ratio accounted
for 84.5 percent and 58.4 percent, respectively, of the growth rate of labor
productivity. In years of crisis (1974-1975) the output-capital ratio again
experienced a sharp drop. Thus the dynamic behavior of the relationship be-
tween the output-capital ratio and the capital-worker ratio in the United
States economy is cyclical in nature.

3. Comparison of the Economic Development of the USSR and the United States
in the 1955-1975 Period

Simulation computations performed on the intersector econometric models of
the USSR and the United States in comparable 1972 prices serve as the basis
for a comparative analysis of the economic development of the USSR and the
United States in the 1955-1975 period. The results of the calculations for
each model were converted to the monetary units of the other country by
means of purchasing power relations between the ruble and dollar by sectors
(Table 3). For a number of reasons the coefficients for convering one cur-
rency to another do not coincide.®

Table 3. Calculation of 1972 Sector Parities on the Basis of 1946 Equiva-
lent Evaluations

Equivalent Eval-
uations (1966)

From
From United
USSR States Value (1966)
Model, Model, Rubles to Dollars
Sector . rubles dollars Dollars to Rubles
1 2 3 4 5
Agriculture 1.710 0.906 0.530 1.887
Fuel industry 1.186 1.273 1.073 0.932
Construction 0.960 1.609 1.676 0.597
Food and tobacco industry 0.563 0.581 1.032 0.969
Textile and garment industry 0.626 0.574 0.917 1.091
Timbering, woodworking and furni-
ture industry 0.892 0.686 0.769 1.300
Pulp and paper industry 0.666 0.761 1.314 0.875
Chemical industry 0.748  0.665 0.889 1.125
Leather footwear industry 0.790 0.870 1.101 0.908
Building . materials industry 0.974 0.964 0.908 1.010
Metallurgy 0.688 0.626 0.910 1.099
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E Table 3 (continued)

1 2 3 4 5
Machinebuilding, not including
transport machinebuilding 0.899 0.929 1.033 0.968
Transport machinebuilding 0.763 0.645 0.845 1.183
Other manufacturing industry 1.059 0.981 0.927 1.079
Transportation 1.150 1.282 1.115 0.897
Communications 1.205 1.589 1.319 0.758
Electric power 1.159  1.487 1.284 0.779
Trade . 1.565 1.337 0.854 1.171
Other sectors 1.395 1.381 0.990 1.010
Gross social product
Price Index Value (1972)
(1972 = 1) Rubles to Dollars
Sector Rubles Dollars Dollars to Rubles
1 6 7 8 9
Agriculture 0.784  0.847 0.626 2,407
Fuel industry 0.743 0.825 1.301 1.254
Construction 1.000 0.835 2.007 0.597
Food and tobacco industry 1.000 0.838 1.231 0.969
Textile and garment industry 0.985 0.881 1.041 1.108
Timbering, woodworking and furni-
ture industry 0.928 0.6%94 1.108 1.401
Pulp and paper industry 0.923 0.871 1.509 0.943
Chemical industry 1.049 0.954 0.932 1.072
Leather footwear industry 0.985 0.787 1.399 0.922
Building materials industry 0.912 0.780 1.164 1.107
Metallurgy 0.836 0.800 1.137 1.314
Machinebuilding, not including
transport machinebuilding 1.149 0.821 1.258 0.842
Transport machinebuilding 1.149 0.836 1.011 1.029
Other manufacturing industry 0.984 0.853 1.087 1.096
Transportation 0.984 0.835 1.335 0.911
Communications 0.984 0.835 1.580 0.770
Electric power 0.937 0.820 1.566 0.831
Trade 1.030 0.835 1.023 1.137
Other sectors 0.984 0.835 1.186 1.026
Cross social product 1.043 0.958

In comparing the gross output in the sectors of the USSR and the United
States and also labor productivity double counting of services in the United
States gross national product was eliminated, and the work force in the ser-
vice sphere was subtracted from the work force in material production of the
United States. In view of the negligible share of "services" in the per-
sonal consumption of the USSR population, we omitted the value of '"consumer

12
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services" from the personal consumption of the United States population in
comparing the final product of the two countries.

The elements of the final product were compared by five groups:

1) personal consumption (in the USSR--net personal consumption not including
depreciation of the housing stock, which is included in the overall indica-
tor of depreciation; in the United States--personal consumption of the popu-
lation without "consumer services");

2) capital investments (in the USSR--accumulation of fixed productive and
b nonproductive capital plus depreciation; in the United States--expenditures
for private and public comstruction; in neither case is the growth of inven-
tories and reserves included in capital investments);

3) government consumption (in the USSR~-social consumption, expenditures for
science and management, other expenditures; in the United States—-government
purchases at the federal, state and municipal level, not including outlays
for govermnment construction);

4) exports and
5) imports.

Comparison of Gross Outputs in Sectors of the USSR and United States Econo-
mies (Tables 4-6).% The gross social product of the USSR had by 1975 in-
creased 4.4-fold over the 1955 level, while the growth in the United States
over that same period was only 1.8-fold. The result of the faster growth of
. that indicator in the USSR was a sizable reduction of the gap between its

- levels in the USSR and the United States. In 1955 the difference in volumes
of the gross product between the USSR and the United States was 77 percent,
but by 1975 it was 43 percent. :

Key to Tables 4-6:

1. Agriculture 13. Transport machinebuilding
2. Fuel industry 14. Other manufacturing industry
3. Construction 15. Transportation
4., TFood and tobacco industry 16. Communications
5. Textile and garment industry 17. Electric power
6. Timbering, woodworking and 18. Trade
furniture industry 19. Other sectors
7. Pulp and paper industry 20. Gross social product
8. Chemical industry 21. Gross industrial output

9. Leather footwear industry
10. Building materials industry
11. Metallurgy
12. Machinebuilding, not including
transport machinebuilding

13
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The difference between the volumes of industrial output has decreased to a
still greater degree. Whereas in 1955 the gross industrial output of the
USSR was 27.4 percent of the corresponding United States figure, in 1975 it
was already 78.8 percent. The output of USSR agriculture in 1975 was only
15 percent below that of the United States. In the construction industry of
the USSR gross output was 80 percent less than the United States in 1955 and
23 percent less in 1975.

A number of sectors of the USSR national economy had by 1975 exceeded the
level of the United States with respect to the gross volume of output: the
fuel industry by 19.6 percent, the timbering, woodworking and furniture in-
dustry by 4.5 percent, the leather footwear industry by 16.6 percent, the
building materials industry by 48.4 percent, metallurgy by 3.33 percent, ma-
chinebuilding (not including transport machinebuilding) by 14.9 percent.

The gross volumes of output of the group of sectors included in the fuel and
electric power industry stood at 38.5 percent of the United States level in
1955 but already at 79.3 percent in 1975. .

There is still a sizable lag behind the United States level in the gross
volume of output of such sectors of the USSR economy as pulp and paper (19.7
percent), the chemical industry (49.5 percent) and transport machinebuilding
(54.2 percent).

Comparison of the Final Product of the USSR and the United States (Tables
7-9). Between 1955 and 1975 the final product of the USSR increased from
98.2 billion rubles 415.2 billion rubles, i.e., 4.2-fold. Personal consump~
tion grew 3.8-fold, and capital investments 5.5-fold. Since the growth
rates of capital investments were higher, the share of personal consumption
in the final product cropped 5 percent, and the relative share of capital
investments in the economy increased 7 percent. Taking into account the
growth of inventories and reserves, the share of capital investments changed
from 28.3 percent in 1955 to 36.5 percent in 1975.

The final product of the United States grew 1.7-fold over the period under
consideration, and its composition changed. Personal consumption increased
1.7-fold, and the volume of capital investments 1.5-fold. The share of per=-
sonal consumption in the United States was 55-60 percent of the final prod-
uct, and the share of capital investments 30-26 percent.

Thus even when "services" are not included in personal consumption, the
share of personal consumption is approximately 5 percent higher in the
United States than in the USSR, and the relative share of capital invest-
ments is 4 percent lower.

Over the 20 years of the base period the ratio of the volume of the final
output of the USSR national economy to the corresponding indicator of the
United States increased 2.7-fold and in 1975, according to our calculations,
stood at 67.7 percent. According to data of the USSR Central Statistical
Administration, the ratio of the national income of the USSR to the national
income of the United States was 67 percent.
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Table 9. Comparison of the Final Product of the USSR and the United States
(geometric average)

Personal Capital Government Final
Year Consumption Investments Consumption Exports Imports Product

USSR/United States (ordinary parities), %

1955 23.5 24,5 30.7 13.0 11.4 25.4
1960 32.2 41.1 35.9 17.2 17.3 36.3
1965 36.7 42.0 41.5 19.1 19.0 40.5
1970 43.1 64.1 44.3 20.9 13.2 53.0
1975 52.5 ) 90.2 59.5 34.7 33.5 67.7

USSR/United States (parities calculated
on basis of equivalent evaluations), %

1955 24.3 29.2 25.5 10.2 10.5 26.3
B 1960 33.2 48.7 30.3 13.7 15.9 37.9
1965 37.9 47.7 35.6 15.5 17.7 41.7
1970 44.8 73.5 38.9 16.7 13.5 55.2
1975 54.6 103.4 53.5 27.6 34.7 70.4

Of the various elements of the final product of the USSR the volume of capi-
= tal investments came closest to the United States level. 1In 1955 the ratio
- of the volume of capital investments in the USSR to the corresponding figure

in the United States was 24.5 percent, but in 1975 it was already 90.2 per-

cent. According to an estimate made by the USSR Central Statistical Admin-
istration, the ratio for 1975 was 100 percent.

Comparison of Labor Productivity in the USSR and United States. Imn 1975 the
work force in material production of the USSR was 94.9 million persons,
which is 1.5-fold more than in 1955. In the material production of the
United States over that same period the work force increased 1.5-fold, and
in 1975 stood at 51.9 million persomns.

Table 10. Comparison of Average Estimates of Labor Productivity in the USSR
and United States (on the basis of gross output in 1972 compara-
ble prices)

USSR/United States, %

National
Year Economy Industry Agriculture Construction
1955 16.9 27.9 17.1 11.4
1960 20.4 28.7 18.3 15.2
1965 20.9 29.7 15.8 16.0
1970 25.8 37.7 13.3 21.9
1975 31.0 44,2 14.0 23.2
22
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The work force in material production of the USSR was approximately 40 mil-
lion larger than in the material production of the United States. Neverthe-
less, thanks to the faster growth rates the gap in productivity of social
labor has closed considerably (Table 10). Tor instance, over the 20 years
the level of labor productivity in the USSR economy almost doubled relative
to the United States-—-from 16.9 percent in 1955 to 31.0 percent (40 percent
according to the figures of the USSR Central Statistical Administration) in
1975.

In the industrial sector the size of the work force at the beginning of the
base period was almost the same (17.4 million in the USSR and 17.7 million
in the United States). In 1975 the size of the work force in the industrial
sector of the USSR was already 1.8-fold larger. :

Industrial output over that period increased 5.1-fold in the USSR and 1.8-
fold in the United States. As a consequence labor productivity rose 2.6-
fold in the industrial sector of the USSR and 1.7-fold in the industrial
sector of the United States. In 1955 labor productivity in USSR industry
stood at 27.9 percent of the United States level, but in 1975 it already
stood at 44.2 percent (55 percent according to the figures of the USSR Cen-
tral Statistical Administration).

The size of the work force in the agriculture of the USSR decreased approxi-
mately 15 percent over the 20 years, while in the United States agriculture
it decreased 49 percent. In 1975 the work force in USSR agriculture was
26.2 million persons, while in the agriculture of the United States it was
4.3 million persons, i.e., one-sixth as many. Gross agricultural output of
the USSR had by 1975 grown 2.6-fold over the 1955 level, while in the United
States it increased 1.9-fold over the same period.

As a result labor productivity in the agriculture of the USSR stood at 17.1
percent of the United States level in 1955 and 14.0 percent of that level in
1975 (20-25 percent according to the figures of the USSR Central Statistical
Administration).

In the construction industry the size of the work force in the base period
increased from 5.0 to 11.5 million in the USSR, which is 2.3-fold, while in
the United States it increased from 2.8 to 3.46 million (1.2-fold). At the
same time the growth rates of the gross output of construction were far
higher in the USSR than in the United States. As a result it increased 5.6-
fold over the period under review in the USSR and 1.4-fold in the United
States. As a consequence labor productivity in the construction industry of
the USSR stood at 11.4 percent of the same indicator in the United States in
1955 and 23.2 percent in 1975 (65 percent according to the figures of the
USSR Central Statistical Administration).

COPYRIGHT: 1Izdatel'stvo "Nauka," 1979
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ECONOMIC FACTORS IN PLACEMENT OF INDUSTRIAL PRODUCTION REVIEWED

Moscow IZVESTIYA AKADEMII NAUK SSSR, SERIYA GEOGRAFICHESKAYA in Russian
No 5, Sep-Oct 79 pp 50-59

[Article by R. T. Semina and L. I. Tatevosova: "An Economic Evaluation of
- the Factors Involved in the Long-Range Placement of Industrial Production
(From the Example of Factors Related to the Utilization of Natural Re-
sources)"] i

[Text] The article examines the essence, the criteria
and the procedural concept for an economic evaluation of
the factors in the placement of industrial production as
related to the use of natural resources. Basic attention
has been given to forecasting the economic estimates of
the placement factors related to the use of fuel-power,
raw material and water resources considering the economic
loads, the change in the economic situations, scientific
and technical progress in equipment and the methods of
utilizing natural resources (in the sectorial and terri-
torial aspects).

The positing of the problem. For the resource evaluation question in eco-
nomic geography, as was emphasized by A. A. Mints (1972), along with solv-
ing the general theoretical problems, one of the most important questions
is the elaboration of the methodological bases for a quantitative deter-
mination of the intensity of the impact of natural factors on various as-
pects of production.

As was correctly peinted out by S. A. Nikolayev, to one degree or another
virtually all literature on the placement of the productive forces is de-
voted to studying the placement factors. But in a majority of works, the
placement factors are not an independent object of study. As a rule, these
analyze the effect of individual factors on the placement of the industrial
and agricultural sectors, and on the territorial production structure on
various levels. The works of the Economics Institute of the USSR Academy
of Sciences ("Osobennosti i Faktory...," [see the bibliography], 1960) and
the monograph of S. A. Nikolayev (1971) are particularly devoted to study-
ing the placement factors.
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In recent years greater interest has been shown in the questions of evalu-

ating the placement factors in line with solving a vast range of problems

in optimizing the placement of the productive forces, since the indicators -
for the economic evaluations of the placement factors act as the initial
information in solving them. 'The present stage in studying the placemrnt

factors is related precisely to their formalization. Here "by placement

factors one understands those conditions and resources the value charac-

teristics of which in principle can operate as coefficients of a specific

function in the corresponding placement problems" (Nikolayev, 1971).

In turn, the solving of the optimization problems has provided an opportun-
ity to put the research of questions concerning the direction and force of
the effect of individual factors on the placement of industrial production
on a qualitatively new procedural basis, as it makes it possible to examine
their entire aggregate on an integral basis.

The questions of evaluating specific territorial features in the placement
of production under the conditions of the scientific and technical revolu-
tion in our country have assumed ever more substantial significance. This
has been due to the movement of large-scale and basically the extracting
industry into new areas with extremal natural and economic conditions (the
North of the European USSR, Siberia and the Far East, the desert and semi-
desert of Central Asia and Kazakhstan), where are concentrated the basic
resources of the national predicted reserves of oil, natural gas, copper,
nickel, gold and many other minerals with better mining and geological
stratification conditions and higher quality.

The effect of scientific and technical progress on their use is manifested

in various areas. On the one hand, the development of "regional equipment

and production methods has contributed to the more successful adaptation of
industrial production in a difficult and complicated natural and economic
situation. On the other hand, due to technical progress in transportation,

an ever broader range of products can be involved in interregional exchange,

and opportunities are increased for the spatial separation of production. -

What tasks confront the economic geographers in line with the working out
of economic evaluations of the placement factors in industrial production?

The variations for the placement of the productive forces, the choice of
the areas for using the natural resources, and so forth are worked out,

as a rule, by the sectorial and regional economic institutes. For provid-
ing compatibility of the results for the regions of the country and for al-
ternative variations of their development, the placement factors should be
considered using a uniform procedure. Because of this the economic geog-
rapher is confronted with a task that is very essential for forecasting the
placement of the productive forces, that is, to work out both a procedural
general concept for the evaluation as well as the immediate economic char-
acteristics of the basic placement factors over the long run.
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Over the long-range period, the economic evaluations of the various place-
ment factors change substantially in line with progress in the equipment
and methods of exploiting the natural resources, due to ecological restric-
tions on their use, to changes in the economic situations, and so forth.

An claboration of the forecast values for the indicators of the economic
evuluations of the placement factors comprises the subject of the given
article.

We have conducted the research using the example of placement factocrs re-
lated to territorial differences in natural resources (fuel-power, mineral
rav material, and water). The choice of this group of placement factors
has been dictated by the following considerations: 1In the first place, by
the unity of the procedural approach to an economic evaluation of the use
of multipurpose natural resources as prerequisites for the territorial
division of labor; secondly for the research placement factors have been
selected predominantly of interregional significance,l and their general-
ized evaluations can be used for solving problems related to the placement
of industrial production on a level of interregional analysis. For in-
creasing the homogeneity of the intraregional characteristics for the
natural resources, as S. A. Nikolayev (1971) pointed out, it is essential
to zone the territory specifically for these purposes in order to achieve
the greatest possible homogeneity for the prerequisites of the territorial
division of labor in each territorial texonomic unit of a single level.

The essence and criteria of an economic assessment of the placement factors.
It is impossible to agree with the often encountered identification between

- the concepts of "the measurement of any economic phenomenon in value terms"
and its "economic evaluation." L. I. Mukhina (1973) has written completely
correctly that "the measurement of value in the monetary form is still not
an evaluation."

An economic evaluation of the placement factors should consider, in our
opinion, the territorial differences in the economic efficiency of the
various types of production activities related to the effect of one or an-
other placement factor.

For a valid economic evaluation of the regions in terms of the impact of
the placement factors on the individual aspects of industrial production,
usually an indicator of the aggregate national economic calculated expendi-
tures is employed.2 The change in calculated expenditures reflects, al-
though indirectly, a change in the aggregate expenditures of social labor,
and the achieving of a minimum of calculated expenditures shows a maximum
rise in the productivity of social labor.

_ The amount of the economic evaluation of the factors is determined from
the difference in the calculated expenditures related to the effect of
one or another placement factor. Here the amount of the calculated ex-
penditures for which the economic evaluation of the placement factors is
made, would be in an inverse relationship to the conclusions on the degree
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of suitability of a region in terms of the various placement conditions.
And the difference in the calculated expenditures is an indicator of the
economic gain brought by a certain placement factor.

Thus, an economic evaluation differs from the gquantitative measurement of
any phenomenon in a value form in the fact that it <s given on the basis
of a comparison of the phenomena (objects) considering the criterion of
economic effictency.

A regional differentiation in the economic evaluations is reflected in the
calculated expenditures. Here for the various factors there are differ-
ences in the procedural approaches for calculating the individual expendi-
ture elements related to one or another placement factor. This notion will
be illustrated below in examining the individual factors.

Procedural approaches to the economic evaluation of placement factors. The
systems concept is the basic procedure for evaluating the various types of
natural resources as the prerequisites for the territorial division of
labor. According to this concept the natural resources are viewed as in-
terrelated elements of a certain territorial system employing them consider-
ing all the subsystems (surveying--exploration--mining--dressing--moving--
use of the resources). At present real systems have developed for utiliz-
ing the resources of a varying spatial hierarchical level (for the supply
of energy resources, these encompass the major macroregions of the nation
due to the development of the unified transportation network, power systems
and network of oil and gas lines in utilizing water resources their control
and redistribution are carried out, as a rule, within the limits of the

- river basins).

A comprehensive approach is achieved by evaluating all the placement factors
in each system using the method of marginal expenditures which make it pos-
sible to consider the functional dependence of the regions in utilizing
highly efficient but restricted resources. 3 Leading scientific organiza-
tions (Central Mathematical Economics Institute of the USSR Academy of
Sciences, the Siberian Powcr Institute, the Council for the Study of the
Productive Forces under the USSR Gosplan) are engaged in working out this
method, and its essence has been described in detail in the literature
(Albegov, 1968"%; "Ekonomicheskiye Problemy...," 1973; "Rukovodyashchiye
Ukazaniya...," 197k; Nekrasov, 1978).

The indicators for marginal expenditures are differentiated on a territori-
al breakdown and in terms of the resource quality as follows:

1) The marginal expenditures in the region have the same values regardless
of the source of obtaining the resource (of the same quality);

2) The interregional difference in the marginal expenditures for one or
another resource in the direction of the optimum flow is determined by the
expenditures on transporting it;
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3) The difference in the evaluation of different-quality resources is
determined by the amount of the effect obtained for the marginally effec-
tive consumer (for the marginal consumer the resource is utilized last and
provides the least economic effect).

The method of marginal expenditures provides an evaluation of the power,
rav material, water, lumber and other factors from national economic posi-
tions, as it makes it possible to consider the consequences of utilizing
limited national resources of a given type with different variations of
production placement. Thus an opportunity is created to approach an evalua-
tion of fuel supply conditions proceeding from the place of the region in
the optimum power balance of the nation. And thus an evaluation of the
water factor is determined not by the expenditures on the preparation and
supply of water from a specific water source, but rather is formed on the
basis of the regional water management balances of the river basins con-
sidering the national economic expenditures on building the facilities of
the river systems which provide the territorial redistribution of water re-
sources.

Thus, using the method of marginal expenditures is most applicable, in our
opinion, for evaluating natural resources as placement factors for indus-
trial production, since the marginal expenditures provide an opportunity to
compare the placement conditions of industrial production over the regions
of the nation as elements of a national economic whole. But the use of

the marginal expenditures and the indicators calculated on their basis (net
income) is of limited value in evaluating the absolute value of the re-
sources as such because of various natural properties, as they [the mar-
ginal expenditures] at the same time bear the load of socioeconomic factors.
Thus, for evaluating the natural fertility of land, it is essential to util-
ize a system of indicators which consider differences in production inten-
sification and these to a significant degree determine social labor pro-
ductivity (Nikolenko, 1968; Pulyarkin, 197L4).

There are also other limitations in using the marginal expenditure indi-
cators for solving a number of placement problems. Since the evaluations
of the placement factors in terms of marginal expenditures depend upon the
territorial structure and the amounts of resource consumption and produc-
tion, they cannot be employed for selecting the placement variations for
production with significant amounts of consumption of the corresponding re-
sources which would make substantial changes in their flows and correspond-
ingly in the production and consumption balance. For example, the indi-
cators for the marginal expenditures on fuel cannot be employed for select-
ing the placement variations of major complexes of energy-intensive produc-
tion, for optimizing the basic subsystems of the power system, and so forth.

In evaluating the placement factors which are related to the use of natural
resources, an ecological-economic approach is important and necessary for

reflecting the ecological heterogeneity of using the resources in the eval-
uations. The resources of the different quality groups are extremely
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unequal in ecological terms. Thus, of the energy resources natural gas
excels in ecological purity, while the use of coal and high-sulfur mazut
involves great expenditures on environmental protection.5 This leads to
an improvement in the economic evaluations of natural gas and low-sulfur
mazut. To a significant degree expenditures are differentiated on the re-
production of replaceable but qualitatively depleted water resources due
to their ecological heterogeniety (the particular features of the hydro-
logical conditions, the assimilating and diluting capacity of the water
coarses). As a result it is essential to include the expenditures on en-
suring an acceptable level of the effect of economic activities on the en-
vironment in utilizing the resources in the expenditures which are a mea-
surement of an economic evaluation of placement factors.

As the criteria for the acceptable loads on such natural components as
water and air, at present the maximum tolerable impurity concentrations
worked out by hygienists on a level of a biological danger for the health
of the population are used. In addition to this it is advisable to work
out limitations for water and air of varying functional purpose (the
threshold impurity concentrations an exceeding of which causes economic
harm to social valuable materials or to fisheries, and so forth) as well
as the indicators of the acceptable loads on other natural components
(the maximum livestock loads [or concentrations] for pasture lands, the

- acceptable plowing up of land, and so forth). For each level of the ac-
ceptable loads on the various natural components there will be a corres-
ponding normative minimum of conservation measures for ensuring this (the
level of purification for waste water and exhaust gases, the composition of
antierosion measures, and so forth).

A condition for the comparability of ecological-economic evaluations should

. be their conformity to the most efficient direction of conservation mea-
sures. Such a conformity is achieved by a comprehensive examination of
measures relating to environmental protection for all stages through which
the path of the resource passes. TFor example, in using coal a reduction
in harmful wastes can be achieved not only in the stage of its direct

- utilization through the building of purification units, but also in the
stage of mining and processing due to coal enrichment or gasification.
The most efficient direction for the nature conservation measures is se-

- lected from the minimum of expenditures. In utilizing water resources,
a reduction in the pollution level is achieved in different elements of
the ecological-economic system of their utilization such as: the instru-
ments for monitoring and controlling the pollution level, the enterprise
(depending upon its water intensity, the type of utilized raw material and
the method of recovering the wastes), the treatment installations and de-
vices, and the treatment water management facilities (reservoirs for dilut-
ing waste water, structures for the storing of waste water, and devices
for intensifying the processes of water self-purification).

Let us move from examining the overall procedural approaches to their re-

gional interpretation on the basis of the energy, raw material and water
factors.
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The energy factor. Let us remember that the marginal fuel of the nation
is the basis for the forming of the marginal expenditures on all types of
fuel and energy for which the evaluations of the energy factor are given.
This is the fuel of one or several deposits which are not fully utilized
in the optimum plan and are the "marginal element" in the fuel and energy
balance of the nation or group of regions, that is, they take up the fluc-

- tuations which occur here in the expenditures and resources of fuel. The
functions of the marginal fuel of the nation at present and over the medium
term are carried out Jjointly by the Donets and Kuznetsk coals. In accord
with the optimum balance the Ukraine and the Caucasus will be the basic
zone for using the Donets power coal. In the remaining regions of the
European USSR, the marginal expenditures on fuel are determined by the in-
dicators of Donets coal; here an exception is made for the regions of the
Northwest which are supplied by Pechora coal.

In the forecast period there are to be significant changes in the condi-
tions for forming the fuel and energy balance, and the values of the evalua-
tions of the energy factor will require an appropriate change.

An economic evaluation of the factors related to the natural resources is
the result of the impact of many factors related to the natural properties
of the given source of the resources as well as to the natural and economic
features of the region of its location. Of these each in turn can be
viewed as an independent object of study. In particular, the evaluation
of the energy factor is influenced by the degree of geological study and
preparation of the energy resources, by the mining and geological condi-
tions of their stratification, by the technical possibility of mining and
processing, by the expenditures on producing the fuel (energy), by the in-
terregional fuel movements, by the structure of the energy balance and by
the composition of the marginal consumers of the fuel.

Over the long run the structure of the fuel and energy balance is to change
because of the curtailment of the role of oil and natural gas as a power
fuel. This is related, on the one hand, to the stabilizing of oil produc-
tion, and on the other, to the constantly growing demand of the national
economy for them as an irreplaceable raw material for the chemical and
petrochemical industry, and to the increase in the value of exporting these
types of energy resources.

The change in the structure of the fuel and power balance over the long-
range period will also influence the amount of the marginal expenditures on
solid fuel in the regions of the European USSR. To replace the oil and gas
which are withdrawn from the fuel and energy balance, here it will be neces-
sary to expand the mining of the more expensive and poorer quality coals
for energy needs. Over the longer run it will be possible to add to them
the processed Kansk-Achinsk coal which can carry out the marginal functions
for the entire territory of the nation, but the expenditures on this will
also grow due to the enrichment and transporting (the Kansk-Achinsk coal
has limitations in terms of transportability, and at present serves as the
marginal fuel for large Siberian power plants).
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In the forecast period, in evaluating the energy factor for such an energy
source as heat, it will become necessary to consider the ecological de-
mands on the quality of the employed heating resource. In the European
regions there will be a significant rise in the evaluations of the energy
factor for thermal energy due to the necessity of utilizing ecologically
pure high quality types of fuel for which expenditures will rise over the
long run (due to the extension of mining into remote and inaccessible
areas), since the heat supply systems are located in the centers of pro-
duction loads with a high level of envirommental pollution.

Over the foreseeable future, both in the nation generally and in its Furo-
pean regions, the steadiest will be the marginal expenditures on electric
power and correspondingly the evaluations of the energy factor for this
power source. This is determined by the rise in the production rate of
electric power due to the predominant building of atomic power plants which
will be the marginal power plants in the European regions of the nation.

In the Siberian regions, the marginal expenditures on electric power will
also rise insignificantly, since the power situation will be determined by
the Kansk-Achinsk coals.

In evaluating the power factor, it is essential to take into consideration
that in many processes over the long-range period it will be effective to
supplant such power sources as fuel and heat with electric power. The in-
creased cost and limited opportunities for mining high quality fuel with
the future high development pace of nuclear engineering and the insignifi-
cant rise in the cost of electric power show the opportunities for a sig-
nificant broadening of the sphere of use of electric power. In accord with
such a trend, the evaluation of the energy factor for 1990 and particu-
larly for the year 2000 cannot be based on the energy sources presently
used in the individual sectors. This must be carried out on the basis of
the optimum energy source for the given sector and region.

We have made tentative calculations for the economic evaluation of the en-
ergy factor. In a general form the results of the calculations are shown
in Table 1 for the two macroregions of the nation (the European USSR and
Siberia). The evaluation has been given for the stages of the long-range
period depending upon the nature of the energy sources and the type of fuel
to be employed (the choice of this will be determined by the condition of
the environment in the designated region).

The raw material factor. In an economic evaluation of the raw material
factor, as a rule, it is essential to use the indicators of the corres-
ponding marginal raw material.® At present, there has not been an optimi-
zation for the development of raw material sources for all the industrial
sectors and the marginal expenditures have not been determined for the
corresponding type of resource. In line with this the task has been posed
of working out the procedural provisions and carrying out experimental cal-
culations for selecting the type of marginal raw material over the long
run (using the example of phosphorus production).
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Table 1

Change in the Economic Evaluations of the Energy Factor
in % (expenditures in the European USSR over the
immediate future have been taken as 100%)

L sHeprovocutenef 3 h 5 6 Tenaoxienran
b A
Byeokokauect. Yroan JnCKTPOINEPrim
BCINIOR TOMJTHBD) * i1 BHICQKOKAYE- .
2 Cpok nporuosa CLBCHHOM TOII- 8 Mt yTae
L? NHBE

European USSR

a )Bbrwkaiiman  nepc-

neKTHBa 100 100 100 100 10v
- b )Cpeanecpcutian not

nepcnekTHBea 160—230 120—130 110—120 180—250 planned
¢ Mloarocpounas

nepenexTHLa 360—500 165--175 115—125 350—500 >

Siberis

& YBauaiuan fepe-

NeKTHBA 55—70 12—15 H5—65 50—T75 10—143
b kpenuecpo-maﬂ

nepcneKTHBa 120—200 25—30 65—75 140—200 30--35
c )Jlo.nro:poqnaﬂ

AePCRCKTHBA 320--450 30—-35 75--85 400—425 35--40

Key: 1--Types of energy sources; 2--Forecast period; 3--High
quality fuel; 4--Coal; 5--Electric power; 6--Thermal
power; T-~From high quality fuel; 8--From coal;
a~--Short-term; b--Medium-term; c--Long-term.

The ascertaining of the deposits of the marginal raw material in methodo-
logical terms should be based upon a comprehensive examination of reproduc-
tion in the corresponding sector as a whole, that is, it is essential to
consider the expenditures in all stages of using the raw material (mining-~
transporting--refining--consumption). This is caused by the fact that the
choice of the deposits of the marginal resource depends not only upon the
facility of the mining conditions and the possible productivity, but also
upon the location in relation to the regions of its optimum processing.

The realization of this principle is achieved by the joint optimizing of
two subsystems: mining of the raw material and its processing. Thus, the
sequence of developing the deposits of phosphorus-containing raw materials
can be established economically only together with an optimization of the
placement of basic production, that is, yellow phosphorus (with the given
amounts of demand for the raw material). The solving of this problem in-
cludes three stages.

In the first place, of the 150 examined deposits of phosphorus-containing
raw materials, only nine deposits were selected which met the quality and
quantity requirements of modern production {Table 2). Their choice was
influenced by the degree of study, the level of preparation, the mining
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and geological conditions for the stratification of the deposits, the eco-
nomic indicators and the possible mining level,

Table 2

- Comparison of Deposits of Phosphorus-Containing Raw Materials
in Terms of the Economic Indicators for Mining and the Development
Sequence as Established in the Process of Optimizing the
Location of Phosphorus Production (according to calculations
of the authors)

Sequence of Utilizing Deposits
Ranking of Deposits Established in the Process of

(by economic indicators of mining) Optimizing Placement of

Phosphorus Production

1. Yeno-Kovdorskoye i. Beloziminskoye
2. Beloziminskoye 2. Yeno-Kovdorskoye
3. Khibinskoye 3. Kara-Tausskoye
4. Aktyubinskoye 4. Knibinskoye

5. Kara-Tausskoye 5. Belkinskoye

6. Telekskoye 6. Vyatsko-Kamskoye
T. Belkinskoye T. Oshurkovskoye

8. Oshurkovskoye 8. Telekskoye

9. Vyatsko-Kamskoye 9. Aktyubinskoye

Secondly, the transport expenditures were determined over the long run for
delivering the phosphorus-containing raw materials to the regions of the
possible location of enterprises involved in processing it following the
shortest routes the search for which was carried out by the authors using
a Ford algorithm.

Thirdly, in accord with the selected deposits, an optimization was made for
the placement of phosphorus production, and in the process of this more
than 300 placement variations were examined in 18 basic economic regions

of the nation on the basis of utilizing the raw materials of the nine se-
lected deposits.

As a result of an analysis of the variation calculations in accord with the
forecasted demand for phosphorus containing raw materials, a sequence was
established for the use of the raw material sources, and over the long run
the marginal deposits of phosphorus raw materials were determined with the
corresponding expenditures on the marginal resource with the present level
_ of geological study. The marginal expenditures in the regions of the opti-
mum processing of phosphorus-containing raw materials will have the follow -
ing values over the medium term: 25-26 rubles per ton of 100 percent phos-
nhorus oxide in Eastern Siberia and 27-33 rubles in Kazakhstan.
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The water factor. The basis for the economic evaluation of the water

factor is the marginal expenditures on water in the region, point, and so

forth.’ The significance of the latter have been worked out by the Coun-
- cil for the Study of the Productive Forces under the USSR Gosplan and are
: given in the literature (Podol'skiy, 1973; Yegorov et al., 1973). The
- numerical values of the marginal evaluations for water are calculated per
- unit of the rise in the available resource of the water system with the
- completion of the marginal water project. The values of the marginal ex-
z penditures on water vary from 0.1 kopeck per cubic meter (Siberia) up to
17 kopecks per cubic meter (Central Asia). Over thé long run their ex-
tremal values in the deficient water management regions of the USSR such
as the south of the European USSR, Kazakhstan and Central Asia, can reach
40 kopecks per cubic meter. This is related to a rise in water consumption
by the national economy and the necessity of building new, less economic
projects (Levin, 1973).

An economic evaluation of the water factor, in addition to the amount of
the marginal expenditures, depends also upon the volume of water consump-
tion by the corresponding production, the demands made upon the quality of
the employed water, the composition of the industrial waste water and the
degree of their pollution, as well as upon the range of treatment measures
and the dilution factor of the waste water to the maximum acceptable con-
centrations of harmful substances. Here the evaluation depends upon a
number of variables related to the nature of industrial production and
which determines the water intensiveness of the product and the volume and
composition of the waste water. For this reason the economic evaluation of
the water factor is best measured per ton of produced product. If the eval-
uation is calculated per unit of resource, then it will reflect only the
variables related to the nature of the water course (its supply and qual-
ity).

How can the vclume of water consumption be determined? This exists not
only of the irrecoverable consumption of water resources, but also of the
entire volume of fresh water which is influenced by production activities.
Consequently, in determining the volume of the consumed fresh water it is
essential to consider its expenditure on the dilution of waste water puri-
fied by modern methods. With the present level of technology, for a ma-
Jority of types of production, as a rule, there must be an amount of fresh
water that is 12-15 times greater (and significantly more for a number of
types of production) to be used for diluting the waste water to provide
the achieving of the required standard quality of surface water, since the
existing hygienic maximum acceptable concentrations in terms of ingredients
at present are unattainable economically and technically.

Due to the regional differences in the hydrological conditions and the as-
similating capacity of the water course, there must be a differentiated
approach to determining the amount of fresh water to be used for dilution.

In regions with a large amount of water available, for example in Siberia,
the required water quality is achieved by the repeated diluting of the
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waste waters in large river arteries, In the central and southern re-
gions of the European USSR, due to the small capacity of the water courses
and because of their high pollution load, there must be additional regu-
lating of the water sources for diluting the water or diverting the waste
water into storage capacity (for a series of sectors in the metallurgical
and chemical industries).

The following calculation formulas are proposed for an economic evaluation
of water resources. In locating enterprises in regions with a taut water
management balance:

Ey = (p-r)S;+Eg +Eg+a-r-Sy. (1)

In locating the enterprises in regions with a surplus water management
balance:

Ex = (p-r)Sy+E +Eg, (2)

where Ey--aggregate expenditures on water, rubles (calculated per ton of
product);

p--the volume of required fresh water, m3/ton of product;
r--recovery of normally purified water, m3/ton of product;
Sw—--marginal expenditures on water in source, kopecks/m3;
a--dilution factor of diverted waste water;
Ey--expenditures on treating waste water, rubles/ton of product;
Eg--expenditures on diverting waste water, rubles/ton of product.

The economic evaluation of the water factor is formed from the expenditures
on the unrecoverable consumption of fresh water in the production process
and the water conservation expenditures the consideration of which is par-
ticularly essential for water resources due to their specific feature of
repeated use. The last term in the calculation formula (1) considers ex-
penditures on the control of water resources for the diluting of insuffi-
ciently treated courses by fresh water. Such a differentiated approach to
evaluating the water factor proceeds from the fundamental regional differ-
ences in the water management balances and makes it possible to consider
the increased expenditures on maintaining the purity of rivers in the
densely populated water-scarce regions of the European USSR.

Thus, an analysis of the influence of different variables on the amount of
the economic evaluations of placement factors for- industrial production
makes it possible to determine for the forecast period the trends in the
change of their values which are extremely differentiated in a space-time
aspect.

FOOTNOTES

11t is essential to note a certain conditionality in the discussed group
of placement factors. Thus, the water factor has been considered by us
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as an interregional one considering not only the quantitative but also
the qualitative depletion of water resources.

?Phe amount of the calculated expenditures (E) is the total of the operat-
ing expenditures (0) and deductions from capital investments (K) propor-
tional to the standard efficiency coefficient (Pp):E=0+P,*K. Everywhere
below in the text expenditures are understood to be calculated expendi-
tures.

3In a number of the sectorial procedures it has been proposed that the
evaluation be made for placement factors characterizing the conditicns

for utilizing limited national resources in terms of the direct expendi-
tures on a specific type of utilized resource. The basic drawback of thi
this method is that the evaluation of the designated factors is approached
without considering the specific factors in the use of the designated re-
sources, that is, their limitation at the corresponding point, region, and
so forth, and the varying degree of effective use by numerous consumers.

YAs a result of interregional exchange the use of a cheap but limited re-
source in one region inevitably causes an increase in other regions in

the use of less favorable and expensive substitute resources the exploita-
tion of which is required by the conditions of the production and con-
sumption balance of the corresponding group of resources, that is, for
the so-called marginal resource. The marginal projects can be the less
economic deposits of fuel and mineral raw materials which have poorer
mining conditions, the more distant forested areas, and water facilities
which supply the balance in a water management region.

SFor example, for each 0.5 percent reduction of the sulfur content in coal
and high-sulfur mazut, enrichment must be carried out and this increases
the cost of the fuel by 3 rubles per ton.

- 8Tn the instance when the mined resource does not enter into regional ex-
change and is supplied only to one industrial complex the needs of which
determine its development, the resource should be valued by the direct

- expenditures on its mining and transportation (for example, for the en-
terprises of the cement, soda and chlorine industries).

7Only in regions with a surplus water management balance is it possible to
evaluate the water resources in terms of the direct (actual) expenditures
on the preparation and supply of the water.
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