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The elaboration of the coefficients of direct inputs is onz of ihs

most significant stages in compiling the planned inter- branch balance.

The coefficients of direct  inputs represent the aggregated norus
for the utilization of raw materials, materials, semifinished products; fusl,

energy per unit of output.

These indicators characterize the inter-industry production rela-
tions in the national economy, which arise in the process of reproduction of

the social product.

Continuous changes in the inter-branch relations occur under the

influence of technological progress.

Those changes is one of the most important factors stipulating the
shifts in the branch structure of social production and determining, to a
considerable extent, the relationships of growth rates for individual bran--

ches and products.

The influence of teéechnological progress over the growth rates and
rroportions of development in social production are taken into account in
the inter-branch balance, first of all, through the system of planned coef--

ficients of direct inputs, which are elaborated in physical and value terms.

The introduction of input coefficients Qij}into the mathematical
model of the planned inter-branch balance (Xi = i @ ij + Hi) means

=1
the acceptance of a number of essential assumptions, viz.

a) relative invariability of input coefficients in the course of
the planned period (t), for which the mathematical mcdel is elabo-
rated

(¢)

(aij =~ const. )
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independence of these norus on the production levels Xj in the
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L
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receiving branches

2) strict propertional inter.dependence of production inputs

¥ii and outputs Xj
(Xidi= Czij X3, where CZij is the coefficient of proportionality).

These assumptions are the mathematical abstraction. And if they
:re incorrect, or noi quite accurate, the model cannot be applied for the

rlanned economic estimates which require high precision.

The present work treats of practical questions of the methodology
£3r elaborating the cosfficients of direct inputs:fonrphecpurpose of drawing
e

u) planned inter—branch balances.



1, METHODS OF CALCULATING THE COEFFICIENTS OF DIRECT INPUTS

IN PHYSICAL TERMS.

The coefficients of direct inputs in physical terms represent the
consumption of a certain type of output to produce a unit of another type oF
output. They are builit up in accordance with the nomenclature of the inter.

branch balance in physical terms,

So far as the inter-branch balance nomenclature consists of the
¢ggregated items, which combine. the types of homogeneous output:; €+.8. -
“ferrous rolled metals, pipes and forgings", "metal cutting lathes", etc. -
then the coefficients of direct inputs peay the nature of aggregated norms
for the consumption of material resources. Thus , the coefficient of direct

inputs of ferrous rolled metals to produce metal cutting lathes combines
all the individual norms, which characterize the censumption of councrete

tirpes of ferrous rolled metals to produce particular lathes,

Due to the fact that the technical coefficients are, in fact, the

ajgregated norms, their level depends on a number of factors:

= on the relationships of individual types of output within the given

item;

= on the relationship of different types of techaique and technology

which are applied to manufacture the given output;

- on the relationships of different types of interchangeable material

resources,

The !lewel .of .. technical coefficients in mining industry and agri-
culture differs also according to individual economic territories; in conse-
quence of which fact the level of general coefficients of direct inputs in

these branches depends on the territorial distribution of production,



In this way, the direct input coefficients! level is determined,
depends and is stipulated by 2 great many factors.

Inputs of material resources consist of technological inputs, Qi
rectly connected with the process of manufacturing output and varying ‘direc-

ly as the output and additional inputs, connected with maintenance
of basic production and management. The additional inputs depend on the

volune of production but do not vary directly as the latter.

The technological inputs of material resources COHPI:=C raw, basic
and auxilliary materials; technological fuel; electric power for technologi:-
cal pequirements; intra=mural semi-finished products (of own make), and the
supplementary parts and semifinished products which are bought from the oub-

side,
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The additional inputs of material resources comprise th
electric power and fuel for current repairs and maintenance cof building
structures, equipment; and also the materials consumed to manufacture mode

appliances-s machinery gear, special instrutents.

There exist certain relationships between the noris for the utili-

zation of material inputs and the coefficients of direct inputs.

The interrelationship between the individual norus for the consuiip-
P

tion of material resources and the cosfficients of direct inputs is characve-
rized by the formula:
m n

m
Qx€=3" % Cioads* > _ 528, wherein AR is the coet-

p=1 ta=1 D=

ficient of direct inputs,
C]lpq ~ individual norms for the consuuption of product P.
(&q - the specific weight of product q in product L.

éSPE -~ relative consumption of product P ver product € in the share

of general production inputs.
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The quantity of the material which is utilized to produce %he
given product not directly, but through anéther product available in the
nomenclature of the inter=branch balance, is not included into the input

coefficient in physical terms. (technical coefficient).

In accordance with the same principle of forming the technical
coefficients , the material inputs of the power and the instrument waking
workshop are not to be related to the inputs of basic production of the en-
terprise provided that Yenergy" and "instruments" cowe under their indivi-

dual items in the nomenclature of the inter-branch balance,

The inputs of material resources, which are connected with capital
construction or capital repairs but not with operation inputs are not alsc

included intc the technical coefficients.

The coefficients of direct inputs in physical terms are utilized,
firstly, for the purpose of elaborating the inter-branch balance in physical
terms, and, secondly, for the purpose of calculating the input coefficients

in money terms,

The elaboration of these coefficients can be realized, mainly, by

twe methods:

a) by the method of direct calculation,

b) by the method of correcting the base coefficient.

The method of direct calculation is the calculation of coefficients
on the basis of elaborating the planned individual norms for the consumptior
of raw materials, material, fuel, electric power, Which are worked out in
conformity with the functioning methods in each branch, considering the spe-

cific share of each product coming under the general item.

When making calculations for the direct inputs of material resources
to produce new output, it is necessary to base oneself on the data of design-
ing a2nd technological documents, the characteristics and technical comoputa—
tions checked up experimentally, and on the relative consumption of materizl

resocurces which level is reached at the advanced enternrises,
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The formation of the average branch technical coefficients is effected
2y way of consistent averaging the individual technical coefficients of those

rprises which produce some type of the output being part of the balance no-
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ature, and further averaging those obtained coefficients, proceeding froa

o share of the output, which is 1o be combined under the aggregated
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Thus, for example, it is necessary to determine the consumption of oil

seeds to produce vegetable oll.

Sunfiower oil, cotton=-seed o0il, soy-bean oil, linseed oil and other
types are produced. According to ezch of the types of oil by way of averaging
the individual norms for the consumption of ocilseeds to produce vegetable oil
the corresponding norm (coefficient) for the consumption of 0il seeds is deter-

mined in terms of enterprises.

Let us suppose, thai the norms characterizing the average consuaption

of cilseeds in tons {per 1 ton of vegetable 0il) are obtained;

sunflower oil = 2;643 tons
5,600 tons

cotton-seed cil

soy=-bean oil - 6,000 tons
linseed o0il - 2,800 tons
others - 3.550 toas

Let us further suppose, that the guota of oil for each type in the

general volume of vegetable oil production is estimated at:

sunflower oil ,0,333 or 33,3 per cent
cotton seed oil 0,167 or 16,7 per ceni
soy-pean oil 0,083 or 8,3 per cent
linseed o0il 0,084 or 8,4 per cent

gthers 0,355

v

33,3 per cent

Q

Then the average consumpticn of seeds within the branch per 1 ton of

vegetable oil will be:



2,643, 0,333 + 5,600. 0,167 + 6,000 , 0,083 + 2,800 ., 0,084 +
3$550- 03333 = 3:730689 ton

So far as the consumption of seeds for the general-production re-
quirements is missing, the technological consumption of o0il seeds can be

taken as the technical coefficient for oilseeds per 1 ton of vegetable oil.

In case when both the input item and the item of the output, for
which the coefficient is calculated, are aggregated, the formation of the

coefficient becoimes more complicated.

Thus, for example, it is necessary to calculate the input norw oI
varnishing and dyeing products for the production of electro-insulating ma-
terials. Electro-insulating materials combine several groups: getinax, tex-

tolite,winding, varnished textiles, and micanite.

The input norms of dissolvent pasr unit of the mentioned types of

electric~insulating materials are:

petinax - 0,005 ton/ton
textolite - 0,012 ¥%on
windiag - 0,122 ton/tan
varnished textiles - 0,276 ton/ton
micanite - 0,356 Ll'On/’con

It is necessary beforehand to change the available norm per 1 thou-

send of varnished textiles into by-weight units of measure (tons).

As long as 1 thousand meters of varnished textiles weigh on the
average 0,2 ton, then the input norm of gissolvent per 1 ton of varnished tex-

tiles will equal to:
0’276 H 0'2 = 1,380 ton.

If we know the specific share of each type of electric insulating
meterials in their toital production, then we can calenlste the input norm

(norm for consumption) of dissolvent per 1 ton of electric insulating materials.
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Let us suppose that in the total production of electric insulating

materials getinax makes up 20 per cent,

textolite - 20 per centy
winding - 40 per cent,
micanite - 10 per cenmt,

varnished textiles =10 per cent,.

o

Then the calculated norm will respectively coue %o0:

0,005 . 0,2 + 0,012 , 0,20 + 0,122 . O,4 + 0,36 . 0,1 + 1,38 . 0,1

=0,226400 ton/nonn

In the same way they calculate the input norms of other types of
varnishing and dyeing products per electro-insulating materials, and, after-
wards, by summing up, they calculate the general input norm of these proaucts,

per electro-insulating materials.

in a general form, the calculating of the aggregsted branch noris

for material inputs per unit of output is expressed by the foruula:

n

Qij : %:.le i y_ Ckﬁﬂ’t wherein-

k=1

-

Czij— is the aggregated norm for material inputs of the product type i to wa=

nufacture the output type j.

R e etear)is

m~ number of components for the product-type i (i

il

n-nunber of components for the product. type J (3 o s )l
k—any of the m components,

é?any of the n coumponents,

C!kthhe coefficient of the technological inputs of the product type k per
unit of the output type ﬁ&
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2x® - the coefficient of the general production inputs of the product type
k’ per unit of the output type @

d@- specific share of the output type ein the general voluume of the preoduct
type J;

akg de"‘ the average weighted value of technological inputs of the k

&1 product per unit of the j output (j = 1,2...,n);

m
§ Qké’d@- the average weighted value of technological inputs of the i
ﬁ 1

pI‘OduCT. (l = l 2,.-09 Sy ---’mj per L&n‘tt Of the J Output‘

T k@)d@- the average weighted value of the general production inputs of

vhe k product per unit of the j output.

i

5-_'__ 5___ Gl{ld@-ﬂ the average weighted value of the general productiocn inputs

k=l {=1 - ; : K e 2l
¢ of the i1 product per unit of the j - output,

-

It should be noted however, that the calculation formula for the
branch norus and the calculation itseif undergo a mcdilication, subject to
the initial data,

It should be also borne in mind, that the inputs of resources are
not consumed to manufacture all the output which is aggregated under the
item of the inter-branch balance nomenzlazturee In a case like this, the
average input of material resources per the whole volume of cutput is calcu-
lated, but not only per that part of output, which actually consumes the
given resources,

Thus, for example, the average input of xylene per the whole
vutput of paper can be shown in the inter-branch balance, although it is
actually consumed not for the whole volume of paper, but only for soue
certain sorts of it.
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The problem of setting agide constant and variable inputs of pro-
duction is related to the category of important problems - dealt with
when elaborating technical coefficients. Part of inputs is directly con-
nected with the manufacturing of one or anotker product and is in direct
functional dependence on the volume of production. Another part partici-
pates indirectly in production, contributing to labour operations and does

not vary (within known limits) with a change in the volume of production.

Therefore the subdivision of inputs into variable and constant

is of ossential significance while studying the relationships of production
inputs and the volume of production. At this, variable are the production
inputs of raw materials, materials, fuel, etC. = those which are in direct
dependence on the volume of production. Under any other equal conditions
(under invariable norms of inputs, labour productivity, etc.) the change
of these inpuits occurs proportionally to the change of the volume of produc—
tion, e.g. the input of metal to directly manufacture parts and components

of machines, and s0 On.

: Constant are the inputs of curreni repailrs and maintenance of
equipment, inputs of heating and lighting workshops and intra-mural build-
ings, maintenance inputs of administrative and management personnel and

other inira-mural and workshop inputs of an enterprise.

The change of such inpuis does not depend (within known limits)
on the increase of the volume of production and they are arbitrarily called
CONSTANT.

The stress on these two types of inputs and the calculation on

their basis of technical coefficients is of great significance. -

In the practice of elaborating technical coefficients of material
resources cases happen, when the input of a certain part of these resources
appears not to be directly.connected with the level of production and is

relatively independent on it
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For instance, when calculating the requirement for electric power
and fuel at machine-building enterprises, it is considered that their con-

sunption per the general production needs is relatively constant.

Likewise, the inputs to maintain a railway track in railway trans-
port (under its certain length) are rather stable in their amount and cannot

be directly proportional to the increase in the freight turnover.

The distribution of the general production inputs of material re-
sources by individual types of products is made on the basis of the methods
which exists in the branch under study with account taken of the preformed

relationships between direct and indirect inputs of production.

If the input of material per the general production needs is less
than 5 per cent of the principal input of the material in question, then,
in the calculation of the planned coefficient the general production inputs

may not be taken into account.

In other cases, for the purpose of calculating the.requirement of
production for material resources it is expedient to resort to the consi-
ruction of the (dynamic) time series for the volumes of production and for
the quantity of the respective material inputs in order to reveal correla-

tions between them.

The method of direct calculation to elaborate technical coefficients
can be the most successfully applied in such cases when each item of the ba-
lance combines a comparatively small number of individual products for which
physical nerms are available. In other cases the application of other cal-

culation methods ssems to be more expedient.

The method of correcting the base coefficients can be realized in

accordance with the following stages:

a) determination of the level of the technical coefficient in the

base period;
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b) study of the factors which have essential effect upon the magnitude

of the coefficient under study;

¢)evaluation of the most significant factors which influence over the

magnitude of the technical coefficient in the planned year.

For the purpose of determining the base level of the technical
coefficient it is necessary to make use of the accountancy about the con-
sumption of raw materials, materials, fuel, energy, the available normative
data, the data of the estimations for the statistical and estimated calcu-
lations and also the data of the statistical inter-—branch balance. In soie
cases it is advisable to arrange a sample survey.ﬂj

In order to determine the level of technical coefficients in the
planned period it is necessary to take account of such factors as: the
change in the structure of output ﬁ;og.,;he change in the assortment
(range) of rolled metal;7;
the shifts in the relationships of different technological metheds of
production (e.g. the relationships of the output of electric power at the
thermo electric power station and the hydro electric power stations);
the shifts in the structure of consumed interchangeable materialsj
the implementation of new types of materials (for instance the impleuien=-
tation of plastics in engineering);
the shifts in the distribution of productions
the implementation at the enterprise of the policy of econouy and other

factors.

With regard to the calculation technique for the planned technical

coefficient all the factors can be broken down into 2 groups:

the structural shifts in production and

the change in the technico~economic paraieterss

In order to determine the influence of the structural shifts over

the magnitude of coefficients it is necessary to single out the basic

&/ see the work "The Sample Survey of the Inputs of Production'.



groups within each item, the relationship of which deteriinzs ths magnituds

of the coefficient.

At this, the groups within each item ought toc be combinsd in such
a way as to make it possible to neglect the siructural shifis within each
group; in other words, so that the input noris for each group ¢en be siabtle

enough,

The general technical cceificient is estimatad with account of the
change in the specific share of these more detailed grocuws in the tolal
volume of output.

For the sake of taking into account the influence oif the change in technicoe
economic parameters over the technical coefficient it is necessary to presenu

the cgoefficient as the function from the technico-eccnomic indicators mos
essentially influencing over the mggmitude of th@ coefficient, With that end
w (=]

in view, it is necessary, first of ail, to reveal the principal technicoc-

zcononic indicators, determining the coef Y=z level ana to fix the

L

functional relationship beitwean the factors and the azsgnitude of %he co-

—_ LT

efficient.
When establishing the functional ralistionships it is sxpedient 12
adidely bilize fhe correlation aethocs, methods of construchting ewpirical

funcitions, the method of construciting nomograms which makes it possible to

ririne the influence of the change in some factor over the mag-

nitude of the coefficisnt.

In some cases it is necessary under the elaboration of ftechnical
coafficients to study the dependence among principal oufput parameters on
the levels of technical coefficients. This, for instance, when working out
the technical coefficient of rolled ferrous metals for electric generators
it is possible to reveal the dependence of the average power of the genera-
tor on the level of relative consumption of rolled metal per 1000 KW of the

generator's power.

The elaboration of technical coefficienfts enables us to create the

necessary foundation for the subsequent elaboration of input coefficilents in
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value terms and can be alsc wutilized for the purpose of raising the ef-

i

iciency of the calculations while correcting the coefficients with the

2id of other methods.
2, METHODS OF CALCULATING THE COEFFICIENTS OF DIRECT INPUTS IN VALUE TERMS.

The input coefficients in value terms represent the expenditure

of gross output (in monetary units) of one branch per value unit of gross
output in another branch,

These coefficients are constructed in accordance with the branch

nomenclature of the inter-branch balance in money terms.

Input coefficients,;if comparsd to technical coefficients, characte-
rize the preoduction net ameng irndividual products in branches, but among

the branches as a whole. o

There is another essential feature about the input coefficients
in money terms., So long as the gross output of branches according to the
methods which exists in the USSR is calculated, as a rule, by the enter-
prise method, i.e., with the deduction of the intra-mural turnover, then
the input coefficients reflect only the commodity relations among branches.
Thus, for example, the input coefficient for electric power in the produc=
tion of sugar comprises the boughi-in electric~power and does not contain
the value of electric power which is received from own (intra-mural) elec--

tric power stations.

Those branches, which, in conformity with the practice of planninrg,
deviate from the enterprise method in the calculation of their gross output be-
come an exception. For instance, -0e input coefficient of textile products
per textile output comprises the inira-mural turnover value of yarn and
unbleached thread since this intra-mural turncver, according to the exist-

ing practice, is incorporated intoc the gross output of the textile indusiry.

Hence the input coefficient here will show the input of yarn and un-

bleached thread per 1 rouble of ouiput of this indusiry.
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Due to the fact that a Dbranch in the inter-branch balance is
an aggregate of output corresponding to the primary output of the branch,
the coefficients of direct inputs in money terms for this or other branch
combine only the inputs of primary output.z/

For instance, the input coefficients of the cotton industry do
not combine the inputs of staple fabric production, which refer to tie
silk fabric production, although a considerable part of staple fabrics is

manufactured at the enterprises of the cotton industry.

Contrary to the technical coefficients the input coefficients (in
money terms) in their composition combine the consumption of bought-in mate-
rials connected with the output of the given branch not directly, but through
the output of other branches which is produced (manufactured) at the enter-
prises of the branch under study. pgp instance, 1f a metallurgical plant
has a coke-chemical workshop, then the INPUT of coal for the production of

coke is directly transferred to the ferrous metal production.

At this; into the coefficient is included only that part of coal
inputs of the coke=chemical workshop which corresponds to the share of the

workshop's output consumed within the wetallursical iant.
E P B

Thus, the input coefficients reflect only the coiiodity inter-
branch relations, whereas the technical coefficients show the whole input
of material resources, irrespective of whether they are bought-in or pro-

duced at the place of consumption.

If product K is not only directly consumed per productes but also
through product r, the latter being manufactured at the same enterprise =3
product Q then for the calculation of the input coefficient (in money
terms) it is necessary beforehand to transform the technical coefficient

(in physical terms) according to the following formula:

&'ke = ak(q- Axr ar((l - Wr)

%/ In greater detail the problem is dealt with in the UN pericdic publica-
ticn - Studies in Methods, Ser. F, No. 14, 1966. "Problems of Input-
Output Tables and Analysis",
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the input coefficient of product k per product cin physical
terms, which is accepted to calculate the corresponding co-

efficient in money terms;

the technical coefficient of product k per product (1" phy=-

sical terms;

ihe technical coefficient of product r per product E (in

physical terms);

the technical coefficient of product k per product r (in

physical terms);

the specific share of product r which is bought in to

manufacture product l.

errelationship between the coefficients of direct inputs in

d in value terms is characterized by the formula

the coefficient of direct inputs of branch i per 1000

roubles gross oubput of branch j in money terius;

the coefficient of direct inpuis of product k per product
{ﬁin physical terms with account taken of the input of
product k per product £ “through other products of own
makes

the price of a unit of product kj
the price of a unit of product &

the specific share of product k, which is bought in, in the

general input of product k per product e
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de -~ the specific share of product g'in the gross output of
branch j;
m = the number of products k, comprised in branch ij
n = the number of products 65 comprised in branch j.
For example, the coefficient of direct inpuis of iron ore per fer-

rous metals (in money terms) can be calculated as fcllows:

(it is supposed +that the whole iron ore is bought in)

e Eore 2 2
aore metal :aore cast iro = dcast iron + aore cast iron

cast iron

C]cast iron steel (1 -Weast iron)

ore g S
gt*=el C,steel + Clore cast Lroa (f cast irem stesl(] steel rolled
(=R VR~
stock
o S e e 1 PR TR & 2T
1 =Wecast iron) (1 -Wstesl) = d rolled stock
(1 -Weast ) ( % © Prolled stock be
where:
Clure cast ircn - the coefficient of direct inputs of iron ore per ¢
cast iron (in physical terms);
{lcaaﬁ iron steel = the coefficient of dirsct iaputs of caslt iron per
steel (in physical terms);

ﬂrateel rolled stock the coefficien’ ¢f direct inputs of steel per rolled

stocks

, ¥
Cicast iron,(ﬁsteel,@(rolled stock = the specific shares of commodity output
of cast ircon, stesl and rolled stock in the gross

output of ferrous metals;

U}cast iron - the share of comuodity cast .ron in the general volune

of cast iron consumed per steel;

LUsteal - the share of commodity steel in the general volume of

steel consumed per rolled stock;
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P ore,Pcast irong Psteel9 Prolled stock = the prices for ore, cast iron,

steel, rolled stock (metal).

As it can be seen from the formula

Ty = = ga&@%@wkd@, |

k=1

The level of input coefficients (in money terms) depends on the
maginitute of the corresponding technical coefficients (in physical terms),
on the relationships of prices for materials and products, on the products!

structure of gross output of a branch and on the level of combining the
branches under study.

If product k is consumed per product exuﬁ;directly, but through
another product of this branch (C), .which is manufactured only at the en-
terprises of the branch in hand, then in the calculation of the coefficient
in money terms there can be utilized the technical coefficient of direct
inputs of product k per the intermediate product C. A% this, the above

Fformula will take the following form:
Qij = )’L 2 Oke = we @-
= %j 5] i 9 i

Clkc is the coefficient of direct inputs of product k per product
C:

where:

g}c - the ratio of the gross output of product C to the gross
output of the j-th branch.

The input coefficient of iron cre per ferrcus metals can be essen—

tially simplified on the basis of this formula.

pOI':':-‘.

st iron

(jcre metal =aore cast iron S 9 cast iron

wheres:

C}cast jron — the ratio of the gross output of cast ironm ©o the gross output
J of ferrous metals.
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An important problem of methods for the calculation of input coef-
ficients (in money terms) is the determination of planned prices for mate-

rials and products.gf

The planned input coefficients are estimated in the prices compa-
rable to the prices of the base periodyfor only under this valuation the
analysis of the change in the physical volume of production, growth rates and

development Proportions becomes possible.

While caleculating input coefficients, the average ~weighted prices
are, as a rule, utilized, those which take into account the structural shifts

in the output preoduced and consumed.

If the balance is constructed in producers' prices the wholesale

prices of the enterprise are utilized without the turnover tax.

The inter-branch balances of production and distribution of output
in the USSR have practically been elaborated hitherto in users' prices. In
this case the price of consumed materials included the sale and transporia-
tion margins and the turnover tax with account taken of the specific share

f the output which is realized through trade and on which the turnover tax

is imposed.

In order to valuate output in user®s prices the tranformation cosf-
ficients were widely utilized to itransform the enterprise wholesale prices

into the prices of final consumption.

The elaboration of input cosfficients is carried out in acccrdance
with the above formulas in those cases when a branch turns out a skall nus-
ber of products. Besides, the given method is applicable when the input

structure of individual products of the branch is homogeneous enough.

If the direct calculation for input coefficients (in money terms) is
impossible the coefficients must be elaborated in the same segquence as the

technical cosfficients, viz.:

15

stions on determiping planned prices is dealt with in =z specizl memo-
randur gecording to the zpproved work-programae.
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2) establishment of the input coefficients' level in the base period;
b) determination of the most significant factors;
influencing over the input coefficients and their change in the
planned year versus the base year;
¢) estimation of the influences of the change in the factors over
the magnitude of input coefficients and the determination of the

input coefficient's level in the planned year.

The influence of the factors' change over the magnitude of the input coef-

ficient can be taken into consideration with the aid of the following for-
Rok _Ki :
@iy - azp Y s wﬁdé(l_dlf)
1. chos g k3
L] = )
a 1 -de

ik 3
=P K
* alke Plk K?]'. Wlk dlﬁ

nula:

(8

where:

[«]
Q15 ,(Cij - the coefficients of direct inputs of the i-th branch
per the output of the j=th branch in money terms in the

planned and base periods.

alk@jkg -~ +the coefficients of direct inputs of preduct k per pro-

duct gin physical terms in the planned and base periods;

° ° :
Plk, Pl@. PP @,— average wholeszle prices for productd k and e in the

planned and base periods;

5, :
Wlk, Wk - specific share of product k which is bought in, in the

E general input of product k per product 1 in the planned
and base period;

doedle - specific share of the gross output of product‘ e in the
ol
gross output of the j-th branch in the plannsd and tase
periods.
Ki, kj ~ the transformation coefficients of wholesale prices into

the prices of final consumption.



3. PROBLEMS OF CORRECTING THE COEFFICIENTS OF DIRECT INPUTS.

An important methodical principle in the elaboraztion of planned
coefficients is the principle of differentiation for the method ¥ debap-
uining one or another coefficient in the planned period subject %o ihe
economic significance of the corresponding inter-branch flow of products

in the system of inter-production relations,

The coefficients of dirsct inputs which characierize the mosi
significani inter~branch relationships must be elaborated for the planned
period through the medium of concrete calculaiions ,considering the bas:ic
technico-zconomic factors which have effect upon one or another coefficient.
As for the remaining coefficients, they can be takern for the planned poriod
a2t the level of statistical (base) coefficients or with sonme deviation Tl
those, the deviation resting upon the experienced evaluation of the ten-
derncy in the measurement of inter-branch relationships in one or znother

brancii,

n
cefficlents of direct and indirscht requirements per unit of final derand.
Thoze wvefficlents of direct inputs the change in whish within sertain

limits causes some insignificant chenge in the corresponding coefficienss

rect and indirect requirements per unit of final demand are =azid +o

be secondary. The rest of the coefficients are szid to be primary.

The analysisof the giatistical inter-branch balanze of the USSR
for the year 1959 showed that .each kranch has a cerizin number of coeff iw
cients which are of primary importance in production, which characteriz.:
the economic structure and predetermine the technological progress znd the
development direction of the branch. It is estimeted that sut of 4260 ipe-
put coefficients of the statisticsl inter~branch balancz for 1959 ix CNGY

terms, 550-600 input coefficients are vitally important.



These very coefficients jetermine the national economic wrench
structure and comprise over 90 per cent of all the material-production

inputs.

The analogous conclusion was obtained by another msthod. The
investigation of the coefficients of the statistical inter-branch bhalance
at the Scientific Research Economic Institute of ths USSR State Planning

Committee was carried out from the following point of view = what is the
magnitude of the maximum permissible deviation of each individual coeffi-

cient under which the output volume of the branch changes by more Than 1
per cents
As a result there was obtained the following distribution of

coefficients.

Distribution of the coefficients of direct inpuits according te
the permissible limits of deviation in the statical inter-~branch balance

for 1959.

Groups of Coai‘ficientsl Number of CO“?Specific share of the Group Ac—
of direct inputs with i efficients in, cording b0 the Nuzber of Co=-

T et le LA Do SEStRRT e SR WPar cent) :
R e Total Num— | Ln bhe Nuuber
Of Devlatlon In i:h... TotlA... Null ! n wi Lasin -
ber of coeffi- i of the cosf-
(Per cent) cients | ficients with
i the Perwissible:
b liwit of Devie
i tion |
1 Jp to 100 per
| 5 Dt cent
From O to. 10 98 1 2y ; 14,8
From 10 to 20 85 ! 2,0 : 1,6
. From 20 to 30 82 1,9 3 14,1
From 30 to 40 61 1.4 i 10,5
From 40 to 50 58 1.4 : Sl
From 50 to 60 40 0,9 | 6,9
From 60 to 70 37 0,9 ; [T
From 70 to 80 38 0,9 i 6,5
From 80 to 90 42 140 : T
From 90 to 100 42 1, 0] i g2
Total 583 13,7 100
Over 100 3677 86,3 % -
Grand Total 4260 100,0 i -




-23-

In our opinion such evaluation of the coefficients' significance
is somewhat cumbersome, because the deviations by one per cent in the zross
outputs in respect to different branches are not of equal significance. It
would be more expedient to break down the branches into several zroups
stemuning from their significance and to set for each group its own peruwis-

sible percentage of variation in the gross outputs.

It should be alsc borne in mind}that the permissible varistions
(deviations) characterize the influence of an isolated change in the coef-~
ficients over the branch structure of social production. It is natural,
that such variations in a number of interdependent coefficients will cause
variations in the volume of production by far more than 1 per cent. HNever-
theless thus given indicators of permissible variations are an important
characeteristic for the coefficients of direct inputs and can serve the
purpose of determining the range of principal coefficients which are to

be worked ocut for the planned period.

Besides these economic investigations of the problem in hand,
i

some mathematical methods are also elaborated and utilized. y/
It goes without saying that it is impossible to determine the
range of these coefficients only on the basis of the analysis for the stza-

tistical inter-branch balances.

The significance of individual coefficients for the planned ba-
lance may undergo radical modifications as a consequence of the tachnolo-
gical progress. This concerns, for example, the coefficients for the

consumption of plastics in a number of engineering branches.

On the other hand, a certain number of significant coefficients
can be taken for the planned balance at the level of statistical data
or else with slight amendments in case if it is known bpeforehand, that

the basic directions of technological progress and the structural shifts

&/ Yershov E.B., "Mathematical Methods in the Static Fodel of the Inter-
Branch Balance™. The report at the scientific discussion
on the problems of the inter-branch balance, Moscow 1963.7"

&/ V.V. Kosov "The Inter-Branch Balance®. The Publishing House "Economy",
Hoscow, 1966.
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of the given branch will not have significant effect upon the coefficient's
magnitude and if, comsequently, it will not underge essential modifications

in the planned pericd.

The principle of elaborating only the significant coefficients
for the planned period, those which determine the major economic relation-
ships of a branch, enables us to reduce considerably the volume of the

work on forming the normative basis for the inter-branch balance.

The above given methods to elaborate planned coefficients of
direct inputs do no% comprise and exhaust all the problems arising in some
concrete calculation for one or another coefficient, It is necessary to
work out concrete methods to calculate these indicators, those which may

tzke into account the technico-economical specific features of a branche.

Concentration of efforts, in the calculation of coefficients
for the planned periocd, upon setting accurate figures only for the signi-
ficant (primary) coefficients leads to the application of various iterative
metheds for the purpose of determining the secondary (less significant)

coefficients of dirsct inputs.

Extrapolation of coefficients on the basis of the time-series is

the best known method among them,

The method of iterative computation of coefficients - the so-
called PRAS" method ,offersd by the English scientist R. Stoneg/ is of great
interest, as well as other investigations and works in this direction in

a nunbher of countries.

However, in most of the given methods, in our opinion, the ef-
ficiency in correcting the ccefficients can be reached in conjunction with
other methods and, first of all, with direct methods of calculation, which

enable us to correct a great number of inaccuracies.

Comprehensive and efficient studies and recommendations on the
problems in hand are given in the UN publication - Studies in Methods,
Ser. F, No. 14, 1966, "Problems of Input-Output Tables and Analysis."

&/ R. Stone "Input~Output and Naticnal Accounts.™
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4. FORMATION OF THE INITIAL ECONOMIC INFORMATION AND ORGANIZATION OF
CALCULATIONS.

The- availability of the appropriate initial data in forming the
coefficients of direct inputs is one of the most complicated and lzbour
consuming parts of the work. Inconsistency of the existing system of
information in order to obtain the all-round data makes the work costly

and more difficult.

The coefficients of direct inputs differ in their content from
ordinary production norms. The coefficients do not only show the tech-
nological inputs of the given material (resource) per unit of output, but
also the inpuils connected with general production requirements. At this,
in the elaboration of a planned inter-branch balance of production and

consumpilon, the coefficients characterize the avecage uranch level of

the inpute of producticn per unit of ouitput in terms of a “pure® branch.

u‘

-
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The character of the coeffir direct inpuits is determined

by the objectives set in the calculations of ithe inter-branch bals

The extent of differentiation in the coefficients depends on

ed classification of branches or preducts which are taken in
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Tre coefficients' sisbility is determined by the growth rate of

technological progress and by the exbent of aggregating branches and pPro=

3 utilization of coefficients of direct inmputs in calcula-

)
(0]

:ions can be characterized by two main festures. In the first place the
coefficients are comparatively stable in time., In the second place,

the essential fact in the utilization of coefficients is that particular
coefficients may be repeatedly utilized while solving differeant problems,

although for the solution of each comcrete problem iis own, specific seth

of coefficients (norms) is necessary.
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Considering the above main features characterizing the utiliza-
tion of coefficients, and taking intc account the technical reasons aimed
at providing the appropriate easiness for their preparation and inversioi,
it is possible to formulate the prircipal reguirements, to which, in our
mind, the process of preparing the aggregates of coefficients for the

planned inter—branch balances must correspond:

-~ the introduction of initizl coefficients must be effected tvhrouzh
the minimum number of entries of this information in the established forms,
so that the work on. subsequent ufilization of the information can

possibly be done without resorting to rewriting or retyping the documents,

-~ fixed on special information bearers, the data wust be glven vo-
gether with the characteristic indicators which by means of a ons-digle

number should ensure the connection oi these henpers with a2 certair

ate and their definite place in it.

- the utilized system of devices and meihod of coding mush provid:
for the possibility to change any figure (datum) in the formerly prepared

aggregate of information.

The organization of working ou® the cosfficients of direct inputs
is stipulated mainly, by the adoptaé systen of economic manegement and by

the organization of elaborating inte ~branch halances.
.}

While elaborating inter-branch balances at z)ll levels of manage-
ment, a pyramidal system is created, as a rule, in which the data for the
cosfficients of direct inputs coupled with other componenis of the econvills
information for the inter—branch balance, are aggregatasd at each following

level from “below'.

Other systems and variants exist for the purpose of consilustiiy
the information system to elaborate the coefficients for the planned inter-

branch balancess
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It seems advantageous, considering a nuwiber of specific condi-
tions, to examine in greater detail the possible organization of elaborsa-
ting the planned coefficients of direct inputs on the basis of the data
obtained from statistical inter-branch balances with an all-round utili-
zation of the necessafy materials in order to correct the cosfficients.
In this case it seems expedient to consider the following general previ.-

sions on the elaboration of the coefficients,

In the first place, the coefficients of direct inputs derived
from the statistical inter-branch balance of the nearest base period

serve as the basis for the calculation.

In the second place, the most significant coefficients,deter-
mining the structure of the production relationshim in the national eco-
nomy, are to be picked out., Further work must, chiefly, go in the direc=
tion of correcting these coefficients. The correcting work ought to be
based on taking into account their most significant modifications, struc-
tural shifts and other factors.

Ministries and their subordinated departments, the branch scien-
tific research and designing institutes and organizations must directly
take part in the work on correcting the coefficients of direct inputs.

The correction of the coefficients must be made with account
taken of their specific features and through the medium of the most effi-
cient methods.

In certain cases, when the analysis for the coefficients of the
statlstical balance reveals their insufficient representativity, or else
when-new coefficients of direct inputs are introduced, they can be defined
by way of direct calculation.

Thus, the first stage is to obtain the coefficients on the basis
of the sitatistical inter-branch balance's data. Therefore the obtaining
of the coefficients of direct inputs is one of the most significant results

of elaborating the statistical inter-branch balance. The input and the
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technical coeffil calculated by deviding the total amount of
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inputs of each product by the total volums of production for the given

product.

Accurate =nd precise data about the coefficients of direct
inputs on the basis of the statistical inter-branch balance acquire

especial significance as & statistical basis for planning.

Special attention in the elaboration of the statistical inter-—
branch balance must be concentrated upon the objective authentic infor-
mation; obtained on the basis of precisely and concretely determined

methodological regulations (provisions).

To obtain the appropriate data for the purpose of forming the
coefficients of direct inputs is a rather complicated work. The exist-
ing system of accountancy and elaberation for the initial documents does
not, as a rule, secure the possibility of obtaining ready data about the
inputs of production according to the classification accepted for the

elaboration of the inter~branch balance.

To obtain such data considerable additional work must be done
together with a number of rather ccmplicated calculations. Taking into
consideration the complicacy and labour-consuning nature of this work and
also the necessity to preliminarily process a number of methodological
regulations it seems reascnable to carry out a sample survey of a nuaber
of enterprises and organizations, so that the data thus collected can be
transferred to the remaining enterprises and organizations. In this case,
the significant task for the sample survey could be %o obtain from the
enterprises and organizations, according to a certain (rather detailed)
nomenclature, the data about the inpuis of wvarious tjpes of raw materials,
fuel and electric power fo produce individual types of products. In greater
detail this question is fouched upon in the work "The Sample Survey of the

Inputs of Production®™.



The coefficients of direct inputs obtained as a result of ela-
borating the statistical inter-branch balance are analyzed (the most sig-
nificant coefficients and materials are determined) and given over to the
respective ministries and their subordinated departments. The ministries
and their subordinated departments pass over the received coefficients
for a deeper and more detailed analysis to the branch designing and scien-
tific research institutes. The planned and statistical norms for the
utilization of material resources, and alsc the possible structural shifts

in production are simultaneously sent over to these institutes.

The branch (sectoral) = designing and scientific research institutes
following the advice vi the corresponding ministries and their subordinated
departments, make the complex elaberation for the problems of inter-branch
relationships and structural shifts during the planned period. As a result
of this work, the coefficients of direct inputs of raw materials, fuel and
semi-finished products per urit of output must bs defined. The coeffi-
cients are to be elaborated with account taken of the circumstances of
preduction which will be charscterisuic for the planned period. At tnis
one takes into consideration the development of {echniqus and technology
of produciion, the implementation of new, more economical raw materials,
naterials and designs for machines, and also the progressive changes in

the siruciure of production and its vetter crganization.

The data, elasborated by the branch scientific research institutes
are censidered by specialists of the ministries, ggcording te
the astablished form (see the form) and sent over to the Computation Centre.

FORIL
CLASSIFICATION ITEM OF THE PLANNED .
INTER-BRANCH BALANCE
NAME ¢ -

SPECIFIC SHARE OF THE GIVEN PRODUCT WITHIN THE CORRESPONDING ITEM OF
THE INTER-BRANCH BALANCE (OR THE ANNUAL VOLUME OF PRODUCTION)
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Name of the
Item Prodgcts of nit of Coefficients of direct inputs j
No the inter- - .
°t branch ba- mea= Stutisticalj Pl iEer inferd " Pre e W
lance con= sure (Base) ¥ :
sumed per Period ‘ ‘ 5 ;
unit of out- | l :
put ! i E

I 2 3 4 !IJ 5 'i 6 ‘: 7

The CGomputation Centre makes the primary analysis of the data obtained,
defines more exactly with the specialists of Ministries and Institutes the
appropriate regulations and gets ready the obtained materials to be examnined
by the Central Planning Agency. At this, the elaboration of the coefficients
and the preparation of the data to be examined and subsequently computed 1s
mzde according to the columns of the nomenclature of products for the planned
inter-branch balance, i.e. each economist has definitely demarkated items J

£ & [, e ~
LCoLumns e

It is only natural that if the branch is complicated enough and the
elaboration of coefficients offers some diffieulties due to the great volume
of work or their specific nature and complicacy, then the branch may be

broken down into parts.

The elaberation and preparat.on of ths iniftial data by columns with
the division of labour according to the branch principle is of certain sig-

2 > - -
nificance.

The work by columngs means that each economist of the branch builds
up and presents the data about all types of inputs per each iype of the out-
pu® (column) coming under his authority. Such division makes it possible
to see the structural shifts of the physical inputs by columns, to have a
certain idea about the technology of production, ©o feel the place of each

type of output in the state development plan.
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This circumstance concretizes the work on the coefficients
of direct inputs, makes it easier to collect and build up the initial

data, to check them up within the competent organization.

We shall take, as an example, the column coefficients of direct
inputs for 2 types of products - power cable and control cable.

(arbitrary figures)

Colnins Power cable Control cable !

Name of : :

IoWs e itk Unit 1

Name o Outﬁut- of Statis- Statis~ |
the i-th P mea- tical | Planned | tical |[Planned

consumed mate sure (base) period ; (base) Eperiod :

g%a%ﬁepﬁztﬁnéﬁput period = period g !
Copper Ton/KM| 0,048100} 0,047030 | 0,108120 !0, 107430
Aluminium Ton/KM| 0,038890| 0,043830 | 0,045000 {0,048420

Lead Ton/KM! 0,79770 | 0,74740 | 0,88010 §O,6200
Plastics and Syn- § ! :
thetic resins Ton/KMj 0,35470 | 0,42450 | 0,54650 |1,15400 |

The table gives the characteristic for material inputs and their
structural changes. It enables us to see regular shifts in the structure
of material inputs per unit of output in the planned period versus the
statistical (base) period. As it can be seen from the example, the input
of copper slightly decreases, the input of aluminium increases, the input

of lead decreases and the input of plastics and synthetic resins increases.

Owing to the fact that the work within the planning bodies and
also at the ministiries, scientific research and desigring institutes is
carried on in terms of branches (industries), the coefficients of direct

inputs thus obtained can be easier examined and subsequently corrected.

There exist several ways and methods for the analysis of the

coefficients.
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The meihod of direct measurement which presupposes the compari-
son of the input coefficients for several periods, is the one most fre-

quently utilized in practice.

Another method is based on the comparison between the actual
grose output and the gross ocutput for the same period having been calcu-

lated on the basis of the inter-branch balance.

Other methods of the analyéis for the coefficients are also
widely utilized and dealt with in a number of works, viz. in the UN
pericdic publication - Studies in Methods, Ser.F, NI4, 1966, "Problems
of Input-Output Tables and Analysis®.

The presented materials are studied and consequently corrected
within the departments of the planning authority. In order to carry out
such an examination, if necessary, soume additional calculations and spe-
cifications are made ready. The examination is usually carried out with
the workers of ministrises and their subordinated departments, scientific—-

research institutes and enterprises taking part in it.

The initial data about the coefficients of direct inputs,
having been previously tested, are given back to the Computation Centre

to perform the computations.

These data are recorded at the Computation Centre on special

forms. The below given form can be also valid for the purpose.
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Problem No. Sheet No,
uode—nlmbegrgguggg consuning S b
B
| code num- | ‘ code num- >
ber of the norm control ber of the norm control
input pro- sum input pro- . sum
duct duct ‘
i
!
|
t
f Made up by
; Checked up By
\ Summed up By
Perforated By
cmend [to- eslEn T Sum-— jperfo— conte--
o | Soup- | o
ments|tal ce‘.g ;ed E:hed .%;rated '% rolled -% Controlled By
sum v [ in byg up by 5| DSl by =




=it
o

In the cell "problem No® is put down the number of the problem
for the computation centre, next to it by a two-digit figure is put down

the year, for which the balance is drawn up.

In the cell "Code number of the consuming product®™ the nouen-
clatural number of the j-th position (colunn) with the categery is pu%

downe.

The column number (in our example of filling in the form) con-
sists of four digits, of which the first denotes the number of the cate-
gory in our example number 3) the three others = the number of the column.
If the number is less than a four-digit one +hen before it, after the ca-

tegory, zeros are put down.

In the cell "Code number of the input product® is put down
fot
the number of the input materials of the i~th position (row) per unit of
the j=-th position (column}e The raw number ie put down in the same way

as that of the columne

Ip the column "norm", which is broksn down into 3 cells, the
coefficients of direct inputs are put down. Each of the three cells is
destined for filling in 3 digit-nunhers. The first cell is for whole
nunbers, the rest (remaining) - for fractioral punbers. Only the signi-
ficant numbers are put down. The coefficients of direct inputs may con-

tain about 9 decimzl digit-numbers.

If in the course of forming or filling Iin the forms there ap~
pears a coefficient containing (in round nunbers) less than one decimal
number (sign) it is considered thau it equals to 0 (zere) and it is not

put down.

1f the coefficient consists of more than 9 decimal numbers (in
the units of the nomenclature classification for the inter-branch balance),
then the units of measuring the products undergo some changes by columns

or by rows.
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The question of what to change - the row or the coluun -

depends on which of the changes causes less changes in other positions.

for instance, below we have nine In the column "norm" only the ;
types (varieties) of the coeffi- significant numbers are to be |
cients of direct inputs. put down s (follows): i
999,900 000 999 900 000
12,163 230 12 163 230 i
1,150 100 1 150 100 |
0,112 500 112 500
0,013 500 13 500 !
0,001 460 1 460
0,000 167 167 !
0,000 067 67 3
0,000 001 1 n

The coluun "Control Sum" is destined for swming up the indica-
vors for the purposes of control, which will be mentioned later. Here is

an example of filling in the form:



Problem N

oode number of the consuming product 3573 on one page

ggdghguﬁﬁfr Norm CO&EEOl ggdghgu?gir Nerm

put product i put product
1007 2| 358 | 000|- 2 |3€e2 |380 1075 i B%5
1008 91 4 472 1081 6 340
1009 ik D70 15 452 1092 85 | 090
1015 546 4 932 1095 4
1010 %, 000 45 383 1k Al 503| 000
1014 37 2350 41 6l7 1118 1l 830
1017 1 090 5 480 1119 8 940
1036 6 450 10 859 delisil 6 Q05
1037 i 204 1 614 1198 556
1039 260 =) O 1208 512
1041 105 | 000 109 (414 1295 T EEe
1042 18 270 22 685 1296 ST 0510
1043 360 5 276 1528 1 | oo4
LO4L - 19 350 SLo TS ) 1%61 272| 200
1046 420 4 859 1562 102| 800

Control
Sum

6 022
10 704
89 1 5o
4 472
507 | 484
6 S
15 432
10 509
4 o7
5 098
15 768
S SR
> 705
276 934
1078 555




A,

(continued)
Problem N Year
code number of the consuming product 5572 on one page
ggdghguggfr Norm 6023501 ggdghgu?zfr Norm 6023301
put product put product
1047 79 4 499 1385 150 4 908
1049 5 4 427 1386 7 040 11 | 799
1051 2 580 12 1004 1388 7 100 1l 86l
1052 460 4 885 1389 11 | 100 15 |-862
1055 LO%IES510 14 736 1395 2741180 31 | 948
1060 1L 268 5 701 1416 15 | 680 20 | 469
1064 274 4 811 1421 72 220 77 | 014
1065 183|000 |187 |438 o
1066 566|500 570 | ['©39

557

094
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To gain greater efficiency in the utilization of these aggre-
gates of information it is necessary to have a possibility to change
partially the information, Corrections can be also made before the
sggregate is introduced into the electronic computer. The form of
amendments (corrections), (see the scheme), is subdivided into 2 parts.
The positions (position numbers) which are to be corrected are put down
on the left hand side "The data before the amendments". The correspond-
ing positions (position-numbers) are put down on the right hand side
"The data amendéd%,

In the row of the first column the positions are put down in the
form of a fraction: the numerator is the number of the column to which
the amendments (corrections) are referred; the denominator is the number
of the row to which the row taken refers. If per one column there shoulc
be made several amendments in the rows, then the denominator (the number

of the column) is put down once.

When making amendments (corrections) in such a form designed for
the final demand, the tode number of the work in question is put down
in paréntheses. In the row of the first column the economic numeration
of the position is recorded with the categories. The rest is done in the

above given order.



Problem No.

The. Form of Amendments

Year

Page No.

the data before the amendments

4

the data after the amendments

Code=number

Code-number

of the Contrel of +the Control
columns Norm sum columns Norm sum
. Code-number Code-nunber )
of the raw of the raw
s :
2375 2503
1007 58 | 000 1007 505 | 000
1065 183 000 1065 LHO 06
1412 1417
1009 1009 120
2020 il 740 1020 i3 740
1G29 250 1027
FOS 150 1029 156
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The informatiorn thus given is utilized further as the initial

document in the work (activities) connected with making changes (amend-
wents).

Thus, the calgulations of propertionality in social production
imply the availability of the respective normative basis. In the circum-
stances of state econcmic managementthe planned norm grows to be the most

significant factor in the crganization of soccial roduction.
g

As long as the methods of production are continuously improved,

the norm must reflect these changes and therefore must undergo a constant

nodification.

The approach te the calculations of proportionality for the

aid of planned inter-=branch balances requires the availabi-

=+

plan with the

lity of a certain system of normative data which in turn serve as the

objective basis for working out and correcting the planned coefficients

of direct inputs. The coefficients of direct inputs represent compli-

cated in their structure indicators which take shape under the influence

of many factors. The evaluation of these coefficients is one of the most

significant stages in the elaboration of the planned inier=branch balances.

The change in the coefficients of direct inputs, reflecting
the shifts in the inter-branch relationships due %o the technological

progress and intra-branch structural changes, has essential effect upon

the growth rates of parficular branches of scecial production and, conse-

guently, upon its branch structure.





