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Preface

The Interregional Seminar on Industrial Location and Regional Development was
organized by the United Nations Industrial Development Organization (UNIDO) and
held in Minsk (Byelorussian SSR) from 14 to 26 August 1968.! Most of the papers
presented at the seminar have been published in Volume I of the proceedings.2

The present volume of proceedings presents sclected highlights of the papers
devoted exclusively to regional development and industrial location in the Union of
Sovict Socialist Republics. The USSR is divided into the large economic regions
shown on the map on page viii. The cconomy of each region displays unique historical,
geographical and national featurcs that affect devclopment planning and industrial
location.

At the same time, and despie the peculiarities which are characteristic for each
particular region or republic of the USSR, it is imperative that the following principles
be observed in the course of plan preparation for cach region:

Decpening of public division of labour among the republics and economic regions

of the country on the basis of cquality;

Comprehensive development of the economy of regions, in combination with

their specialization in those branches for the development of which there are the

most favourable natural and economic conditions;
Levelling of the economic development among different republics and economic

regions of the country;

Usec of the possibilities of the international division of labour among centrally
planned economies.

Recgional development is discussed with particular regard to technological progress,
natural resources and urbanization. The experiences of industrial location and planning
in Armenia, Georgian SSR, Uzbckistan and Byclorussian SSR are reviewed to provide
further documentation3 for the use of planners and policy makers in developing

countrics.

1 Sce Report of the Interregional Seminar on Industrial Location and Regional Development
(United Nations publication, Sales No.: 69.11.B.22).

2 See Procecdings of the Interrcgional Seminar on Industrial Location and Regional Develop-
ment (United Nations publication, Sales No.: E.71.11.B.18).

3 See Industrial Location and Regional Development—An Annotated Bibliography (United
Nations publication, Sales No.: 7C.1'.B.15).

v



EXPLANATORY NOTIN
Reterence to tons mdicates mietrie tons mdess otherw e stated.

Dates divided by a hyphen ez 1955+ 1960} mdicate the tull period involved, -
Diding the begmming and end vears,

The tolowing abbreviations are used in this publication:

Al alternating current
NG direct cnrrent

Ain kidometre
KV hfovolt
AWh  kilowarthonr
MW mcgawatt

m metre
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Part 1

REGIONAL DEVELOPMENT

I. TECHNOLOGICAL INNOVATIONS AND THE LOCATION OF EXTRACTIVE AND
PROCESSING INDUSTRIES

by M. A. Vilensky!

Technological innovations are unique among the factors
that influence industrial location. Their effects arc
indirect and operate to increase or diminish the role of
other tactors such as raw matcrials, markcts, labour and
transport. The sum of the cffect on each factor influcnces
the cost per unit of outpnt.

Technological innovations are cvident in all industrics
and production processes although the introduction of
new techniques varies in different sectors of the cconomy.
An improved technology in a production process may
permit an industry to be located in another region. How-
cver, it the total labour costs per unit of output are
higher there, the change in location will not be reason-
able.

The introduction of new techniques at a plant will
reduce labour costs per unit of output as well as the
expenditures for raw matcrials, fuel and amortization.
A comparison of these savings with the necessary invest-
ments for new cquipment will give an cstimate of the
cconomic cflicicncy of the new techniques.

Howcver, the influence of technological innovations
on the location of industry is greater than their influence
on the cconomics of an individual process at onc plant.
The input costs of the production process arc determined
by activitics in other scctors of the cconomy that arc
independent from an individual plant.

The following expenditurcs must be taken into account
in planning industrial rclocation:

(a) Production costs at the plant;

(b) Costs of cxtracting and processing raw materials,
fucl and power for the plant as well as the costs
of geological surveys;

(¢) Delivery costs of all input necessary for production
and transport costs of the output to the consumer;

(d) Expenscs of regional development (creation of a
housing complex, transport facilities and other
infrastructurc).

Improvements in geological prospecting and surveying

have made possible the discovery of mincral reserves

! Head of the Department, Institute of Economics, Academy
of Sciences of the USSR.

(coal, ferrous and non-ferrous ores ¢tc.) In many regions
of the Union of Sovict Socialist Republics. Mining of
these newly discovered deposits may cntail larger labour
costs per unit of output than the costs of cxpanding
opcrations at the older mincs. Some of the difficultics in
cxploiting the new rescrves are caused by low-grade
ores, unfavourable geological and mining conditions or
remote location from transport facilitics.

Improvements in engincering and mining tcchnology
have made possible the mining of low-grade ores and
inaccessible deposits. The geographical locations of the
extractive industrics have thus been increased. However,
the development of mining at these deposits will gencrally
requirc larger total labour costs per unit of output than
the total costs of mining under more favourable condi-
tions. The transition to the exploitation of the less
favourable deposits will not be the result of innovations
in mining techniques but will be a consequence of the
cxhaustion of the more favourable deposits or the in-
creased national demand for a mineral that cannot be
satisfied entirely by the output from the older deposits.

Mining at the more favourable deposits likewise
bencfits from improved techniques. If the resources in
thesc deposits are sufficient to satisfy the national demand
for a mincral, the unfavourable deposits will not be
mincd despitc the availability of highly effective tech-
niques for the purpose. Moreover, improvements in
engincering provide the basis for economical, long-
distance transport. 2 In this case, technological innovations
increasc the dependence of the extractive industries on
particular mineral deposits.

The dependence on particular mineral deposits is 2
similar phcnomenon in the processing industry tor
primary rcsources. Engincering improvements in the
generation of electric power have made possible the
crection of large power stations with 300—800 MW
units and the long-distance transmission of 400 —300 kv
AC and 800—1,200 kV DC. The resulting lower costs
of generation and transmission of electric power bind

2 The distances will be determined bv the savings Jdemved
from the exploitation of the older deposits.
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the location of the power stations to particular coal
deposits that have large, uscful reserves and the possi-
bilities for low-cost mining.

The location of other processing industrics is not as
closcly related to local natural resources as the location
of the extractive industrics. Their locations are more
dependent upon cconomic factors such as the avail-
ability of labour and the demand for the industry’s

* product.

Comprchensive mechanization and automation of
production processes reducc th: necessary labour per
unit of output. Thercforc plants may be situated in
regions with small labour resources cven though the
total labour costs per unit of output arc not nccessarily
lowered, The unit net cost will be lower since the pro-
portion of wages in the production costs will decrease.
The cfficiency of new techniques and of opcning plants
at ncw sites cannot be measured only by the reduction
in net cost. It is equally important to take into account
the costly capital investments for mechanization and
automation. These investments should be repaid in eco-
nomically acceptable terms by the savings in the opera-
tion costs of production. Until the investments arc
amortized, they are a burden on the national economy
and therefore should be carefully considered prior to
locating industries in regions with small labour resources.

Mass production, as the result of technological im-
provements, increases the dependence of plant location
on the fuel and raw material resources that are necessary
for the operation of large plants with high fuel and raw
material consumption rates in some branches of the
processing industry. In other branches it increases the
dependence of plant location on the availability of large
labour resources and of transport facilities for products
that present special problems. The optimum concentra-
tion, from the technical point of view, always reduces
the labour costs per unit of output, partly as the result
of savings due to mass production and partly as the
result of other favourable factors such as raw materials,
fuel or labour. However, it is possible that labour costs
are not reduced through mass production since the
favourable factors are prcsent in varying degrecs at
different locations in the country. The best location is
indicated by a comparison of the economy in costs
from the technical and economic advantages of large-
scale production with the additional costs of production
that result from unfavourable factors.

THE EXTRACTIVE INDUSTRIES

The cxtractive industries have benefited from innova-
tions in geological prospecting and surveying. The
number of regions with surveyed deposits of commercial
value has increased. There are coal reserves in 12 of the
19 large economic regions of the USSR ; 7 of the regions

have rich coke deposits. Petroleum reserves have been
surveyed in 11 regions; they are cxploited in 9 regions.
Natural zas deposits have been surveyed in 11 regions;
they arc exhibited in 9 regions. Natural gas deposics
have been surveyed in 10 regions and ferrous ore deposits
in 12 regions. The surveyed reserves of non-terrous and
rare-carth metals in various regions of the country ave
increased as well as those of non-metallic, mineral re-
sources.

Thus there are additional potential locatiors for the
extractive industrics. In planning the location of indus-
trics at thcse new deposits, the costs for geological
prospecting that fluctuate from region to region must
be considered. From 1959 to 1965, the costs of geological
prospecting and surveying for petroleum and natural gas
was 6.0 billion roubles, which was 45 per cent of the
total investments for the cxploitation of these resources.
In somc regions, the cost per ton of prospecting for
petroleum is 10 to 50 times larger than the average
national cost. Technological innovations cannot over-
coinc the regional diversities in prospecting costs per
unit of output.

Specialized machinery and mining techniques have
been developed for specific mining and geological
conditions. An cxample is equipment for underground
mining of coal from scams of varying thickness. The
mining technology for coal, and ferrous and non-ferrous
ores has been enhanced by the widespread adoption of
open-cut and hydraulic underground mining.

The usc of turbodrills and eclectric drills with super-
hard alloy bits enables opcrational drilling of decp wells
in any kind of rock and cxtraction of petroleum from
Devonian dcposits. High-pressure and hydraulic drilling
increase the petroleum yield. Small rescrves of petrolcum
and low-pressure rescrves may likewise be exploited by
using these techniques.

Although these innovations permit some freedom in
the choice of industrial locations, economical mining
is dependent not only upon the level of technology but
upon the following regional factors as well: the size
of the reserves, the quality of the ore, and the mining
and geological conditions. In some instances technological
improvements cqualizec mining prospects in diffcrent
rcgions, while in others they increase the differences
between regions. The regional factors cannot be affected
by the equalizing tendency of improved technology.

The tendency to equalize the basis for coal mining
in different rcgions was manifest during the initial
mechanization of *he industry prior to the Second World
War, in which hand tools (picks and hacks) were re-
placed by simple power tools (air hammers and coal
cutters). The adoption of simple machines and new
mining techniques was necessary for rentable coal
mining.

However the decisive conditicns for rentable mining
were dictated by the regional factors that prevented
the most cconomic usc of the machines and new tech-
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niques at some mines. Consider labour productivity as
onc cxample. If the level of labour productivity in the
Doncts coal basin is assigned the index 1, the 1940 data
from cight coal-mining regions showed variations of
labour productivity from 1.3 (Far Eastern region) to
2.6 (Eastern Siberian rcgion). The 1965 data for thesc
respective regions range from 2.0 to 5.0.

Regional differences in the rentability of operations
are cxhibited by the petroleum industry to a larger
degrec than by the coal-mining industry. The industrial
locations arc likewise influenced by new techniques as
well as by the regional factors.

However, the use of chemicals as basic matcrials in
industry has been onc of the most important technological
innovations. It provides large potential for cxtending the
base of industrial raw materials by substitution of man-
made materials for natural raw materials and thereby
reducing the total requircments of the national economy
for nawral raw matcrials. In addition, the dependence
of industrial location upon particular deposits of natural
resources is lessencd; it is possible to locate mines in the
richest and most accessible ore deposits in many regions.
Furthermore, the locations of the processing industries
are not as dependent upon the locations of the extractive
industries as previously.

The location of the petrochemical industry is not as
flexible as the location of the iron and steel industry
The best location for the laster is indicated by a compari-
son of the location of orc deposits and the locations of
fuel rescrves to determine the optimal location for metal
production at the lowest cost. However, the petro-
chemical industry is based on hydrocarbons as both raw
material and fuel. Thereforc it is usually located close to
natural gas reserves.

Thus industrial location has been affected by structural
changes that resulted from the devclopment of the
petrochemical industry and the substitution of synthetic
matcrials for traditional metals and raw materials. An-
other important aspect of the influence of these structural
changes on industrial location has been apparent in the
fuel industry in which the per cent of petroleum and
national gas in the total fuel production has increased.

Thesc structural changes in the national fuel produc-
tion represent onc of thc most significant results of
technological innovations. The use of modern equipment
and techniques in geological prospecting has increased
the surveyed reserves of petroleum and natural gas in
all economic regions as well as their potential for indus-
trial extraction. Furthermore, improvements in cquip-
ment and techniques for extraction provided access to
petroleum and natural gas reserves that are found very
deep in the carth or in unfavourable regions. Another
favourable result was the development of pipelines for
low-cost transportation of petroleum and natural gas
to regions without thesc resources where they replaced
the solid fuel (mainly coal) that had been locally mincd

or purchased from other regions.

The structural changes in fucl production ferthermore
entailed changes in the location of the fuel industriss.
Previously coal had been the principal fuel. Coal was
mined in all regions possessing coal reserves, regardless
of the rentability of the mines and the quality of the
coal. Since high-quality and economical petroleum
resources were scattercd throughout the country and
their interregional transport was restricted by the limited
capacitics of the railways, the use of locally mined,
uneconomical coal reserves in many regions was more
efficient than transporting low~cost coal from other
regions. Coal is still mined in almost all the large eco-
nomic regions in many coakfields, although some of
the fields are small with insignificant production.

Modem railway cquipment, expansion of the hauling
capacity of many railway trunk lines and lower trans-
port costs affected the location of coal mines. The use
of high-quality coal transported from other regions
proved to be considerably more effective in many
regions than local mining of small deposits. This is
evident in the Central, Middle Asian and Caucasus
cconomic regions. However, substitution of petroleum
and natural gas for coal has been decisive in this respect.
From 1955—1965, the per cent of coal ir: the total fuel
production dropped from 64.8 per cent 10 42.9 per cent.
Although there was a 47 per cent increase in the total
coal production during this period, mining ceased in
those arcas where the locally mined coal could not
compete with petroleum, natural gas and high-quality
coal transported from other regions.

The trend to close unrentable coal mines will continue
with the development of additional petroleum and
natural gas reserves. The process is not clearly evident
in the eastern regions because (a) no large petroleum and
natural gas reserves arc exploited in the Far Eastern and
Western Siberian regions; (b) very low—cost coal reserves
arc available in Eastern Siberia; (¢) the development of
natural gas production in the Middle Asian region is slow.
Thus, the location of the coal mining industry has
changed in a selective rather than uniform manner.

The substantial structural alterations in the total fuel
production affected not only the location of the coal
mining industry but the location of the petroleum and
natural gas industries as well. In contrast to coal mining,
petroleum and natural gas industries are developing in
all regions with surveyed reserves, although the trans-
port of petroleum through pipelines creates a basis for
locating a petroleum refinery in each large economic
region to satisfy the regional demand regardless of the
local availability of petrolcum reserves.

Thus, the change in the location of petroleum refine-
rics tends to be uniform. Previowsly liquid fucl was
insignificant in the total fuel consumption, especially
in the fucl consumption of large, stationary power
plants. Consequently, the location of petroleum refine-
ries throughout the country was economically less
cffective because of the comparatively small consump-
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tion of light oil products in many regions and the large
expenditures for pipelines could not be amortized by
the savings m production in a single eegion. Therctore
petroleum  refineries were consteucted nuinly in - the
regions where it was extracted. and the petroleum pro-
ducts were transported to other regions. The considerable
grOWth in consumption ot petrolewin products, cspcci.‘llv
by stationary power plants, will pmvndc the savings to
amortize the investments for construction of plpglmn
and petrolcum refineries in most of the large cconon ic
regions within a short period of time. .

The change in the total fuel production turtherriore
influences the location of fucl-consuming industrics and
the general industrial development. Some  cconomic
regions in the USSR lack cnergy resources which can
provide a basis tor modern industrial development: other
regions have small, uncconomical, solid-fucl reserves.
They are Central Chernozem, Southern, Central, Volga-
Vvatka and Eastern regions as well as a considerable
part of the Northwestern region. Their  economic
development was based mainly on transported fuel,
chicfly Doncts and Perchersk coal: lignite from the

Moscow region played a role in the development of

the Central region. However, these coal resources proved
to be expensive because of the long-distance transport
(Donets coal) or its uncconomical mining (Moscow
coal). Thus the absence of adequate tuel supplics hindered
the development of these regions and the use of their
natural resources.

The best cconomic solution of this tuel problem is
provided by the national tucl production. Although
the cconomic development of these eegions will inevit-
ably continue to be based mainlv on fuel transported
trom other regions, petroleum and natueal gas will
provide opportunitics to use the natural eesources and
to achieve the planned production in many European
regions of the USSR

However, the cnergy factor cannot be omitted in
planming the industrial development ot certain regions.
Since the price ot transported tuel must include the
teamsport costs, the location of industries with large
power requirements 1s deteemed by other tactors such
as the degree o winch local raw materals that are

ditheult o transport are processed, the availabiliey ot

hydrocarbon tesoarces o a result ot the construction
ot natural gas pipchues and petroleam rehineries, or a

suthoent vohane ot local demand tor the products of
e mdustry o jastity tlie ccononue construction of

svemui-size planes. 1t woakd be unreasonable to marker
e oroducts ot these mdustries moother ragions: because
tire st poce woald have o mdude e ¢ transpore costs
o toe cuc s wal s e tramport costs ot the product.
Hener, rhe cumzes i the struceure ot tuel production
Crengtiten e rewondl specabization ot arcas waeh nich
uet et s espectadls vetroleum and natural zas) and
ot e _eonontie deveiopment of other areas thae are

IS TR EEIIVE TN

THUE PROCESSING INDUSTRY

The eftece of technological improvements on the
location of different branches ot the processing widustry
is dependent on the unique teehnical and cconomic
conditions ot a branch and on local tactors. The cHeon
may be parallel, but otten they intersectand are polarized.
The clectronic computer is able to take these multiple
clects into account.

There are two major branches ot the procesing
mdustey. One branch is concerned with the primary
processing ot raw materials from the extracave indus-
trics: the other branch includes secondary processes tor
manufactured goods.

Industrics in the tiest branch msually are located in
regions with raw-material resources and eentable extrac-
tive industrics. The location ot the second branch of
processing industries is dependent upon the availabiluy
of stock, labour and markets.

The infuence of these factors 18 not umtorm n all
industrics of the group. Some industrics are ateracted
by sources ot stock, tor example, the heavy-machine
industry. However, the locaton of the majoney
industries in the branch is more mAucenced by markets
and labour reserves. Somie tood, machine, woodworking
and light industrics tavour arcas with consumer markets
tor their products. Some metalworking and machme
industrics are attracted by arcas with labour resources.
Technological improvements affect all these factors and
weaken their special importance for industrial location,

The improved, low-cost transport facilities provide
basis for alternate locations of those processing mdustrics
that othcrwise favour locations near sources ot stock.?
The savings in transport costs cnable the processing
industries that consume large quantities of stock to shite
their locations to arcas with consumer markets or labour
reserves. [n this case, added impetus 15 given by pro-
duction ot product groups that are in demand or by
tull use of the avalable labour reserves. Furthermore,
the location ot these frocessing industrics is influenced
by the substitution ot svnthetic stock and materials tor
natural raw materials.

The importance ot the stock tactor 15 reduced by
technological improvements in production and process
technology since the stock costs per unit ot output are
lowered with resultin x lower rates of matenial consump-
tion. However. the lower stock costs mayv be canceiled
as 2 result ot technological improvements n stock-
producing industries. The stock production coses deeer-
mine the rentabibiey ot 1ts long-distance transpore.

The ceonomue effect of alternative focanons tor tiese
mdusenies: wall depend on the exeene the savings in
stock transpore costs balance the transport costs ot the
tshed products to the comsumer areas. The mdustoes

© Excepaons are mdustries that proces tresportabic stodk
ud produce goods which lose ther value during fengrhs erame
rore
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which had previonsly been oriented towards locations
m the consuier area will expand production and could
bl the consumer demand of several regions. However,
l.ll‘u(‘—M'.‘lIt‘ production could further  the  cconomie
development of the castern regions of the USSR with
2 suthaent raw-material hase.

The locations of processig industries requiring large
Labonr reserves are inthienced by techmical and ¢cconomic
changesin the production process that deercase the labour

consumiption. The index of labour ¢osts per unit of

prnu‘\wd \(nd\ or per umit of’ uu(put 1 l.lrgc a8 wc” aN
those of the wotal manpower cmployed i a particular
plaine and at an optimum-size plint. Theretore, the
development level of these industries should be in the
waostern region of the comntry and not in regions with
small labour reserves such as Siberia and the Far East.

The clectrification of techniques in the processing
mdustries that are located in regions with large labour
reserves increases the productivity of labour and, thus,
decrcases the laibour costs per unit of output. Examples
are the clectrification of the forges, foundrics and heat-
treatment shops in machise factories and the clectri-
tication ot drying and cvaporation processes in food and
hight industrics. Additional prospects tor the reduction
of labour consumption are offered by the change fram
mechanical procewing of materialy (especially  metal
cutting - machine building) to clectrical processing.
Complete mechanization and  automation are decisive
in this regard.

TR b L ST O AT
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However, negatve tendencies must be tken into
account. Althougl the rate of labour consumption is
decreased, the labour requirements of the industrics
remain large; it is casier and less costly to satisfy them
in the western regions than in Siberia and the Far East.
In the European part of the USSR, the wider application
of clectrotechnology will be restricted by the higher
costs of clectricity; on the other hand, the development
of this important imovation in the processing industry
will be stimulated in the Siberian and Far Eastern regions
by the availability of very low-cost clectricity that
partially compensates tor the larger labour costs. In
addition, 1cchnological improvements in transport and
reduction of costs mercase the cfficiency of shipping
manufactured praducts from processing indastries (mainly
machinery and a numbcr of light-industry products) to
Siberia from western regions, especially the Urals region.
Therefore, labour-consuming industries should not be
located in regions with limited labour resources. The
development of these industrics in such regions should
be restricted mainly to the regional requirements for
their products.

Thus, the significance of local factors in determining
mndustrial location is changed by technological improve-
ments. In planning industrial location, the factors must
be considered in the context of the changing conditions
fostered by technological innovations.



2. NATURAL RESOURCES AND REGIONAL DEVELOPMENT PLANNING

by A. A. Mints4

Considerable attention has been devoted to regional
aspects of economic planning. The presence of natural
resources is forcmost among the cssential factors in
regional devclopment.

The quantitative and qualitative cffects of natural
resources on regional specialization are illustrated by
sharp geographical differences. The complexity of the
regional cconomy and its intrinsic integrity arc always
influenced by the local natural resources.

The rescarch of Sovict economic geography has
contributcd to the regional organization of the national
cconomy. In addition, modem geography provides
evaluation and rescarch of methods for exploitation of
natural resources. These studics are supplemented by
cconomic studics of the significance of natural resources
for industrial location. Although the importance of
natural resources has been indicated tor the location of
certain scctors of the cconomy, a detailed consideration
of the natural-resource factor contributes to a better
understanding of the relationship.

A central idea in Sovict cconomic theory and planning
trcats the national cconomy as a system of intereclated,
industrial complexes in different regions. In planning
their development, all local conditions in cach region
arc carcfully considered. The development and use of
natural resources found in a single region or in several
regions is onc of the most important processes in the
regional structure of the national cconomy; the Geo-
graphical Institute, Academy of Sciences, has estimated
the scale and dynamics of the procuss.

However, e the hiterature of cconomic geography,
the role of natural factors (especially local resources) in
determining industrial location tends to be overestimated.
The mere presence of natural resources i a given region
has often been considered as a crucial arcument favour-
ing the establishment of extracuve and processing in-
dustrics.

These erroncous concusions result from neglect of
their economic cfficiency. Frequenty consideration i

" ¢ Head of the Department, Institute of Geography, Academy
of Sciences of the USSR
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not given to the problem that while the development
of the cxtractive and processing industrics requires large
capital investments, two conditions that arc prevalent
in many regions are not alleviated by this development;
namcly, underemployment of the labour reserves and
the over-all, low cconomic development of the region.
Furthcrmore, the costs for a single plant and the costs
per unit of output are higher for these industrics than
tor other sectors of the cconomy.

Industrial development  planning  nust  take into
account structural changes in the national cconomy;
there is a decrease in the per cent of primary processing
in the total volume of production as a result of the
incrcased complexity in processing raw materials and
manufacturing finished goods. Furthermore, the type of
natural resource exploited in a region affects the regional
development. The physical arca of a region is a universal
type of resource. The cxtraction of ore provides a basis
for single, specialized plants that are weakly related to
other sectors of the regional cconoray in contrast to
the exploitation of agricultural, timber, fucl and power
resources that strongly affects the structure of the
regional cconomy.

Kolossovsky has developed a scheme of cenergy and
production cycles on the basis of groups of production
processes that correspond to specific natural and cco-
nomic conditions in a region. An claboration of the
scheme would indicate the relative importance of the
natural-resources  factor in the development of an
industry as well as the technical and cconomic relation-
ships between production and the raw matcrial basis.

Industrics that process natural resources can be located
in regions where they are not extracted as the result of
increased transport facilitics that permit the sclection of
the optimum location by carcfully weighing the cffects
of socio-cconomiic factors, such as labour resources,
markets and infrastructure. However, the  industrial
branches that initially exploit natural resources  are
closcly linked to the regions where they occur. Examples
arc the extractive industry, hydroclectric power stations,
timber cutting and agriculture. Although these industries
do not always provide a local basis for sccondary pro-
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cessing industrics, the regional development can be
cnhanced by the cconomic relations between industrics
located within its arca, even in the absence of direct
technological connexions.

Mcthodological difficultics have prevented the de-
hition of the quantitative indices of the relations be-
tween industries. The indices of industry and agri-
culture cannot be compared because there is a large
differential in the productivity of Tabour in these branches.
There are considerable regional differences in the level
of agricultural development and in its significance in
the national cconomy.

Thercfore, quantitative indices are restricted to indus-
try. The Geographical Institute, Academy of Sciences
has cstimated that the extractive industries cmploy
approximately 15 per cent of the total industrial labour
force. However, regional differences in the magnitude
of the index reflect the degree to which the regional
ccononiics are affected by natural resources.

The location of extractive industrics is more closcly
connccted to the national economy than to the regional
location of important natural resources. The castern
region of the USSR is an example of this tendency:
although the region has rich rescrves of fucl, timber,
water and other mineral wealth, only about 30 per cent
of the total labour force in the extractive industrics is
employed there.

The role of natural resources in the development of
regional specialization i< defined by the nature, quality
and quantity of the ruscrves, the level of cconomic
development and the position of the regional cconomy
in the national cconomy. Therc are two alternative
consequences of natural resources tor egional specializa-
uon; cither it takes places on the basis of local natural
resources, or in its abscnce, the output of its primary
processing industries is shipped to other regions for
further processing.

The latter conditions are cvident in recently developed
regions in which the primary processing industries play
a pioncering role as in the newly cxploited timberlands
of the North Europcan and Siberian regions. Inter-
regional transport of raw matcrials from industrially
devcloped regions takes place within the context of the
national cconomy; iron orc is shipped from the Dnicper
region and Chernozem Centre where the iron and steel
industry is well developed and natural gas is supplied from
the North Caucasus, Ukraiac and Middle Asian regions
where there is large-scale industrial consumption of
natural gas.

The exploitation of natural resources provides impetus
for regional specialization when the output is necessary
for the national balance of supply and demand. This
condition is the basis for cxtraction of some non-ferrous
and rare-carth orcs in the Siberian, Far Eastern, Kazakh-
stan and Middlc Asian rcgions, iron orc in the Kursk
Magnctic Anomaly region and petrolcum in Western
Siberia and Mangyshlak, as well as the development of

largescale grain production in the virgin lands of
Kazakhstan and West Siberia,

Otherwisc, the regional development can be furthered
by the substitution of high-cflicicncy petrolcum and
natural gas fucl for less-cfficient solid fucls. This con-
dition led to the development of natural gas rescrves in
the North Caucasus, Ukraine, Middle Asian and West
Siberian regions; the fucl is transported to regions in the
Centre, Urals, Northwest and Baltic Republics that lack
this resource. In a number of cascs, however, higher
production costs or transport costs of the product to the
arcas of consumption prevent marketing at competitive
prices. Thus there is no regional spccialization based on
these resources.S

The manufacture of semi-finished and finished goods
bascd on the local resources is decisive in the specialization
of the Urals, Donctz-Dnicper, Volga, Western Siberian,
North Caucasus and Transcaucasus regions. This develop-
ment is sometimes a necessary prerequisite for large-scale
cxploitation of the natural resources when long-distance
transport is uneconomical. Eastern Siberia is exemplary;
rescrves of coal, water, ore and timber are cxploited
there for the development of metallurgical, chemical and
other industrics that consume large quantities of power.

Although the primary processing industries employ
about 23 per cent of the total number of industrial
workers in the USSR, other indices are important in
rclation to the processing industry and local natural
resources. In addition to the transport factor that has
been previously mentioned, costly capital investments
arc necessary. Consider the Bratsk power stations. The
necessary investment per 1,000 kWh is estimated to be
28 roubles. However, the estimate for development of
industrial plants to use their power output varies from
30 to 70 roubles for industrics that consume large quan-
tities of power to 400 to 700 roubles for other industries
that consume small quantities of electric power.

Recgional specialization must be appraised in the con-
text of the national economy. The ability of a region to
satisfy its intcrnal demand on the basis of its own resources
descrves close attention 6

The classification of natural resources into categories
that determine regional specialization and thosc that are
used to satisfy the intraregional demand is relative, for
the demarcation between them is not clear cut. A resource
may be used in both kinds of development in a single
region. Furthcrmorc, as the general economic develop-
ment procceds, the relation between the groups changes
as the intrarcgional consumption increases. In addition,
a particular resource may play a dual role; the resource

$ Exploitation of thesc resources to supply the intraregional
demand is expedient only when the total costs of production and
transport arc lower than the price of a given product shipped
from another region.,

¢ Although tﬁcrc are methodological difficulties in the deter-
mination of the specitic industrics that are most suited to fill the
intraregional demand, guidelincs can be obtained from inter-
branch, regional balauces.

B e
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can be of sccondary significance in the regional cconomy
although it results in specialization for a subregion.

An indirect cffect of natural resources is the establish-
ment of auxiliary industrics. Large-scale coal mining in
the Doncts, Kuznetsk and Moscow ficlds was accom-
panied by the Jevclopment of processing centres and
auxiliary industries; they in turn furthered the develop-
ment of urban arcas and tran port nctworks. However,
the latter developments have r.ot been necessary for the
cxploitation of resources in southcast Tatar ASSR or in
the naturclgas regions of Stavropol Province and
Ukraine.

On the other hand, the mining of non-ferrous and
rarc-carth ores usually is associated with a single, medium-
sized plant. When rich ore deposits arc located near
sources of auxiliary raw matcrials and the local processing
of the metal proves to be cconomically efficient, large-
scale industry devclops as has occurred in Norilsk, Koun-
rad, Monchegorsk, Leninogorsk and Ust-Kamenogorsk.

Hydroclectric resources occupy an intermediate place
for, although their establishment does not require urban
centres, large power stations have become centres for
industrial development as in Zaporozhye, Togliatti and
Brassk. The exploitation of forest and farm lands de-
mands the convenient location of labour and transport

facilitics, although the development of these resources
does not stimulate the concentration of cither industrial
or population centres. Recent examples are the northern
and castern lumber regions and the agricultural areas in
the Northern Kazakhstan, Southwestern Siberian and
Southcastern European regions of the USSR.

The development of new reserves is strongly affected
by these structural considerations in the fronticr arcas of
the Northern Europcan, Siberian, Far Eastern, Kazakh-
stan and Middle Asian regions, where the cconomic
development is based on the regional fucl, power and
land 1csources. On the other hand, the regional in-
significance of the structural changes resulting from the
cxploitation of new rescrves has been obscrved in the
older, well-developed regions of the Moscow coal-ficlds,
the Estonian shalc basin, the Kursk Magnetic Anomaly
in Central Chernozem and the petroleum ficlds in the
Volga region.

The preceding discussion contributes to the assessment
of the rolc of natural resources as a factor in industrial
location and planning. The co-ordinated research of
several branches of science will contribute to the further
knowledge of theoretical and practical approaches to
industrial planning.
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3. MODERN URBANIZATION AND ITS INFLUENCE ON INDUSTRIAL LOCATION

by L. N. Karpor7 and V. M. Gokhman®

The twenticth century is the century of urbanization; the
process can be observed almost everywhere in the world.
Population growth is twice as rapid in urban arcas as
in rural arcas, and the per cent of urban dwelless is
rapidly increasing. In 1900, 13 per cent of the carth’s
inhabitants was estimated to live in urban centres with
populations exceeding 5,000. In 1950 and 1965, the per
cent of urban dwellers was estimated to be 28 per cent
andgreater than 33 per cent, respectively. By the year 2000
more than one half of the total population of the world
(i.c. more than 3 billion people) will be concentrated in
urban centres. This urbanized population will be larger
than the total world population in 1960,

The rapid growth of population, ospecially in the
developing countries, poses a number of acute problems.
Onc of them concerns the necessity of providing the
growing population with matcrial wealth and first of all
with food. Another problem, which also attracts con-
siderable attention, is connected with the geographical
location and distribution of population.

Urbanization is the most important aspect of the latter
problem. Urbanization is espccially significant because
industrial development and the industrialization and
intensification of agriculture, which arc vital for the
increase of food production, are closcly connccted with it.

The scale and the character of urbanization are deter-
mined by many socio-cconomic, natural and historical
factors. In turmn, the growth of urban population and
urban centres greatly influences the national and inter-
national division of labour and the formation of different
types of economic regions

Two aspects of urbanization are defined to avoid con-
fusion. The first aspect is the process of increased urban
influence on the life of a county or an economic region.
The process of urbanization is generally reflected in the
rates of growth of the urban population. The sccond
aspect refers to the development of urban life, which
can be expressed by the per cent of urban dwellers and

7 Head of the Department, Institute of World Economics and
International Relations, Academy of Sciences of the USSR,

$ Head of the Department, Institute of Geography, Academy
of Sciences of the USSR,

the degree of development of urban systems. This
situation, which is attained through urbanization, is
termed the level of urbanization.

Urbanization and the level of urbanization may be
(and very often arc) significantly different. A low level
of urbanization often opens rather broad possibilities for
high rates of urbanization as seen in most developing
countries.? At the same time, the approximation to the
maximum level of urbanization is inevitably connected
with a sharp decreasc in the rates of general urbanization,
or its almost stagnation, as in several highly industrialized
countries. But even the complete stabilization of the per
cent of the urban population is connected with a per-
manent absolutc increase in the number of urban dwellers.

When the level of urbanization is very high, almost
all the population increase is concentrated in urban
centres, as has taken placc in the United Kingdom, the
United States and other industrialized countries, where
the urban population centres are inhabited by 70 to
80 per cent of the national population. Moreover, the
qualitative aspects of urbanization continue to develop
when the percent of urban population can no longer
increase. Some of the qualitative aspects of urbanization
arc the growth of the economic influence of urban
centrcs, the increase of their size and its effect on life in
rural areas.

One of the most typical featurcs of modem urbaniza-
tion in industrialized countries is the formation of urban
agglomerations in connexion with the thriving of sub-
urban arcas and the population decreasc of the central
city. Similar processes occur to an ever increasing degree
in developing countries. Thercfore, for correct deter-
mination of the number (and per cent) of the urban
population and the size of urban centres, the designation
of urban boundaries is of primary importance. In a market

* In many countries of Asia, Africa and Latin America, there
was a hypertrophied conceneration of ion and economic
activity in one or several main centres. population of the
main centre was sometimes larger than the combined ion
ofalltheothcrcmtrc:.lnmdunurbanizedcomtryu
thecriaeriumofpercmtofurbanpopuhﬁmindicatﬂdxecapiul
Montevideo accounts for three-quarters of the total industrial
production.
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economy, there are many difficulties in extending the
arca of an urban centre, especially when indcpendent
scttlements arc to be absorbed in the larger unit. Often
the formal incorporation never takes place and there is
a disparity between the administrative boundarics and the
actual, practical boundarics. The disparity can be large
and has a tendency to increase. Therefore the actual and
not administrative boundaries arc used in several coun-
tries in compiling statistical data. In the United Statcs,
three types of data are published for citics with a popu-
lation exceeding 50,000 inhabitants. They represent the
following city boundaries:

(a) The administrative boundary;

(b) The urban boundary, which includes the surround-
ing, developed arca;

(¢) The standard metropolitan statistical arca (SMSA)
boundary, which includes the city and the sub-
urban zone of countries closely related to the
central city of the SMSA.

The importance of this distinction is illustrated by data
from the United States Census Burcau. In 1960, the
combined population of 212 SMSA was 113 million, or
63 pr cent of the total United States population; the
combined population of the central cities of these SMSA
was only 58 million or 32 per cent.10

In addition, the distinction is important to determine
correctly the population of very large citics. For
cxample, in 1960 New York had a population of 7.8
million in the administrative boundaries and of almost
15 million in the real boundaries. The respective figurcs
for Los Angcles were 2.5 million and 6.7 million; for
Chicago, 3.5 million and 6.8 million; and for "./ashing-
ton, D.C,, 0.7 million and 1.8 million. The disparity may
be secn in other countrics; the corresponding figures for
London were 3.2 million and almost 10 million in 1961 ;
for Paris, 2.8 million and 7.4 million in 1962; for Buenos
Aires, 3 million and 6.8 million; for Mexico City, 2.8
million and almost 5 million; for Ankara, 0.5 million and
1.3 million. Thus, when comparing the per cent of
urban population in different countries and grouping
them according to size, it is important to obtain data
concerning not only the population within the adminis-
trative boundarics, but also the population within the real
boundaries, including the suburbs.

The increasing population concentration in urban
centres is a result of several socio-cconomic factors. For
different levels of development and for urban centres
with different functions, there are various dominant
combinations of factors. In industrialized countries, the
growth of industrial production was a leading factor in
urbanization at one stage of their development. It remains

10 During 1950—1960, the population of all SMSA grew by
26.4 per cent (i.c. it was growing more rapidly than the coyntry’s
total population, which showed an increase of 18.8 per cent). At
the same time the population of the central cities of the SMSA
grew by 10.7 per cent, while the suburban zone increased 48.6
cent. Redistrimion of population in urban agglomerations takes
place in other countries on differcnt levels of evelopment,

a very important factor for many developing countries, 1
although in several industrialized countries it is now only
of secondary importance. The increased urban growth of
industrialized countries is connccted with the develop-
ment of scrvice industrics for commerce, transport and
maintenance, as well as institutes for rescarch, education
and administration. The rate of increase of industrial
employees is slower than the growth rate of the total
population and considcrably less than the rate of urban
growth.

The technical revolution fostered a greaty increased
industrial output, the cxpansion of scientific rescarch and
the need for highly skilled labour. Thus the importance
of industry as a factor in urban devclopment in indus-
trialized countries was diminished. For example, from
1950—1965, the number of industrial workers in the
United States was rather stable, although the per cent
of industrial workers in the total active population is
continuously decreasing,

The migration from rural to urban arcas resulting
from the lack of job opportunitics and low income levels
may be an important factor of urban growth, especially
in developing countries. Urban population growth
through natural increasc, rural migration and to some
extent the incorporation of large rural settlements as
towns affect all the urban systems of a country or a region.

Complex urban systems with centres of various sizes
and functions have evolved in industrialized countrics and
regions. Improvements of these systems arc integrated
with the changes in the structure of the regional economy.
Insomedeveloping countries, urban systems evolve around
the largest centres in a few important regions where
population and cconomic activity arc concentrated.

Various factors are present in the development of
urban centres of different sizes and functions. Although
the individual features of an urban centre arc important,
there arc threc groups of urban centres:

(a) Large cities with a population of 100,000 or greater

and urban agglomcrations;

(b) Existing medium or small towns;

() Administratively independent towns;
(11) Suburbs of a large city that arc integrated in
its agglomcration;

(¢) New urban centres.

One type of new urban centre built in previously in-
habited arcas is a result of the decentralization of produc-
tion and the dispersion of population. Another type of
new urban scttlement is created in a thinly populated
arca in conncxion with the development of mineral,
hydroelectric, timber or land resources. The first type of
new urban centres may be either a suburb and satcllite
town, or an independent settlement beyond the limits of
urban agglomerations.

11 In the majority of developing countries, the rates of growth
of urban population are much higher than the rates of industrial
production.



MODERN URBANIZATION AND ITS INFLUENCE ON INDUSTRIAL LOCATION

11

The former centre is in an urban agglomeration or in
close proximity to it. It permits a certain decentralization
of production and population in the urban agglomeration
and reflect the expansiza of the larger unit. Thus this
type of urban centre contributes to the increasing con-
“entration of production in the urban agglomeration as
a whole.

The independent new urban settlement often provides
industrial locations for plants transferred from the older
centres or for newly established plants and subsidiaries.
Although it creates a certain regional spreading of
production, the per cent of the regional production in the
total national production does not necessarily increase.

The large citics in industrialized countries absorb most

of the increased urban population. In the United States
during 19501960, the population of 212 SMSA grew
by 23.5 million, while the population increase of all other
urban centres was less than 5 million. Morcover, the
population of the 24 largest agglomerations that each
had more than 1 million inhabitants in 1960 grew by
12 million. Thus these urban agglomerations absorbed
more than 40 per cent of the total population increase.

As a result of similar processcs in many other countries,
the per cent of the world’s population concentrated in
large cities is growing rapidly. In 1900 it was 5.5 per
cent; it increased in 1950 to 12.5 per cent, in 1960 to
almost 20 per cent and is expected in the near future to
exceed 25 per cent. The number of cities with a minimum
population of 1 million inhabitants has increased from
approximately 20 in 1900 to 130 in 1960. In 1963, more
than 2,000 citics had populations grester than 100,000
inhabitants; morc than 100 of these citis were in Latin
America and more than 70 in Africa. The growth of
large cities in developing countrics increased after achieve-
ment of political independence. The rapid growth of the
capital city is exemplified by Algiers, Cairo, Casablanca,
Djakarta, Kinshasa, Lagos and Rangoon.

The majority of manufacturing plants are located in
large cities in industrialized countries. However, the
docrease in the per cent of the total labour force employed
in manufacturing plants indicates the gradual lessening
of the industrial factor in urbanization. Furthermore, the
scientific, cducational and cultural functions of large
urban agglomerations acquire greater importance. In
capital citics, the trend is towards the increased impor-
tance of administrative functions, which leads to the
expansion of government employment.

The physical area of large agglomerations is growing
even faster than their populations, as a direct consequence
of the process of suburbanization. The sprcading urban
agglomerations in countries possessing a dense urban
network begin to adjoin one another, accicte and form
immense urban areas extending over many hundreds of
kilometers, namely, a megalopolis. The greatest megalo-
polis extends approximately 1,000 km along the Atlantic
Coast of the United States, from the northern suburbs of
Boston to the southern suburbs of Washington, D.C. Its

physical area of 140,000 km2 and population of 40 mil-
lion continue to grow. Similar, smallcr megalopolis
formations are developing in thc United States (in the
Great-Lakes region and in California) in several Western
European countries (Rhine-Ruhr region, the Midlands
area of the United Kingdom, Paris and Randstadt, the
Netherlands) and in Argentina (Buenos Aires and Rosario).

The typical features of a megalopolis are its linear,
tree-like form and polycentral structure, which distinguish
it from conventional urban agglomerations. This form
and structure permit the extension of urbanized areas,
“Within a megalopolis there arc urban and rural areas as
well as forested arcas. It thus includes both congested and
relatively thinly populated arcas. However, the latter are
functionally linked to urban centres and fulfil various
functions, especially those for short-term recreation
facilities.

In contrast to large citics, the independent, medium-
sized and small towns of industrialized countries grow
slowly or even stagnate, although as a result of difficultics
in defining them, statistics may indicate an increase in
the total number of towns. In the United States the
number of towns with populations between 2,500 and
49,900 grew during the period 1950—1960 from 3,300
t0 3,600. However, their total population increased only
by 6.5 per cent; their per cemt of the national urban
population was reduced from 28.5 per cent to 23.5 per
cent.

Onc group of these towns is within the sphere of
influence of large cities; gradually the towns bocome
part of the suburbs of large citics with favourable per-
spectives for growth. The population of 1,200 small
towns in suburban zones of large, United States cities
increased by 90 per cent during the period 1950— 1960,

A small group of towns possesses the conditions for
growth (the development of industry, institutions of
higher education, recreation areas ctc.). When the
population reaches 50,000 inhabitants, the town is classi-
fied as a metropolitan centre. During the period 1950—
1960, the number of SMSA in the United States was
increased by 43; and during the period 1960—1966, the
increase was 12,

Under conditions of cconomic stagnation, most
medium-sized and small towns do not grow, and some
even lose population when unemployed workers migrate
clsewhere. In many countries, the problems of medium-
sized and especially small towns have become critical,

The accclerated industrialization and the growth of
existing urban agglomerations result in the modern
process of urbanization in which a network of new towns
is crcated. The nctworks of new towns are usually
relatively close to urban agglomerations and large cities
in industrialized countries. Other networks of new towns
and industrial settlements are created in uninhabitcd
areas.

The widespread construction of new towns in most
industrialized countries is an attempt to eliminate or
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weaken some ncgative, strategic, social and political
features of the growing concentration of population and
production in large citics and urban agglomerations. It
has been dircctly reflected in governmental programmes
ot decentralized production, in subsidics for construction
of new towns, and in the dircct participation of national
bodics in creating many industrial, scicntific and resi-
dential centres within a 50--100 km range from an urban
agglomeration or centre,

Most new towns that have been planned ncar urban
agglomerations have acquired relatively numerous
populations and 1 restricted number of functions. Analysis
has shown that in most new towns created since the
Second World War in industrialized countries the
number of inhabitants surpassed the level of 50,000 —
100,000 within a short period of 5 to 10 ycars.!2

The cconomic and political significance of the de-
velopment and settling of new areas is incteasing. In the
industrialized countries, the development of new regions
often provides the existing industrial regions and centres
with energy and raw materials. In the developing coun-
tries, the development of new regions widens the struc-
ture of industry by increasing the number of locations.
The cconomy must be reoriented towards the domestic
markets. Since the development and sctling of new
regions include a number of relatively new and un-
researched processes, the problems related to them arc
considered in detail.

The creation of a network of new cutpost towns, which
scrve as a means of resource development in uninhabited
arcas, reflects developments in the national cconomy. In
the fronticr regions of Alaska, Northern, Central and
Western  Australia, Northern and Western  Canada,
Grecenland and Northern Scandinavia, 700 new towns
and smaller settlements were founded during the last
25 years. In thie northern and eastern regions of the USSR,
300 new centres were founded during the same period.

The previous neglect in developing these rich regions
was a result of the complexity of the process and the
large capital investments that were necessary. In addition,
serious natural obstacles had to be surmounted, such as
extreme temperatures, an arid or very humid climate,
irregular terrain, densc forests, marshes or pests. The
geographic frontier coincided with the boundaries of
rcgions with a profitable cconomic development. Ex-
ploitation in the frontier regions was usually centred on
a particular kind of resourcc.

However, the discovery of precious and rare metals
gave impcetus to the sudden, unplanned exploitation of
the renownced gold rushes that hampered the formation of
an cconomy that would be viable in the tuture. Further-
more, the gold rushes were not a basis for permanent
scttlements in the frontier regions. Ghost towns and ne-

12 The development of industrial centres in new towns is
sometimes the result of difficultics in raw-material and power
supplies, and the high costs of land and labour in the large cities.

glected roads arc monuments to the hasty and rapacious
development of resources.

The modern development of resources in fronticr
regions reflects numerous quantitative changes in inter-
national cconomy and policy, the modern technical
revolution, and the regulation and planning of cconomic
development in industrialized market economies. Since
the undeveloped territorics occupy one third of the total
arca of these market economics, 13 and more than one
half of the total area of the USSR, their development is
an important part of modern industrial development.

Since the fronticr regions occupy large arcas in many
developing countries, their development is an important
programme of the government. In Mexico, for example,
the programmc of *“a shift towards the sea” to further
the development of the south-castern regions has been
carried out since 1947. Future development of the vast,
sparsely populated Amazon Basin is planned in Brazil.
India’s development plans include the accelerated develop-
ment of the central regions, the Thar Desert and the
piedmont distri . of the Himalaya Mountains. The
economic programmes of Algeria, Egypt, Nigeria and
the United Republic of Tanzania include \he develop-
ment of uninhabited, arid and tropical ar:as of the
African continent. A further goal of fronticr develop-
ment is the alleviation of demographic pressurc and land
hunger in overpopulated regions.

Although the problem of fronticr, 1cgional develop-
ment is most urgent for the developing countries, con-
siderable success has been achieved in the industrialized
countrics, where the fronticr regions occupy an important
place in the structure of the national economy. Food and
raw matcrials produced in these regions considerably
influence the structurc and geographic distribution of
international trade. The development of the fronticr
regions is churacterized by intensive methods based on
modern technology, the use of highly skilled labour and
the interregional division of labour.

Participation of thesc frontier regions in the national
and international division of labour is usually based on
a highly specialized production of raw materials and
semi-manufactured goods. Their high technical and
economic levels of production arc bascd on the mechani-
zation and automation of production. However, the
large capital investments which arc required can be
amortized only by large-scale production. As a result of
the initial oricntation of many industries in fronticr
regions to external rather than internal markets, relatively
small towns have an important position in the national
production and the subsequent international trade of a
product. Examples of this phenomenon are the Canadian

13 The arcas of thesc frontier regions are as follows: Alaska,
1.5 million km?; Northen. Western and Central Australia,
6 million km2; Northern and Western Canada, 7 million km2;
Greenland, 2 million km2 and Northern Scandinavia, 0.5 mil-
lion km2,



MODERN URBANIZATION AND ITS INFLUENCE ON INDUSTRIAL LOCATION

13

towns, Kitimat (2lu.tinium) and Schefferville (iron-ore
ccacentrates), Weipa, Australia (bauxite) and Glom-
fjord, Norway (chemical fertilizers). Similar centres have
begun to emerge for several resources in Africa, Asia and
Latin Amcrica, as in the Guiana Highlands of Venczuela.

The size of towns and settleinents is closcly connccted
with the cconomy of scale of the industrics to be founded
in fronticr regions. The creation of a new cupost town
and the regional development has been preceded by a
large, long-term cffort to provide the technical and
cconomic basis for the new centre witly plans for further
development of the industry. Quantitative estimates arc
important of the relations between a) the available
resources; (b) the optimum size of a plant; (¢) the opti-
mum size of a new centre; and (d) the present and future
demand of internal and external markets.

The development of the majority of new centres in
fronticr regions of industrialized countries s directly
connected with the modern technical revolution that
broadened the limits of profitability of investments in the
resources of uninhabited regions. Although labour costs
arc considerably highcr there than in populated arcas,
modern equipment and an economy of scalc increase the
labour productivity. The substitution of equipment and
technology for costly labour permits their more efficient
use than in populated regions. Many new mining centres
in Canada, the Soviet Union and Western Australia owe
their existence to a sharp increase in labour productivity,
a decreasc in costs of geological survey by approximately
20 times. There has been a substantial increasc in the per
cent of industrial and agricultural products frowa the
fronticr regions in the total world-wide production.

A significant feature of the towns and settlements that
were developed after the Second World War is their
relatively small size of 5,000 to 10,000 inhabitants. The
large fronticr zegion of Western and Northern Canada is
an cxample. Of 400 new centres, only three had more
than 10,000 inhabitants in 1966, namcly, Kitimat— 13,000,
Prince George=17,000, and Sept lls—14,000.

These scttlements exhibit patters of size and function
that are quite diffcrent from those of the older, urban
arcas. Usually there are no large cities with trading, dis-
tributing, cultural and administrative functions in the
entire region or in a group of new towns. With the
exceptions of Edmonton, Canada and Anchorage, Alaska,

there are no cities in the fronticr regions. The activitics of

all new centres are mainly bascd on services provided by
large cities in the inhabited regions. In Canada, the
frontier regions arc served by Montreal, Toronto and
Vancouver, Alaska by Scattle, Washington; Greenland
by Copenhagen and Northern Sweden by Stockholm.

Since the development of fronticr regions is primarily
connected with the economic use of natural resources,
more than onc half of the 700 new frontier centres in the
industrialized markct cconomies are specialized resource
towns. Usually only one or two highly specialized plants
are located in a centre.

Detailed preliminary planning of the fronticr towns
was based on several small arcas sharing a common town
centre with grecen belts separating iv. dustrial plants. Build-
ing codes for private dwelling were a part of many
plans; they excluded the erection of primitive structures
of waste materials by the poorest strata of the population,
which otherwise was a widespread phenomenon.

Howcver, more labour was needed during the period
of construction than after operations were begun at
automated plants. Furthermore, the development of
separate, small deposits precluded the establishment of
large permancnt towns. Thercfore the use of mobile,
trailer camps was common.!4 Somctimes these mobile
camps were used together with a main, centrally located
centre that performed several functions. Thus, it was not
nccessary to construct permanent scttlements near mines
and logging camps; afier exhaustion of a deposit 0. a
forested arca the trailers were moved to another locatior

This system allowed profitable exploitation of small,
but rich mineral deposits or woodlands without con-
struction costs for special settlements and costly, long-
distance transportation of labour. Firthermore, the in-
liabitants of mobile camps are initially provided with
modern housing and necessary scrvices. In some coun-
tries many different kinds of trailers arc manufactured,
including onc-family units, kitchens. laundries, dining
rooms, hospitals, offces, librarics, club-rooms and store-
houses. The mobiie camps aided a flcxible and effective
devclopment of frontier regions, although the new towns
have provided permanent homes for a small number of
residents.

Future trends in urbanization and industrial location
are indicated by the recent formation of settlement net-
works in both industrialized and developing countries.
Practical aspects o the technical revolution, especially in
transport, will enablc the transfer of some economic
functions from regions with high production costs to
regions with lower costs. This trend is one of the con-
sequences of increased wages for skilled labour, which has
been apparent since the Second World War. It limits
production in the frontier regions to large-scale, auto-
mated mining and processing of raw materials in relatively
small scttlements. Sccondary processing of raw materials
will continuc to be located in regions with the most
favourable natural conditions. In these regions, a high
degree of urbanization will be combined with large,
unoccupied areas, including parks. The majority of the
world’s population will be found in these regions, with
relatively low production costs for industrial develop-
ment.

13 In some new regions of the USSR, tour-storey, prefabric-
ated houses were erected. They were specially designed for the
Northern, Siberian and Far Eastern regions.



4. THE LOCATION OF FOOD PROCESSING INDUSTRIES

by F. S. Martinkevich,\S Y. M. Aleksandrovich16 and A. D. Pavlova'?

As part of over-all regional planning, the location of
food processing industries is effected by the following
factors: settlements of population and manpower, the
location of natural resources within the region, infra-
structure (especially transport facilitics) and the cconomic
conditions and technical progress in the national cco-
nomy.!8 Factors that have special significance in planning
the location of the food processing industry arc raw
materials, consumer demand and markets, the location
and size of previously established plants, and the possiblc
combination of several plants in a processing complex.

RAW MATEMALS

Agricultural raw matcrials present unique problems,
since they are perishable goods and require specialized
transport to the factory. The time and distance of trans-
port may contribute to their deterioration. The efficiency
of transport may be further reduced for many types of
agricultural products with a high water content; the per
cent of water content in the total weight is about 80 per
cent for potatoes, 65 to 95 per cent for vegetables and
87 to 90 per cent for milk.

Therefore, the costs of raw matcrials arc a large part
of the total costs in food processing industrics. The
following per cents of raw material costs arc typical:
meat-processing plants, 95 per cent; dairics, 88 per cent;
and sugar refinerics approximatcly 80 per cent.

The food processing industry may be divided into
three groups according to the quantity of raw materio!
required for one unit of the processed product;

(a) More than 1.5 tons of raw product arc required to

produce 1 ton of the processed product:

13 Director,
the BSSR.

16 Head of the Department, Scicntific Rescarch Institute of
Economics and Economic-Mathematical Mcthods of Planning,

lan, BSSR..

17 Head of the Department, Institute of Economics of the
Academy of Sciences of the BSSK.

18 Sce the detailed discussion of these factors by Nekrasov in
Volume I of the present publication.

Institute of Economics, Academy of Sciences of
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(b) The quantity of raw product required is approxi-
matcly the same as the weight of the processcd
product;

(c) The quantity of the raw product required is less
than the weight of the processed product.

In group (a) are the majority of branches including mcat
products, checse, sugar and conserves. Whole-milk
processing is an cxample of group (b) and beer brewing
an example of group (¢). Conscquently, quick processing
of perishable raw products that arc ditficult to transport
is desirable, with short transport from closely located ficlds.

Furthermore, the perishability of agricultural products
is an obstacle to the concentration of several different
plants in an industrial cluster. The desired proximity of
cach plant to its own raw-matcrial source strongly
favours a scparate location. However, this dependence
is relaxed somewhat by modern transport facilities that
permit the location of processing plants in arcas that do
not produce the raw materials.

An inverse, indirect effect of the location of food
processing ihdustrics is the result of natural and economic
conditions. However, agricultural locations arc not
completcly determined by natural conditions, since new
methods and the technical revolution allow some mani-
pulation of the geographical environment and the nature
of the vegetation.

Onc characeeristic featurc of food processing industrics
is directly rclated to the natural conditions, i.c. the scasonal
nature of processing. The main volume of products arc
delivered to processing plants at the end of the agricul-
tural year. The production capacity must bear a maximum
load, as othcrwise the loss of valuable raw products may
result.

This scasonal problem can be mitigated by cconomic
mcasurcs, such as a sliding price scalc for raw-product
delivery during different scasons. However, an incr -ase
of the production scason is not feasible in all branches.
Sugar refincries are good examples, for lengthy storage
of sugar bects reduces the sugar content and the corres-
ponding sugar yield.

The basic indices of the raw-product base arc the
volume of production, the regional demand for agri-
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cultural products, the relation of supply and demand,
and the quality of the raw products. Higher regional
levels of agricultural production ensure the delivery of
large quantitics of raw products for industrial processing ;
thus the regional consumption 1s high. Since the natural
and cconomic conditions of agricultural production vary,
the consumption of raw products fluctuates considcrably
in different regions of the USSR

The raw-product density affects the location of pro-
cessing plants through the delivery costs of raw products
and the capacity of the plane. For a high deusity with a
corresponding small delivery radius, the plant capacity
should be large. Since the agricultural production is
sprcad throughout a region, cach plant receives delivery
from a specific arca.

The relationship between the annual capacity of
the plane, the delivery radius for raw materials, and the
consumption, is expressed by the formula N, = x R2C,
where N, is the annual capacity of a processing plant,
R is the maximum delivery radius, and C is the con-
sumption per km2. Thus the delivery radius is R =
(N, 2C)'-,

To include deliver : costs in the general optimun:
critcrion, the average weighted, delivery distance for
I ton of raw product must be known. It is determined
by multiplying the maximum delivery radius R by a
convcrsion factor that takes into account the straightness
of roads, the pattern of dispersion of raw products in
the region, and the relation of the industrial location to
the centre of the arca that produces the raw products.

Low-cost, fast motor transport is recommended be-
causc of the small distances. For cxample, in the BSSR
the average transport distances are 30 to 40 km for sugar-
beets, potatoes and vegetables, 40km for milk and
50 km for cattlc.

These special features of the raw-product basc and
the specific naware of its transport can be accounted
for by the index of pruduction costs and the total trans-
port costs for 1 ton of raw product in calculations for
rational industrial location. The specific natural and
cconomic conditions of regional agricultural production
arc reflected in this index. Furthermore, the total costs
include all the dircct and indirect costs of transport. Thus,
comparative indices of all production and transport
costs arc obtained for a unit of production.

CONSUMERS AND MARKETS

Since the principai consumer f the output of most
branches of the food industry is the population, the ad-
ministrative district is the most convenicnt unit for
calculating the total consumption of both the urban and
rural populations in the region. The volume of con-
sumption or capacity of the market for food products
depends not only on the size of the population but on
the per capita consumption and differences in the food

consumption patterns of urban and rural populations
as well. The effect of consumer markets on industrial
location is manifested in the market capacity and the
delivery costs for the finished product.

The effect of labour resources on the location of the
food industry is less basic, because the industry is not
labour-intensive. The number of workers at a plant
varies from 50 to 600); about 60) per cent of them are
women. Thus, even small towns can supply an adequate
labour force without recruiting workers from other
arcas.

OLDER PROCESSING PLANTS

The indircct cffect of previcusly established plants is
felt in the raw-product zone and the marketing zone.
Although these zones have definite forms and sizes, their
geometrical forms depend, not only on the capacity of
agiven plane, but on the capacitics of other plants in the
same branch as well.

The transport costs of raw products and output for
a given plant and for the total number of plants is deter-
mined by limiting the raw-matcrial zones.and consumer
markets to a combination of plants with various capac-
itics. However, for any combination of capacities, there
is, theoretically, an infinite number of pairs of raw-
product zoncs and markets. Thus, an infinitely large
number of transport costs may correspond to one and
the same capacity. The problem is to find a rational
industrial location, with a choice of capacitics, to ensurc
the minimum total production costs and transport
costs of raw materials and finished products to the con-
sumer. One raw-product zonc and marketing region
would correspond to the optimal location.

The complex interweaving of raw-product zones of
plants with demands for specific raw products requires
carcful co-ordination. The mutual dependence of these
industrial branches is not directly apparent, since it is
indirectly manifested through agriculture, which pro-
duces the raw material.

Small plants processing local raw products usually
contribute to a fuller use of local resources and accelerate
the agricultural production. However, their location
near large factories may create difficultics in the supply
of raw products. To avoid such situations, the location
of large and small plants must be carefully co-ordinated.

The rational geographical location of the food pro-
cessing industry is directly corrclated with the optimal
size of plants. Special features are associated with the
raw product processed in cach industrial branch, the
technical level of the branch, and the production techno-
logy. Therefore, the optimal size of plants varies in cach
branch and. furthermore, depends on the external condi-
tions in which the plants operate. ¢.g. the location of the
agricultural production, its specialization and corcentia-
tion. When large-scale production is concentrated on 2
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high fevel of specialization, the development of larger
plants is possible.

The optimal size of a plant is smaller when the agri-
cultural production is scattered. Large-scale industrial
production in these conditions involves an increase in
transport costs and in the productio.i costs of the finished
product.

At the optimal plant size, the contemporary technical
fevel produces the maximum cconomic effect. Because
of the range in variables for industrial location, different
capacitics may be optimal.

COMBINATION OF SEVERAI PLANTS

The combination of planes facilitates an increase in
labour productivity. In industrics that process raw agri-
cultural products, intra-branch combination i+ common:
subsidiary plants process products or by-products ob-
tained from the main plant. Thus, a modern. farge
meat-processing complex includes more than 20 plants,
and a milk-processing complex about 15 plants. The
level of combination of plants is dependent upon the
technical level and the production technology. Further-
more, it is affected by the location and size of a plant,
because a complex requires a suthicient raw-product or
by-product basc.

In addition to the mtra-branch combination of plants,
plants of diffcrent branches may be combined on the
basis of the joint use of auxiliary facilities, transport
tacilities etc. An mterbranch combination can be effective
because the costs of these tacilitics and services tor food
industrics constitute from 26 to 30.3 per cent of the
total building costs. Theretore, the joint use of these
units by several plants decrcases the expenditures for

capital construction. However, there are undesirable
conscquences from combining plants processing agri-
cultral raw products, which are difficul’ to transport,
and wlich are of vegetable origin, such as sugar-bect,
Hax and vegetables, The orgamzation ot the raw-
product zone is complicated, and transport and pur-
chasing costs are increased.

THE INTERACTION Ol FACTORS

In the mutwal interaction of the factors that have been
anualysed above, their effects are unequal and not always
i the same direction. For example, the raw-products
tactor would tavour the location of tood 'pruccssing
plants in the agricultural regions producing the raw
products, while the factor of consumers and muarkets
tavours their location in arcas close to the markets.
Howecever, since the arcas of agricultural production do
not comncide with those of markets, the optimum
location 1s one trom which the consumer demand can
be satistied with minimum production and transport costs,

The interaction of tactors is especially dynamic in the
projection of future tood-processing plants, as the factors
change and develop during a given time period. Thus,
as the agricultural base of the raw products develops.
their production and purchase will increase comsiderably,
cven i a tew years. Reclamation of land provides new
agricultural regions, and technical progress makes pos-
sible the expansion of the raw-products and marketing
zones. Thus, larger plants can be planned at optimal
locations. The total effect of tuture changes is to decrease
speatic capital investments in plaut construction and the
costs of production aud transport of a unit of output,
and to increase the demand tor the finished product.
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by C. P. Chernysher'9 and L. M, Eingori 20

The planning ot optimal industrial location is based on
techmical. cconomic and social considerations. There are
three possibilities for the spatial location of industrics
with regard to the residential arcas: i, within the
residential arca. on the outskirts of the residential arca
or location at a distance from it (see tigure 1).

Industrial location within the residential areas should
be limited to plants that do not create a health hazard.
where the tarnover of goods s small, and the labour
supply is amiple (see figure 2). Tt is advisable to Tocate
on the ontskires of the residential area industries that
create an msignificant heath hazard and are associared
with large turnover, spur railway tracks or docks tor
water transport (see bgure 3). Location at 4 distance
trom residential arcas is advisable for metallurgical
comploxes, and petrochemical andd petroleum industries,
which produce Lirge quantitics of toxic substances that
are harmtnl to haman health, as well as industries that
are subject to Cxplosion and fire hazards (see figuve 4).

The development of new, urban industrial arcas creates
tavourable conditions for common productive services,
such s repair shops, laloratorics and warchousing, as
well wsanallary serviees, such as transport, cominuni-
cations and community centres, The advantages of these
new industrial arcas mnst exert a greater influence on
mdnstrial planning than the favourable conditions in
largre towns with previously developed industries, namely,
the availabiliey ot highly skilled labour, the specializa-
tion of industry and the possibility for co-operation.

Indnstrial branches that are suitable for location in
industrial arcas include metallurgical, petrochemical,
machine-building, clectronics and wood-processing. In
addition. plants of industrial branches, which are not
technically related. but which are constructed and begin
operation at approximately the same time, may  be
cHectively grouped on adjacent lots. These plants cnjoy
the benetits of joint services and auxihary shops. The
size of industrial areas may be limited by water or powcer

19 Chiel Architect of Minsk.
20 Architece, Minsk.,
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resources, the excessive concentration of toxic substances,
the pollution of the environment by industrial wastes.
and the excessively heavy passenger tratfic, which causcs
construction and opcrational difficulties.

To reduce the total health hazard, plants should be
located in decreasing order of harmfulncs:s with respect
to the residential area. In any given industrial arca,
harmtul production should not take place in plants
adjacent to “‘safe” plants, in order to avoid subjecting
the workers of these plants to unfavourable conditions.

Industrial location can be assessed from the point of
view of urban transport as follows:

{a) For small plants located within the boundaries of
the residential arca, the transport problem is most
casilv solved;

When industry moves from the town. the wattic
intensity and the travel time increase;

When plants are concentrated in one or several
large arcas, the transport problem is complicated
by traffic congestion in a limited number of dircc-
tions. Excessive concentration of passengers is 1o
more desirable than excessive dispersion;

In an urban arca with a long length in comparison
with its width, industry should be located along
the longitudinal axis to reduce the average time
of transportation;

The most densely settled arca and the plants
requiring large labour resources should be located
in closc proximity to reduce the tratfic.

The planning of engincering systems for industrial
plants requires carcful consideration of the total urban
water supply, canals and pipclines, as well as the power
supply. Technical and cconomic factors determine the
feasibility of scparate engincering systems for individual
plants.

Rational planning of an industrial arca can have a
considerable effect on the cconomy of the region, as
wellas on the creation of favourable technical conditions
and cultural and welfare scrvices for the workers. In
planning industrial arcas. the following zones are distin-
guished: production arcas (for the location of industrial
plants and associated units), buffer strips  (for the

(h)

(<)
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Figure | Types of nrban industrial areas and their location, depending on health hazards and turnover

1 — Industrial area located at a distance from the residential area; 11 — Industrial area located on
the outskirts of the residential urca; 111 — Industrial area located within the residential area.

B  Industrial area Boundaries of industrial arca

i@ Residential arca === Boundaries of residcntial arca
Landscaped area and buffer zone = Railway network

Motor roads

Figure 2. An urban ndustrial arca located within the boundaries of the residential area

< L : L

I — Industrial area; 2 — Community contre; 3 — Buffer zone; 4 — Residential area.
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Figure 3. Urban industrial area located on the outskirts of the residential area

1 — Industrial area; 2 — Community centre of the industrial area;
3 — Reserved arca for futurc use; 4 — Buffer zone; 5 — Residential
area; 6 — Railway yards.

Figure 4. Urban industrial area located at a distance from the residential area

1 — Industrial area; 2 — Community centre of industrial arca; 3 — Duinp area and scrap-processing
plants; 4 — Reserved area for future use; 5 — Landscaped arca and buffer zomes; 6 — Residential
area; 7 — Railway yards.
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Figure 5. Structure of urban industrial areas

B

@@ ) IR

I — Site of discharge of harmful production wastes; 2 — Iudustrial plants; 3 — Co-operative hesting
and power station; 4 — Co-operative motor pool; § — Rescrved area for future use; 6 — Dump
ared; 7 — Failities for processing industrial wastes; 8 — External buffer zone; 9 — Iuternal bufjer
zone; 10 — Railway line; 11 — General freight yards; 12 — Motor road; 13 — Industrial

connmnity centre; 14— Scientific and techmical contre; 15 -

Landing place for helicopters ;

16 — Roesidential area,

protection ot the residential zone from harmful industrial
wastes), power and warchouse unis. transport facilitics.
cultural and service institutions, cducational and rescarch
institutions, and technical-servicing units (sec figure 5).

The approximate distribution of land usc in a region

is as tollows: Per cont
Industrial plants and associated unies . . . .. 50 60
Transport structures and facilitics .. . . . ... 7-10
Community, scientific and technical centres 35
Miscellancous and landscaped arcas ... . .. 2530

The network of culeural and welfare services within
the industrial arca is part of the larger unit scrving
the inhabitants. The large unit has the following pur-
poses

Management of production;

Rescarch and design of production processes;

Worker training:

Culeural and welfare services.

The location of msticutional units for the workers of
an industrial arca is dependent upon the nature of the
unit and the radius of the arca to be served. Alternatives
arce: location in a factory shop, in a plant building, or
adjacent to the plant premises, and m the community
centre of the industrial arca.

The community centre of the industrial arca should
be situated beyond the limits of the buffer strips. Indus-
trial plants without harmful wastes that are adjacent to
residential arcas should sharc 4 common community
centre and thus enable maximum co-operation between
cultural and welfare units.

The harmonious combination of industrial develop-
ment and the creation of favourable living conditions
for the inhabitants should be reflected in a general plan
for town development. Industrial location should con-
form to this general plan and to the plans for regional
development.
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INDUSTRIAL LOCATION IN THE USSR

1. INDUSTRIAL LOCATION IN SOVIET ARMENIA

by M. A. Adontz21

Industrial dcvelopment and location in the Armenian
SSR arc determined by the position of the region in the
all-Union division of labour and by natural and eco-
nomic factors. The combined effects of its geographical
position, an average clevation of 1,800 m above sca
level, and the scveral climatic zones in its boundaries,
produce diverse natural conditions.

Armcnia has rich deposits of copper, molybdenum,
iron orc, aluminiun, zinc and other ores. Among the
many natural construction materials found in Armenia
arc basalt, granitc, marble, pumicc and perlite. Many
of these deposits are mined; the development of other
deposits is planned.

The water resources of Armenia are limited. Although
the mican rainfall is seven times less than the mean rainfall
for the USSR, the quantity of water necessary for
irrigation of cach hectare of cultivated land far cxceeds
the national requirements. Thercfore, it is necessary to
limit the development of production that requires
considerable quantities of water, to accumulate and
regulate the flow of rivers, to transfer water from districts
where it is abundant to other districts that lack it, and
to prevent pollution of rivers.

For cach 100 km? of Armcnian territory, there arc
1.5km of railroads and 27 km of motor roads. Due to
insufficient development of railroads and the mountain-
ous terrain of the region. 88 per cent of the frcight is
transported by motor vchicles. However, Armenia is
favourably located for exports by railway to countrics
of the Middle East.

Among the advantageous conditions for the develop-
ment of Armenia’s national economy are the high
growth rates of the population and the availability of
labour rcsources. Since the Second World War, the
average annual population growth rate exceeded 3 per
cent, which is twice as large as the average growth rate
for the USSR. The working-age group of citizens is
5255 per cent of the total population. In 1968, the
population density in arcas between 390 and 800 m

21 Director, Institute of Economics and Planning, Gosplan of
the Armenian SSR.,

above sca level was 187/km2. In order to reduce the
further increasc of population in the lower altitudes, it
is expedient to confine new industrics to locations
between 1,000 and 2,000 m above sea level. Although
these areas are not ideal for the development of agri-
culture, they are suitable for industrial development.

Pre-Soviet Armenia was an agrarian country. It pro-
duced agricultural products by simple mcthods. The
industrial development was on a low level. The main
industrial branches were copper mining, production of
wine and brandy, and other food-processing branches.
Light industry included cotton-ginning, hide-processing
and carpet-making in small, semi-handicraft units,
Industry contributed only 23.9 per cent of the national
income and agriculture 76.1 per cent.

INDUSTRIAL DEVELOPMENT OF ARMENIA

In order to provide an energy basis for the industrial
development, the water reserves of Lake Sevan were
augmented by the construction of cight hydroelectric
stations on thc Hrazdan river, in addition to stations at
Dzoraget, Leninakan, Shakin, Idjevan and elsewhere.
All the power stations in Armenia arc united in one
system with centralized remote control. Armenia’s
cnergy system is included in the energy system of the
Transcaucasus region. Its power resources are supple-
mented with energy obtained from Azerbaidzhan and
Georgia.

Machine building is the industry with the highest
rate of growth. Its output includes lathes. instruments.
radio and eclectronic products and chemical equipment.
Mctalworking and repair plants arc part of this industry
as well. Favourable conditions for the development of
the machinc building industry include the availability of
natural resources and skilled labour, and assistance from
rescarch institutcs.

Non-ferrous metallurgy is a tullcycle industry. Its
output includes refined copper, molybdenum concen-
trates, aluminium and aluminium rollings. lead and zinc
concentrates and chemical by-products, such as sulphuric
acid and copper sulphate.
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The petrochemical industry has developed rapidly
during the past ten years. Its prouuction includes fertil-
izers and herbicides, synthetic rubber, fibres and polymer
materials, resins and plastics.

The production of building materials has had a parallel
development with cxpanded construction activities.
Among the building materials produced in Armenia
are marble, granite, pumice, cement, asbestos cement,
lime, plaster and ceramic pipes. All techniques for the
extraction and processing of stonc and other building
materials are mechanized.

The production of glass, porcclain and faience is
based on large rescrves of raw materials. Enlarging the
capacities of the existing plants and production of crystal
and high-quality glassware are planned.

The diverse output of light industry includes cotton,
woollen and silk fabrics, knitted wear, stockings and
hosiery, leather articles, shoes and other consumer
goods. The raw-material basis for the further develop-
ment of light industrics has been increased by the output
of the Armenian petrochemical industry.

The total volume of preduction of the Armenian food
industry is surpassed only by the production of its
machine building industry. The main branches of the
food industry are wine and cognac production, cannerics
(fruits and legumes), dairy production, confectionery,
baked goods, meat, tobacco and sugar production.

important position of industry in Armenia's
economy is indicated by its contribution of 64.1 per cent
of the national income in 1967. The share of other
sectors of the economy are: agriculture, 14.4 per cent;
construction, 11.3 per cent; commerce, 8.1 per cent;
and transport and communications, 2.1 per cent. The
labour force was employed as follows: 35 per cent in
industry, 30 per cent in agriculture, 12.2 per cent in
service industries and the remaining 22.8 per cent in
other occupations.

All industrial branches in Armenia have had a high
ratc of development. The mean annual growth rates
of the gross output of the industry has been 1112 per
cent since the Second World War. Therefore the Ar-
menian SSR closcly approaches the Union’s mean level
of industrial production.

The planned direction of the national economy
sccured the rational territorial division of labour between
the republics and the economic regions of the country.
In this division of labour, the specialization of the
industry of the Armenian SSR is characterized chicfly
by the development of machine building, non-ferrous
metallurgy and petrochemical industrics, the building
materials industry and scveral branches of the light and
food industrics.

According to the scope and intensity of cconomic
relations, the Republic is divided into districts and
integrated economic regions. Each district and rcgion
represent a definite co-ordination of economic relations.
The districts coincide with the administrative districts.

In cach district are located the necessary industrial,
commercial and cultural units.

The integrated cconomic regions include five to cight
administrative  districs with mutual cconomic and
cultural rclations. Industrial complexes with production
plants and auxiliary branches arc located in the inte-
grated cconomic regions. The town that is the centre
of the region influences the entire area. The intcgrated
economic regions of the Armenian SSR arc Ararat,
Shirak, Lory, Scvan and Zanguezour.

Ararat Region

Ararat rcgion is the largest integrated economic
region in Armcnia. It includes the Ararat, Artashat,
Massis, Echmiadzin, Octemberian, Ashtarak, Abaran and
Abovian administrative districts. The Ararat economic
region is the main area for the cultivation of grapes,
vegctables and fruits. Most of the Republic’s production
of wine, cognac and tinned foods is from this region.

Although large radio and clectronic plants are located
in the Bovian and Echmiadzin districts and scveral
petrochemical plants arc being constructed in the Massis
district, the industrial development is greatest in the
capital Yerevan. It is a large centre of machine building,
petrochemical, and light and food industries. Branches
of these industrics are located in most of the other
districts. Furthermore, Ycrevan is the largest cultural
and scientific centre of the Republic. Although the
majority of technical personnel and skilled workers are
concentrated in Yerevan, specialists and technical help
are available to all districts.

Shirak Region

The centre of the region is the town of Leninakan,
which is the second largest town in Armenia. Shirak
region includes the administrative districts of Akhourian,
Ani, Artik, Amassia, Ghougassian and Talin. Several
branches of the machinc building, building materials,
and food and light industrics have developed in the region.

Lory Region

The town of Kirovakan is the centre of the region.
Loy region includes the administrative districts of
Alaverdi, Noyemberian, Spitak, Stepanavan, Gougark
and Kalinino. Kirovakan is one of the largest petro-
chemical centres. It is the location of a synthetic fibre
factory and a petrochemical complex that produces
ammonia fertilizers and synthetic materials. Branches of
non-ferrous metallurgy, machine building, and food and
light industrics are located in Kirovakan.

In the Alaverdi district arc located a copper refinery,
a mining and metallurgy complex and a factory pro-
ducing fire-proof material. Factories producing high-
quality Swiss cheese arc located in the districts of Stepa-
navan and Kalinino, winc factories and canncries are
in the district of Noyembcrian, whercas the solc sugar
refincry in the Republic is in the Spitak district.
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Zanguezour Region

The Zanguezour region is the centre of Armenia’s
mining industry. Rich deposits of molybdenum, copper,
zinc and rare metals are founc in the Kafan, Meghri
and Sissian districts, and deposits of iron ore in the
Goris district. Plants for processing molybdenum and
copper ore employ male workers, while women are
employed in light and food industrics.

Sevan Region

Scvan region includes the Hrazdan, Sevan, Martuni,
Vartenis, Krasnosclsk, Idjevan. Shamshadin and Kamo
administrative districts. Favourable factors for the indus-
trial development of the region are its location as the
terminus of the recently constructed Yerevan-Sevan rail-
way, adequate power sources and rich mineral deposits.

output of plants in the Sevan Region includes
lathes, machines, wooden fumiture and glass fibres.
Furthermore, clectrical engineering, and food and light
industrics arc located here.

On the basis of natural resources in Hrazdan districe,
a large chemical complex is being built for the produc-
tion of aluminium, ccment and other products. On the

basis of the Soudaguian deposits of high-quality iron ore,
metallurgy is being developed. An experimental plant
for the production of precision and dlectrotechnical stecl
has been constructed. Large-scale extraction of gold is
taking place near Zod.

ConcLusion

The economic regions of Armenia have the following
specialized industrial development:

Ararat region —machine building, petrochemica!, wine

and cognac;

Zanguczour region —non-ferrous metallurgy;

Lory region—petrochemical and non-ferrous metal-

lurgy;

Shirak region—textiles and machine building:

Sevan region —mining and petrochemical.

Although industry is not equally distributed in Ar-
menia, no region is wholly agrarian. The industrial
development of Armenia will continue at a high rate
of growth with an accelerated rate of development for
small towns and poorly developed districts.



2. INDUSTRIAL LOCATION IN THE GEORGIAN SSR

by G. G. Grelesiani2?

The location of industry in the Georgian SSR was
determined by the all-Union division of labour and by
local factors. The cconomic geography of the Republic
was created by the mutual interaction of these factors.

The main arca of industrial location is the narrow
lowlands between mountain ranges that occupy about
one-third of the total area of the Republic. Thilisi and
Kutaisi are the most significant industrial centres. Almost
all of the large industrial plants are concentrated in these
centres.

In Thbilisi, the dominant industrics arc engincecring,
mctallurgy, light and food. The following large engincer-
ing plants are located in Thilisi: clectric locomotives,
aircraft, machine tools, agricultural and food enginecring,
clectrotechnical and instrument making. Silk, wool,
knitted fabrics and tanning branches of light industry
arc located in Thbilisi, as well as winc (including brandy
and champagne), dairy, meat, baking and confectioncry
brauches of the food industry.

Aftcr the Second World War, a large metallurgical
plant was built in the ancient Georgian town Rustavi,
near Thilisi. It includes the complete metallurgical cycle
and produces coke, cast iron, steel, steel pipes and rolled
metal. The Rustavi metallurgical works have been the
foundation for the development of the petrochemical
industry in Georgia. The Rustavi fertilizer plant supplics
the cntirc Transcaucasus region with ammonia salt-
petre.

In Kutaisi, enginccring is the leading industrial branch.
Automotive, electrotechnical and chemical plants arc
located in Kutaisi.

Growing industrial towns west of Thilisi includc : Kaspi,
with cement, slate and clectrotechnical plants; Gori ,with
a cotton mill, canncry and instrument plant; Agara, with
a sugar refincry, Khashuri, with a glass plant, as well as
a haberdashery and plastics factory under construction.
Ncar Kutaisi arc large mincs of high-quality manganesc
in Chiatura, coal mincs in Tkibuli and a large ferroalloy
plant in Zcstafoni.

22 Head of the Department, Institute of Geography, Academy
of Sciences of the Georgian SSR.
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A number of industrial towns arc located on the Black
Sca coast, c.g. Batumi (pctrolcum refining and engincer-
ing) and Poti (Aour mill and clectrotechnical plants).
A unique industrial zonc is located on the Black Sca
coast between the Adjarias and Abkhazian autonomous
Republics, where there are many food-processing plants
for subtropical agricultural products (tca, tobacco and
citrus fruit). Anothcr unique location is found in the
castern part of the Republic, where small industrial
centres in Kakhetia have a developed wine-making
industry.

Thus Georgia can be divided into the following threc
arcas of industrial developmient:

Central industrial zoue. Rustavi, Tbilisi, Kaspi, Gori and
Khashuri arc the industrial centres. It is the zone with
the largest concentration of industry and the most
favourable conditions for location of large-scalc industry.
The annual output of the central zone accounts for
67 per cent of the total ferrous metallurgy production,
62 per cent of the cngincering production, 71 per cent
of the petrochemical production and 70 per cent of the
building matcrials.

Kolkhidian zone. The towns of Batumi, Poti, Sukhumi,
Zcstafoni and Chiatura arc in this zone. In the western
part of the zonc, the dominant food industry is based
on local agricultural products, while the development in
the eastern part includes hydropower stations, engincer-
ing, clectromctallurgy, mining, silk- and winc-making
industrics.

Eastern industrial zone. This is pritarily the location of the
winc-making industry, which accounts for 87 per cent
of the total industrial production of the zone. There arc
small petroleum ficlds in the Tsitclitskaro district.

Thus the geography of Georgian industry illustrates
both concentrated and dispersed forms of location. The
former is shown by the three principal industrial centres,
and their concentration of industrics that produce more
than 55 per cent of the gross output of all Georgian
industry:

Thilisi—Rustavi (fcrrous metallurgy, petrochemical,

cngincering, building materials, light and food in-

dustrics);
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Zcstafoni - Chiatura  (mining, clectrometallurgical,
clectrotechnical and winc-making industrics);
Kutaisi—Tkibuli (coal-mining, engineering, light and
food industries).

The development of many branches of the mining,
food and building matcrials industrics shows a dispersed
form. Proximity to the raw-material sources is necessary
and indicates the optimal location.

The uneven distribution of industry in Georgia is a
resule of the mountainous relicf of two-thirds of the
total arca, which is unfavourable for the development of
large-scale industry. In the lowlands, the availability of
transport, communications, labour and power resources
provided favourable conditions for devclopment.

The proximity of arcas of population and production
with resources precludes the necessity of transporting
the labour to the location of resources, or vice versa,
Industry developed in the old towns of Thbilisi, Kutaisi,
Batumi, Tshinvali, Poti, Samtredia, Tkibuli, Zugdidi,
Zestafoni and Sukhumi, as well as in the new industrial
centres of Rustavi, Tkvarcheli and Vale.

Of the 102 urban settlements in Georgia, the five
cities of Tbilisi, Rustavi, Kutaisi, Batumi and Sukhumi
produce 60 per cent of the total gross industrial output
of the Republic; 19 towns produce 19 per cent of the
total output, while the remaining 77 towns produce
only 21 per cent of the total output. These data show
that industry is concentrated in a few large centres.

The rational use of labour resources requires the further
location of industry in the smaller towns of the Republic.
The industrial development of smaller towns has many
long-range aspects for the economic development of the
Georgian SSR. Although many small towns have
favourable conditions for industrial location, town plan-
ning and urban development are prercquisites for indus-
trial development. New industrial plants are being cons-
tructed in Kaspi, Khashuri, Samtredia, Zugdidi, Tskha-
kaya, Tsulukidze, Sagarcdjo, Tsnori, Gurdjaani, Telavi
and other towns.

Industrial development in the Georgian SSR is charac-
terized by a high level of specialization. About 70 per
cent of the industrial outputis exported from the Republic
to other regions of the USSR.

The main specialized branches of Georgian industry
arc mangancse mining (33 per cent of the total national
production) and production of ferroalloys, engincering
(95 per cent of the total national production of clectric
locomotives in addition to machine tools and clectro-
technical products), and the food—proccssing industry
(95 per cent of the total national production of tea as well
as tobacco, wine, edible oils and mineral water). The
production of pipes and some branches of light industry
arc approaching the necessary level of specialization.

In contrast to the high level of specialization is the
relatively small degree of complex development. The
internal economic integrity and interconnection of in-
dustrial branches have not been attained. Difficulties are
presented by the inadequate local fuel base which must
be supplemented by fuel transported from other republics.
Furthermore, branches of the petrochemical, engincering,
wood and building maternals industries are not sufficiently
developed to supply the Republic’s demand.

The achicvement of comparative cconomic advantage
in industrial location is illustrated by the Rustavi metal-
lurgical plant. Although its production costs are higher
than thosc of some metallurgical plants in other regions,
the Rustavi plant is significant in the economy of the
Georgian SSR, because it is the basis of an industrial
complex with the following output: nitrogen fertilizers,
caprolactum, synthetic fibres, machines, cement, rein-
forced concrete constructions and other building ma-
terials. Additional plants to produce carbamide, potas-
sium permanganate and manganese dioxide are planned.

Georgia has industrial and economic ties with most of
the republics of the USSR. The strongest cconotnic
connections are with the RSFSR (45 per cent of the total
cxports and more than 65 per cent of the total imports)
and with the Ukrainian SSR (about 20 per cent of the
total exports and 12 to 13 per cent of the total imports).

However, the balance of exports and imports is not
favourable for Georgia; it imports 11 to 12 million tons
more than it exports. Sincc the value of exports exceeds
the valuc of imports, the balance is positive.

As a result of economic development, the Georgian
SSR exports goods to more than 65 foreign countries. Its
industrial development will continue to progress in the
future.



3. INDUSTRIAL LOCATION IN UZBEKISTAN

by S. M. Khodzaer 2

In pre-Sovict Uzbekistan, the cconomy was centred on
the production and local ginning of cotton. The gius
and plants to extract oil from the cotton sced were con-
centrated in the Ferghana Valley, Tashkent and Samar-
kand districts.

The economic development of Uzbekistan was initially
centred on improving the traditional cotton-growing
industry, which is the lcading industrial branch. It formed
the nucleus for an .conomic complex with cotton-
ginning, oil extraction from cotton seed, machine build-
ing, chemical, power, textile and food industrics.

The location of industries procceded as follows:

(a) Processing plants were built in agricultural arcas
in order to reduce transport costs by the proximity
to the source of raw materials:

() Industrial plants were built in consumer areas;

(¢) The nccessary power base to expand indusery was
developed by building hydroclectric stations,
which used the abuidant water resources;

(d) Mincral depssies were surveyed.

(¢) The local building materials industry was or-
ganized;

(f) Plants for processing waste material and other
auxiliary plants were built;

(¢) The cotton gins and silk factories were modernized.

The development of the cotton-growing complex
required industrial equipment to be delivered from the
developed cconomic regions and the training of local
technicians. The latter problem of increasing and training
specialists was a part of the general problem of the
Republic’s industrial development, in which the entirc
industry had to be modernized at the same time as spe-
cialists were being trained. A first step in this direction
was a literacy campaign, through a wide network of
schools and study groups. Individuals and tcams from
the industrial centres of the country shared their ex-
perience and helped train local workers.

Substantial changes in the locations of industries in the
Republic took place during the Second World War; 90

23 Head of the Department, Institute of Economics of the
Uzbek SSR.

tactorics were moved to Uzbcekistan from the western
and central arcas of the country. They tormed the basis
for large machine building plants. New branches of
industrics that developed at this time included coal
mining, ferrous and non-ferrous metallurgy, petroleum
extraction and refining, and petrochemicals. The two
factors that were always considered in the location of
industrial centres were the Republic’s requitements for an
industrial product, and the presence of raw materials in
the Republic, or in a region adjoining it.

The petrochemical industry developed on the basis of
large rescrves of natural gas and the growing demand for
its products. In addition to natural gas, other raw matcrials
used in the petrochemical industry are: sodium chloride,
potash, limestone, gypsum, sulphur, and the wastc ma-
terial from ferrous metallurgy, petroleum and cotton-
ginning industrics, and from cotton growing. Thesc raw
materials and cheap clectricity made possible the produc-
tion of synthetic fibres, artificial silk, synthetic resins,
plastics, chemicals and defoliants.

The development of the non-ferrous metallurgical

industry was promoted by the following favourable
conditions: thorough surveys of copper, lcad, zinc,
aluminium, mangancse, tungsten, molybdenum and
rarc-carth deposits, the availability of highly skilled
technicians and enginecrs, and incxpensive power. Uzbe-
kistan has the largest number of registered ore deposits
and reserves of non-ferrous and rare metals of all the
republics. It is quitc probable that additional reserves of
copper, tungsten and gold-bearing ores will be surveyed.
In the development of the mining industry, tungsten and
molybdenum ores have been extracted since 1935,
fluorite since 1941, lcad and zinc since 1952 and copper
since 1959.
The mining of non-ferrous ores has been augmented by
the developmient of the metallurgical industry. Continued
development of the metallurgical industry will produce
end-products of rolled copper and heat-resistant metals,
lead and zinc, as well as alumina for aluminium pro-
duction.

The development of new branches of heavy industry
changed the structurc of industry in the Republic. Al-
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though tixe number of light and food industrics increased,
their pereentage in the total industrial production dc-
lined in favour of heavy industry.

Regional industrial complexes are a result of these
structural changes. Plants in a given branch are grouped
in industrial centres on the basis of planned locations.
Auxiliary scrvices are shared by plants in the industrial
centre, thus reducing basic construction costs, as well as
production costs. The following industrial districts arc
being formed as production complexes:  Tashkent,
Bukhara-Navou, Angren-Almalik, Ferghana, Andijan,
Samarkand and Nukus-Hodjail;.

The level of development n all the industrial complexcs
of the Republic is not the same. Tashkent is the most
developed industrial complex, primarily because it is
situated at the terminus of the sole railway in Uzbekistan
and Central Asia that links the R cpublic with the European
part of the country. In addition, hydroclectric power was
developed in the Chirchik river basin and traditional
craftsmen and artisans contributed their skills to the
development. The high rate of deveclopment was fur-
thered considerably by the evacuation of many plants to
Tashkent during the Second World War.

In the Angren-Almalik industrial district the following
branches form the basis of industrial development: non-
ferrous mctallurgy, coal mining, building materials,
power industries and the petrochemical industry. In this
district are surveyed reserves of copper, lead, zinc,
molybdenum, fluorite, rare metals, coal, kaolin clay and
raw materials for the building materials industry.

The following characteristic features of the mineral
deposits favour the industrial location of production
complexcs:

(a) The concentration of deposits of different mincrals
in small areas and closc to the surface (coal, kaolin
clay and non-ferrous ores) permits open-pit
mining;

(b) The availability of inexpensive fuel and powcr

resources,

fc) Deposits of kaolin clay above and below scams

of coal arc convenient for extraction of both
resources

{d) Deposits of mixed ores contain a considerable

quantity of rarc clements.

In the incipient industrial centres of Angren, Almalik
and Ahangaran, plants and branches form a complex to
process raw materials and manufacture end-products. An
example of this interrelation is the production of mincral
fertilizer on the basis of sulphuric acid that is a by-
product of non-ferrous metallurgy.

The Angren industiial centre includes a coal mine, 2
thermal power station, a reinforced-concrete parts plant,
an asphalt plant and repair shops. The large Altin-Topkan
industrial complex in the Almalik centre includes 15
plants that usc common raw materials and waste
products. Among them are copper and lead-zinc mills
and smclters, plants for concentrating copper, lead and
zinc, a thermal power station, a lime plant and a plant
that produces sulphuric acid. The Ahangaran industrial
centre of six plants includes cement and tile mills and a
reinforced-concrete parts plant. The extractive indusery
is developed in the Ahangaran river basin.

Small towns with 13,000 to 15,000 inhabitants are
centres of local economic districts. Old towns, such as
Khiva, Turtkul, Karshi, Chimbai and Biruni, as well as
new towns such as Chirchik and Navoii, have small
production plauts that employ some of the rural popu-
lation.

Thus, industrial location in Uzbekistan is part of the
all-Union co-operation. The development of transport
and cconomic tics with other republics has furthered the
continued industrialization of Uzbekistan.
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Regional planning
by I F. Medveder 29

Planning in the Byclorussian SSR has evolved i several
historic stages from simple assumptions and annual plans
ter a given sector to long-termt perspective plans tor the
national cconomy. The following types of cconomic
plans are used: long-range. perspective  projections,
medium-term, five-year plans and annual, operational
plans.

General, perspective projections tor the development
ot the cconomy during a period of 10 to 15 years or
more give a long-range orientation of the ecconomic
development and provide the basis for the more cfficient
usc ot resources. These projections consider complex
problems, such as the efficiency of the regional speciali-
zaton, the conditions tor the development of urban
scttlements, the probable efficiency of new production
complexes, the main trends of agricultural development,
estimates ot production and consumption balances tor
the most important industrics by districts, and an estimate
of the capital mvestments.

Five-ycar plans reflect the  direction,  production
volume and growth rates tor individual sectors of the
cconomy, and the national economy as a whole, as well
as changes n industrial locations. Although cach tive-
year plan has its particular tasks and teatures, experience
has mdicated that a five-year peniod 1 the optimal time
span during which major imnovations can be successtully
introduced mto production processess.

The detailed. stemized five-year plan is determined by

scicntitically based norms and indicators. The system ot

plan indicators must satisty the tollowing conditions:
Retlect the direction and trend of sectoral, regional and
over-all cconomic development;
Mobihze the resources ot all units trom the apex to
the base ot the cconomic pyramid.
Indicate the specitic characteristics and features of cach
cconomic umt, sector, district and the Repubhc as a
\\'hﬂll‘;
Emurc co-ordmation between units and sectors;

24 BSSKRC State Planning Comnnttee, Minsk, USSR

Exlubit a umtied mcthod:

Provide Hexibility tor svstematic improvement.

Anunual, operating plans take mto account the previons
tultilment of wms to prevent disproportionate success
in the attamment ot fong-range goals. The sections of
the annual plans are composed of the tollowing Broups:

Sectoral plans;

Regional plans;

Consolidated plans  that cover MWLNPOWCT,  Wages,

mvestments cte.

Regional plans ensure rational industrial location in
the Republic and the balanced development ot districts.
During recent years, the interbrancl balance has been
used to analyse the pattern ot the national economy.
Although considerable experience las been gamed m
interbranch planning. the method i sull at the experi-
mental stage.

Optimization ot cconomic  specualization and  the
national cconomic pattern are achieved by using criteria
tor the cconomy as a whole as well as interregional
calculations.  However, calculations for specitic condi-
tions, which ensure a choice of preferable solutions, arc
based on a separate interbranch balance.

The indicators ot the national cconomic plan arc
compiled by the method ot “counter-planning™ on the
basis of cconomic data trom regional cconomic units
and departments as well as data from  scientitic and
exceutive plamning bodies. On the basis of data from
cconomic units, proposals are dratted for the maximum
use of resources and the development ot the existing
production capacities with local, natural and labour
reserves. Research data are used to take into account
the demand tor specitic output 1 a given region or in
the country as a whole, the availability of resources, the
relative cthiciency of  various technological methods,
alternative production and industrial locations. Further-
more, the following signiticant, consolidated cconomic
indicators are  deternnned:  the relationship  between
gross social product and national income, the break-
down of the fatter into accumulation and consumption
components, the growth rates of production and the
plnned level of consumption.
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Theoreneal and practical eruerna tor the development
of particular plants, sectors, districts and the natonal
cconomy as - whole are claborated in Byclorusia on
the basis of the Laws of cconomic development. The
pohey and pracnec of ceonomic development may m
particular cases depart trom the principles on which
planmng 18 based, but the methodological toundations
of plaming must correspond to the requirements of the
objective laws underlying the general line of cconomic
dc\'clnpnlcnl.

The choiee of 4 new industrial location requires con-
sideration ot variable factors (including 1he improve-

ment o existing plants) and determination indices of

comparative cconomie ethiciency and national advisabil-
ity Atter completion of this task, industrial branches
are grouped by the concentration of labour resources
and consumption ot goods and by sources of raw mate-
rials. tuel and clectric energy. This classification is the
basis of the cconomic analysis of scparate factors, since
attention s tocused on the one or two most signiticant
cconomic components of cach branch.

Accordmgly, when choosing variable tactors, it i
necessary to use comparative indices of energy capacity,
consumption ot raw materials and labour, as well as
more complex dervatives, such as the combined con-
sumption ot energy and labour, or of raw materials and
labour. The resulemg advisability of developing industrial
branches 18 expressed through the maximum national
cconomic ctticiency.

When choosing the variable factors tor location of
a branch and a plant the above criterion may be moditied,
m particular, the maximum protit or mimimum total
costs. The total expenses are calculated by the formula:

nH C i+ YK T
where C s the current costs per unit of production,
K the specitic capital mvestments,
& the branch normative coetficient of compar.-
tve ctheieney of capital investments, and
T the transport costs.

In calculating the comparative cconomic ctficiency,
the gencral cocticient of etficiency 0.15 (corresponds to
a normative period of compensation during seven years)
has been used. In calculating the total expenses, both
tor prime costs and capital investments, all expenditures
are taken into account, including costs of production,
transport, storage, losses cte,

As a result of the comparative estimation of variables
m industrial locations, arcas with the most tavourable
conditions are determined, as well as the industrics to be
modernized or  constructed.  Detailed study of the
cconomic development of the area is a prerequisite to
industrial location. In addition, the problem of industrial
location requires that production efficiency must be
cnsured by rational industrial specialization.

Thus, eftective  industrial location  depends  upon
branch and regional planning. The cconomic cfficiency
of industrial location is increased. due to 4 more rational

e ot raw-material and energy resonrces, planned
redistnibunion of population, and Libour resources for
their most cHecnve anse production, regard tor ad-
vances i science and technology, introduction of techno-
logical improvements, and means of technological and
ceononne sabstantiation of industrial location.

Since industrial location is dependent on many tactors,
cfective solutions of the cconomic problems can be ob-
tamed by application of cconometric methods  and
computers. The cconometric methods (especially non-
hincar programming) present a choice of the most cffec-
tive location from planned alternative locations. The
optimum plan of development and location that ensures
mmimum costs, whle ubtaining maximum results, cannot
st present be practically presented as a unique model,
or a system of modcls, since some problems of econo-
metrnic models remain unsolved.

Plans for the development of the Byclorussian cconomy
are closely co-ordinated with the requirements of the
Sovict Union’s national cconomy as a whole and with
those of particular scctors and districts of the Republic.
The general State plan for the development of the
USSR cconomy is prepared, both by sectors and by
regions. This principle is likewise used in drafting plans
and projections for sectoral and regional development
i the Republic. Thus it is possible to:

Take full account of the regional resources and the
ceonomic and historical conditions:

Ensure rapid growth rates for the leading sectors of
industry and agriculture:

Modernize all sectors of the cconomy ;

Increase the cfficiency of capital investments and
improve the use of material, natural and financial
resources:

Reduce production costs by a substantial increase in
production, with minimum outlay;

Ensurc industrial specialization and co-operation with
the development of the USSR cconomy.

The co-ordination of plans promotes harmony be-
tween the country’s general interests and the national
interests of the Republic. It does not restrict cconomic
initiative - Byclorussia bue provides active economic
opportunitics and improves the territorial division of
labour.

In the national cconomic plan of the USSR, targets
for the republics comprise the following indicators:
gross industrial production, the volume of agricultural
production, capital investments, and a few others. How-
ever, the Republic is responsible for the allocation of
mvestments, the volume of agricultural production and
the sectoral and regional budgets. The Republic's cconomic
independence s manifest in the emphasis of priority
development for those sectors which represent Byelo-
russian specialization within the system of the All-Union
division of labour.
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Policy and goals
by A. P. Koloshin2s

The most important condition tor the intenvve develop-
ment of the national cconomy s a correctly chosen and
preciscly  tormulated policy ot regional planning and
industrial locauon. The complex task of tormulating 1
correct policy of regional development requires com-
prehensive rescarch,

Prease data must be available on the raw-materials
base, water and energy supply, and the availability of
skilled and unskilled labour. The requirements of a
given stage ot development and concrete tasks deter-
minc the economic. social and political trends of regional
development.

The final stage in formulating a policy of regional
planning and industrial location is the preparation of
preliminary forccasts, models and schemes for the
development and location of the national cconomy.
After a detailed cxamination and discussion of the pro-
posals, the policy and objects of regional devclopment
and location of production arc determined as the basis
for comprehensive, short-, middle- and long-range plans.
Detailed objects and methods are given, with scparate
indices of resources, and the main lines of their distri-
bution, volumes of production, consumption, standards
of living, internal and external cconomic tics and other
factors.

The main form of regional planning is the long-term
plan, which is prepared for five years or longer periods.
The State Plan of Byclorussia envisages the development
of all branches of the national cconomy. It includes
the main trends in the following arcas: technological
development, industrial development and location, agri-
culture and forestry, transport and communications,
capital invesements for construction, labour and wages,
and the increasc in the standard of living and training
of skilled workers.

The balance mcthod of planning is a valuable tool,
since it permits the determination of the balances of
material, costs and labour in the national cconomy. By
ascertaining matcrial balances, the actual volume of
material exchange between production branches can be
determined. By mcans of cost balances the ratios in
distribution and national consumption, as well as the
national and individual incomes and cxpenditures, can
be determined. Manpower balances provide a basis for
planning the distribution of labour resources.

The most important development objectives in the

general scheme for the Byclorussian cconomy during
19711980 are as follows:

Complete and rational usc of natural resources of the
region, in particular, acceleration of the study and
industrial use of petroleum, rock and potash salts, and

23 Vice-Chairman, State Planning Committee, Government
of the Byelorussian SSR..

other mineral resources, the development of plants
tor wood processing and the use of industrial wastes;
High rares of growth in all branches of the cconomy,
with 1 higher standard of iving for the citizens:

Improvement of the structure of industrial and agri-
cultural production by cxpanding existing branches
and creating new branches, industrial specialization,
raising the complexity of the cconomic development,
expanding intra-regional and interregional ties, in-
creasing the volume of production for export in
addition to the further development of the most
cffective forme of transport, i.c. automotive, pipeline
and L‘lL‘CITi(".

Improvement ot industrial location by constructing
new plants, mainly in medium-sized and small towns.

During this period, the tollowing industrics form the
basis ot the Byclorussian cconomic complex: machine
building, petrolcum extraction and  retining, petro-
chemicals, light and food.

A system of micro- and macro-cconomic models and
mathematical methods are a component of planning
the cconomic development of the Republic. The system
embraccs the entire cconomy and its scparate functional
clements of branches, regions. towns and individual
plants. The solution of these problems, requires the prior
solutions of other problems such as the future growth
of towns and the cvaluation of cconomic factors and
natural conditions affecting the developinent of towns,
the determination of the optimum growth of the urban
population, labour reserves and possibilitics for in-
creasing the number of employces in the national eco-
nomy, co-ordination of the development of towns and
industrial location and the assigning of prioritics for the
industrial development of scparate groups of towns and
the nature of the industrial development.

One of the features of industrial location after the
Sccond World War was the relatively high concentra-
tion in large towns. A considcrable part of industry
was concentrated in the capital Minsk, and the district
centres of Gomel, Vitcbsk and Mogilev, and in the new
towns of Bobruisk, Borisov and Orsha, which had been
developed carlier in the pre-war years.

However, the Republic contains 23 large and medium-
sized towns and more than 50 small towns with less
than 20,000 inhabitants. The development of small and
medium-sized towns is necessary to improve industrial
location, to increase the organizational level of the urban
cconomy and to use labour resources more effectively.
The location of plants employing less than 1,000 workers
in small towns mects all these requirements. Likely
candidates include specialized plants for instrument
construction, plastic processing, machine building,
knitting mills, and food and light industrics. The indus-
trial development of small towns in Byclorussia is
facilitated by a unificd power system, in which all towns
arc included, and by improvements in the transport
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system. During the 1961 -1965 five-year plan, about
60 per cent of the new, large and medium-sized plants
were located in small and medium-sized towns.

At the present time new industrial plants are largely
located in industrial arcas. These arcas arc designed in
a single architectural plan that organically cnsures good
communications and transport to all districts of the
town. In addition, the creation of industrial arcas in a
number of towns cnables regulation of the cngincering
cconomy of these towns and the availability of improved
cultural and welfare services for the citizens. New indus-
trial arcas arc being constructed in the towns of Vitebsk
and Brest, Mogilev and Bobruisk, Pinsk and Molo-
dechno, Borisov, Mozyr and Novopolotsk.

The planned basic trends in the development of towns
and industrial locations have facilitated a stcady, high
rate of industrial growth. The planned management of
the cconomy and the training of specialists have been
significant factors in the industrialization of the Byclo-
russian SSR.

Econometric models and methods
by V. F. Medvedev26 and V. A. Kagan2?

Economietric modcls and mcthods arc used in the long-
range planning of industrial location and devclopment
in the Byclorussian SSR. Optimal planning requircs the
observance at all levels of the plan optimum principlc,
i.c. conformity of an acccpted cconomic criterion to the
final objects of planning. The most cffective mcthod
of obtaining optimal plans is to compare a number of
altcrnatives. The technical and cconomic paramcters can
be varicd by a computer, which formulates a number of
plans and sclccts the best plan by special mathematical
apparatus. This apparatus is an intcrrelaced system of
cconomctric models, numerical methods, algorithms and
programmes.

The most important clement in the theory of optimal
planning is the construction of a system of economctric
modcls and practical mathcmatical methods for com-
puter solution. The model is a mathcmatical cxpression
containing variables whose behaviour is analogous to
a rcal system. A mathematical model gives a set of
mathematical relationships which describes all available
plans.

Structural cconometric models for industrial devclop-
ment and location in Byclorussia are used, both for
branches of the national cconomy and for scparatc
industrial plants. Successive implcmentation of the
hicrarchical system of vertically linked structural modcls
is the way to optimizc the cntirc planning system. The
optimization of long-term plans for the devclopment of

26 Director, Scientitic Research Institute of Economics and
Economic-Mathematical Methods of Planning, Gosplan, BSSR.

27 Head of the Department, Scientific Institute of Economics
and Economic-Mathematical Mcthods of Planning, Gosplan,
BSSR.

the national cconomy requires successive implcmentation
of the following stages:

(2) Formulation of the problem and choice of the
optimum criterion;

(b) Introduction of the actual cconomic conditions
into the mathematical model;

(¢) Application of numerical mecthods, algorithms
and problem solution programmes;

(d) Prcparation of initial information for the solution
of the problem in accordance with accepted
computer methods and programmes;

(¢) Solution of the problem on the computer and
subsequent cconometric analysis of the resules:

(f) Dccisions by economic bodics.

Diffcrences in the formalization of long-term planning
problems of industrial location in mathematical models
originatc from the following factors:

(a) The number of commoditics considered in the
problem (single-commodity and multiple-com-
modity),;

(h) The formulation method of alternative produc-
tion capacitics (discretc and continuous);

(¢) The modd of componcnt critcria (transport-
production, production and transport);

(d) Static and dynamic timc factors (fixed periods
and varying periods);

(¢) The subsystem of the problem (single- and
mulciple-step).

The aim of long-tcrm planning is to obtain a maximal
cffect. The results are indicated by quantitative para-
meters that are inherent in cach alternative. The concept
of the optimal critcrion is derived from an objective
cvaluation of an alternative’s effectiveness. The choice
of the optimal critcrion has a considerable effect on the
formulation of a concrete problem. Thus cach planning
level has its charactcristic local criteria. However, local
critcria_of optimality arc not permitted to introduce
contradictory factors into the econometric models.
Optimal criteria in long-term industrial location are the
total costs of production and transport, profit and
amortization of capital investments.

The economic problem of industrial location may be
formulated as follows. Demands for the product in the
territory are calculated. Capacities of existing plants and
possible alternative developments are determincd. As a
result of calculating factors ensuring labour resources,
cnergy supply, the availability of building sites ctc.,
possible locations arc plotted. For cach location, possible
capacitics arc determined with corresponding indices of
production costs per unit of output and specific capital
investments. Transport costs arc calculated for delivery
of a unit of output from cach production point to cach
consumer. An altcrnative must be found for improve-
ment and development of existing plants, the location
and volume of production of new plants, as well as a
scheme of output deliverics, in order that consumers may
be supplied with products at a minmum total cost.
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Mathematical models and methods have been used
in_the Byclorussian SSR in planning the location of the
tollowing industrics:

Light industry (Hax-processing and clothing plants);

Machine building and metalworking  automotive

assembly and repair, and machine (repair shops and

centralized foundrics);

Electrotechnical industry  (clectrical-appliance repair

shops);

Agriculture (specialized shops for repairing agri-

cultural machines and tractors) ;

Construction industry (plants for the production of

wooden pancls and reinforced concrete products);

Food industry (bakerics, brewerics, dairies and meat-

processing plants).

The solution of these problems of industrial location
on the computer “Minsk 22" has shown adequate con-
vergence of the algorithms (sce table 1).

Table 1

PARAMETERS (DIMENSIONS) OF CERTAIN PROBLEMS OF INDUSTRIAI
LOCATION AND COMPUTER TIME FOR SOI UTION

Number of Number of Number of possible Comprter tine
locations consumers plant capacities (minute)
11 28 8 2
20 28 14 12
11 23 7 51
12 28 8 21
16 28 7 k)|
16 24 9 2
24 62 8 160

9 22 6 51
10 20 5 51
22 22 8—10 26.2
40 30 4—4 50
44 9 300
35 117 350

By constructing optimal plans of industrial develop-
ment and location, it is possible to find altcrnatives in
which total cost is reduced by 10 to 12 per cent. Pro-
grammes for solving algorithms allow cxact and approxi-
mate solutions. As can be seen from table 1, the para-
mcters of problems (dimensionality) solved in the

Byclorussian  SSRare  comparatively small. When
solving large-dimension problems on the computer, the
existing algorithms are not sutficiently effective because
they converge slowly.

An important feature of the algorithms used by
planners in the Byclorussian SSR is the possibility of
obtaining groups of optimal alternatives for a sclected
criterion. The groups of altcrnatives are given in order
of acceprability.

As an cxemplary problem, consider the optimal
location of specialized repair shops for grain harvesters.
In static formulation, let w represent the number of
possible locanons of repair shops (i = 1, 2. .. 11) and
# the number of cxchange points (i = 1, 2,...99).
The set of possible capacities for a shop located at the
ith point is {a,,,}, h =0, 100, 300, 500, 1,000, 2,000,
3,000. The converted costs for the ith shop arc
{fi @)} h = 1,..., 5 (see table 2).

The requirement for repair at the jth exchange point
is bj. The transport costs for a unit of sparc parts from
the jth exchange point to the ith repair shop arc Cj;.
The volume of goods transported from the ith cxchange
point to the jth repair shop is ;.

In conventional symbols the problem is to find a
non-ncgative valuc x; minimizing the function

F (X) =i§ﬁ(§-"u) + gglcu' X

while obscrving the following conditions:

(a) Capacity of a repair shop at the ith point is takcn
from the given st

98
Yo €fan) h=0,1,2..390, i=1,2.. 4
J=1

(b) Requirements of the ith exchange point for repair
are fully met

Toxy th,j=1,2...98,

The conversion problem is solved by using an algo-
rithm. The optimal alternative location is obtained; for
the satisfaction of a total requirement for repairs cqual
to 8,700 units, four shops should be built with capacities
of 700, 3,000, 3,000 and 2,000 units, respectively, at
locations 4, 11, 26 and 29.

Table 2
CONVERTED COSTS (IN ROUBIES)®

Capacity Primary costs \:’:,‘g,‘;h’:";:‘;" Converted costsjunit® Total converted costs®
100 817 1,495 1,041.25 104,125
300 657 945 798.75 239,625
500 592 763 696.45 348,225

1,000 515 580 602.0 602,000
2,000 449 438 514.7 1,029,400
3,000 415 KYA) 470.95 1,412,850
3,500 401 248 438.2 1,533,700

¢ The coefficient of efficiency is 0.15.

¢ The converted costs/unit are the sum of the primary costs and the cocficient of
¢ The total converted costs are the capacity multiplied by the converted costsfuni

efficiency multiplicd by the specific capital expenditures.
¢,
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