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LARGE INVESTMENTS IN THE SOVIET UNION 
THE SOVIET STATE TURNS SIXTY
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Hungary

Received: 31. 12. 1977.

The Soviet Union and its Communist Party, the leader and organizer 
of the Soviet people’s victories, were celebrated in 1977 by the whole prog
ressive world.

The Soviet State, the first to set the objective of building up a class
less society, had hard times. Often, as in the years of the interventions and 
civil wars, and later during World War II it had to defend itself in alife-and- 
death struggle. Its progress was for a long time hindered by the discrimi
native political attitude and trade policy of the capitalist countries.

The Soviet people has overcome these difficulties and attained econo
mic, scientific and cultural results acknowledged by the whole world.

The Soviet Union, once a backward agrarian country, has become in 
sixty years a country with up-to-date big industry and developed agricul
ture, taking the second place — today close to the first — in the industrial 
and agricultural world production.

The scientific and technical achievements of the Soviet Union are 
acknowledged aven by the most developed capitalist countries, which buy 
Soviet licences in large numbers and apply them in various fields of the 
economy. The leading capitalist countries co-operate witli the Soviet 
Union in space exploration, in researches aimed at peaceful uses of atomic 
energy; they buy enriched uranium from the Soviet Union, etc. All this is 
in agreement with the view of peaceful coexistence of countries with diffe
rent social systems held from the beginning by the Soviet Union, and with 
the interests of all nations.

The economic, scientific and cultural achievements have laid the 
foundations of the Soviet Union’s increasing role in world politics. The 
influence of the Soviet Union on the international trend of polities is conti
nually growing; none of its essential questions can be settled without the 
Soviet Union’s standpoint and endorsement. This fact indicates the extra
ordinarily positive change that has taken place in the position of the Soviet 
State during the past six decades.

From the very beginning the Soviet Union has been following a peace
ful and internationalist policy, supporting the forces fighting for social 
progress in every part of the world. All countries -  including Hungary -  
of the socialist world system extending over three continents are indebted
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to the most powerful and most experienced socialist country for their 
existence, survival and development.

The economic co-operation of the ever increasing number of Countries 
belonging to the socialist world system has been based from the outset on 
independence and mutual advantages. The capitalist society is unable to 
establish such relations. With the Council of Mutual Economic Aid (CO
MECON) the socialist countries created the organizational form of their 
economic co-operation. It is well known fact that COMECON countries 
form today’s most dynamically developing community. The rapid and 
balanced development of the member countries of the COMECON —where 
unemployment is unknown — is made possible by the Soviet Union. 
The Soviet Union has over 20 per cent share in the industrial world produc
tion, and its raw material output amounts to some 25 per cent of the world 
total. It is the Soviet Union that mostly supplies the smaller socialist coun
tries with energy resources and raw materials they lack. At the same time, 
the Soviet Union absorbs a substantial or decisive proportion of the process
ing and particularly the machine industry exports of these countries.

The community of the socialist countries exerts great influence on 
the peoples of the developing and developed countries alike, since the his
tory of each socialist country is an example of socialism bringing peace, 
liberty and prosperity to all nations.

The anniversary of the October Revolution is rightly celebrated by the 
recital of the achievements of the Soviet Union. In the following pages we 
are going to underline some fields of economic development which are of 
particular importance from the point of view of the Tenth Five-Year Plan 
now in process. The examples to be mentioned represent the development 
level of science, technology and geographical science in the Soviet Union.

Achievements of the Soviet Union in the peaceful uses of nuclear energy

In connection with the peaceful uses of atomic energy it is necessary 
to note that the Soviet Union is well supplied with primary sources of 
energy, moreover, it is a big energy exporter.* In the Soviet economy the 
need for using atomic energy for electric energy production is not as great 
as in the developed capitalist countries, where the imports of energy 
sources are equally large.

In increasing the electric energy production of the Soviet Union in the 
tenth Five-Year Plan period between 1976 and 1980 particular emphasis 
is laid on atomic power-stations. In connection with this plan target we 
are going to give a survey of the Soviet nuclear industry.

Up to 1970 atomic power-stations of somewhat more than 1500 MW total 
output were put into operation in the Soviet Union (5 MW in Obninsk, 
575 MW in Novovoronezh, 300 MW in Beloyarsk, 600 MW in Siberia, 62 
MW in Dimitrovgrad). The Obninsk nuclear power-station was put into

* At preseut the Soviet Union yearly exports about 135 million tons of petroleum and 
petroleum products besides other sources of energy.
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operation on 27 June 1954 with a graphite moderated pressure tube type 
reactor. It was followed in 1958 by the similar construction 1000 MW first 
reactor of the nuclear power-station named “Siberia” (in the area of Novo
sibirsk)

The Obninsk nuclear power-station is essentially the precursor, or 
first specimen of the RBMK type improved later. I t is a pressure pipe sys
tem with graphite moderator (neutron-slowing medium) and light water
cooling. This means that the evaporation of the water takes place separa
tely in cooling pipes passing through the reactor zone which contains the 
fissile material. There is no reactor vessel under pressure, and the steam 
leaving the pipes gets directly into the turbines.

This type is the result of original Soviet development. The absence of 
the reactor pressure vessel has many advantages, but involves the more 
complicated arrangement of the pipe system and a similarly complicated 
control system. These difficulties have practically been overcome by the 
Soviet constructions and technologists, as shown by a number of 1000 MW 
reactor blocks of this type in operation and under construction. In spite of 
this, the type is not considered sufficiently time-tested to be recommended 
for export.

The 210 MW pressurized water reactor (VVER water-water type) 
completed in 1964 at Novovoronezh was of a different system; its precursor 
was the Lenin atomic ice-breaker constructed in 1957 and i>ut into opera
tion in 1958. The safe development of the type was contributed to by the 
similar 70 MW Rheinsberg Atomic Power-Station put into operation in 
the German Democratic Republic in 1966.

The pressurized water reactor is the most widely distributed reactor 
type of the world. More than 30 per cent of the atomic power-station work
ing and under construction in the world are of such construction. The 
main part of the system is a high pressure (100 — 160 atm.) reactor contai
ner, which includes the whole active zone. The heat released from the fissile 
material — the so-called fuel element — placed here is extracted by the 
cooling water circulation around them. This high pressure hot water “cool
ing” the fuel elements forms the so-called primary circle. The about 320 — 
340 °C water discharged from the reactor produces saturated steam of 
about 40 kp/cm2 pressure in the secondary circle for driving the turbines. 
This type is of a somewhat lower efficiency than the RBMK, but is relative
ly simply controlled and absolutely safe. The second reactor of the Novovo
ronezh type is of 365 MW capacity, and the third and fourth reactors are 
of 440 MW each. The fifth reactor with a capacity of 1000 MW is now under 
construction. The water-water type 440 MW reactor in Novovoronezh is 
the most advanced Soviet type, the cost of which is about 0,8 kopek/1 
kWh. This type was adopted between 1971 and 1975, and is being applied 
in 1976—1980 by the other socialist countries. In the German Democratic 
Republic two VVER —440 type reactors are already working and further 
two of similar type are under construction in Greifswald. Two 440 MW re
actor blocks are in operation in Kozloduy, Bulgaria. Such equipment is to 
be installed at the Paks atomic power-station in Hungary, and a similar is
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under construction in Bohuniee, Slovakia, beside the earlier, lower capacity 
(self-excited) atomic power-station built by Czechoslovakia itself. The 
same type will be put into operation in Poland at the beginning of the 
eighties.

It was also in 1964 that the first 100 MW reactor in Belovarsk started 
to work with a direct steam generation system. It was here that the techno
logy of steam overheating in the reactor was first realized on a large scale. 
The Belovarsk 100 MW reactor is essentially of the same graphite-modera
ted tube type system as the RBMK type. The equipment served for experi
mentation with nuclear overheating. Atomic power-stations usually pro
duce saturated steam of relatively low temperatures. The Voronezh pressu
rized water type e.g. is only suitable for the producing of saturated steam. 
The graphite-moderated tube type can, in principle, be constructed in such 
a way that the reactor nuclear heat overheats the produced steam. This is a 
great advantage, since cheaper and more reliable turbines of higher effici
ency can be built using overheated steam. Unfortunately, the nuclear over
heating further complicates the connection- and control system of the pipe 
reactor, complicated and full of source of error anyway. As shown bv t he 
experiences obtained in Belovarsk, nuclear overheating cannot be regar
ded as a technologically perfectly solved problem as yet.

The second — already 200 MW — water boiling graphite moderated 
pressure pipe reactor was put into operation in Belovarsk in 1907.

The VK —50 type 50 MW water boiling pressure tank reactor in Di- 
mitrovgrad was completed in 1965. It is the second most frequent type in 
the world, about 20 per cent of all nuclear power stations are of this type. 
In the Soviet Union this type is of secondary importance. In Dimitrovgrad 
a 5 MW portable —type atomic power station has been completed with 
organic moderator and cooling medium.

Another portable-type, similarly serving the electric energy supply of 
the northern regions is the nuclear power station named “Sever” with a 
1,5 MW pressurized water reactor developed in Obninsk.

In the reactors mentioned so far — which apart from differences in 
construction all belong to the group of the socalled “thermal reactors” — 
fission is caused by neutrons slowed down by the moderator and moving 
with the thermal agitation speed of gas molecules (hence the term “ther
mal”). In uranium burnt in power stations like that the isotope 235 must in 
cases be enriched to 3 — 4 per cent.

Reactors can, however, be constructed without moderators as well; 
in that case the process of fission is maintained by fast neutrons — moving 
several hundred thousand time faster than the thermal neutrons — pro
duced on fissioning. Such fast reactors are much more difficult to control 
and cool. Water cannot be used as a cooling medium, because it is a strong 
moderator and slows down the fast neutrons. That is why in fast reactors 
liquid sodium us used as a cooling medium. Apart from these disadvanta
ges and difficulties fast reactors have an extremely great advantage. While 
in operation they produce plutonium, a new fissile material from the ura
nium isotope 238, which, though otherwise useless, makes up more than
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99 per cent of the uranium mass. That is why the other name of these re
actors is “breeder reactor”. Thermal reactors are unable to utilize anything 
but the uranium isotope of mass number 235, which, however, comes to 
only 0,71 per cent of the uranium found in nature. Thus, with fast reactors 
the uranium supplies can be increased nearly a hundred times.

The precondition for the operation of fast reactors is the availability 
of uranium enriched to an about 20 per cent proportion of isotope 235. 
This requires a considerable surplus of enrichment capacity and a much 
higher initial charge of uranium. The enrichment of uranium — the increase 
of the ratio of isotope mass number 235 — is a complex technological pro
cess demanding large investments. Today only the Soviet Union and the 
United States of America are capable of the enrichment of larger volumes 
of uranium. During the operation of a fast reactor an amount of plutonium 
exceeding the quant ity of the burnt-out isotope 235 is produced from ura
nium 238 present to about 80 per cent in the fuel element. The plutonium 
thus obtained is a fissile material suitable for the production of new fuel 
elements; it replaces the uranium isotope of mass number 235.

The first fast breeder reactor (12 MW) was put into operation in Di- 
mitrovgrad in 1968, with a sodium heat exchanger (Bor — 60). This was 
the Soviet Union’s first fast breeder reactor.

It was in 1972 that the first large-scale demonstrative and experimen
tal (multipurpose) nuclear power station with a breeder reactor supplied 
with sodium heat exchanger was established in Shevchenko (BN—350) on 
the Asian side of the Caspian Sea, where three counter-pressure turbines of 
50 MW unit capacity each have since been put into operation. The steam 
of the counter-pressure is conducted to the seawater desalinizing works.

A brief presentation of all this was necessary to give an idea of the 
nuclear power-station programmes between 1954 and 1970. In the period 
of constructing demonstrative thermal neutron reactors for atomic power 
station experts tried to find the best solution for the moderator (graphite, 
heavy- or light water), for the heat carrier (CO.,, light- or heavy water, 
organic matters), and further for a possibility to include the system of wa
ter or gas energy transformation of the reactor heat into the operative 
medium of the turbine. Experiences of the construction and operation of 
demonstrative, thermal neutron nuclear power stations, the nuclear fuel 
technology, the diversity of special equipment, machinery and means of 
automation have supplied a great bulk of information necessary to deter
mine the trend of further development for nuclear power stations, and to 
establish the place and importance of nuclear energy in the system of 
energy management.

In the seventies the high capacity 440 — 1000 MW unit reactors with 
their complete equipment have begun to work on the basis of the following 
two most advanced and test-proved types:

— the VVER —440 and the VVER —1000, with a nominal electric 
output of 440 and 1000 MW, respectively; these reactors are usually called 
Novovoronezh type;
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— Graphite-water boiling tube type reactors with direct circulation 
for the production of overheated dry steam. Its type is RBMK—1000. 
Nominal electric output of the block is 1000 MW. This type follows the tra
dition of t lie Obninsk power station on the basis of operative experiences 
obtained in the Belovarsk and “Siberia” nuclear power stations.

These types form the basis of the big nuclear power plants established 
up to 1975, as well as of those to be constructed in the Tenth and Eleventh 
Five-year Plan periods. The capacity of about 5500 MW installed by the 
end of 1975 will increase to about Î7— 19,000 MW by 1980 and to 30- 
34,000 MW or so by 1985. It is obvious that the nuclear power-station 
construction programmes of the other socialist countries are imposing an 
ever increasing task on the Soviet machine industry in producing complex 
nuclear power station equipment. That is the reason why a giant machine 
factory, under construction at the river Don in the city of Volgodonsk, 
will be completed for serial production of atomic power-station equipment 
by 1980. In Novovolynsk a factory producing technological equipment is 
under construction in COMECON co-operation, joining the accelerated 
programmes of nuclear power stations.

Of the development plants several large projects have already been 
completed, e.g. a nuclear power station with two RBMK—100 blocks of 
2000 MW in Leningrad (in process of being extended to 4000 MW); another 
one with two VVER —400 blocks of 880 MW in Kandalaksha (their exten
sion to 1760 MW is going on); an atomic power stat ion in Bilibino (Chukchi 
peninsula) with four graphite-water boiling tube type reactors of 12 MW 
electric power each, discharging steam for the heat supply of the city. The 
nuclear power stations in Kursk, Chernobylsk (north of Kivev) and Smo
lensk put into operation in 1976 will have been working by 1980 at a capa
city and equipment level similar to that of the Leningrad nuclear power 
station. The programme of the Tenth Five-Year Plan (1976— 1980) includes 
the construction of a VVER-type 440 MW reactor block at Oktembert- 
yan, Armenia, and of another one near Rovno. A 1000 MW block of the 
same type is planned to be built up in the vicinity of Odessa (South-Ukrai- 
nian nuclear power station). Further, the construction of a nuclear power 
station consist ing of reactors of 1500 MW unit each, and having a final po
wer of 6000 MW is started in the settlement of Drukshvay, Lithuania. In 
the Ukraine the construction of two further nuclear power stations will 
have been started by 1980, one of them in the neighbourhood of Khmel’- 
nitskiv, the other in the north-eastern part of the Crimean Peninsula.

Thethird block of the Belovarsk nuclear power station, a 600 MW (BN 
— 600) sodium cooled fast breeder reactor was completed in 1976. This — 
together with the BUR —60 and BN — 350 fast breeder reactors — will be 
of outstanding importance in obtaining experiences in the industrial use 
of breedeing reactors. The fast breeder reactor BN —600 is at present the 
largest breeder reactor in the world, and will probably lie the prototype 
of one of the future fast breeder reactors.

The designing and construction work of the two versions of the high 
capacity RBMK —2000 reactor was already going on between 1971 and
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1975. One of the greatest advantages of RBMK tube type reactors is that 
no technical difficulties are encountered in increasing their unit output. In 
the case of the tank- (PWR and BYVR) types the producibilitv of the reac
tor tank is the upper limiting factor of the output. Similar construction 
work is being carried on with the VVER type.

The rapid increase of the capacities of nuclear power stations improves 
the electric energy supply in the European part of the Soviet Union and, 
at the same time, plays an important role in the production of a new fuel: 
plutonium. Plutonium is required in charging the breeder reactor-type nuc
lear power stations. Plutonium-uranium as a fuel is most efficiently used 
in the breeder reactors. Experiences ontained with breeder reactors (BOR — 
60, BN —350, BN-600) put into operation up to the present will be of 
extremely great help in realizing the 1500 MW sodium cooled fast breeder 
reactor type, now in process of designing. Considering the time taken so 
far for the development of nuclear power stations, the importance of bree
der reactors in the energy management will already increase in the nineties. 
With breeder reactors a 6 - 8  years’ period of fuel redoubling can be attai
ned. which enables a 40 — 50-fold increase of the fuel reserves of nuclear 
]lower stations compared to that of the thermal reactors. After this yearly 
increase of electric energy produced in nuclear power stations may exceed 
the usual annual growth rate of electric energy production, since the elec
tric energy thus produced is the cheapest in the European part of the 
Soviet Union. The share of nuclear power stations in the electricity produc
tion of the Soviet Union is expected to rise to 30 per cent by the end of the 
century, which means that nuclear power stations will gain ground at an 
exceedingly fast rate in the next quarter of a century.

Regional production complexes in the European part of the Soviet
Union

The increase of the Soviet Union’s economic potential after World 
War II has made it more and more possible to realize the development of 
economy in the form of groups of plants, not only by individual industrial 
works. Such groups of plants are based on energy- or raw material resour
ces. or on the combination of the two, and form a so-called regional produc
tion complex. They produce enormous economic growth, and at times 
their influence is exerted over an area of 100 — 200 thousand km2. Besides 
providing economic advantages by up-to-date technology, good organiza
tion and co-ordinated work, these investments also involve considerable 
savings of area, cost reduction in establishing the production and social 
infrastructure, and — finally — savings in the labour force compared to an 
individual location. This practice renders it possible to obtain experiences 
important in the long run for the whole mankind.

Of the regional production complexes in process of evloution in the 
European part of the Soviet Union we are going to describe two: one in 
the area of the Kursk Magnetic Anomaly (KMA), and the other in the area
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of tlie Orenburg gas field. They have a part in tlie economic growth of tlie 
European socialist countries as well.

In the period of the Tenth Five-Year Plan the Economic Region of 
Central Chernozem zone has arrived at a new phase of its development. 
The construction of the world’s biggest electric steel factory, the first rep
resentative of the gradually evolving KMA regional production complex, 
has begun in the city of Stariy Oskol. The most thoroughly ex pored sites 
of the about 160 thousand km- area of the KMA are found in the counties 
of Belgorod and Kursk (Lebedino, Stoylensk, Chernyansk, Pogrometsk, 
Yakovlevo, Mikhavlovsk). The new big plant will therefore be located in 
the vicinity. The KMA is the world’s biggest iron ore occurrence expected 
to be efficiently exploitable in the next 80 — 100 years. In the area of the 
KMA a commodity iron ore exploitation of about 100 million tons can be 
expected by the end of the eighties, which in itself indicates the national 
and international importance of the new iron ore bed. It is worth surveying 
the recent history of the KMA which began in 1950 wit lit he exploitation of 
the first open-pit mine at Lebedino. (The volume of extraction was 18 
thousand tons in 1952, and nearly 1 million tons in 1955). Exploitation on 
an industrial scale was started here in 1959, with 3 million tons extracted. 
In the open-pit mine of Mihailovo work began the following year, in 1960. 
From then on events gathered speed. The capacities of the two huge out
crop rapidly grew, in 1965 they supplied as much as 11 million tons of 
commodity ore. Iron ore extraction from a new outcrop mine at Stoylensk, 
near the village of Stoylo south of Stariy Oskol, began in 1965. followed 
in 1968 by the South-Lebedino openwork. In the vicinity of Gubkin a 
deep mine was opened where iron quartzite has since been extracted. The 
four outcrop mines and the deep mine supplied in 1970 a total of 17,6 mil
lion tons of commodity iron for various metallurginal works. The KMA had 
a share of 9 per cent in the commodity iron ore exploitation of the Soviet 
Union.

These openworks further increased in the Ninth Five-Year Plan period 
with an investment of 3,5 thousand million roubles; the drilling of a shaft 
(at a depth of 700 m) dimensioned to a yearly output of 4.5 million tons of 
iron ore began in Yakovlevo. The exploration of the KMA deposits conti
nued in the meantime, and some 28 thousand million tons of iron ore con
taining 60 — 64 per cent iron (i.e. not requiring concentration) were found at 
a depth of 400 — 700 m between the settlements of Shebekino andlvnya 
(in the area of Belgorod). It is here that the overwhelming majority of 
high quality iron ore resources found in the entire area of the KMA is 
concentrated. Exploitation was, however, made difficult not so much by 
the great depth as by the large number of water veins. At last the rock was 
frozen with calcium chloride solution circulated in a pipe system around 
the shaft, to prevent the inrush of water. In that plan period the first — 15 
million ton/vear capacity — stage of the Mikhavlovo iron ore concentrat
ing works was completed, and the construction of the Lebedino concentrat
ing works continued, and of another one in Stoylensk started. In 1975 
35,6 million tons of commodity ore — more than 15 per cent of the country’s
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total production — were obtained from the four open-pit mines of the 
KM A. The 1980 projection of commodity iron ore production is 47 million 
tons (crude ore production is more than twice as much). The importance 
of KMA in the national production of iron ore is gradually increasing, 
with its functions changing at the same time. Earlier its main task was to 
supply the big metallurgical works in the vicinity (Lipetsk, Tula, Chere
povets, some factories in the Ukraine) and to produce for export. Today it 
takes part in supplying the Uralian and West-Siberian metallurgical 
works, and will pronouncedly do so in the future. The KMA has become an 
iron ore bed of national importance. Thus, the metallurgical works under 
construction and to be constructed in the area serve the reduction of iron 
ore transportation over great distances as well.

In the Tenth Five-Y ear Plan period 5 thousand million roubles are 
spent on the development of the KMA. Near the settlement of Starly Os
kol the first — and the world’s biggest — integrated rated electrometallur
gical works is under construction, which means a quality change in the 
history of the Soviet steel production. In contrast to the traditional proce
dure steel is produced here immediately from the prepared iron ore without 
the use of blast furnace and coke. The technological process starts in the 
Lebedino ore concentrating works where a superconcentrate of some 70 
per cent Ee-content is made, then carried by water current along a 27 km 
long pipeline to the pelleting plant. The iron ore ground to micron size is 
pelleted with the addition of clay and limestone dust. The 10 —13 mm dia
meter pellets are heated in special furnaces, so as to become sufficiently 
hard; then the oxygen is reduced in a shaft furnace at 1000 — 1100 °C by 
means of natural gas and C(>2 gas added. After that a 90 — 95 per cent 
Fe-content and about 1 per cent C-content sponge iron is made, which is 
continuously conveyed to the electric-heated steel furnaces, where with 
the addition of appropriate composition metals various kinds of steel are 
produced. Manufacturing requires no oxygen blown in, and less heat and 
cooling water compared to other procedures (!), and the specific volumes of 
various pollutants affecting the environment are much smaller.

By 1980 production capacities for 4 million tons of pellet, 2,5 million 
tons of sponge iron, 1,8 million tons of steel and 1,5 million tons of rolled 
steel will have been completed. In the eighties steel production will be in
creased to 5 million tons. The production cost of steel manufacture is 10 — 15 
per cent lower compared to the traditional technologies.

In connection with the new big plant other important de
velopments will also be realized. Water contained in reservoirs to be estab
lished on smaller local streams will, though, be sufficient for the next 
10—15 years, later, however, a new 380 km long industrial canal connect
ing the rivers Oka, Don and Oskol will be constructed to ensure the water 
supply. This canal will help in solving the water problems of the industrial 
regions of Tula and Voronezh as well. The necessary electric energy will be 
obtained from the now 1000 MW Kursk and the still larger Novovoronezh 
nuclear power stations. Natural gas will come through the new pipeline 
from the distributing station at Ostrogozhsk. The site is favourable from
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the point of view of communication (railway, road), and the proximity of 
big consumers of machine industry (Moscow, Volga region, Donets Basin, 
etc.). Local machine production is considerably extended, in the settlement 
Alexevevka e.g. new large chemical- and agricultural machine factories 
are established. In the electrosteel combinate itself 60 thousand workers 
will be employed, mostly men, at the time of its full completion. This de
mands the building up of a new big city, being now in progress in the 
form of total reconstruction at Stariy Oskol. This old small town will soon 
have 280 thousand inhabitants whose number will later amount to 0,5 
million. Here and in other neighbouring towns numerous food- and light 
industry enterprises will be introduced for the employment of female la
bour. With a view to the food supply of the rapidly growing big city the 
agriculture of the country will be reorganized: farms specialized in vege- 
table, milk and poultry production will be established. Construction and 
mining will reduce the agricultural area but increased yields and improved 
organization will compensate for the loss.

The development project of the KMA regional production complex 
will later include the utilization for brick-, cement- and glass making of 
the huge quantities of chalk, marl, sand, clay, etc. found in the spoil banks 
of the outcrop mines; the metallurgical by-products (slag, etc.) will simi
larly be utilized. Metallurgy and pellet making will promote the limestone- 
and dolomite mining as well as the fire-brick production of the region. The 
electrometallurgical combinate at Oskol is the first metallurgical works in 
the area of the KMA. When it has been completed it will be possible to 
construct a vertical metallurgical system planned for the time being with 
traditional technologies, as a joint investment of the COMECON countries 
in the second half of the eighties.

Owing to its vast iron ore resources the Economic Region of Central 
Chernozem-zone will after its industrial-agricultural production profile 
soon become an industrial region (including high level heavy industry) 
which, besides, has an up-to-date agriculture as well. The substantial trans
formation has an influence on the demographic movement: the proportion 
of agricultural workers will soon fall below 50 per cent. The inflow of workers 
to certain professions and fields begins. The migration of population from 
the area so far characterizing the region stops, the inner occupational re- 
stratification and the process of urbanization become more intensive.

The concept “Regional Production Complex of Orenburg” covers in a 
narrower sense the tasks connected with the exploitation and utilization of 
the Orenburg natural gas, and in a broader sense those concerning the 
complex economic development of the county of Orenburg. We are going 
to discuss the Orenburg complex in the first sense.

The Orenburg gas-field enlarges the production profile of the Uralian 
region, favourably modifies the development possibilities of the neighbour
ing economic regions — first of all of the Volga region — ; its integrating 
effect is manifold. Through its vast resources it has an impact on the ener
gy management of the European socialist countries as well.
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The 1800 thousand million m3 Orenburg natural gas deposits are 
found highly concentrated on an area of a few thousand km2. In 1975 
recoverv was 30 thousand million m3 out of which about 27 thousand 
million m3 dry gas left the six units of the first two natural gas processing 
plants. Bv 1980 natural gas production is planned to reach a volume of 45 
thousand million m3 a year; three units of the third natural gas processing 
stage are being constructed for this purpose. \\ ith its operation some 41 — 
42 thousand million m3 dry gas is left behind, about 5 thousand million m3 
of which will be consumed by local power stations, the population and other 
consumers, and some 30 thousand million m3 gas transported away. The 
largest volume -  28 thousand million m3 (of which 4 thousand million m3 
is consumed by the 1650 MW capacity compressor stations) -  is conveyed 
by a 1420 mm diameter pipe-line built from Orenburg to Uzhgorod in 
COMECON co-operation. The 2750 km long pipe-line, operated with a 
pressure of 75 atm., will supply in 1980 about 15,5 thousand million m3 
natural gas to the European socialist countries. In the construction of the 
pipe-line seven COMECON countries — the Soviet Union, the German 
Democratic Republic, Poland, Czechoslovakia, Hungary. Romania and 
Bulgaria -  took part. Romania is given 1,5, the other socialist countries 
(apart from the Soviet Union) receive 2,8 thousand million m3 natural gas 
a year. The first tract (Orenburg-Alexandrov Gay) was financed by Hun
gary, the second by Czechoslovakia, while Poland, the German Democratic 
Republic and Bulgaria bore the costs of the rest of the tracts. Romania 
covered the expenses of constructing the third gas processing stage at Oren
burg. From the terminal station, or from tracts near to it 800 mm pipe
lines branch off towards the countries participating in the construction 
work. Similar smaller diameter pipe-lines connect it with the gas network 
of the Soviet Union. When the construction work is completed (1978) the 
pipe-line will go over to Soviet ownership, and the capitals invested by the 
other socialist countries will be amortized by the Soviet Union with natural 
gas delivered to them for some 12 years. The construction of the pipe-line 
was a fine example of international collaboration: in the work of construc
tion workers from Hungary, the German Democratic Republic, Poland and 
Czechoslovakia equally took part.

The Orenburg — Uzhgorod gas pipe-line becomes part of the uniform 
gas system of the Soviet Union. Later on a connection will be established 
between Orenburg and the West-Siberian gas fields, which ensures long
term (over 40 years) use of the pipe-line. The contract on natural gas trans- 
portation is expected to be prolonged after its expiration, so that the 
countries participating in the construction will be able to buy increasing 
volumes of natural gas from the Soviet Union.

Apart from this, shorter pipe-lines have been constructed from Oren
burg to Kuvbvshev, Zainsk (4 thousand million m3/year), Stcrlitamak, 
Novopskov. In the Tenth Five-Year Plan period the Orenburg-Dombarov- 
ka pipe-line (east of Orsk) through which Orenburg gas will be fed into the 
Bukhara — Ural pipe-line will be completed. The reserves and exploitation 
of the Bukhara gas field are decreasing.

I, A ROE INVESTMENTS IN THE SOVIET UNION 13



In the natural gas processing plants 1 million tons of sulphur and about 
2 million tons of gasoline were obtained in 1975. The latter liquid material 
is conveyed through a pipe-line to Salavat, and from there partly to 
Sterlitamak and Orsk. Besides, in the Kargala natural gas processing plant 
some 200 thousand tons of propane-butane fraction were separated. The 
ethane, propane, butane, etc, extracted in Salavat and Sterlitamak contri
bute to the development of the big olefine-, synthetic rubber-, synthetic 
fibre- and thermoplastic synthetic material works established along the 
river Volga. The increasing natural gas production makes the local separa
tion and processing of liquified products reasonable. For this purpose in 
the new industrial centres of Kargala and Sakmara, north of Orenburg, 
helium-, ethane-, propane-, butane-, pentane-, merkaptane-, etc. extract
ing plants and a methanol factory are built in the Tenth Five-Year Plan 
period. The first ethane-extracting unit is already working. In 1980 some 
120 thousand tons of methanol will be used in the gas purifying (sulphur- 
extracting) plants, temporarily obtained from other districts. An integrated 
chemical works is planned to be constructed in the eighties west of Oren
burg, near Perevolotsk — in an area less suitable for agricultural utiliza
tion —, where a rock-salt processing plant will be erected, and PVC as well 
as chlorinated hydrocarbons will form the bulk of production. At the same 
time, rock-salt production in the neighbourhood of Sol-Iletsk will increase. 
A further big plant of chemical industry is to be established in Pervomaysk 
(south-western part of the Orenburg county) for the production of combi
ned fertilizers.

The development of chemical industry requires much electric energy 
and water. Consequently, in the Tenth Five-Year Plan period a new ther
mal power plant will be constructed in Orenburg, and the large Iriklinskiv 
and the smaller Kargala and Sakmara power stations enlarged. The main 
task of the latter is to supply heat for the natural gas processing plants. In 
smaller thermal power stations brown coal is also used for heating. It is to 
this end that the 3 million ton/year capacity Tyul’gan open-pit mine will 
be opened, and a briquetting plant completed inthesame place. The (Tyul’
gan) railway line between Orenburg and Muraptalovo northwards to the 
new mine will be constructed in the Tenth Five-Year Plan period.

As the area is pool' in rainfall, there is great need for the construction 
of reservoirs large enough to meet the requirements of various industries 
and the population. For example, the Kuvandik reservoir (of 1,5 thousand 
million m3 capacity) is being constructed on the river Sakmara, which flows 
into the river l  ral at Orenburg. It will satisfy the incerasing water demands 
of Orenburg, Mednogorsk and Kuvandik. The Altnay reservoir is under 
construction on the Great Kumak river, partly to meet the requirements 
of the nickel industry (Svetliy, Yasniy). The largest reservoir at Sorochinsk 
is planned to be constructed on the river Samara, for petroleum and gas 
industry as well as for agricultural purposes. The scarcity of surface water 
flows and the low discharge of the rivers cause problems, among other be
cause of the sewage disposal.
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The development of machine industry and communication is adjusted 
to the changes that take place in the Orenburg regional production complex. 
Of the new factories built in connection with the chemical industry it is 
worth mentioning tlie control gear production enterprise in Orenburg, and 
the electric^>teel factory of the Orsk — Khalilovo Metallurgical Works. In 
Novosergivevka a large machine repair centre is established.

The conditions of communication in the area of the Orenburg regional 
production complex (RPC) have also undergone a fundamental change. In 
the Tenth Five-Year Plan period in many places second tracks are built 
on the main lines with their simultaneous electrification. Suburban rapid- 
transit railways are constructed between Orenburg and Kargala and in 
other directions; the asphaltic public road system is also growing. In Oren
burg a new airport is built, and helicopter landing grounds are established 
in all district centres. Many airports are reconstructed (Pervomaysk, 
Buguruslan, Abdulino). For the transport of sulphur produced here a 
sulphur melting and filling station lias been established to service the 
special railway tank wagons.

The other equally very important questions of development in the 
Orenburg RPC are similar to those in other industrial centres. The con
struction and building material industries, the food industry are develop
ing. many units of light industry are being established for the employment 
of female workers. The irrigated lands in the western paid of the county are 
rapidly growing.

New regional production complexes in Kazakhstan

Of the new RPC's in process of evolving in Kazakhstan we are going 
to discuss here the ones in Pavlodar-Ekibastuz, Mangisblak and Dzhambul.

The conditions of economic geography as well as the concentration of 
water and mineral resources are highly favourable for the development of 
the Pavlodar-Ekibastuz RPC. Large volumes of black and brown coal, 
copper ore (with molybdenum, cobalt and silver as tributary minerals), 
lead and zinc ores, barite, nickel ore, rock salt, limestone, and of various 
building materials are found near to each other.

In the Ekibastuz recess some 12 thousand million tons of black coal 
have been accumulated, of which about 7 thousand million tons represent 
the reliable industrial stock. From the outcrop mines of the “Bogatir” 
association 45 million tons of coal were extracted in 1975. The geological 
reserve of the Maykuban brown coal basin (south of the former) is about 
10 thousand million tons, of which the well known industrial reserve is 
some 2 thousand million tons. Some fields of the coal basin are under pre
paration for exploitation.

The copper ore deposits at Bozhakul, north-west of Ekibastuz belong 
to the largest ones on national scale. The principal task of the mine and 
concentrating plant working here is to replace the almost completely ex- 
haused Kounrad copper ore mine, and to supply the Balkhash eombinate 
with copper- and molybdenum concentrates. In the vicinity of Ekibasutz
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several additional copper- and rare metal ore deposits with industrial 
stocks are known.

Of the lead- and zinc ore occurrences those at Mavkain, south-east-, 
and at Tortkuduk. south-west of Kkibastuz are of industrial importance. 
In the Bayanaul Mountain south of Ekibastuz (to be develoj#d in the fu
ture into a resort district for the RPC) nickel ore deposits are known to 
exist.

In the neighbourhood of Pavlodar and Ekibastuz many, partly ex
ploited salt beds (Maraldi, Tavolzhan. Zhalauly. Solvetka etc.) can be found 
with an industrial stock of about 140 million tons.

The limestone quarry at Keregetash, south-east of Ekibastuz is under 
exploitation. Its material is utilized in the Pavlodar alumina factory and 
the Yermak ferro-alloy factory, among others.

These conditions are made use of in the production complex. A number 
of large establishments have already been completed, and their further 
improvement is in process. They are: the mine and concentrating works 
at Bozhakul: the 2400 MW thermal power station and the ferro-alloy fac
tory at Yermak; the alumina factory, tractor- and agricultural machine 
factory, chemical works, salt-works, meat-processing plant at Pavlodar: 
the concrete prefabricated module factories at Pavlodar, Ekibastuz and 
Yermak; numerous irrigation systems, etc. The first thermal power station 
with a planned capacity of 4000 MW (with 500 MW turbines); a petroleum 
refinery at Pavlodar. and a 1.5 million V direct current transmission line 
between Ekibastuz and Tambov are under construction.

The heavy industry, and within it coal mining, electric energy produc
tion, ferrous and non-ferrous metal industry, dominate both in production 
value and investment stock. These branches of production form the special 
profile of the RPC. Chemical industry and machine industry are growing 
in importance. Many questions of the complex’ further development are 
related to the improvement and combination of the described production 
process. Such are: the completion of petroleum refining with petrochemical; 
branches; the organization of fertilizer- and synthetic material production 
the development of energy intensive production branches e.g. through the 
establishment of aluminium production and extension of ferro-alloy produc
tion; the organization of by-product utilization: the utilization of so far 
neglected minerals e.g. of poor quality manganese ores, extraction of 
barium and coloured metals for paint and dye production, and to obtain 
barium salts; the reduction of the very strong machine industry co-opera
tion outside the complex by erecting local machine factories: a reliable 
water supply: development of the food- and light industries as well as of 
the infrastructure.

One of the examples of by-product utilization is the use of several 
million tons of slag produced yearly in the power stations for alumina pro
duction and as building material. The A120 ( content of the slag is 30 — 35 
per cent, more than that of the Arkalyk bauxite transported here from a 
great distance. Dozens of similarly important questions are to be solved 
within the developing specialized production district.
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With the exception of certain points (e.g. the deficiency of water) 
the problems encountered in the Mangyshlak regional production complex 
are mostly of different character. The latter RPC is also aimed at the com
plex utilization OjF mineral resources found near to each other. On the area 
of about the size of Transdanubia with low population density and dry 
(semi-arid) climate petroleum- and natural gas fields, iron- and manganese 
ores, phosphorus, black coal, rare metal ore deposits, building materials 
(sand, limestone originating from the accumulation of sea-shells, etc.) are 
found. The Mangyshlak petroleum was discovered in 1 961 (the first success
ful boring), and since 19(50 production has been of industrial importance 
(1970 = 10 million tons, 1975 = 20 million tons). Together with the nearby 
petroleum fields known for some time back 24 million tons of petroleum 
were brought in 1975 to the surface in the Western Kazakhstan. On the 
basis of the petroleum resources known at present annual production can 
be increased to 30 million tons. The largest working petroleum field is the 
one at Uzen’ (15 million tons) followed by the Zhetibay field (5 million 
tons). The petroleum is of light type, with high paraffine- and low sulphur 
content; it is highly viscous with a point of congelation at +30 °C. In the 
Uzen’ —Kuvbyshev pipe-line heating stations had therefore to be installed 
at every 90 km.

The exploitation of the petroleum fields required manifold develop
ment work. A railway line (Makat —Shevchenko — Uzen’) was constructed, 
and the highway between Beyneu and Ivungrad was completed. By the 
side of the Caspian Sea, in the city of Fort Shevchenko a fast-neutron ato
mic power station was put into operation. The power station desalinizes 
120 thousand m3 sea-water a day at a cost of 20 kopek/m3, and generates 
electric energy and steam for technological purposes.

Fresh water is conveyed by pipe-line to the cities of Fort Shevchenko 
and Xoviy Uzen’ and to the settlement Zhetibay. In several places under
ground fresh water is utilized as well (in the former cities, and in the di
strict centre Yeraliyev). To lessen the shortage of water less mineralized 
underground water resources are mixed with fresh water. Underground 
waters being mostly highly saline are unsuitable for human consumption 
and industrial purposes. Water supply when solved in this region will 
extend in time the utilization of the petroleum fields.

Natural gas production is relatively modest (1975 = 5,3 thousand 
million m3): to a minor part pure gas fields (Tenge), but mostly accompany
ing gas are the sources. At the beginning valuable accompanying gases 
of the Mangyshlak petroleum were mostly burnt, except for a small amount 
used at the heating stations of the petroleum pipe-line, and for communal 
purposes, etc. The first stage of the Kazakh gas processing plant in Noviy 
Uzen’ was completed in 1974. The second stage constructed in the Tenth 
Five-Year Plan period will ensure the full utilization of the accompanying 
gas. The area of petroleum occurence is fairly concentrated, which renders 
the collection of gas easier. The gas processing plant provides the raw ma
terial for the neighbouring synthetic material factory whose first stage (pro
ducing polyethylene) will be completed in the Tenth Five-Year Plan period.
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Besides these titanium- and rare metallurgy works as well as an urban 
thermal power station in Forth Shevchenko are important establishments 
of the developing complex. Finally, some minor milk- and meat processing 
plants, and the fish cannery in Bautinsk may be worth mentioning.

Many questions of further development in the Mangyshlak RPC are 
open and mostly depend on the extent to which the petroleum production 
will grow. This fact determines the need for local petroleum processing, 
and for the construction of other servicing establishments (repair basis, 
etc.).

Other questions can be precisely and reliably outlined. For example, 
the large quantity of products left behind in the desalinizing plant is sui
table for table salt production; in connection with this a rock-salt break
ing unit might be attached which in turn could co-operate with the synthe
tic material factory. In Xoviy Uzen’ a gas turbine operated thermal power 
station is built during the Tenth Five-Year Plan period which provides the 
possibility of first establishing a minor electric energy system in Mangysh
lak, then joining it to the national system. The growth of economy will 
later demand the construction of a railway line between Xoviy Uzen’ and 
Krasnovodsk. The improvement of food production and water supply is a 
permanent task. The earlier camel-, sheep- and horse breeding activity 
has been completed by cattle farming and a poultry breeding- and process
ing plant.

The third new developing regional production complex of Kazakhstan 
is the Karatau — Dzhambul RPC, which makes use of the vast phosphorite 
resources of the Karatau Mountain. Besides phosphorite-, lead- and zinc 
ore, as well as ores containing iron and vanadium are also found in the 
mountain. The exploration of the phosphorite deposits north-west of 
Dzhambul began during World War II, when the transportation of the 
Kola apatite to the cotton growing regions in Central Asia encountered 
difficulties. The exploitation began by the settlement Clmlaktau (given the 
name Karatau in 1963) in 1946, where a railway line was built from Dzham
bul. The next mine and concentrating works were opened in 1959 by the 
settlement Aksay. The third -  and today the biggest -  mine and concen
trating plant began to work in 1965 near the town Zhanatas. Until then 
the exploitation of phosphorites was of modest volume, since the average 
P20 5 content of phosphorite is low — 25,7 per cent — , which considerably 
increased the sulphuric acid consumption in the case of acidic development, 
the only method used earlier in fertilizer production.

With the completion of the new large thermal power station of Dzham
bul, operated with Central-Asian natural gas, the extraction of phosphorus 
in electric furnaces (thermal procedure) could start. This brought about a 
favourable change in the utilization of the Karatau phosphorites. In the 
Eighth Five-Year Plan period the production of yellow phosphorus star
ted. In the past ten years the capacity of the concentrators has rapidly- 
increased; by 1980 the production of ore concentrates is expected to amo
unt to 9,5 million tons. Output of ground phosphate is a further 4 million 
tons. The ore concentrate is used for yellow phosphorus- or phosphoric
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acid production, and for superphosphate fertilizer manufacturing. The 
biggest consumers of the ore concentrates are: the local fertilizer- and mic- 
rocosmic salt factories, the pesticide-, detergent- and feed-concentrate 
factories, further the Chimkent microcosmic salt factory. The Central Asian 
fertilizer factories and the Almalvk chemical works take the second place. 
Considerable volumes of ore concentrates are also delivered to Aktyubinsk, 
and to the Volga- and Uralian Economic Regions.

'I’lie increasing utilization of Karatau phosphorites raises many ques
tions waiting for solution, such as the profitable extraction of various so 
far neglected poorer quality ores (containing e.g. magnesium and carbonate, 
silicium, etc.), their concentration and utilization; ensuring a higher pro
portion phosphorus extraction from various quality ores; fuller utilization 
of by-products (gypsum, various slags, furnace gases, ferrophorus, etc.) 
arising within the complex; increasing the production volume of compound 
fertilizers with higher active agent content instead of the simple superphos
phate fertilizer, etc. The latter task is made easier to solve by the fact that 
in Dzhambul county an estimated supply of 3 - 5  thousand million m3 pure 
nitrogen, as well as poor quality but combustible natural gas have been 
discovered. For the extension of production the considerable brown coal 
field discovered along the river Hi can be reckoned with as a reserve, which 
later may help in supplying the complex with electric energy.

Besides the utilization of phosphorus-containing raw material the 
RPC disposes of production capacities beyond the local requirements in 
wool scouring, sugar industry, and -  in connection with the latter -  in 
distillery, in leather- and shoes industry, meat- and milk industry. The 
manufacture of iron structures and iron concrete for the building industry, 
casting industry; communal machine production (laundry- and fire-fight- 
ing equipment ) and timber processing are of local importance. In the scours
ing plants some 7000 tons of wool fat (lanoline) is obtained a year, to be 
utilized by the pharmaceutical- and perfume industries.

Water supply to the Karatau -  Dzhambul RPC is ensured partly by 
wells, partly by water reservoirs. Larger reseorvoirs have been established 
on the rivers lalas and Koktal. rI he alluvial area between the rivers Talas 
and Assa provides most of the well-water.

The Sayan complex in the service of economic development in Siberia

I he development of the Sayan regional production complex in the 
southern part of the Krasnoyarsk border area began in the Ninth Five- 
Year Plan period and will be completed in three or four five-year plan 
periods. With the completion of more than 100 new enterprises belonging 
to the complex the energy management, non-ferrous metallurgy and — above 
all -  the machine industry of the Central Siberian sub-region of the Eco
nomic Region of F^ast Siberia will reach a higher stage of development and 
grow richer with a number of production specialities of national importan
ce. The Sayan hydroelectric power station, Abakan and Minusinsk have 
been included in the list of the new big centres of industry, and besides

LARGE INVESTMENTS IN THE SOVIET UNION 1 9

2 *



them many new sites of production have become famous, e.g. the Kibik — 
Kordon marble quarry and processing plant south of the hydroelectric 
power station, and Chernogorsk. where chemical- and light industry works 
have been established.

The new industrial region of Sayan is based on the following favourable 
conditions. A great diversity of minerals (iron ore, steel-refining- and non- 
ferrous metal ores, coal, asbestos, phosphorite), hydraulic power, vast forests, 
building- and trim-stones are found here on a relatively small area. In the 
broad valleys advanced agricultural production is carried on, and sites 
su¡tables for construction work are available. In the vicinity a number of 
heavy- and machine industry centres (Novokuznetsk, Krasnoyarsk. No
vosibirsk, etc.) have been developed and made easily accessible by railway 
lines and public roads. Besides, the Yenisey is navigable. In the southern 
part of the new industrial region the first 650 MW turbines of the Sayan 
hydroelectric power station will be put into operation in 1978, and the power 
station will soon after produce 22-23 thousand million kWh of electric 
energy a year. The Krasnoyarsk hydroelectric power station, theNazarovo- 
and Beryozovo thermal power stations, as well as the Kuznetsk basin with 
varied industries are in the neighbourhood. '1 here is a fairly large capacity 
of building industry in the vicinity, which might be regrouped.

The large amount of cheap electric energy is used by many energy 
intensive industries. At the northern edge ol the city of Abakan big metallur
gical works for aluminium, magnesium, titanium, silicium and rare metals 
are being established. The majority of the non-ferrous metals are partly pro
cessed locally (aluminium rolling mill etc.). North of Minusinsk, by the 
river Tuba a big electro-steel works, a ferro-alloy factory and a factory 
producing commercial metall goods are constructed. For the above listed 
metallurgical works a new residential quarter is built in Abakan, and the 
town is reconstructed in view of its inhabitants increasing to 250 thous
and.

The largest freight-car factory of the Soviet Union is erected near 
the town of Abakan, relying on the many-sided metal industry basis. This 
is the largest machine industry establishment in the whole area of the com
plex. The construction of the new freight-car factory became necessary to 
increase the transportation capacity of the railways. Instead of the earlier 
60 ton capacity four-axle freight-cars 120 -125 types will be made here. Of 
such wagons trains of 10,000 ton useful load can be assembled without 
considerable increasing their length. In the wagon factory a large automa
ted steel-casting unit will be established with a maximum annual capacity 
of 320,000 tons. The new eight-axle wagons will be made entirely of metal. 
For the construction of the body rolled aluminium will be used to a consi
derable extent with the purpose of reducing its weight. The number of 
population in the new town built up beside the wagon factory is planned 
to be 100 thousand, which also shows the magnitude of the tasks involved 
in the realization of the factory turning out 8.000 wagons a year.

The electrotechnical industry located with Minusinsk as centre inclu
des a number of new plants. Besides the wagon factory this is the other
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basic conception of expanding the machine industry. The rapid develop
ment of the Sibérien energy system (in the Central—Siberian energy sys
tem the production is at present 160 thousand million k\Vh)calls for the 
establishment of new up-to-date production capacities in the electric in
dustry, which will work specially for the Siberian conditions. The 1000 MW 
and larger capacity energy blocks (and naturally the smaller ones too)of 
the planned groups of thermal power stations, and the machinery of the 
hydroelectric power stations will be produced here. We can best charac
terize the group of the electrotechnical plants under construction by say
ing that everything needed for the production, transmission and utiliza
tion of electric energy (turbines, generators, transforinators, complete 
electric sub-stations, tallies electromotors, electric household appliances 
e.g. kitchen devices, insulation materials, etc.) will be produced here. Co
operation with similar plants of the European part of the country will 
be particularly close at the beginning. The electrotechnical works located 
in and around Minusinsk will employ 60 thousand workers.

In the industrial region, especially in Chernogorsk, where male labour 
is needed in the first place, light industry and other enterprises suitable 
for the employment of female workers will also be set up (primary wool
processing plant, crochet gloves factory, synthetic leather factory, techni
cal rubber factory, film tape factory, etc.). The chemical plants have the 
possibility of co-operating with the big plants in Krasnoyarsk.

A natural concomitant of the industrial region’s development is the 
evolution of various branches of building material industry (construction 
prefab module factories, timber processing, etc.), and the transformation of 
the agricultural production in favour of a type of farm producing vegetab
les and milk around the towns.

The first stages of the biggest plants in the Sayan regional complex 
will already operate in 1980.

A new industrial centre along the Baykal — Amur railway line

In the Tenth Five-Year Plan period the establishment of the South- 
Yakutia regional production complex began, in close connection with the 
construction of the Baykal —Amur railway line (BAM). The BAM will 
gradually bring life into the southern part of the permanent frost zone, as 
yet thinly populated and exposed to frequent earth-quakes. Gradualness 
characteristic of the development of Siberia in general — choosing methods 
and order of succession most favourable of all development alternatives — 
is a practice applied first of all along the new steel track. In South-Yakutia 
metallurgical coal was the first to be exploited at Nyeryurginsk then later 
at Chulmakan, Yakokut and other sites. Production in the Nyeryurginsk 
outcrop mine will be increased to 13 million tons, and a concentrator suit
able to receive 9 million tons of coal completed by 1980. The ash content 
of the South-Yakutian coals is 18 — 20 per cent. The extracted and not 
concentrated coals will be used in the neighbouring thermal power station 
(600 MW in 1980, 1200 MW in 1985), in the smaller (50 MW) Chulman ther-
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mal power station, and in a number of beat supplying plants. A large propor
tion of the concentrated coking coals is to be transported to Japan. According 
to the agreement made with Japanese companies the Soviet Union will 
counter the about $ 450 million worth of machines imported from Japan 
by delivering there 3,2 million tons of concentrated black coal in 1983, and 
5,5 million tons/year after 1985. These machines and equipment are applied 
specially to the cold climate of South-Yakutia. From the Kuznetsk basin 
the Soviet climate of South-Yakutia. From the Kuznetsk basin the Soviet 
Union has long since been transporting metallurgical coal to Japan. With 
the aid of the HAM and the BAM —Tinda — Berkakit branch line this role 
will soon be taken over by the South-Yakut ¡an coal basin. The Soviet-  
Japanese agreement on coal and machine transportation is mutually 
advantageous, rendering it possible for the Soviet party to begin the ex
ploitation of the South-Yakutian coal basin without over-using its own 
resources, while the Japanese party receives large volumes of metallurgical 
coal. The agreement was made for a period of 20 years and concerns the 
transportation of more than 100 million tons of concentrated coal.

Coal mining in South-Yakutia aims at the same time at creating the 
energetical centre of the new RPC. Coals near the surface cannot be coked, 
but together with the by-product of concentration are excellent energeti
cal coals. The Nvervurginsk thermal power station (planned capacity: 
1200 MW) will be connected with the similar size Zeya hydroelectric power 
station: with this the Far-East electric energy system takes a further step 
towards realization. It is by these power stations that an overall industri
alization, the exploitation of nearby iron ore-, copper ore-, rare metal ore-, 
miea-phlogopite-. apatite-, building material- and timber resources are 
made possible.

On the area of the South-Yakutian RPC the production of mica is 
traditional and stands first on a national scale (Tommot). Most of the mica 
is obtained by dee])- and a minor part by open mining. Though in the future 
the Murmansk county may surpass the Aldan region in mica production, 
the nation-wide importance of the latter remains unchanged.

It is the iron ore deposits around the settlement Tavezhnoye at a dis
tance of some 100 km northwards from Chulman that are first expected to 
boost up the iron ore mining of the area. According toon rpresentknowledge 
these are the largest and highest quality iron ore resources on the whole 
Trans—Baykal area (cca. 1,9 thousand million tons). The railway line has 
to be extended from Berkakit to the site of exploitation. Inasmuch as in 
the eighties iron metallurgical works were established on the area of the 
RPC, the two most important requisites: metallurgical coal and iron would 
be available near to one another. In South-Yakutia large volumes of iron 
quartzite and fire-clay are also known to exist.

The copper ore deposits of the Udokan Mountain are found some 
250 — 300 km westwards of the coal- and iron ore resources. The BAM 
provides the possibility of exploitation. Copper ores found here render it 
possible to melt 0,4 million tons of metallic copper a year.
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Railway construction on the area of the South-Yakutian RPC opened 
ii]) new vists for wood-felling and timber processing. In accordance with 
two successive agreements made with the Japanese “Kimatsu” firm, bet
ween 1969 and 1980 the Soviet Union will transport to Japan about 25 
million m3 of wood and nearly 1 million m3 of sawn goods, mainly fromSouth- 
Yakutiji. On the basis of the agreement, worth over $ 600 million. Japan 
will deliver machines and equipment used in wood-felling and timber pro
cessing, or grant a  bank-credit for machine purchase. The mutual advanta
ges of the co-operation are the same as in the coal-machine business.

In South-Yakutia, like in other developing RPC's, the development 
of machine industry in general, and of the machine repair shops in parti
cular. has started together with the location of building material enter
prises. In accordance with the natural conditions of the area, and with the 
experiences of the native population made most of, the breeding of furry 
animals has begun to flourish. For the employment of female labour ready- 
to-wear industry is located in the first place. The limited possibilities in
clude the organization of new kolkhozes to increase the production of po
tato, vegetables, milk and eggs. The development of the RPC has ah im
pact on the development of light- and food industries in the larger cities of 
Siberia and the Far-East (Yakutsk, etc), since it is mainly from them that 
food and consumer goods arrive.

The evolution of the production complex has opened a new era in the 
lives of many small towns (Berkakit, Tinda, etc.).

The heavv industry oriented development of South —Yakutia in the 
zone of permanent frost requires great care in choosing the sites and me
thods of construction. as well as in the field of environment protection. For 
construction purposes the area of stand-up formation is the most suitable, 
as in such places there are no permanently frozen layers under the surface. 
Sewage disposal demands special techniques.
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РЕЗЮМЕ

СОВЕТСКОМУ СОЮЗУ -  60 ЛЕТ

В статье по случаю 60-летия Великой Октябрьской Социалистической револю
ции показаны достижения советского государства.

Затем говорится о возросшем значении атомных электростанций. За годы 
десятой пятилетки мощность атомных электростанций возрастёт с 5,5 до 17- 19 млн.
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КВТ. Приводятся типы разработанных до сих пор атомных электростанций, даётся 
их размещение и основные направления их развития.

В большей части статьи с использованием имеющихся советских литературных 
источников рассматриваются экономико-географические вопросы ряда производ
ственно-территориальных комплексов. I 1оказана производственная специализация 
комплексов, а также их интегрирующее влияние. В случае Курской магнитной 
аномалии и Оренбургского производственно-территориального комплексов при
водятся аспекты их связей с европейскими социалистическими странами. В отно
шении Саянского, Ю ж но-Я кутского, Маигышлакского, Джамбульского, Павлодар- 
Экибастузского комплексов статья отражает достижения и персперктивы развития 
производительных сил восточных районов страны. Помимо этого показаны экономи
ческие преимущества производственно-территориальных комплексов, например с 
точки зрения экономии прогрессивной технологии, численности занятых, терри
тории, а также совершенствования управления. Автор подчёркивает, что произ
водственно-территориальные комплексы нет возможности изучать на практике малых 
стран, поэтому ознакомление с советским опытом в этой области весьма полезно.
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The delimitation of regional units is one of the major problems in geog
raphy. As long as physical and human geography were still an integral part 
of the main discipline of geography, regional studies also reflected this uni
fied approach. Physical and human geography of a region was discussed 
together. Political and administrative areas were treated as regional units, 
and boundaries were drawn along either political, national or provincial 
borders.

There were two basic types within the frame of those traditional app
roaches to the solution of the problem. The first type of division strictly 
adhered to political or administrative boundaries. Continents were divided 
into countries, and these were subdivided into districts or provinces. The 
five volumes of the oldest known regional geography book written by the 
Chinese Emperor Yü in the third century B. C. contained a similar subdi
vision. From ancient times till the beginning of the 20-th century divisional 
units of this type, with occasional midifications, were very common. János 
Hunfalvi, the first Hungarian professor of geography, had also adopted 
this principle in his six volume geography. (The first three volumes about 
the physical geography of Hungary were published in 1863 — 65, and the 
other three books discuss universal geography, and were published in 1881 
— 89). His works represent the best European tradition of his time. The 
other type of regional division differed in some respect. Continents were 
still divided into countries, these were than subdivided into physical regio
nal units or landscapes. The five volume regional geography of the world 
by Aladár György was written in this spirit (1897 — 1905). In Europe the 
best known regional geography book was A. Hettner’s (1927). Andor Kéz 
was a faithful Hungarian follower of Hettner’s ideas on geographic 
regions, and for several decades his textbooks were widely used in higher 
education throughout the country.

This latter approach impeded the development of a more meaningful 
attitude to the question of physical regions. In many cases only a part of a 
physical region or landscape could be discussed if a national boundary 
run across it. Topographic descriptions were in abundance. Apart from 
a detailed description of each map, and the listing of important data, only 
in the later years did explanations and evaluations become more common. 
Thus it was not possible to grasp the underlying unity of a larger phy
sical region e. g. the Alps, or to understand factual interrelations.



In more recent regional geographies these rigid principles were some
what modified. These hooks wers still concieved in the spirit of a unified 
geographical approach, so the human geography of each country in the 
continent was described separately, however, larger physical regional 
units were discussed independently beforehand (e. g. the Alps; later it was 
mentioned again in the approriate chapters on Switzerland, Austria. France 
and Italy). After a general introduction of Fennoscandinavia, Norway. 
Sweden and Finland were treated separately. If the greater part of a physi
cal region would belong to a particular country, it was described in detail 
in that country, though the rest of the landscape unit was mentioned again 
briefly in the neighbouring country (e. g. the Pyrenees were discussed in 
the chapter on Spain, while the Erzgebirge in Germany etc.).

Subdivisions are not simply formal problems of demarcation, they may 
be crucial in determining the content of a geography. This modified approach 
was the first step towards a more complex interpretation of regions. The 
unique development of a physical regional unit was established, interactions 
and interrelationships between physical factors discovered. It inspired 
geographers to look for casual interrelationships in regional physical geog
raphy. The six volume regional geography of the world by Jend Oholnoky 
(1936) is the best Hungarian example of this newer approach.

Classic landscape divisions are based on geographical location to which 
climate, flora and fauna and soils are adjusted, while structure and relief 
does not necessarily conform, or if it does, it is coincidental.

'fhe four cardinal points of the compass were taken as the basis for 
the regional subdivision of continents and subcontinents, and thus hetero
genous morphostructural units were grouped togethei. Very often these 
could not be called physical regional units, since groups of macroregions 
were treated together because of their topographic proximity, (e. g. the 
classic regional subdivision of Europe was the following: Northern, Western, 
Central. Eastern and Southern Europe. Northern Europe consists of two 
different structures, the Scandinavian Mountains with an oceanic, and the 
Baltic shield with a continental climate. Central Europe incorporates high
ly heterogenous, transitional and widely different groups of physical units. 
The southern belt belongs to the young folded mountains (Alps-Carpath
ians), climate, vegetation and soils adjusted to topographical conditions. 
The old block mountains of the middle belt are related to the Variscan 
structures of Western Europe. In the northern belt, on the glacial till 
plains climate gradually changes from oceanic- to continental. In physical 
geographical studies it would therefore be better to divide Europe on the 
basis of a complex evaluation of physical factors. The above mentioned 
marked differences within regions may then be eliminated, and physical 
geographical interrelations of more homogenous macro-regional form groups 
could be satisfactorily explained, all this being contrary to the classic 
subdivision focused on topographic descriptions. Similar difficulties with 
regard to regional divisions exist in the case of other continents.

Classical geography favoured distinct boundaries, well merked topog
raphic units, both in nature and on maps. These boundaries were greatly
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respected. Physical regional units or landscapes were demarcated along 
large rivers, lakes or mountain ridges. This was the practice followed both 
by Hettner (1925), and Kéz (1962). These boundaries were not based on 
the analysis of physical factors, they were well recognizable and easily 
delineated “illusory” borderlines. Evidence is provided by such examples 
where homogenous landscape units are cut into two e. g. along large rivers 
boundaries disrupt the organic unity of the river valley (in Hungary the 
valley of the Sajó, Hernád and Zagyva rivers are divided between two re
gions). The Caspian Sea, the Carpathians and the Ural Mountain each had a 
similar fate. However this method was not consistently applied. Some 
mountains were rightly treated as inseparable units (e. g. the Alps, Appen- 
nines, Pamir, Himalaya and Appalache Mountains). Other had boundary 
lines running along their main ridges. However the structure, development, 
climatic and vegetation belts of these mountains still had to be discussed 
together.

If the topographic unity of a region was easily established, it was 
considered to be an inseparable regional unit. Islands and peninsulas joined 
to the mainland by a narrow strip enjoyed special immunity. Even though 
some of them exhibit conspicuously different physical landscapes, they 
were treated as an inseparable regional unit, 'flic best example is provided 
bv the Crimean Peninsula. It is connected to the Eastern European Plain 
by a narrow strip of land. In most geography textbooks (Hettner 1925, 
Tusinskv 1966 etc.) until quite recently it was described as a single regional 
unit, in spite of the fact that it consists of two markedly different land
scapes. The Crimean lowland is a dry flat plain. Its climate is continental, 
and its soils are southern chernozem and chestnut brown soils with dry 
steppe vegetation. Apart from a different deep structure all other physical 
factors closely resemble those of the Eastern European Plain and it may be 
considered as an extension of that plain. Crossing the structural boundary 
of the Eastern European Plain there is no indication whatsoever that we 
have arrived toadifferent mac r or eg ion, indeed we notice that the landscape 
is the same, a continuation of the Eastern European steppe zone. Once we 
arrive to the foot of the Yaila Mountains the landscape that opens up be
fore us is completely different. The deeply dissected mountains (max. 1545 
m) have a luxuriant vegetation and fauna. Soil and vegetation belts change 
with altitude. The steppe vegetation of the plain gives way to forest steppe 
on the foothills of the mountains, forest vegetation finally changes into 
mountain grassland with altitude. The Yaila is a young folded mountain. 
The traditional concept of topographic unity disregarded these geographic 
factors and the two different landscapes of Crimea were treated together.

Taiwan and Madagascar are both good examples of islands where two 
types of landscapes exist side by side. The Pacific ranges of Eastern Tai
wan are high mountains (3950 m) with a paleozoic crystalline core and 
with paleogene sediments on the foothills. The highest peaks bear the marks 
of glacial denudation during the Pleistocene. The mountainous areas recei
ve more precipitation than the hills and lowlands. In the mountains vege
tation and soil belts change with altitude and relief.Hills in the western half
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of Taiwan consist of mostly paleogene sediments and there is a young fer
tile aggraded plain in this part. The eastern half of Madagascar Island is a 
plateau made of ancient crystalline rocks with high volcanic peaks (2880 
in). Maximum annual precipitation reaches 3600 mm and there is a tropi
cal forest vegetation. The western part is lower, drier, mostly a mezozoic 
cuesta landscape with savanna vegetation or dry forests.

In other cases topographical differences are less conspicuous and yet 
the dissimilarity of physical factors is still clearly noticeable. E. g. Corsica 
is a mountainous island, however there is a definite structural dichotomy 
in the landscape. The western half is a deeply dissected Variascan paleozo
ic cristalline block mountain (2710 m) with remnants of glacial formations, 
more precipitation and rivers having a steep gradient. The eastern half of 
the island is made up of lower and younger fold-nappe structures, young 
fold mountains.

The unity of large peninsulas of the continent was revered even in 
those cases where the multiplicity of landscapes is striking. The best ex
ample is provided by the Scandinavian Peninsula which in spite of the dua
lity of the landscape was until quite recently treated as a definite regional 
unit. All physical factors reflect this duality. The Caledonian structures of 
the Scandinavian Mountains in the west were denuded by glaciers, it has a 
more even oceanic climate with much rainfall and rivers, with steep gradi
ents, have an even stream-flow regime. Vegetation and soils exhibit a verti
cal zonation with altitude from coniferous forests to ice-fields. The ancient 
shield of the east was denuded by continental glaciers, the rivers have a 
small gradient and fluctuation of the stream-flow regime is typical. The 
climate is continental with wide horizontal vegetation and soil belts (taiga 
and forest-tundra).

These peninsulas were strictly delimited on a topographical basis from 
the continent. Southern Europe is the best example. The Pyrenees at the 
neck of the “Iberian Peninsula” and the Alps where it is joined by the Apen
nines on the “Italian Peninsula”, both are ideal physiographic boundaries. 
Problems in connection with regional delimitation did not arise since the 
striking topographic, physiogeographic boundary in both cases coincided. 
It is more difficult to delineate the northern boundary of the strangely 
shaped Balcan Peninsula. Different topographic boundaries were found 
suitable by various authors. The two most common solutions to the prob
lem were the following:

1. A line was drawn along the rather uncertain “root” of the penin
sula, namely along the Sava River, at the foot of the Southern Car
pathians to the Danube delta.

2. In the second version t he boundary run along t he Sava and Danube 
Rivers.

This latter appears to be the better solution, since at least it did not 
annex the Romanian Plain with its marked Eastern-European continental 
features to a totally different Balcan Peninsula. A study of geological, ge- 
omorphological, climatic, hydrological, vegetation and soil maps absolutely
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convince us that the definite physiographic boundary of the Balcan Penin
sula runs along the northern foot of the Dinary and Balcan Mountains.

Though less often than in the ease of islands and peninsulas sometimes 
the true physiographic boundaries of enclosed large inland basins were 
also disregarded. The well noticeable topographic boundaries and the who
leness of the hydrological network orientated towards the basin, were a 
clear temptation. The ridges of the surrounding mountains appear to be an 
ideal topographic frame for delimiting a basin. Thus the inner slopes of 
widely different mountains were treated as part of the basin and were dis
cussed together with the basin, whereas the physical factors of these slopes 
are determined by the very different structure morphology of the moun
tain. All other physical factors, climate, stream-flow,vegetation, soil and 
fauna are adjusted to these. Undoubtedly, however, in lower lying regions 
the effect of the basin is still marked. The Carpathian Basin is an ideal 
example. The topographical and morphological boundary of the Carpath
ian Basin is the main ridge or watershed of the mountain and thus the 
basin is a perfect hydrographic unit. If climate and vegetation are also 
taken into consideration, it would appear a better solution to draw the 
boundary line along the inner volcanic range of the Carpathians. In this 
case we disrupt the hydrographic unity of the basin. The physiographic 
boundary of the Carpathian Basin is the inner piedmont zone of the Car
pathians since it is here that the physical factors begin to change. The 
structure and morphology of the mountain determines the nature of the 
landscape and of the physical geographical parameters. Traditional demar
cation of boundaries were also applied in the case of the Czech Basin and 
the Congo Basin. The national boundary of Czechoslovakia runs along 
the main ridges of the surrounding mountains so administrative and regio
nal boundaries coincide. Earlier the situation was the same in the ( arpat- 
hian Basin.

In most cases however, regional boundaries of basins are correctly 
drawn at the junction of the basin margin and the foot of the mountains. 
This is the practice with more open basins and “half-basins”. Thus regio
nal borders coincide with true physiographic boundaries on the Ik). Anda
lusian, Indus and Hindustan Plain. Dry inland basins surrounded by moun
tains had a similar treatment. E. g. Dzungarian, Fergana, Tarim, Tibet and 
Iranian basins etc. In spite of the enclosed nature of these basins the steep 
slopes of the high mountains have more moisture than the dry desert and 
semi-deserts of the basin and differences between them are very noticeab- 
la. Premontane basins were often discussed together with the mountains 
because of structural rather than topographical similarities. Certain com
mon hvdrographic, climatic and vegetational characteristics (submontane 
climatic effects) may justify this classification. However differences in 
relief and consequently in climate and vegetation are so conspicuous that 
the low, flat aggraded basins at the foot of the mountain should, in spite 
of their genetic interrelatedness, be treated as basically different landscape 
types. To describe these basins and mountains together as macro-regions 
or groups of macro — regional units is not acceptable.
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The forelands of the Caucasus Mountains may he picked out as ideal 
for our discussions. The northern foreland of the Caucasus was treated 
until recently as part of the Caucasus region and were discussed together. 
Both the eastern and western part of the foreland was still subsiding in 
the Holocene, and it is an aggraded plain with steppe vegetation; the accu
mulation of Holocene sediments is several thousand meter thick. The up
lifting of the Stavropol Heights to 400 -  600 m is quite recent and it belongs 
to the steppe zone. Formally the aggraded plains that lie below sea level 
were described as one regional unit together with the high, often snowy- 
mountains of the Caucasus. An analysis of all landscape components reveal
ed that on the basis of its landscape characteristics the Kuban Plain on the 
west should belong to the Eastern European Plain, while the Terek -  Kuma 
Plain to the east is part of the Caspian Basin; the hills of the Stavropol 
Heights is part of the foothill zone of the Caucasus. The Caucasus foreland 
as a whole belongs to the steppe zone.

! he unity of the Caspian Basin was broken up by an inaccurate sub
division of landscapes. This young basin of subsidence occupied for the 
most part by the Caspian Sea, is a remarkable physical regional unit. The 
low lying recently aggraded plains are semi-deserts with closed drainage. 
To the north it is the Caspian Plain, to the south-west the K ura-A raks 
Plain, to the south-east the Transcaspian Plain exhibit in everv respect 
great similarities. They form an inseparable landscape unit morphostruc- 
turally and otherwise, and yet they were divided up between four regions. 
The boundary between Europe and Asia also run accross them (A. Szekelv 
1977).

The regional delimitation of valleys differed widely. The large and 
wide valleys and valley basins were treated as a uniform physical regional 
unit. (The greater part of the Danube Valley, the Rhine Rift, the Lena 
Valley etc.) The narrower and less wide valleys on the other hand were di
vided up between the surrounding regions and the river was taken as the 
boundary. However these valleys also have an inseparable regional unity, 
regardless of size.

1 he delimitation of physical regional units of mountains was not un
ambiguous, though in most cases mountains were treated as large regional 
units especially those that rise up above the lower surrounding areas most 
strikingly e. g. the Alps and the Apennines. Problems connected with mo
untains that enclose large basins have already been discussed. For a sub
division of the parts of a mountain system of or constituents of mountaino
us areas classical geography looked for dec]) valleys or mountain passes 
where easily delineated boundaries could be drawn. This subdivision may 
be acceptable when those wide structural valleys and mountain passes 
were selected where there is a marked change in the main strike, structure 
and relief characteristics (e. g. height, width) of the mountains. (E. g. the 
Vienna Basin between the Alps and the Carpathians, or the Cadibona Pass 
between the Alps and the Apennines.)

Structural valleys parallel to the main strike of the mountain are usu
ally ideal physiographic boundaries. On the basis of morphostruetural
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zones the topographic and physical geographical delimitation of regional 
units is a relatively easy task in mountainous areas. Valleys at right angle 
to the main strike however conspicuous they appear to be, are only topog
raphical boundaries along which the physical geographical components do 
not change significantly, since they only separate components of a coherent 
unit.

Mountain chains and mountain systems are often subdivided along 
large and deep antecedent valleys E. g. the narrow gorge of the lower 
reaches of the Danube is the boundary between the Carpathian and Balcan 
mountain systems (Balcanids), i. e. the Carpathians and the East Serbian 
Mountain. The two sides of this deep gorge are very similar, and so it also 
joins up the two different systems.

'fhe Balcan Mountain System was also subdivided on the basis of the 
same principle. The deep antecedent gorge of the Isker was selected as the 
boundary between the western and central Balcan region, while the wide 
Shipka Pass was chosen as the boundary between the central and eastern 
Balcan regions. In both cases actual landscape features begin to change 
somewhat more to the east i. e. near the Zlatica Pass and the Kristec 
Pass respectively.

As time passed research methods became more precise and exact. 
However the effect of differing research methods that had been adopted by 
physical and human (economic) geographers began to influence regional 
geography. During the last fifty years many specifically physical or eco
nomic regional geography books had been published. This separation of 
the two branches of geography was also felt in higher education in Hungary. 
Ultimately this resulted in a high degree of specialization in regional geog
raphical teaching both in subject matter and methodology. Consequently 
the two branches of regional geography with different methods delineate 
different regional units and boundaries. Modern physical regional geogra
phy operates with landscape units based on size and a specific system of 
classification. Economic geography deals with regional economic units or 
economic rayons, and regional boundaries in a country are drawn accor
dingly. It also discusses economic cooperation between countries.

Physical regional landscape units are delimited on the basis of a de
tailed analysis of landscape components. The relative importance attached 
to each landscape component may differ, and the dominance of certain 
components is often the subject of discussion. Different approaches have 
emerged and the two most important are either based on geographical 
zonation, or on a complex approach to regional subdivision.

Geographical zonation or tjie great belts are the most extensive physical 
regional units, since they join up many regions. The system of great belts 
transcends continental dimensions. Each belt runs accross several conti
nents.

Climate is the dominant factor of geographical zonation or of the 
great belts, hence they are directly linked to latitudes. In the tropics this 
correlation is almost perfect, however due to the influence of the westerly 
winds in the mid-latitudes these belts may be subdivided into climatic
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provinces: differences between the western oceanic, continental and eastern 
monsoon provinces are as great as those between the great belts themsel
ves. Within a great belt climate determines the water balance, hydrological 
regime of rivers, the vegetation and fauna, as well as the nature sof soils 
and surface processes. Thus it was not by accident that a pedologist was 
the one who discovered geographical zonation and its vital consequences, 
at the end of the last century. Nor was it a mere coincidence that he disco
vered the existence of this phenomenon on the Eastern European Plain, 
where it is best developed. The close zonal interrelationship of physical 
geographical factors was described magnificently in 1899 by the Itussain 
soil scient ist V. V. Dokuchaev as follows: “The soil is a mirror, a true reflec
tion and direct consequence of an intensive and close interaction between 
water, air. parent material on the one hand, vegetation, organisms and the 
age of the area, on the other.” Zonal subdivisions in physical geography 
are most often and most effectively applied by Russian and later Soviet 
scientists. (L. S. Berg, A. A. Grigorjev, M. I. Budiko, S. V. Kalesnvk, 
F. N. .Milkov, A. G. Isachenko. A. \I. Rjabchikov.).

Geographical zones or the great belts incorporate climatic, vegetation, 
soil and geomorphological belts, and provide a true synthesis. They are 
therefore highly suitable for an analysis of the interaction taking place 
between the various geographical components. Natural laws of the opera
tion of these processes may thus be described for the whole earth from the 
equator to the poles. It is a modern and valuable tool for teaching the right 
approach to physical geography. Only a background lexical knowledge is 
needed, emphasis shifts to the study of interrelationships (A. Szekelv, 
1975). The method has one disadvantage. The discussion of morphostrue- 
tural units becomes diffic ult since they are not dependent on geographical 
zonation, and when these zones or belts are discussed, the unity of morpho- 
struetures is often disregarded, or broken up. It becomes a serious problem 
if we attempt to outline the formation, development, and relief features of 
an organically inseparable morphostructural unit. The discussion of mo
untain chains that run in a north-south direction is very difficult indeed, 
since it may be divided up between several zones or belts described in dif
ferent chapters of the book as if they were independent units. The Ural 
Mountain with its north-south strike is a classic example (e. g. Berg had no 
choice but to discuss it in six chapters.) Some parts of the Cordilleras are 
described in each geographical zone or belt. The effec t of relief is best de
monstrated by vertical zonation, it aptly illustrates the influence of relief 
on all physical factors. Unlike the horizontal belts that change with lati
tude, zonation in this case is altered by altitude. Vertical zonation is a 
great help in the precise and exact delimitation of physical boundaries 
between plains and mountainous areas. Physical regional boundaries should 
best be drawn at those places where horizontal zonation changes into a 
vertical zonation e. g. at the northern foothills of the Caucasus it should 
therefore run along that line where the classic horizontal vegetation and 
soil belts of the Eastern European Plain give way to a vertical zonation on 
the mountain slopes of the Caucasus, i. e. where the steppe vegetation chan-
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ges into forest steppe and higher up into broad-leaved forest etc. From 
this point onwards physical parameters are adjusted to relief conditions of 
the Caucasus and ar not related to the plains.

The complex approach to regional subdivision considers morphostruc- 
tural relief units as the most important factors in the delimitation of regi
ons. Relief units are the basic regional units (e. g. the Ural Mountains or 
the Eastern European Plain etc.). These are then subdivided into subunits 
because of differences in climate, hydrological regime, vegetation, fauna, 
soils and in the operation of surface processes.

This is a modern and relatively precise method of regional delimita
tion. Structural, geological, topographical, geomorphological, climatic, 
hydrological, vegetation and soil maps of the same scale are placed over 
each other and boundary lines are drawn in places where there is a change 
in most physical parameters. Thus the objective boundary of a physical 
region runs along this line, and it is slightly modified only if necessary. 
This method was applied in the regional subdivision of landscapes of Hun
gary by 15. Bulla (1962) and M. Pécsi—S .Somogyi (1972). The author follo
wed this principle in his division of Eurasia (A. Székely 1970, 1974, 1977). T. 
V. Vlasova published a modern physical regional geography of the world 
(1976) in which morphostructural units are divided further into zones or 
belts, based on the above complex approach.

Unlike the classical approaches to regional subdivision modern trends 
do not emphasize or look for distinct boundaries (e.g. rivers or ridges etc.). 
Boundaries selected by the new com]ilex methodological approach should 
rather be looked upon as a band or strip since normally there is a gradual 
transition in the alteration of physical components and not an abrupt 
change.

Apart from the main trends outlined above there are also special and 
sometimes personal approaches to regional subdivision. Gy. Prinz’s approach 
to regional geography (1922, 1942. 1943) may be considered as something 
exceptional in his time. He looked for regional geographical interrelation
ships on continents and subcontinents and did not give a long list of facts. 
He avoided precise regional subdivisions and his interpretations were 
based on the analysis of morphostructures. His discussions of morpho- 
struetures are most valuable and yet he also gave a complete physical 
geographical description of the areas.

Those works that are concerned with the regional distribution and 
transformation of only a certain group of physical fac tors and do not a t
tempt to describe the physical geography of a region in its entirety may be 
considered as special studies in geography. The best known among such 
works is Machatschek’s study of regional morphostructures (1955) and a 
more recent book about the Soviet Union by Voskresensky (1968). Com
ments on these books will form the subject of discussion of another paper.

3 ANNALES — Seclio Oeopraphica — Tonuis XI —XII.
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F ig . 1. Regional subdivision of the Caspian Basin and the Caucasian forelands.
1. traditional boundaries
2. boundaries delineated on the basis o f physical geographical param eters
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РЕЗЮМЕ

РЕГИОНАЛЬНЫЕ ФИЗИКО-ГЕОГРАФИЧЕСКИЕ ЕДИНИЦЫ 
И ИХ ГРАНИЦЫ

В статье показаны и сравниваются традиционные (классические) и современ
ные региональные географические единицы, а также методы их разграничения 
прежде всего на основе работ венгерских авторов. Традиционная региональная 
география, как правило, оперировала с политическими и административными едини
цами. Основой традиционного регионального деления ландшафтов было географи
ческое положение, причем изыскивались бросающиеся в глаза топографические 
границы (реки, горные хребты и т. и.). Последние в большинстве случаев рассекали 
как раз единые физико-географические единицы. В то же время бросающиеся в 
глаза топографические единицы (прежде всего острова и полуострова) не раз счи
тались неразрывными единицами, хотя зачастую состояли из весьма различных 
природных единиц (например, полуострова Крымский и Скандинавский). Всё это 
отрицательно сказывалось на развитии регионального физико-географического 
мировозрения.

Единицами современной региональной физической географии являются ланд
шафты различной величины и ранга, а экономической географии-экономические 
единицы: группы стран, страны, а в рамках последних районы.

Современная физическая география разграничение отдельных территориаль
ных единиц производит на основании анализа ландшафтных факторов. В зави
симости от того, какова значимость отдельных ландшафтных факторов, различают два 
главных типа деления ландшафтов: а )  по географическим зонам, б )  с  комплексным 
подходом. Автор анализирует преимущества и недостатки обеих систем как с точки 
зрения науки, так и преподавания. Подчёркивается, что в современных учениях о 
делении ландшафтов границы, проведённые с применением комплескных методов, 
не считаются острыми линиями, а скорее всего полосами, тем более, что физико- 
географические факторы в большинстве случаев изменяются не резко, а постепенно.

Помимо этих двух главных типов в статье рассмотри чается также ряд индиви
дуальных и специальных типов регионального деления ландшафтов.
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EXAMINATION OF RELATIONSHIPS BETWEEN VEGETATION, 
SLOPE CONDITIONS AND GULLY FORMATION ON THE MODEL OF 

A HILL-COUNTRY CATCHMENT AREA

by
LÁSZLÓ ZÁMBÓ — GYULA GÁBRIS

Department of Physical Geography, Eötvös Loránd University, Budapest,
Hungary

lleceived: 31. 12. 1977.

Under the influence of agricultural cultivation in hilly countries built 
of loose deposits the strengthening of erosive processes which may render 
vast areas unusable can be widely observed. One of the phenomena caused 
by these processes is the gully erosion.

Of the numerous factors and causes of gully formation the slope con
ditions and the character and cover of vegetation, as well as temporal chan
ges in all of them are considered to be of outstanding importance. We 
studied the role of the mentioned factors in gully formation — leaving the 
effect of other factors out of consideration — in a well defined small catch
ment basin of a hill-country built of loose rocks in N orth -E ast Hungary. 
The upper catchment area of the rivulet Rakaca, an important stream 
of the Cserhát hill-country bordered by the rivers Sajó and Hernád, proved 
to be suitable for the investigations. The area of the small catchment basin 
is 58 km2, its east-west axis is the Rakaca valley. The side valleys leading 
here cut the hill-country into parts.

The substrate of the area, together with the wider surroundings are 
composed of Pliocene deposits of the Pannonian Sea. At the end of the 
Pliocene -- beginning of the Pleistocene, this area was also a part of the 
pediment developed in the lowland foreground of the Carpathians as sug
gested bv the patchy occurrence of quartz- and quartzite gravel layers fo
und on higher tables and hilltops over the deposits of the Pannonian Sea 
The waters of the area cut valleys into these rocks which then were widened 
by the derasional processes of the Quaternary, disclosing the Middle-and 
Upper Pannonian clayey-sandy deposits. The formations of the Tertiary 
were superimposed by Quaternary deposits of various thickness, partly 
through repeated redeposition: gravels, red clay, silt, sand, loam, loess 
loam, meadow clay. In the hill-country with its relatively uniform rock 
structure characteristic forms are the wide, symmetric side valleys with 
extensive flat tables in between.

On the surface of the above mentioned sedimentary base rocks two 
characteristic main soil types: the brown forest soil and the meadow soil 
developed. The flat broad valley bottoms are covered by thick meadow 
alluvium in which gully erosion did not occur, so this type of soil was not 
included in our investigations. On the tops and slopes of the hills — down 
to the alluvium — brown forest soils with clay illuviation cover the surface.



The variations of this soil type differ first of all in the degree of erosion they 
show; they have little influence on the process of gully formation, so the 
areas considered from the point of view of the latter can he regarded pedo- 
logieallv homogenous.

From the point of view of erosion the annual amount and distribution 
of precipitation are the most important of all climatic elements. The rele
vant values are shown in the table below. Values of precipitation in the 
village Kány on the average of 14 years (1962 — 1975)

Jan. Febr. March April May June July Aug. Sept. Oct. Nov. Dec. Total
27,4 33.1 35,6 42,1 72,2 100,4 69,4 72.2 51.7 30,7 50,5 37.6 622,6

Owing to the small size of the examined area the data of the only me
teorological station in the north-western part are valid for the entire catch
ment area. The amount of the average annual precipitation slightly exceeds 
the national mean value. Maximum occurs at the beginning of summer 
which corresponds to the continental character. The largest quantity of 
precipitation falls in the vegetation period characterized by a thick under
growth, consequently, in the case of a natural cover of plant denudation 
is of minimum extent. On the other hand, certain crops do not give suffici
ent protection against the high intensity rainfalls at that time, gully for
mation on these areas may thus increase.

Since the different parts of the area proved to be uniform as regards 
base rock, soil and precipitation conditions, it was reasonable to study the 
slope conditions and the vegetation (cultivation branches) of the factors 
of gully formation which were found heterogenous in the catchment area. 
At the same time, it became possible to examine the actions of the latter 
two factors separately — eliminating the effects of the disturbing factors.

Vegetation, cultivation branches on the area

According to the phytogeographic classification the upper catchment 
area of the Rakaca — and its environment — belong to the Tórnense di
strict of the Eucarpaticum (Matricum) floristic region in the Carpaticum 
sector. In its original state the small catchment basin was a contiguous 
forest area broken here and there by small clearings, thickets along the 
brooks and alluvial meadows. When the region became populated and in
creasing areas were taken under agricultural cultivation, the composition 
and extension of vegetation fundamentally changed; in place of the di
minishing forests and to a lesser extent of the meadows at the valley bottom 
arables, pastures, orchards appeared. Due to the forest- and meadow culti
vation even the patches left show now a changed composition different 
from the original forest. Considering the purpose of the study the vegeta
tion of the catchment area is most reasonably differentiated by the follow
ing branches of cultivat ion: forests, meadows, pastures, arables (orchards). 
Their limits, and the composition and cover of plants are shown on map 1.
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In the map within the forest areas parts considered homogenous were 
distinguished according to t lie main tree species, the number and thickness 
of the strata of vegetation, the cover, water retention and water utilization 
of the different strata, as well as according to the composition of the under
growth.

Vegetation on the areas covered by forests, and types distinguished by the as
pects of the study.

The ancient, original forest cenoses were deciduous forests of Quercus 
petrea, in which the oak-woods were interrupted by clearings, dry-, wet 
meadows, sedgy meadows along the streams. It is supposed that natural 
association of beeches, linden-, ash- and pine trees did not even in patches 
occur. With the introduction of arable cultivation and livestock farming 
the forests not only decreased in extension but also changed in species 
composition. The present vegetation displays a picture of total deteriora
tion. Plant cenoses corresponding to the character and geographic conditi
ons of the landscape as well as to the natural succession are not found within 
the catchment area. In addition to the ruthless exploitation of forest, to 
clear-felling carried on earlier, tree species inconsistent with the character 
of the landscape (Robinia pseudoacacia, Pinus silvestris, Pinus nigra) have 
been planted on the forest area left behind, and these attempts have done 
further damages to the forest stand.

On surfaces earlier used for agricultural cultivation or grazing but in 
consequence of an excessive measure of erosion (oblation, linear erosion, 
gully formation) gradually becoming unusable, the utilization of land, and 
prevention of further erosion, respectively, were also attempted by the plan
tation of tree species — first of all Robinia — alien to the landscape. The 
present bad state of the forest stand is the consequence of all these.

Forests with a plant composition more or less congruent with the land
scape are found only in the eastern and north-eastern parts of the catch
ment area. The signs of an incompetent forest management together with 
all its adverse after-effects can be found even now.

In accordance with what have been told above, the forests — except 
those in the north-eastern part of the area — do not show any kind of na
tural plant asseeiation, and cannot thus be given cenological names, either; 
the plant groups are in no ecological equilibrium.

Forest types

When surveying the forests of the catchment area we find that the 
system of forest types showing essential differences from the point of view 
of erosion studies has been developed here for practical purposes. Theunder- 
growth often does not correspond to a natural essemble of plants associated 
according to the dominant tree species of the forest. The original vegeta
tion tries to revive, while the plant species of adjacent forests of different 
growing stock spread over into each other’s stands.
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I. PINEWOODS
All pinewoods of t he area are planted forests which do not fit in the land

scape. They are no natural plant cenoses as proved by the fact that the 
species of the shrub- and herb strata practically agrees with those found in 
other forests of the area.

Larger closed stands are formed by the following conifers: Pinus sil- 
vestris most often represents the bulk of the stand, Pinus nigra is less fre
quently the dominant species of the forest; besides them Picea excelsa, 
Larix decidua form woods on larger contiguous areas. In the different tvpes 
of pinewood the shrub stratum — if there is any -  does not show sub
stantial differences.

II. ACACIA GROVES
Robinia pseudoacacia is the main species of the forests. It is not a 

native, but a planted tree of the landscape occupying relatively large areas. 
The shrub- and herb strata do not contain extraordinary species, but the 
ratio of species is highly different from that found in oakwoods. The canopy 
of the acacia grove — in opposion to the deciduous trees characterizing 
the Hungarian landscapes — lets the sunshine through to a considerable 
extent with the result that the herb stratum is generally very thick, often 
closed, and in most cases grasses prevail in it. As another characteristic 
feature of the acacia groves, the trees are close, spaced, whereby the shrub 
stratum is relatively poor. Most acacia groves found in the catchment area 
are typical: the tree stratum is closed and formed practically by Robinia 
pseudoacacia.

III. OAK-FORESTS
TheQuercus petrea association of the primeval Matra would be the 

natural forest plant cenosis of the area. (The primeval Matra is a floristie 
region of the Hungarian Mountains, the section Pannonicum.) Most oak- 
forests found on the catchment area are not original, have highly mixed 
stands; many of them are suspected to have grown after clear-felling. For 
this very reason they generally are young forests. Oak-forests supposed 
to represent the original plant cenoses of the landscape are found in larger 
contiguous stands only on the easternmost part of the catchment basin. 
In them the tree stratum covers 80 per cent, the shrub stratum 20 — 30 
per cent- and the herb stratum 70 — 80 per cent of the soil. The tree stra
tum is of complete specific purity. The shrub stratum is composed of 
Ligustrum sp., Rosa canina, Querc-us petrea.

IV. MIXED-TYPE FORESTS
rfhe tree species of these forests jointly form the stand.
1. Oak-acacia forests are characterized by the predominance of Quer

cus. scarcity of undergrowth; the herb stratum covers 80 per cent of the 
ground.
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M a p  1. Map of the cultivation branches, with tree species forming forests indicated (1974) 
Legends:

1. arable
2. pasture
3. orchard-vineyard
4. meadow
5. oak
6. acacia
7. oak-acacia
8. pine
0. oak-pine 

10 . a< ncia-pine



M a p . 2. Map of the slope categories (1974). 
Legends:

1. slope o f  0 - 5  %
2. slope o f 0 - 1 2 %
'6. slope o f  1 2 -1 7 %
4. slope above 17%



2. Acacia-oak forests show a dominance of Acacia. The shrub stratum 
generally covers 30 per cent-, the herb stratum 70 — 80 per cent of the sur
face. The species composition of shrub- and herb strata is determined by 
the dominant tree species.

3. OAK-PINE FORESTS:
a) Oak-Scotch fir occurs in two forms:
— there is hardly any shrub stratum (0 — 20 per cent cover) and the 

herb stratum is poor (5 — 50 per cent cover);
— a rich shrub stratum (40 — 60 per cent cover) with a herb stratum 

covering 20 — 30 per cent of the ground.
b) Oak-black pine forests: the undergrowth is composed of species 

characteristic of the oak cenoses.

4. Pine-oak forests are characterized by the predominance of pine.
a) Scotch fir-oak: the shrub stratum and the herb stratum provide 

0 — 20 per cent cover each.
b) Black pine-oak forests are characterized by the absence of shrub- 

and herb strata.
rj Spruce — Scotch fir — oak: shrub- and herb strata are completely 

missing.
In tlie mixed forests of pine and oak the shrub- and herb stratum is 

generally very poor; as regards the undergrowth they are similar to the 
pine-woods.

5. Acacia — pine forests are characterized by the predominance of 
acacia; the pine-tree is usually Scotch fir; oak-trees may occur in singles. 
The shrub stratum gives a 10 — 30 per cent cover; the 70 — 100 per cent 
cover of the herb stratum is a value characteristic of the acacia cenoses.

6. The river-side forest cenoses have two types on the area:
a) Willow-poplar groves with Populus and Salix sp. prevailing in 

them;
b) wet alder groves with Alnus plutina and Salix sp. prevailing in 

them.
Both types are associated with Carex species: Carex brvcides, Carex 

vesicaria, Carex vulpina, and occasional Ranunculus sp.

Meadows, grass-lands, wet-base forest clearings, river-side vegetation
The old vegetation covers relatively large surfaces of the catchment 

area. It is due to two circumstances:
— the area is rich in water courses;
— as a consequence of deforestation the valley bottoms have become 

filled up with mantle rock and form broad surfaces often with stagnant 
waters.
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The vegetation of the meadows shows a more original picture. From 
the point of view of utilization tlie meadows are in a more favourable con
dition than the pastures; their average production is 18-22 q/ha. On the 
meadows shrubberies and trees are scattered, especially along streams and 
on flood-plains.

MEADOW TYPES

1. Wet meadows: on the examined area they occur in two sub-types:
a) with Festuca and Agrostis,
b) with Carex species prevailing in them.
The two sub-types are found side by side, often alternating one anot

her.
2. Meadows with .Juncus-Carex: their characteristic dominant is 

Juncus inflexus. Other species belonging here are: Equisetum palustre, 
Lychnis flos-cuculi, Potentilla anserilla, Ranunculus acer.

3. Lawns with Calamagrostis: high grass associations characterized 
by the frequent occurrence of Calamagrostis. The watery forest clearings 
belong to this type of meadow.

Vegetation of pastures, dry grass-fields, steppe slopes

There are vast pastures on the catchment area where extensive pasture 
management is carried on. In accordance with the crop rotation the pas
tures are alternately taken under arable cultivation. The production of the 
pastures is low: 10,4 — 12 q/ha. With soil conservation neglected, a large 
part of the pasture area is in an overgrazed, biologically deteriorated con
dition. For this reason, and in consequence of treading by animals large 
aras of the pastures are eroded, and here and there gully formation can 
be observed on them. From the point of view of a biological equilibrium a 
more favourable picture is shown by the dry grassy clearings of forests. 
The overwhelming proportion of the pastures belongs to the vegetation 
type of dry steppe slopes, with Festuca sulcata as their prevailing species.

Vegetation of cultivated areas (arables, orchards)

The arable land occupies the larger part of the catchment area. The 
earlier extension of arables and pastures is supposed to have been larger 
than the present one. but a part of the deteriorated, eroded, useless lands 
has been reforested. Crop production is rather diversified, a great number 
of plants are culativated. The proportion of areas left uncultivated in a 
year is relatively high. Plants and types of cultivation: cereals, row crops, 
papilionaceous fodder plants mostly alternate from year to year according 
to the system of crop rotation.
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The location of field cropping largely follows the relief conditions. It 
is not extended over the steepest slopes and highly eroded areas, and is 
mostly absent in the valley alluvia and along the water courses.

The orchards are partly aged, neglected and scattered. Others are 
enclosed and properly managed. The cultivated fruits are: apple, plum, 
raspberry, grapes. The vineyards are in an extremely neglected state; 
their liquidation is on the agenda, their extension is insignificant.

Slope conditions on the area

Besides the quality of rock, the climatic factors (amount, distribution 
and intensity of precipitation, evaporation etc.) and the cover of plants 
etc. the processes of surface erosion and the danger of erosion on a given 
area are greatly influenced by the topographic conditions. Within the 
topographic conditions the type, length and dip of slopes are important in 
determining the amount and erosive action of rainwaters running off the 
surface. On our map of slope category No. 2. the steepness of the slope is 
represented as the most important partial factor.

The steepness of the slope can be expressed either in angle or in per
centage. In studying the phenomena of erosion percentage values are pre
ferred both in Hungary and abroad. However, the slope categories vary 
with countries and institutes. In Hungary e. g. a proposal was made in 
1955 on standardization. The 5 and 12 per cent marginal slope categories 
proved to be correct on the basis of the American quantitative erosion meas
urements too, while the other limit values were fixed empirically, on the 
basis of agrotechnieal experiences, and not by experimental measuring 
methods. These categories have been completed with a lowermost limit 
value, mainly in order to be able to consider the accumulation reliefs at the 
foet of the slope as well. Applying, accordingly, the classification thought 
the best we determined the following limit values:

slopes from 0 to 2 per cent 
slopes from 2,1 to 5 per cent 
slopes from 5,1 to 12 per cent 
slopes from 12,1 to 17 per cent 
slopes from 17,1 to 25 per cent 
slopes above 25,1 per cent
The slope category map was prepared by using mostly the contour 

lines of the 1 : 10 000 map completed with measurements obtained by 
field control. For the sake of an easier use we computed and tabulated the 
horizontal distances between the 2,5 m base- and 10 m main contour lines 
on the map, in the case of the different percentage slope category values. 
Then going through between the contour lines of the map of the examined 
catchment area we determined the slope angles for the individual sections. 
On the area we may encounter in many cases broken slopes, or slopes where 
the values of the slope angle change within suchashort distance as impossib
le to indicate them with a dimensional accuracy on the map. Therefore the
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The medium steep — 5 — 17% — slopes are found in the largest pro
portion (74 per cent). It is worth noting the relatively high proportion of 
the practically flat valley bottoms (0 — 2%) and ridges of hills (7,42 per 
cent).

The Rakaca valley — as long as it runs in an east-west direction — 
divides the examined area in two large parts as regards slope angle and 
topographic diversity. On the north the slopes are steeper and the surface 
is dissected by valleys; the southern part of the catchment area can mostly 
be characterized by large, contiguous 5 — 12% slopes, while 17 — 25% slopes 
are hardly, and those above 25% not at all found there.

By the aid of the slope category map we are able to determine the 
range of the different slope types too.

1. Uniform stretches belonging to the same slope category are enco
untered most frequently on the southern and eastern immediate sides of 
the Rakaca valley, as long straight slopes.

2. Concave slopes are well marked on the map bv the fact that the 
higher percentage categories are situated here in the higher ranges of hill
sides, and the closer we come to the valley bottom the lower the slope 
values become. This type occurs in a relatively low number and extension 
on the area.

3. Similarly scarce are hillsides convex at the full length of the slope 
profile.

4. The compound slope is the type most frequently found on the 
catchment area. On some hillsides broad stripes of the 5 — 12%- and 
12— 17% categories alternate regularly once, twice or even three times.

Present distribution and development of gullies

Our investigations were aimed at establishing the conditions of the 
linear erosion, more exactly of the gully formation, and the most important 
factors influencing it. To this end it was necessary to survey and map the

slope categories do not always follow gradually one after the other in the 
direction of the slope, some of them are left out. As a result of applying 
our method consequently, the dividing lines between the categories showed 
a saw tooth-like pattern, as the border line was formed partly by the con
tour line, partly by the perpendicular straight line between the contour 
lines, which did not agree with the actual situation. Therefore on making 
the field control we smoothed down or rounded off the saw-teeth, and thus 
obtained the category patches indicated by hues on the map, and by shade
lines of different density on a smaller scale in the appendix of this paper.

The percentage proportions of areas belonging to the different slope 
categories in the catchment area are shown below.
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present state and distribution of the gullies. The survey was made partly 
on the basis of a detailed (1 : 10 000) topographic map, partly by aerial 
photos completed with field correction. Field work had a particularly im
portant role in two cases: in forests where aerophotography was of little 
use, and on arable lands where furrow- and trench erosion could be distin
guished only by field measurements. Distinction was based on the fact 
that the furrow erosion — unlike the trench erosion — can be made dis
appear in the course of soil cultivation (ploughing, etc.). As a rule, the 
margin between the two forms is fixed at a depth of 0,5 m, and that is what 1 2 3
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M a p  3. Map of the gully system (1974)
Legends:

1. w ater course
2. gully
3. catchm ent boundary



we ourselves applied. Thus, on the annexed map No. 3. ditches deeper 
than 0,5 m, which cannot be made disappear by ploughing are shown, the 
way that the several meters deep and wide gullies are indicated with a 
double toothed line, a sign usual on topographic maps, while the smaller 
ones only with a simple line.

On the area of the examined catchment basin (58,1 km2) the total 
length of gullies is 70,9 km; this means 1.22 km/km2, which is a high value 
on a national scale. The spatial distribution of the gullies is not naturally 
uniform even within this small catchment basin. They are most closely 
spaced in the north-western part. The rivulet Rakaca divides the area into 
two unequal parts, of which the northern part is about two and a half 
times larger than the southern part, but the length of the gullies in the 
former is more than five fold amount of the latter.

T able  1.

Percentage distribution of gully length according to the angle of slope
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S l o p e  a n g l e  c a t e g o r i e s
Regional units

2 - 5 % 5 - 1 2 % 1 2 -1 7
0/o

1 7 -2 5
0/>o

aboxe
1 25%

km km /km 2

»South ................................................. 4.13 66.61 27.20 2.06 11.08 0.60
North-W est....................................... 5.77 30.78 51.99 8.62 2.84 24.90 1.88
C entral............................................... 5.96 33.94 46.67 9.59 3.84 21.82 1.86
East ................................................... 14.03 32.73 25.72 22.12 5.40 13.10 0.90
North- West-Central-East total . . . . 7.61 32.40 44.35 11.87 3.77 59.22 1.51
Total ................................................. 7.02 38.21 41.43 10.21 3.13 70.90 1.22

The situation is easy to understand when comparing the slope category 
map with the map of the gullies. Table 1. shows the total length of gullies 
(km) in the different parts of the area, the length of gullies per unit area 
(km/km2) and the percentage distribution of gullies by slope category rela
tive to the total length. In the north-western- and central parts of the 
catchment area the largest number of gullies is found on the 12 — 17% (46 — 
52 per cent), while on the gently sloping South they show the highest pro
portion (66 per cent) in the 5 —12% category. In the eastern part, where 
the steep slopes are of considerable extension but the original forest cover 
has largely survived, none of the slope categories is dominant as regards 
the frequency of gully occurrence. However, these regional differences 
seem to be equalized concerning the entire catchment area. According to 
Fig. 1. there is a close correlation between the percentage proportion of 
the area in the individual slope categories and the percentage ratio of the 
length of gullies developed on them to the total gully length. Under the 
original conditions of a natural plant cover differences in the angle of slope 
occurring in the catchment area did not lead to any considerable gully 
formation. In the forest covered eastern parts, for example, only a few 
scattered small gullies are encountered, which do not even develop further, 
so that the geomorphological equilibrium of this part will not change. The



influence of the plant cover on the gully formation will be discussed in 
detail in the next chapter.
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F ig . 1. Percentage distribution of the area of slope categories and length of gullies (1974) 
Legends: 1. 6lope category

2. gully length

In certain places the permanent streams flow in steep-walled couloirs 
cut into the broad flat gently sloping valley bottoms. These products of 
erosion are mostly earlier forms from the time of a natural vegetation, whose 
development has not progressed for several centuries.

T a b le  2.

Percentage distribution of gully length according to the branch of cultivation (1974)

Regional units
Forest Agricultural area

Native
forest

Acacia
grove* Arable Pasture Garden — 

orchard

South ............................................. 2.35 50.63 47.02
North-W est................................... 4.82 56.09 25.07 14.02 _
Central......................................... 8.52 30.56 5.68 52.99 2.25
E a s t ............................................... 10.95 37.30 41.S7 9.82 _
North-West, Central, East total . 7.55 42.54 21.70 27.38 9.83
Total ............................................. 6.69 35.49 26.50 30.63 0.69

• Area earlier under agricultural cultivation afforested as a protection against advanced gully formation.

Table 2. shows the correlation between plant cover and cultivation 
branches, respectively, and the frequency of gully occurrence. On reliefs 
covered by original forests no considerable gully formation occurs, gullies 
found here belong to the natural surface development of the landscape, 
their formation is supposed to be part of a normal morphological develop
ment, and they do not change the morphological balance of the area. On 
areas taken under agricultural cultivation gully formation has become



many times faster than the normal rate of the process. The arable areas 
are exposed to the greatest danger. Today this can be seen only in two (the 
southern and eastern) parts of the area, since elsewhere pastures (in the 
central- and southern part) or new acacia plantations (north-west) are 
found on areas that erosion has made unfit for arable cultivation. Acacia 
groves are in most eases found exactly on such areas ruined by gullies.
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F ig . 2. Trend of gully length.

Correlations between plant cover, cultivation branches and gully 
formation in the last 200 years, as a function of the slope

conditions

Leaving the factors considered as homogenous on the catchment area 
having shown no considerable changes for the last several centuries (geolo
gical- and precipitation conditions, soils, geomorphologv) out of considera
tion we focussed our attention first of all on the correlations of the relatively 
quickly changing plant cover, the human intervention, the changes of 
cultivation branches and the gully formation. The otherwise heterogenous 
but slowly changing slope conditions were, naturally, also taken into acco
unt, as the consequences of the mentioned changes appear in different 
ways on differently sloping surfaces.

It has been proved that the overwhelming majority of the gullies found 
on the area had been formed during the last 150 years. It was in our power 
to disclose the changes of vegetation and the regional distribution of the 
methods of cultivation in the last 200 years by evaluating the material of 
detailed mapping. We thus obtained the major phases of changes in the 
plant cover, and were able to relate them with data on the development 
and numerical increase of gullies, taken from the same mapping material.



T a b le  3.

Percentage changes of vegetation and cultivation branches on the catchment area from
1784 until now
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Year ofsuney Foresto<0
Shrubbery meadow Arable, 

pasture %
Vineyard 

orchard °;,
o'o

1784 ...................... 58.2 4.8 37.0 _
1 S B 0 ...................... 35.2 10.1 7.0 41.7 —
1920 ...................... 20.9 3.1 8.2 67.5 0.3
1974 ..................... 26.2* — 10.0 02.2** 1.0

• o f  th is 9 per cent is p lanted to  at at ia. 1.4 per te n t to  pities 
•• >1 th is  45.7 per cen t is arable. 15,0 p e rc e n t pasture. 1.6 per cent built-up  area

F ig . 3. Percentage distribution of cultivation branches according to area (1974)
Legends: 1. arable

2. pasture -m ead o w  
orc hard  — \ineyard

4. forest
5. planted acacia g ro \e

The first detailed and more or less reliable ordnance survey of the 
area was made in 1784, under the reign of Joseph II. The surveying material 
does not render it possible to differentiate the forest types (though accord
ing to the available data there was no essential difference between them 
from the point of view of gully formation), but areas with different types 
of vegetation can be clearly distinguished on these maps. It was on the 
basis of these maps that we prepared the map No. 4. which clearly shows 
that in the vast contiguous forests covering 58,2 per cent of the catchment 
area settlements, clearings and cultivated lands were located like islands 
(37 per cent). The forests or gallery forests of valley bottoms and river
sides formed narrow stripes and did not enable the development of large 
volumes of water running off the slopes and capable of erosion. The first 
survey was made without detailed instructions; it was up to the surveyor 
to decide whether to represent the gullies or not. On the map of the catch
ment basin the representation of gullies is missing, which means that either 
they did not even exist, or only were not put down on the map. We think 4

4  ANN ALES -  Sectio Oeographica — Tomus XI —XII.
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M a p  I. Map of cultivation branches and gullies (17*4)
Legends: see map «.

it probable that there were no larger cuttings made bv erosion in those 
clays, as the gullies recorded in the course of later surveys were so undevel
oped that they supposedly had not existed at the time of the first survey. 
Larger cuttings made by erosion may have developed along the permanent 
streams at the valley bottoms, we did not, however, take them into acco
unt.

Any considerable degree of erosion was even made impossible by the 
fact that the forests were practically in an original state, the natural eco
logical balance of the landscape — a transition between subalpine vege-
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M a p  -5. Map of cultivation branches anti gullies (1956 —CO)
Legends: see map C.

tation and Matricum — was mainly ensured by the climax forests of Quer
ceto— Potentillum albae and Querceto—Luzuletum (on the northern slo
pes) associations (Jakucs P. 1954).

The material of the second military survey (map No. 5.) made between 
1856 and 1860 shows substantially changed vegetation conditions. The 
seventy years between the two surveys was a period of great deforestation 
due to the growth of population and areal extension of agriculture. Forest 
ceased to be the dominant type of vegetation (35,3 per cent), and the 
earlier contiguous forest area was broken up into separate parts.

4*
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M a p  0. Map of cultivation branches and gullies (1910— 1920)
Legends:
1. w ater course
2. gullies

catchm ent boundary
4. forest
f>. shrubbery
6. meadow
7. ore hard —\in ey ard

Earlier forest areas were not everywhere taken under agricultural 
cultivation; on large surfaces shrubberies developed (16.1 per cent) as the 
natural renewal of forests.

The areas of arables and pastures showed a moderate increase (41,7 
per cent) but formed contiguous stripes even extending over steeper slopes, 
which offered favourable conditions for gully formation. At the same time,



over the deposits of an increasing ablation stagnant water surfaces devel- 
oped contributing to the extension of meadows (7,0 per cent).

In those parts of the area where the gully formation shows today the 
greatest extent — almost transforming the landscape into a “badland” — 
parallel furrows of erosion can be seen on the map mode at that time. They 
took thus some 80 years to develop. These are the areas where agricultural 
cultivation was carried on already in the 1780s. Several decades later gul
lies appeared first of all on surfaces freshly taken under cultivation, but 
to a lesser extent even on the areas where a new growth developed at the 
sites of felling. The forest was eradicated even on hillsides of a 17 per cent 
gradient, and these relatively steep slopes when loosened by cultivation 
showed the signs of gully formation at once. At the same time no sign of 
gully formation showed on slopes with less than 17 per cent gradient. The 
period of 30 — 40 years that had elapsed since the deforestation was not 
long enough for gullies to develop. The frequency of gully occurrence is 
expressed by the value of 0,37 km/km2.

The diminishing of forest areas and extension of agricultural areas 
culminated in the first decades of the 20th century (map No. 6.). Defore
station reduced the earlier contiguous forest to small, separate relict fo
rests. According to the survey made between 1910 and 1920 the total area 
of forests left in patches only made 20,9 per cent. Earlier shrubberies were 
also broken up and used for cropping or grazing, so their proportion was 
reduced to 3,1 per cent. The fast rate (50 — 60 years) and great extent of 
change taking place in the structure of vegetation exceeded the maximum 
tolerance of the natural processes, and upset the ecological equilibrium of 
the catchment area. The processes of gully formation appeared as one of 
the results of the changed conditions. The intensity of these processes is 
shown on map No. 6. by the rapid growth of the number of gullies and 
eroded ditches, and the greatly increased length of earlier gullies. The total 
length of gullies rose from 21.3 to 38,2 km (0.66 km/km2). Since the areas 
stripped of forests reached already the steepest hillsides, the marks of li
near erosion spread even more rapidly. The number and network of gullies 
increased to the greatest extent in the north-western- and central parts of 
the area, and in some places of the south.

According to the evidence of the map, at sites under agricultural 
cultivation for 50 — 60 years where gullies had not earlier occurred at all, 
by the time of the survey gully systems had developed and made t he farm
ing activity impossible on large areas. On areas where agricultural culti
vation looked back to a past shorter than that — because they had been 
covered by shrubbery or maintained as grazing lands for some time after 
the deforestation — ditches were found only sporadically, in singles.

As a result of 50 — 60 years of arable cultivation, on slopes steeper 
than 12 per cent gully systems developed in each case, while on hillsides 
sloping more gently gullies were formed only sporadically. On surfaces 
earlier covered by shrubbery or grazed, sporadical gully formation took 
place in 25 — 30 years. On slopes steeper than 12%, single gullies occurred
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here and there on hillsides with a gradient of 5 — 12%, while at sites slop
ing at a gradient below 5% trench erosion was not found at all.

Thus, in this phase of development the increasing number of gullies 
can obviously be traced back to changes in the plant cover, to tlie extension 
of agriculture.

At the same time, a part of the area became — as the very consequence 
of gully formation — unsuitable for agricultural cultivation and grazing. 
Later the agriculturally useless, eroded surfaces dissected by gullies were 
planted with acacia, a plant species alien to the landscape. The acacia 
groves, though decreasing the rate of gully formation, were not able to 
prevent the further development of existing gullies owing to their low water 
retention capacity. The former agricultural areas planted with acacia were 
the very sites first taken under agricultural cultivation on steeper hillsides, 
and 100 — 150 years were enough for them to become completely cut up 
by trenches and made thus totally unsuitable for intensive and economical 
cultivation.

For some 30 — 40 years the rate of afforestation has become more in
tensive. The area of the original oak-woods has though shown some further 
decrease (to 15,8 per cent), but has been replanted — together with agri
cultural areas becoming in the meantime unusable — with acacia- and pine 
forests. The pine-woods generally seem to have a greater inhibitory effect 
on gully formation, as the pine-needles covering the ground in a thick layer 
have a rather high capacity of water retention; at the same time, the thick 
cover reduces the erosive effect of raindrops. On the other hand, the pines, 
as species alien to the landscape, may have an unfavourable effect on the 
species composition of the forests, and do not harmonize with the soil 
properties, either.

In the 1020s the extension of areas used for arable cultivation and 
grazing reached the extreme 67,5 per cent value. At the end of the 10th 
and beginning of the 20th century the high prices and favourable market 
conditions of cereals, as well as the need of satisfying the demands of the 
increasing population resulted in the breaking up of pastures and mead
ows and an overextension of arables compared to the ecological condi
tions. For some decades the situation has become better in this respect, 
though 63 per cent of the agricultural area occupies hillsides belonging to 
the 5 — 12% slope category, and 25 per cent of the arables are found on 
slopes with a higher than 12 per cent gradient. This extent of agricultural 
utilization of the area is not made possible by the slope conditions and 
geomorphological features. The improper application of cultural practices 
has also promoted the erosion of the soil.

The present pattern of vegetation and distribution of gullies on the 
area were discussed in the previous chapters. The relation of the examined 
factors with gully formation, partly as a function of changes in time is 
shown in Table 4. and 5.
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T a b le  4 .

Temporal changes in cultivation branches and gully formation
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Year of survey

Forest and 
shrubbery Meadow Agriculture Gullies
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17S4 ..................................... 58.2 0 -3 0 4.S 0 - 2 37.0 2 - 1 2
I860 ..................................... 51.3 0 -3 0 7,0 0 - 2 41.7 2 -17 21,37 0.37
1920 ..................................... 24.0 12-30 8.2 0 - 2 67.S 2 - 3 0 3S.20 0.66
1974 ..................................... 26.2 12 -  30 10.0 0 - 2 63.8 2 - 2 5 70.90 1.22

F ig . 4. ^Temporal changes in the total 
length of gullies formed in forests.

Fig. .5. Temporal changes in the total lengt h 
of gullies formed on agricultural areas.



T a b le  5.
Distribution of gullies by slope categories (1974)
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S l o p e  c a t e g o r i e s

0 - 2 2 - 5 5 - 1 2 1 2 -1 7 1 7 -2 5 a b o \e  25

Extension km2 4.311 2.405 20.864 22.095 6.530 1.894

Total length of 
gullies km 4.977 27.091 29.374 7.239 2.219

Gully length per unit 
area km /km2 - 2.0G9 1.293 1.329 1.108 1.171

Conclusions

1. In its natural state (with the original vegetation still existing) the 
hill-country of low relief, and Pannonian base with its uniform gravel and 
soil cover showed a sporadical natural gully formation; differences in the 
angle of slope did not play decisive role in the development of gullies. 
Gullies were produced exclusively at the joining places of slopes, where 
larger valûmes of surface waters shower streams flowed together.

2. As agricultural cultivation was extended to the slopes the rate of 
gully formation became multiple of the normal measure, the vegetation 
disappeared from sites cut up by gullies, the natural geomorphological 
balance was upset.

3. The growth rate of gully length per unit area (km2) showed the follo
wing trend:

a) in a natural state it was neglibible;
b) up to 1860 (with a higher than 50 per cent forest cover, when agri

culture was characteristic of slopes with a lower than 17% gradient only) 
it was 5 m/year/km2;

r) until 1920 (with a higher than 25 per cent forest cover, when agri
culture was extended to slopes steeper than 25%) it was 5 m/year/km2.

il) until 1974 (with a 24 — 26 per cent forest cover, when even steepest 
slopes were agriculturally utilized) 10 m/year/km2.

4. On areas used for agricultural cultivation gully formation showed 
the following trends:

— on lese than 12% slopes gully formation generally occurs but 
sporadically in 50 —60 years;

— on slopes with a gradient above 12% gully systems may develop 
in 50 — 60 years;

— on slopes above 5 per cent gully systems may develop in 100 ye
ars.

It follows from the foregoing that with a view to preventing the rapid 
decrease of agricultural areas (%/year) in hilly countries of similar charac-



ter the following conditions of environment protection should be provided 
for:

— 30 per cent of the area should be covered by forest vegetation, 
partly in a scattered arrangement;

— agricultural production should not extend to slopes steeper than 
17%;

— on slopes with a gradient higher than 12% afforestation should 
alternate with agricultural production every fifty years.
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РЕЗЮМЕ

ИЗУЧЕНИЕ ВЗАИМОСВЯЗИ МЕЖДУ РАСТИТЕЛЬНОСТЬЮ, КРУТИЗНОЙ 
СКЛОНОВ И ВОЗНИКНОВЕНИЕМ ВОДНОГО РАЗМЫВА НА ПРИМЕРЕ 

ОДНОГО ИЗ ХОЛМИСТЫХ ВОДОСБОРНЫХ БАССЕЙНОВ

Среди многочисленных факторов, вызывающих возникновение водного размыва 
п влияющих на него, авторы остановились на изучении влияния растительного 
покрова и крутизны склонов в такой, сложенной рыхлыми отложениями холмистой 
местности, которая оказалась однородной с точки зрения прочих факторов (кли
мата, структуры, состава пород, почв и т. и.) Так стало возможным изучать влияние 
первых д в у х  факторов изолированно, устранив влияние мешающих факторов. Ав
торы исследовали возникновение и развитие водного размыва, а также влияние пер
вых двух факторов за прошедшие 200 лет с помощью карт и измерений. Генетический 
метод сделал возможным установить взаимозависимость между растительностью 
и крутизной склонов с одной стороны и возникновением водного размыва с другой, 
а также п о л у ч и т ь  цифровые значения, иллюстрирующие расширение процесса 
водного размыва во времени. На основании практпреекпх результатов исследований 
а холмистых местностях подобного типа необходимо обеспечить следующие у с л о в и я  
для охраны окружающей среды:

-  хотя бы 30% поверхности должны покрывать разросанные от места к месту
леса,

-  сельским хозяйством не следует заниматься на склонах с крутизной более
17% ,

-  склоны с крутизной более 12% после 50 летнего сельскохозяйственного 
использования необходимо залеснять.
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Some 3U per cent of the soils in the world consist of sandy soils and 
wind blown sands (skeletal soils), respectively. In Hungary the sandy areas 
represent 11,6, in the Great Hungarian Plain 24 per cent of the total terri
tory of the country. The great extension of sand and its agricultural utili
zation justify the thorough study of sandy soils.

When characterizing the soils of sandy areas and the possibilities in
herent in them Stefanovits P. (1968) writes: “The sandy regions and sandy 
soils are carriers both of great problems and great possibilities of which 
few have been solved and realized so far. „These areas deserve therefore 
special attention and we can say that the great “possibilities” of future 
are hidden in them.

Sandy soils are partly utilized by.fruit- and vine growing. They ex
plain the attention paid to sandy soils.

The sandy soils of Hungary have been formed chiefly on fluvial, eolie 
and slope deposits, as reflected in their composition and numerous physical 
properties. Sand as soil forming rock is transformed in different ways under 
the influences of various processes of soil formation, and as a result diffe
rent sandy soils are formed. At the sand plateau of Danube —Tisza inter
fluve where the sandy soils form the main-type skeletal soils wind bloom sand, 
slightly humic sand and multilayered sandy soil types occur. The wind blown 
sand type is differentiated into carbonate-and carbonate-free subtypes on 
the basis of the distribution of the carbonate content in the soil profile and 
plants. The type of slightly humic sand is also divided into sub-types on 
the basis of carbonate distribution and the number of humus layers. Several 
of them - the ones most frequently occuring in the sand plateau of the 
Danube —Tisza interfluve can be utilized the best of all by agriculture.

I. General characterization of slightly humic soils.

The profiles in which the humic level can morphologically observed 
without any other sign of soil forming processes are placed among the 
slightly humic sandy soils. In these soilsi the extent of humification does 
not reach the marginal values of chernozem-tvpe sand either in quantity 
or in depth. Their humus content is generally lower than 1 per cent and



the thickness of the humus layer does not exceed 40 cm (Stefanovits P. 
1968).

The carbonate —containing and multilayer subtypes of slightly hu
mic sandy soils occupy comparatively large areas in Hungary. They can 
be differentiated by the buried soil levels and the depth of the ground 
water, though the thickness and humus content of the humic layer are also 
taken into consideration and illustrated in a separate humus cartogram.

General conclusions concerning the morphological construction

The slightly humic sandy soils mostly contain carbonates and have 
several layers. When treated with a 10 per cent solution of hydrochloric 
acid, bubbling begins already in the surface layer and increases downwards 
with the depth, except for the buried humic soil levels wherethe effervescence 
decreases. The depth of the buried soil levels varies. In humic sandy soils 
with levels buried medium deep they are found generally between 45 and 
100 cm, while deep levels lie at about 110 — 140 cm. The average thickness 
of buried levels is 29 cm. In most buried soil levels iron spots formed under 
the influence of ground water as well as gleization suggesting the formation 
of meadow soil are found. It may be supposed, however, that the layer 
richer in colloids has become the horizon of temporary ground water stag
nation. Their structure is more compact and slightly humic.

The colour of slightly humic sandy soils belongs to the 10 Ylt spectral 
range of Mansell's colour scale. The depth and saturation of colour show 
the following values: 5/2 —5/4 greyish brown — brown, while in the buried 
humic layers: 4/2 —4/3 intensive greyish-brown.

Physical and chemical properties of slightly humic sandy soils

The compactness of slightly humic sandy soils ranges between the CA 
values of 23 and 28. The buried layers are more compact (29, 32). Hygros- 
copy (h\rj) varies from 0,15 to 0,61.

Five hours capillary water lift is between 260 and 430. In the buried soil 
layers capillary water lift falls to 260 — 290. Their specific weight varies 
between 2,65 and 2,72. As for their chemical reaction, slightly humic sandy 
soils are alkalescent, their pH values (7,0 —8,5).

The pH value increases with depth over the soil profile, a phenomenon 
supposedly accompanying the increase of the calcium carbonate content.

The lime status of the soils is settled. Calcium carbonate shows relati
vely high fluctuations between 1,25 and 17,2 per cent.

Water soluble salts occur in small quantities (0,01 —0,005) in certain 
profiles.

The organic matter content is extremely low (0,43 — 1,29 per cent) in 
slightly humic sandy soils as well.

The buried soil layers — though excelling with their higher humus 
contents (0,86 — 1,29 per cent) — are not sufficiently humous to ensure
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T a b le  1.

Correlations between Arany’s compact number, hygroscopy and capillary water lift in
mantel sand
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by.
Fi\e hours

Type of soil profile capillary water 
lil t in mm

Carbonate-containing two-layer sand 43 28 0.36 320
28 0.36 360

Carbonate-containing two-layer sand 44 24 0.18 255
23 0.18 390
24 0.18 320

Carbonate-containing two-layer sand 52 23 0.28 250
24 0.29 290
23 0.22 400

favourable grape- and fruit yields. The application of organic colloids with 
the most up-to-date techniques is justified and necessary with these soils 
too.

The dominant cations of the adsorption complex in slightly humic 
sandy soils are Ca2 + and Mg2 + again. The R — % value of Ca2+ is between 
68,5 and 78,7, while that of Mg2 + between 12,5 and 20.5 per cent. S —% 
value ranges from 4,5 to 7,5 for N a+ and from 2,8 to 5,0 for K + .

The organic-mineral complex shows a low adsorptional capacity (7,3 — 
10,8 mg/100 g).

The total amount of nitrogen contained in organic matter varie from 
46 to 102 mg/100 g. The value of 102 mg is characteristic of the buried soil 
layer. •

The. soluble phosphorus content (P2Os) occurs in quantities of 1,0 —9,5 
mg/100 g. ‘Higher phosphorus contents are shown only by buried levels.

The total soluble potassium contents shows quantities ranging between 
4,0 and 40,80 mg/lOOg, while fixing is 5 -25 per cent. Thus, slightly humic 
sandy soils can be placed among soils poorly supplied with nutrients.

Microelement content. The quantitative occurrence of the trace ele
ments follows the same order in both soil types, but the individual ele
ments (15a. Cu,Sr, Ti, V) exhibit higher eoncentracions in the slightly humic 
sandy soils.

/ .// . Subtype of two-layer sandy soils.
The two-laver sands are characterized by a diagnostic level buried to a 

varying depth. The buried soil layers increase the potential fertility of soils, 
as their numus content is slightly higher, they contain more colloids which 
increases their ability to store both water and nutrients. These buried 
levels are particularly valuable when located near the surface. In this 
case the plant can even make use of the quantity of nutrient. From the 
point of view of water supply, however, buried layers found somewhat 
deeper are also important.

Micromineralogic analyses pointed out the occurrence of the following 
heavy minerals in sandy soils: magnetite, ilmenite, garnet, zircon, cyanite,



epidote, kyraozoisite, zoisite, pegmatite, tourmaline, augite, hvpersthene, 
amphiboles, actinolite, tremolite, anthopyllite, biotite, chlorite, chloritoid, 
apatite, limonite. It can be seen from the data that from the heavy mine
rals garnets belonging to the type of nesosilicals have in every case the 
highest percentage share’ followed by the minerals (hyperstehene, augite) 
of the pyroxene group, augite group, belonging to the type of inosilicats, 
then by the minerals (amphibole, actinolite) of the anphibole group belon
ging to t he type offillosilicats.

The share of the latter is essentially smaller than that of the garnets.
The light minerals are represented by: quartz, quartzite, orthoclase, 

plagioclase, muscovite, volcanic debris, various weathered feldspars, ce
mented clay grain and calcite. Quartz and quartzite are dominant among 
them. The joint share of the two is 81 — !)2 per cent.

'fhe orthoclase-plagioclases are weathered to a great extent. The pro
cess of weathering can be observed in the muscovite crystals as well, which 
have been transformed into sericite at the edges. The sand-grain size debris 
of the volcanic base rock also bears the marks of weathering: on the sur
face usually a siliceous limonite separation is seen, and the secondary devel
opment of sericite and chalcedony is also frequent. A minor part of flint- 
cemented clay mineral grains, feldspars, coloured silicates can be traced 
back to the weathering of volcanic debris.

As to the origin of minerals most heavy- and light minerals suggest a 
one-time origin of mctamorphic rod. ()f the heavy minerals ilmenite, garnet, 
cyanite, epiclote, zircon, clinozoisite. zoisite. tourmaline, actinolite, treno- 
lite, anthophyllite, chlorite and chloritoid are considered to have come abo
ut in this way; of the light minerals quartz, quartzite, orthoclase, plagio
clase and muscovite are thought to be of metamorphic origin. .

A smaller proport ion of the heavy- and light minerals, those reflecting 
a magmaticorigin seemtohave arisen from volcanic rocks; magnetite, zircon, 
augite. hvpersthene, amphibole, biotite, apatite, and volcanic rocks belong 
here.

In the composition of the profiles calcium carbonate (CaC03) shares 
with a relatively high value, in spite of the quicker dissolution. Both the 
fact that garnet is dominant among the heavy minerals and carbonates 
are present in outstandingly high percentages suggest an alpine ablation, 
that is a Danubian origin.

The high pyroxene-, epidote- and volcanic debris contents indicate, 
on the other hand, that the material of the volcanic members of the Northern 
Mountains was eroded by the Danube and other smaller tributaries.

According to the results of laboratory analyses heavy- and light mine
ral fractions are equally characterized by the high extent abrasion of the 
material. Besides, 30 — 50 per cent of the minerals are covered by a usually 
transparent, sometimes thicker siliceous-limonite crust.

It is important to know the mineral composition of the soil because 
this is what partly determines the quantity and quality of chemical ele
ments occurring in the soil as well as the physico-chemical properties of 
the soil.
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In the mechanical composition of sandy (arenaceous) deposits the pro
portion of sand changes from 88,2 to 98,5 per cent, that of rock flour from 
0,9 to 6,2 percent, while clay has a share of 5,9— 6,2 and CaC03 1,6 —6,9 per 
cent.

According to the size of grain close- and medium grained sands are 
dominant. As regards the material of the sand grains quartzsand is repre
sented with the highest percentage (67 — 82%). This partly explains the 
slower process of soil formation, too. The fertility of these soils can only be 
practically increased by a stratified sand amelioration for which either 
farmyard manure or peat can be used. Improvement in the water regime 
and nutrient supply of these soils can only be expected above all from the 
stratified sand amelioration.

General conclusions concerning the morphological const ruction

Most forms of two-layer sand soil contain carbonates. The mild sur
face effervescence gradually increases downwards suggesting the rearran
gement of the calcium carbonate content.

In this subtype the buried soil layers are found at different depths, 
generally at 25 — 55 cm from the surface in the thin, and 100 — 220 cm in 
the thick sandy soil. The thickness of the layer ranges from 10 to 50 cm. 
They usually are relatively compact and slightly humic. Under the influ
ence of ground-water these layers often are iron moulded. The results of 
laboratory analyses show their humus content to be either equal to or some
what higher than that of the slightly humic sandy soils.

On the basis of Munsell’s colour scale the colour of the mantle sand 
mostly belongs to the 10 YR, and less frequently to the 2,5 Y spectral 
range. The depth and saturation of colour are characterized by the follo
wing figures: 10 YR = 6/4 light yellowish brown; 6/3 pale brown; 5/6 
yellowish brown; 5/4 vellowish-brown; 5/2 greyish brown.

The colour of the buried soil layers generally belongs to the spectral 
range of 10 YR.

Physical and chemical properties of two-layer sand soils
Compactness. According to the basic analyses the compactness of 

these soils ranges between 23 and 28. Soil samples with lower K s values 
come from higher areas full of sand dunes.

Hygroscopy, hyv changes between the values 0,18 and 0,47.
The five hours capillary water lift ranges from 320 to 400. Physical 

tests have pointed out the following correlations between Aranv’s compact 
number (Aa), hygroscopic number and five hours capillary water lift.

Their water regime is in accordance with the compactness of sand; 
water is quickly conducted but poorly stored in them.

As to their chemical reaction the soils were found to be alkalescent (pH 
7,0 —7,8), with pH values somewhat lower than those of slightly humic 
soils.

The lime condition of the soils is well ordered. The carbonate fraction 
occurs in 1,25 — 1,97 per cent which is relatively low. This applies, however,
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only to the surface layers, the calcium carbonate content increases with 
depth which indicates a process of leaching.

These soils do not contain water soluble salts. The organic matter content 
is extremely low, 0,21 —0,86 per cent. The humus content of buried soil 
layers show similar values, though in some cases it is more than in the sur
face soil. In making use of mantle sands attention should by all means 
paid to introducting organic colloids either through green- or organic ma
nuring or with peat.

The dominant cations of the adsorption complex are Ca2+ i\Ig2 + . The 
proportion of C'a2+ ranges between 41,3 and 68,2 S-per cent. On the basis 
of these data the mantle sands can be regarded as calcium soils'.

Na- and K ions take part in the complex in no considerable amount.
The organic-mineral complex shows a poor adsorptional capacity (6,6 — 

13,5 mg/100 g); in most cases this capacity is filled up by ('a-. .Mg-. Na- 
and K cations. The T-value also suggests the poor colloid content of the 
soils.

Macronutrients or macroelements

All sandy soils are poor in organic matter, so the total amount of 
nitrogen contained in the organic matter is also extremely low in them. 
Total nitrogen ranges between 31 and 97 mg/100 g. Larger quantities of 
nitrogen are generally characteristic of the buried soil layers containing 
somewhat more humus. The amelioration of these soils should be accom
panied by the simultaneous application of appropriate nitrogen fertili
zers.

Soluble phosphorus content occurs in 0,9 — 9.0 mg! 100g. It is also slightly 
more in the buried soil layers. The phosphorus level of the soils is poor, 
but the soluble phosphoric acid content reflects the production-technical 
conditions of the farm and is rather independent of the type.

According to laboratory fertilization experiments the fertilizer fixing 
capacity of these soils is generally poor, only the buried soil layers fixed 
somewhat more of the applied phosphorus fertilizer (6 — 42 per cent).

The total amount of potassium on the surveyed area reflects the gene
ral conditions of the country. The soluble fraction of the total K does not 
reach the medium level in any of the sandy soils. The results of analyses 
range between 3.5 and 7,0 mg/100 g. The soils belong to types poor in po
tassium. Fixing ranges from 5 to 25 per cent. The results of laboratory 
experiments with K fertilization suggest a poor colloid content — in the 

same way as in the case of phosphoric acid.

1 Magnesium soils are the ones in which the amount of magnesium exceeds 30 S % 
of the adsorbed cations.
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Microelement content

There are few data in the international- and hardly any in the Hunga
rian literature on the microelement contents of sandy soils, therefore we 
thought it necessary to examine the microelement capacity of sandy soils.

Sandy soils occupy more than one-sixth of the agricultural area of 
Hungary, and their macro- and microelement levels are extremely low. At 
the same time, optimum concentration macro- and microelements avail
able for plants are indispensable for the healthy, normal development of 
plants. Today, with the application of intensive plant varieties and high 
rate fertilization, micronutrients must be taken into consideration if a 
balanced nutrient supply is to be ensured.

As regards tlie microelement contents of the surveyed mantle sands 
and slightly humic sandy soils the following results have been obtained:

Titanium (Ti), a poorly migrant element occurs in the largest quanti
ties both in mantle- and slightly humic sandy soils. Its geochemical behavio
ur in the landscape has hardly been studied so far. It often occurs as a 
component of not readily weathering minerals, e.g. rutile (Titb). These 
minerals often migrate in the sands only mechanically.

In the ploughed layer of sandy soils the titane content varies between 
1000 and 1600 ppm. while downwards subtantially decreases — from 1600 
to 400 or even 250 ppm.

In the upper horizon of mantle- and slightly humic sandy soils the 
manganese (Mn) content ranges from 250 to 400 ppm, while showing a 
declining tendency over the profile.

Barium (Ba) occurs in the largest amount besides titane in the sandy 
soils. In mantle- and slightly humic sandy soils the barium content of the 
upper soil layer ranges between 250 and 600 ppm.

In the soil it usually occurs in the form of barite, or as an isomorphous 
of feldspars, plagioclases. biotite, amphiboles, pyroxenes, carbonates, 
sulphates and hvdro-micae.

Stroncium (Sr) and zinc (Zn) are also found in comparatively large 
quantities.

The quantitative occurrence of stroncium (Sr) ranges between 100 and 
250 ppm.

Zinc (Zn) generally occurs in the soils in a percentage quantity of 
0,001 — 0,003 (Stefanovits P. 1968). The zinc content of mantle- and slight
ly humic sandy soils is about 100 ppm and shows a uniform distribution 
over the profiles.

Copper (Cu) is found in the soil in 0,002—0,01 per cent (Stefanovits- 
1968). The copper content of the surface layer ranges between 25 and 250 
ppm. However, this amount shows a decreasing tendency over the profile 
(10 — 60 ppm).

The quantitative occurrence of boron (B) in the sandy soils varies 
from 10 to 16 ppm, and shows a uniform distribution over the profiles due 
probably to the low and evenly distributed organic matter content. 5

5  AXNALES — Sectio Geojiraphlca — Tomus X I—X II.
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Chromium (Cr) occurs in a quantity 6 —40 ppm, showing relatively 
higher coneentraeions in the deeper horizons of the soil profile.

The amount of nickel (Xi) ranges between 6 and 16 ppm. In the ex
amined soil profile the Xi content decreases downwards. Vanadium (V) is 
uniformly 10 ppm over the whole soil profile. The same regularity is seen 
in t he case of lead (Pb) and gallium (Ga) whose quantities are 6 and 4 ppm. 
respectively all over the soil profile.

We mention, finally, that silver (Ag), cobalt (Co), molybdenum (Mo) 
and zircon (Zr) do not occur in the mantle sand at all.

II. Sandy soils of chernozem character

The chernozem caraeter sandy soils were formed from the slightly 
humic sandy soils. They differ from them first of all in a humic layer of 
considerable drepth and higher humus content produced in them by the 
process of humification in the sand profile of chernozem character. This 
soil type belongs to the chernozem main type according to the Hungarian 
soil taxonomy.

General characterization of chernozem character sandy soils.

The thickness of the profiles of these soils is remarkable (150 — 160 
cm). They are generally characterized by a 20 — 50 cm thick humus layer. 
Their favourable physico-chemical properties make them highly suitable 
for fruit- and vine growing.

Morphological features of chernozem character sands.

The soil profile is of considerable thickness (185 cm) indicative of favo
urable conditions of soil formation having acted on its development. The 
genetic levels are extended under the influence of the dominant quantity 
of sand fractions. The structure of the levels is slightly granular, and 
frequent worm-casts and crotovines are a favourable biological action. The 
humous layer reaches a 40 cm thickness and its structure is slightly granu
lar. In the Danube —Tisza interfluve the chernozem character sand gene
rally has a carbonate-containing variation. The calcium carbonate content 
decreases downwards, at the depth of 100 cm shows a somewhat higher 
concentration, and in the bed rock reaches again the percentage proportion 
of the surface layer. This can be explained by a sand-blast having reached 
the soil profile. The colour of the soil horizons belongs to the 10 YR 4/2 — 5/1 
spectral range (intensive greyish brown -  grey) on the basis of Munsell’s 
colour scale. The humus concentrated horizon is characterized by a very 
intensive brown colour (10 YR 2/2).

Chernozem character sands have developed under highly favourable 
lithological and hydrological conditions. The unfavourable action of inter
nal water does not affect the soils as the water-table is very deep.
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The mechanical composition of these soils is also more favourable 
than that of the slightly humic sandy soils, in spite of the fact that the sand 
fraction is still dominant. The percentage proportion of the clay fraction is 
between 1,00 and 7,25 showing a higher concentration in the humic level; 
the dust fraction ranges between 3,00 and 4,50 per cent, and finally the 
sand fraction show fluctuations between 81,25 and 92,75 per cent. The 
higher values are characteristic of the upper sand-blast layer and of the 
layer in contact with the bed rock.

Among the sands the small-grained sand is predominant (48, 50 -  69.29 
per cent), though the proportion of the fine-grained sand is also consider
able (19,05—40,05 per cent). Among the rock flour and dust fractions 
the coarse-grained ones are predominant.

Physical and chemical properties of chernozem character sands

Changes in the values of compactness show a close correlation with 
the change of mechanical composition from level to level. In the sand- 
covered upper layers and in those adjacent to the bed-rock the value of 
compactness is 23,6,-25,4 while in the more compact, humic levels it is 
29,4-31,8.

Ilygroscopy (hy,) follows the same regularity; it is 0,44-0,29 in the 
upper and lower soil layers and 0,99 — 1,21 in the humic layers.

Five hours capillary water lift is 390-440 mm in the sandier, and 
390 — 435 in the humic layers. The specific weight of the soil levels ranges 
between 2,67 and 2,73.

The p ll value varies from 7.2 to 8,0. In the upper- and lower levels 
richer in CaC03 the pH value is 7,5 and 8,0, these layers are thus alkales
cent.

The lime status shows the same trend as the chemical reaction. In the 
two upper soil layers (to 30 cm) and the mother rock the CaC03 content is 
substantially higher (10.43 — 11,26) than in the intermediary humic layers 
(0,20—1,04 per cent).

Water soluble salts are only found in the two upper soil levels, and even 
they do not contain them in harmful quantities (0,0048 per cent).

It is by their organic matter content in the first place that these soils 
differ from the slightly humic sandy soils. The humus content of the hu
mic soil levels is essentially lower (0.43-1,07 per cent).

The higher humus content and other advantageous soil properties 
have a favourable effect on vine- and fruit growing. The maintenance, 
protection and increase of the good characteristics of these soils are impor
tant agropedological tasks.

In the adsorption complex of chernozem character sandy soils Ca+ + and 
Mg+ + are predominant.

In the upper cultivated layers of the profile and in horizons below the 
humic layer Mg+ + comes into prominence which greatly decreases the ferti
lity of these soils (48,7 — 53,0 per cent).
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It is only in the humic layer that Ca++ becomes dominant (60,2 — 
84,8 per cent). In these soils the adsorption complex is so much saturated 
with Mg that in the case of continued production its compensation must by 
all means be provided for (e. g. with farmyard manure). The amount of 
Na and K nowhere attains a dangerous value.

The capacity of the adsorption complex is 11.4 — 19,1 mg/100 g. This 
value is higher than in slightly humic sandy soils.

Analyses of the nutrient content also show more favourable results. 
As a consequence of the increased organic matter content the amount of 
total nitrogen is also higher (96 — 31 mg/100 g.). In the cultivated layers 
it is 96 — 87 mg/100 g, but with the depth gradually decreases.

The soluble phosphorus content (P202) is 2,3 —8,8 mg/100g in the culti
vated layer of the soil, and ranges between 0,8 and 1.2 mg/100 g in the dee
per horizons.

The soluble potassium content attains the amount of 12,5 mg/100 g- 
though with the depth it gradually decreases. Fixing is poor in the culti, 
vated layers but more intensive in the deeper ones.

The results of trace element analyses are closest to those obtained in 
slightly humic sandy soils. Higher ppm values were pointed out for Cr, 
Mn, lower for Cu and Ni. Ti shows a tendency increasing with depth in 
contrast to the slightly humic sandy soils.

Sandy soils occupy 23 per cent of the arable area of Hungary, of which 
5 — 8 per cent is fertile loamy sand, 10—12 per cent loose, slightly humie- 
and 3 — 4 per cent infertile wind blown sand. Thus, over the arables of Hun
gary there is a permanent danger of deflation.

Owing to the large undivided areas involved with the introduction of 
large-scale farming the danger of wind erosion increases, which makes a 
more careful protection necessary.

In elaborating soil protection methods to prevent the deterioration 
of both light and heavier soils it is imperative to know the development 
and dynamics of the process of wind erosion and the factors taking part in 
the process.

In Hungary the processes and forms of deflation hove been studied by 
many prominent geographers and geomorphologists: Lóczv L. Sr., C'hol- 
noky J., Kádár L., Miháltz I., Bulla B., Pécsi M., Moldvay, Borsy J., Marosi 
S., Szilárd J., Ádám L. The meteorological aspects of erosion by wind have 
been investigated by Aujeszky L., Bacsó N., Berényi I). in the first place. 
The process of wind erosion from the point of view of soil protection has 
been studied by Fekete Z., Egerszegi S., Stefanovits P., Bodolay I. Cartog
raphic illustration of soil erosion, and parallel to it deflation has been done 
first of all by Mattyasovszky J., then Stefanovits P. and Duck T., etc.

Experiments with wind erosion

The most serious damages to agriculture are done by the wind on 
arables, fruit- and vine growing areas. On sandy soils the danger of wind 
erosion must be reckoned with even today.
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Severe damages are not frequent phenomena, but as the light sandy 
soil can be moved even by a wind of 3,8 m/sec. velocity, damages of vary
ing degree occur every year. Therefore it is indispensable to know the pro
cess of wind erosion, the dynamics of its development and the factors tak
ing part in, or acting on the process. The relevant literature publishes two 
methods for measuring the wind erosion: by means of artificial wind and 
under natural conditions.

With the characteristics of wind and the dynamics of wind erosion 
kept in view we chose a simple and practicable method elaborated by the 
Research Institute of Soil Science and Agrochemistry to determine the 
extent of wind erosion (Bodolay I-ne 1964). Plastic boxes were covered 
with metal lids furnished with 12.5 cm high and 10 cm broad baffle plates 
bent in right angles. The boxes were placed into the soil so that only the 
12,5 cm high baffle plate rose above the soil surface. In this way we caught 
the soil in the 12,5 cm high layer above the ground. According to literary 
data (Kakubov, Csakvetadze, Chepil) the cloud of soil shifted above the 
surface of the soil is thickest immediately above the surface and grows 
rapidly thinner with height. In the case of sandy soils an average of 80 per 
cent of the total amount of soil drifted by the wind falls within the mentio
ned height above the ground. Besides, the velocity of wind is the lowest 
in the immediate vicinity of the surface, so the above-ground baffle plates 
of the boxes cause the least possible turbulence, and the sand gathered in 
the boxes cannot be blown out by the wind.

We placed 8 of the described soil-catching boxes in each of our 100 X 
100 m trial plots, arranged in groups of two according to different 
wind directions, so that we were able to determine the direction of the soil 
drift and of the wind prevailing during the experiment, respectively.

Thesoil of the trial area was two layer sand and slightly humic sandy soil.
The investigations were carried out during the vegetative period, 

because it is at that time that deflation causes the greatest damages thro
ugh windfall, sand drift and by covering the young crops —, and on areas 
where the special branch of plant growing had not so far been decided, and 
where the greatest extent of sand drift can be observed today.

The soil-catching boxes were sunk in four trial plots from 6 to 14 
July 1971. In one of the plots there was an about 26 cm high maize stand, 
in the second only wind blown sand, in the third a young vine plantation, 
and the fourth was a five-year old orchard.

We emptied the boxes after every windy day and weighed the soil 
found in them. Wind velocity was measured by means of a cup anemometer 
at three different levels: at heights of 25, 50 and 100 cm, respectively. There 
was no precipitation during the experiment. The results of the experiment 
show remarkable differences in soil rosion between bare surfaces and those 
covered by thin vegetation (underdeveloped maize of an average height 
of 26 cm).

The experiment has proved that even a low and poorly growing plant 
stand is able to considerably reduce the force of wind near the surface, and 
— by fixing the soil — prevent the movement of soil grains.
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In boxes placed in the maize field 10 — 20-times less sand was collected 
than in those dug in the bare plot during the same time. On a sandy loess 
area provided with adequate soil protection the amount of soil caught was 
reduced to minimum. The amounts of soil caught in the pairs of boxes 
oriented by the four cardinal points clearly showed the prevailing wind 
and with it the direction of movement of the soil. In vessels placed in the 
direction of working wind the collected material was always much more.

During the experiment period three directions of wind pre
vailed north-west, west and south-east. On 6 and 7 July the velocitv of 
south-west wind exceeded 15 km/hour, and some gusts of wind reached a 
velocity of 17,6 km/hour. Accordingly, boxes placed at the northern- and 
eastern sides of the plots caught more of the drifted soil than the other 
boxes: 52 g in the maize field and 1,3 -1 0  g at the most in the bare plot.

The experiment unanimously proves the important role of vegetation 
with loose soils. In the case of a properly applied soil protection wind might 
even move 28-times less material over a surface of 3 -4  per cent coverage. 
This statement has been confirmed by the practice.

Soil samples collected in the trial plots were exposed to the following 
laboratory analyses: examination of mechanical- and micromineralomcal 
composition, and of attrition.

'I’he results of analyses concerning the mechanical composition show 
that in the collected soil samples the percentage proportion of sand grains 
of 0,2 —0,5 mm and 0,1 —0,2 mm in diameter is predominant. It has thus 
been proved in practice too that grains of 0,1 -  0,2 mm diameter are exposed 
to the greatest extent to erosion bv wind. When studying the rock compo
nents we also found a very high CaC03 removal. Further, it has been reve
aled by micromineralogical examinations that as a consequence of defla
tion the mineral components are in permanent migration and translocation 
whereby the process of wearing-awav becomes slower.

The denudating process of wind erosion is started by the windfall, 
therefore protection must be aimed at preventing the windfall. There are 
two possibilities of preventing erosion by the wind:

1. by reducing the velocity of wind, an
2. by increasing the resistance of soil.
'fhe destruction of soils is done by winds finding the soil in a dry state, 

that is by strong spring- and summer winds. Moist soils are much less re
adily moved by the wind. Soils covered by vegetation are not so much 
affected by the wind as bare ground surfaces, so the simplest way of pro
tection against wind erosion is to ensure a permanent coverage for the soils. 
This can be attained in several ways: by a thinly sown stand of rve, prolon
ged maintenance of stubble-fields, covering with straw, straw worked in 
with disc or roller, weeds let to grow after stubble stripping, stripe cultiva
tion. forest belts planted in right angles to the prevailing wind. These met
hods do not give full protection either, because in the periods of soil pre
paration, sowing, emergence and development of plants the soil is unco
vered. In these periods the resistance of soil to wind erosion should be in-
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creased instead. This can be attained with different cultivation methods 
and irrigation. The role of irrigation and soil cultivation in the development 
of wind erosion was studied with the result that periodical irrigation — that 
is 5 mm irrigation water applied on eac h of 10 occasions — almost complete
ly stopped the soil erosion. As a consequence of frequent applications of 
5 mm irrigation water the water content of the soil in the uppermost 20 
cm layer rose by 7,2 mm. This way of irrigation offers protection against 
destruction by the wind partly through the increased moisture content of 
the upper soil level, partly through the crust developed over thesurface.

REFERENCE
Antal I .  — Egerszegi 1. —Venyigéi, О. 1006: Növény termesztés homokon (Plant cultivation 

on sandy soils) Mg. Kiadó Bp.
Bodolay l -né 1905: Szélerózió elleni védekezés öntözött homokterületeken (Protection aga

inst wind erosion on irrigated sandy areas) Agrokémia és Talajtan 1.14.
Bodolay I -né I960: A széleróziót befolyásoló változó talajfizikai tulajdonságok (Changing 

soil properties influencing wind erosion.). Agrokémia és Talajtan I., 15.
Borsy Z.  1961: A Nyírség természeti földrajza. (Physical geography of Nyírség) Akadémiai 

Kiadó Bp.
Chepel 1Г. S .  1955: Factors that influence clod structure and erod bility of soil by wind 

V. Sand, silt and clay. Soil Science 80.
Cholnoky J .  1940: A futóhomok elterjedése (Distribution of wind-blow sand) Földt. Közi. 70. 
Szotfrid E . I). —Kiss L. 1909: Deflációs mérések homoktalajokon a ceglédi járásban (Defla

tion measurements on sandy soils in Cegléd district) Agrártud. Egyetem Közi. 
Egerszegi S .  1902: A homoktalaj tartós megjavítása elméletének és alkalmazásának főbb 

szempontjai (Main aspects of the theory and application of the permanent amelioration 
of sandy soils) MTA Agrártud. Int. Közi.

M arosiS . 1907: Megjegyzések a magyarországi futóhomokterületek genetikájához és morfoló
giájához (Notes to the genetics and morphology of wind-blown sand areas of Hungary) 
Földr. Közi. XCJ 34.

Matlyasovszky J .  1957: Az erózió térképezésének kérdése és eddigi eredményei (Problem of 
mapping the erosion and its results till now) MTA Agrártud. in t. Közi. 11.

Prohászka К .  1908: Duna —Tisza közi lepelhomok talajok Mn, Cu, Zn, Mo tartalm a. (Mn, 
Cu, Zn, Mo content of mantle sand soils of the region between the Danube and the 
Tisza) Agrokémia és Talajtan I. 17. 4.

Stefanovits V. 1959: Homoktalajok mezőgazdasági földrajzi jellemzése. (Agricultural geog
raphical characterization of sandy soils) Mezőgazd, Világirodalom 1,2. 1.

Stefanovits V. 1903: Magyarország talajai (Soils of Hungary) 2nd edition Akad. Kiadó. Bp. 
Stefanovits V. 1904: Talajpusztulás Magyarországon (Soil erosion in Hungary) OMMI Gene

tikus talajtérképek kiadv. 1. sor. 7 Bp.
Stefanovits V. 1908: A homoktájak talajai és a bennük rejlő lehetőségek. (Soils of sandy regi

ons and their possibilities) Földr. Közi. XVI 3.

РЕЗЮМЕ
Трицать процентов почв млра образуют песчаные почвы. В нашей стране 

песчаные почвы составляют 11,6% всей территорий, а на Большой Венгерской Низ
менности это составляет 24%. Большое распространение песчаных почв, их сель- 
скохозяственное использование и охрана объесняет подробное изучение этих почв.

Большинство песчаных почв Венгрии образовалось на речных эоловых и 
склоновых отложениях. Это отражается и на минеральном и на физико-химических 
свойствах этих почв. Песок, как материнская порода, под влиянием почвообразую- 
ших процессов, преобразовался в различные почвенные типы. На территории Вен
грии больше всего распространены слабо гумусные и многогоризонтные песчаные 
почвы.

Дефляция вызывает самый большой ушерб на этих почвах, и поэтому мы пуб
ликуем венгерские методы борьбы против дефлации.
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1. Karst corrosion is a process involving a number of factors whose 
chain of events is determined by the complex interaction of the individual 
factors. As the factors act with a different degree of efficiency in space 
and time the intensity of solution processes brought about by their inter
action varies significantly. L. Jakucs (1971) has proved the existence of 
microspaces according to the nature of relief, microclimate, vegetation, 
soil within the otherwise uniform surfaces of structure, composition and 
has pointed out the great differences of kai-st corrosion of these microspa
ces. Corrosive solution processes of identical microspaces vary in strength 
according to weather conditions, but also follow the chronological — often 
periodic — changes of other factors.

The analysis of karst corrosion processes can mainly be carried out 
by the separate examination of the effect of the changes of individual fac
tors, leaving the rest of the factors unchanged (on the same level). This 
can be done chiefly with laboratory and model experiments, with the de
tailed observation of carefully selected sample areas. At the same time, 
the examination of natural objects where corrosion as the interaction of 
factors happens within uninfluenced, natural conditions cannot be spared. 
The examination of the corrosion process in natural circumstances or 
perhaps on the spot raises a number of methodological problems, on 
whose solution the accuracy and the ability to interpret the gained data 
depend.

2. Researches of the past one and a half decade have drawn attention 
in the karstification process to the significance of the insoluble sediments 
spreading on covered karsts. (Bogii, 1956; Miotke, 1968; Gerstenhauser, 
1960; L. Jakucs, 1971: L. Zámbó, 1969. 1972 etc.). Our own investigations 
make it possible to formulate karst soils, red clay sediments as independent 
factors of karstification. Their significance in uncovered karsts is smaller 
but not negligible. This factor at times assumes dominantly determining 
role with semi-covered or covered karsts (excludes some surface areas from 
the process of solution, or may have corrosion intensifying effects at other 
places).

With the aim to gain data about the effects of this recently discovered 
factor of karst corrosion we have conducted a number of examinations. 
Part of these were possible with the creation of field observation sites.



It was impossible for us to rely on earlier experiences, we could not take 
over well-established methods. That’s why we have met a number of met
hodical and practical problems emerging during planning and realization.

The purpose for the setting up of observation sites was
1. to make “in situ” karst infiltration examinations and measure

ments possible,
2. to enable the examination of the chemical processes of the water 

solution, the change of calcium aggressivity during the process of 
infiltration.

3. to facilitate the observation of the water balance of the sediments 
covering karst surfaces and of the soil.

We have set up the observation sites in the area of the Aggtelek Karst 
Mountains, as solution processes are still intensive there even today, ex
aminations can be carried out in relatively undisturbed environmental 
circumstances and the links between the karst-form evolution and cover
ing sediments are possible to observe directly.

We had in mind first of all the following basic points of view:
1. Observation should be carried out in the most original and natural 

circumstances. The necessary human interference should lie reduced to 
minimum. Vegetation and its coverage, conditions of stratification and 
compactness of sediments should remain unchanged, and above all the pro
cess of infiltration and the water balance of the soil should be left undistur
bed.

2. Infiltration should be possible to observe in its process. It is desired 
that at different points of the infiltration path observations and measure
ments be made possible in possibly all layer ofchanges of sediments and soils 
by structure and composition.

3. The more parameters can be taken of the infiltrating water the 
better.

4. Changes in the calcium aggressivity of water directly before encoun
tering the limestone be made detectable.

5: It should be possible to carry out the observation for a longer period 
(through several hydrological years) within identical circumstances.

6. The costs of the building and maintenance of the observation sites 
should stay within reasonable limits.

After a number of unsatisfactory solutions and several years’ experi
ments we have worked out a base model of the observation unit (water- 
sample collecting unit) that can be adapted to the different conditions of 
observation sites, and wich can be installed one above the other, in a nulti- 
storey formation (in case of greater laver thickness or with several lavers)
(Fig. 1.)

The length of time needed for the experimental setting up of a unit is 
explained by the fact that it is advised to observe the effect of each indi
vidual change of detail for at least half a year. In the meantime we have 
gained a lot of experiences concerning what difficulties are caused by the 
unexpected effects of the living nature during examinations carried out in
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Fig. 1.

Figure 1. Water-sample-collecting (observation) unit;
1. sedim ent (soil) stra tum ; 2. cavity ; 2a. ceiling o f the c ollecting unit; 3. w ater-collecting tray ; 3a. side 
wall o f the p lexi-tray ; 3b. celluloid, polipropiléné balls; 4. hoisting apparatus; 5. locking apparatu s 
5a. iron fram e; 5b. iron p late supporting  the glass wall; 5c. rubber insulation; 5d. plexiglass locking 
plate; 5e. rubber pipe; 5f. water-drainage pipe; 5g. air-pipe; 5h. glass tube; C. collecting vessel; 7. shelf; 
8. site  fo r tak ing  tem peratures
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field work. For example, rodents and insectivores living in the soil had a 
special liking to visit the observation sites in the autumn and winter sea
son, ruining them in the least accessible places. Some corrosion-proof, hard- 
to-stain materials, that were suitable from the point of view of chemistry 
and adapted well to changes of temperature were sometimes impossible to 
apply clue to hazards from some kinds of rodents.

To collect water infiltrating downward in the soil covering the karsti 
fying rocks and in insoluble sediments we have dug pits with vertical walls 
that exposed the whole sediment strata series or soil and extended to a 
depth of 0.3 —1.0 m into the bedrock (scattered limestone rock, dolomite). 
On the vertical walls of the pits we have formed a side cavity which is the 
place of actual water collection. The water-sample collecting unit is placed 
into the side cavity (Fig. 2.). The internal space of the pit is large enough 
to  enable the person making the observation to work without hindrance.

3. Composition of the observation base-unit

The base-unit is for collecting water and gas samples in their possibly 
natural state. It performs its duties reasonably well, if the samples eollec 
ted through it meet the following demands:

a) The volume of the vertically infiltrating water observed (measured, 
collected) on the level unit area correspond as nearly as possible to the 
volume of water infiltrating freely in the given sediment complex. The 
accuracy of the measurement should enable us to generalize the results 
within an error range of 10 — 15% for the whole extensive series of strata.

b) The collecting unit should not alter the infiltration conditions of 
the overlying strata column.

r) The solution-composition of the collected water sample reflect the 
characteristic chemical conditions of infiltrating water in a given stratum. 
The considerable indentity between the C02 content, the calcium hydrocar
bonate content and the values of pH with that of the infiltrating water is 
especially important.

d) The temperature of the water sample should be nearly equal to 
that of the given sediment stratum at the time of observation.

e) The partial C02 pressure of the collecting vessel’s airspace corres
pond to that of the soil’s.

f)  The iron, manganese and trace element contents of the water sample 
be similar to that of the infiltrating water.

g) The C02 content of the gas sample should correspond with 0,1% 
accuracy to that of the air of the given stratum.

h) The characteristic temperature and C02 content of the stratu 
should be possible to measure at the time of observation.

The observation base-unit generally meets the demands listed above 
However, keeping a close watch on it, constant maintenance and install 
repair of the defects frequently occurring in natural circumstances ar 
indispensable.
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The observation base-unit is the combination of the soil and sedimen 
stratum examined and the built-in appliances. The cavity, formed at righ 
angle to the vertical wall of the pit in the stratum observed, has the app 
roximate shape of a rectangular prism. Its average depth from the pit wal 
is 1 metre, with a minimum value of 0.5 metre. Its excavation can be carried 
out only by meticulous manual work least the compactness and structural 
values of the stratum should change. One must take care of the stability 
of the cavity walls to minimize the danger of crubling. The shaping of the 
cavity ceiling is especially important to influence the infiltration processes 
of the overlying sediment column to the least extent and to collect the in
filtrating water without loss. For this purpose we give the cavity ceiling 
a very slight conic shape toward the centre of the collecting surface (collect
ing tray) with the cone pointing downward. It is to avoid the water drops 
appearing on the ceiling to miss the collecting surface. The surface of the 
ceiling intersects the capillaries (of the soil). These are easily stopped in 
clayey rock; to avoid this clods on the ceiling with the final form are remo
ved by the point of a knife to leave the capillaries open. The bredth of the 
cavity (exceeding the drainage surface by 10 cm) averaged 60-100 cm. 
its height 20 cm during our examinations. Besides the conic shape ceiling 
gets slightly higher with the distance from the pit wall.

I he size of the cavity conforms to that of the collecting surface. The 
given size enables the collection of the necessary amount of water samples 
needed for the usual water analyses and control examinations. An extreme 
size would greatly increase the "danger of crumbling during the building of 
the cavity, a much smaller size, on the other hand, would interfere with the 
accuracy needed for the measurements and calculations. In a stratum 
scattered by boulders, in soils permeated bv thick roots the building of an 
adequate cavity is made hard by numerous difficulties, and it needs pain
staking work.

Collection of the infiltrating water is made during our examinations 
in transparent plexi-glass trays. I his material has proved sturdy enough 
to bear the pressure of the strata, processes in the rock do not attack it 
during a period of 5 to 10 years, remains unaffected by the chemical com
pounds of the collected water and does not alter it. Its transparency enab
les us to check t he state of its internal space from outside, without removing 
the tray. The size of the surface of the tray is 40 — 80 by 50-100 cm. its 
side walls are 5 cm high.

The water-collecting tray sticks with its side walls to the ceiling of 
the cavity, constant perfect fitting is ensured by a hoisting apparatus be
low. The hoisting apparatus was made from corrosion-resistant spindle- 
thread bronze bushes and from plexiglas. These materials make long-time 
use possible. In case the plexi-trav slackens it can be readjusted by the 
hoisting apparatus.

We have set chemically neutral balls into the water-collecting tray to 
prevent cloddy, scaly crumbling of the cavity ceiling and the clogging of 
the tray on the one hand, and to drain water on the other. After a number 
of experiments we found that balls made of glass, celluloid suit this purpose
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but trails made of polipropilene proved best, as tliev have great strength 
and clay and humus stain them little. If necessary they can be replaced by 
balls of quartz pebbles of uniform size, cleaned with acid and well washed. 
The size of the pebbles is determined by the stability of the stratum exa
mined. A diameter of 3 cm suited well compact, clayery strata; humic soils 
rendzines required smaller ball diameters. According to our experiences 
sucking depression did never turn up in the rock above the tray with the 
choosing of the necessary ball size, so the infiltration observed on the tray 
could be made general over a larger area.

Internal conditions of the water-collecting cavity have to conform to 
that of the stratum, so the cavity is divided by an air-tigtht locking device 
from the pit. This is made up from an iron frame, built in the stratum in a 
depth of at least 15 cm, fitting the pit wall; iron plates supporting the cavity 
walls join the frame. The iron parts are lined by corrosion-resistant plastic 
coat. A 6 mm thick rubber-isolated plexiglas plate may be fixed to the 
iron frame by bronze screws in the plane of the pit wall. Its transparency 
ensures the possibility of checking the state of the water collecting space 
at each observation. The observation unit may be kept clean easily because 
it can be removed without difficulty.

The outlets of the water-collecting unit: the water-drainage pipe, the 
airpipe and the rubber pipe for taking soil-air samples pass through the 
]»lexi locking plate.

The pipes are made of soft PVC tubes. Their constant cleaning and 
yearly replacement is indispensable because they may get plugged, they 
are sensitive to temperature changes and rodents may damage them. The 
air-tigth collecting vessels are joined to the tubes by glass junctions. We 
used 1 and 2-litre PVC and glass vessels as collecting vessels depending on 
the size of the collecting tray. Vessels made of PVC can be handled and trans
ported more easily, but according to the newer investigations they are per
meable for C()2 to a certain extent, so we may expect more accurate obser
vation results by the use of glass vessels. Water gets into the collecting 
vessel directly from the surface of the collecting tray. It is important that 
the gas content of the collected water should not change in comparison 
to the original. To ensure this we have connected the bottle to the air
space of the water-collecting cavity by an air-tube, so the bottle has the 
same air pressure as the infiltrating water in the stratum.

A built-in soil thermometer in the given stratum and a place for taking 
temperatures for the sake of control belong to the observation base-unit. 
The latter is a 20 cm long, wide PVC tube that can be closed, sank in the 
stratum and by the use of a thermistor soil thermometer at its internal end 
one may take temperatures in 20 seconds.
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4. The building of the observation pit

The purpose of the pit is to expose soil stratum or rock strataseries 
for observation and to make the observation base unit possible to fit in. 
During our research we have been working with two pit versions:

a) pits suitable to expose a single stratum (of soil),
b) pits exposing a thicker strata series.
In the first case karstifving rocks are covered only by a thin blanket 

of soil. The depth of the pit does not exceed 1 m. This is the case when we 
place an observation unit at the level where karstifying rocks meet the soil. 
Calcium aggressivity of the infiltrating water can be measured right before 
encountering the carbonate rocks. The walls of the pit generally do not 
need supporting, in case of need their strengthening may be carried out by 
the simple use of planks. The shaping of the observation cavity often in
volves great difficulties because of the limestone rubble and the roots.

In the second case the pit allows the examination of a thicker sedi
ment layer or strata with different characteristics. Several observation 
units may be set on the wall of the pit right down to the karstifying rocks 
with interval of 2 m. The units were placed in turn on the different walls 
of the pit not to influence each other. Over a greater distance more than 
one observation unit may be inserted in the same wall. The changes in the 
amount and quality of the infiltrating water permit the virtually conti
nuous observation of each stratum in this way. This system also provides 
data for the change in the calcium aggressivity of water and for the calcu
lations of the solution conditions of covered karst. As the strata pressure 
may result in crumbling especially during thaw and extensive rainfalls 
even in stable rocks, pits have to be propped up strongly and walls secured 
bv a framework. Besides the extensive application of concrete, iron plates 
and stavrods one may use timbering and wooden framework. Prop-wood 
resistant to insects and fungi may well be applied for the latter. Its probab
le duration in wet strata series (at the bottom of dolines) is about 6 years. 
Ladders should enable the observing person to take satisfactory measure
ments. Construction of horizontal measuring surfaces is also justified at 
some places. To secure the walls of the pit they need constant maintenance. 
We have set up shelves at the individual observation units for the storing 
of instruments and water-collecting bottles.

Both types of pits were provided on the surface by a trap door joining 
a strong frame. This not only helps to protect the observation site, but 
prevents the entering of rainwater and leaves the air-space of the pit un
affected from outside temperature changes. So the temperature of the ex
posed rocks at a depth of 15 cm do not differ from that of the normal. In 
some cases we have lined the walls of the pits with lacque or resin coat to 
prevent water infiltration into the pit. Despite this some water could be 
detected on the bottom of the pit in rainy periods; this problem was over
come by pumping.
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5. Formation of the surroundings of the observation place

To gain data on the characteristics of the infiltrating water of the karst 
soil type, of the sediment type that can be generalized over a larger area it 
is necessary to make the observations simultaneously at several places, in 
the occurring characteristic conditions of relief, exposition and vegetation. 
In the case of equal strata composition but in differing conditions of slope 
and vegetation we can expect deviations in the observation data too. It 
is strongly advised to set up control observation sites in identical conditions 
too.

It is important to maintain the original natural conditions around the 
observation site. During the construction of the pit vegetation is damaged, 
soil becomes more compact inevitably. To prevent it as far as possible we 
took great care in selecting the observation site, in organizing the construc
tion. According to our experiences special attention should be paid to the 
following:

— the marking of the examination site should be based on prelimi
nary trial borings exposing the strata to have a notion about the 
depth of the pit to be built, its necessary size, the number of ob
servation units, the characteristics of the strata series to be ex
posed,

— the direct surroundings of the observation site represent the ave
rage characteristic features of morphology and vegetation,

— the observation site should not be placed next to a tree directly,
— the vicinity of introduced types of trees alien to the area and cul

tivated forests should be avoided if possible,
— after deciding the spot of the pit the original bushes and turf level 

should be guarded by planking and by marking out an access 
path,

— the protection of the soil surface above the uppermost observation 
site be taken into consideration,

— construction materials should be stored at a distance from the pit. 
excavated material must be taken away from the spot.

It is advised to fence in a plot of 10 by 10 metres after the construction 
of the observation site. To complete the measurements of the larger obser
vation sites we have installed an ombrograph and a thermograph. The 
collected precipitation is also to be examined in a closed system.

6. Course of the observation

We perform periodical observation and extraordinary registrations 
on the observation system we have constructed. The replacement of water 
collecting vessels, measurement of soil temperature, taking the pH of water 
(by portable OP —106 pH meter), measuring the C02 content of the air 
of the soil (by Drâger-pump and FREWIL C02 meter), reading the soil 
humidity [by SASO 310 type hygrometer (humidimeter)] are carried out 6
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during the weekly observations. Observations are performed by the same 
person at all measuring sites to reduce the error of subjectivity.

We perform prolonged registration during extraordinary circumstan
ces (extensive rainfalls, maximum of precipitation, spring thaw). In such 
cases we carry on a continuous measurement of the degree of infiltration 
and registrate the changes in the pH (OP —207 type recording pH meter) 
and C02 content (FREWIL and on-the spot titrimetrics) of the infiltrating 
water.

To conserve the water samples collected in the closed system we in
troduce a pentane layer on them, then send them to laboratory investiga
tions.
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РЕЗЮМЕ

МЕТОД ПО ИЗМЕРЕНИЮ ПРОСАЧИВАЕМОСТИ КАРСТОВЫХ ВОД,
А ТАКЖЕ ОТБОР ПРОБ ПРИ ИЗУЧЕНИИ КАРСТОВЫХ ВОД

Изучение в л и я н и я  п о ч в , покрывающих карстируемые породы, и осадочных 
отложений, не подверженных карстовому растворению, на карстовую коррозию 
возможно с помощью таких мест наблюдения, где возникающая в ходе взаимовлия
ния различных факторов коррозия осуществляется в естественных условиях без 
внешнего в л и я н и я . Место наблюдений должны удовлетворять следующим требо
ваниям:

1. Чтобы карстовую просачиваемость можно было исследовать на месте, в 
полевых условиях.
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2. Чтобы в процессе просачпваемости можно было проследить изменения 
в химическом составе водного раствора, а также состояние известковой агрессив
ности.

3. Чтобы можно было следить за ходом водного режима осадочных отложений.
Путём использования измерительных приборов, установленных в экспери

ментальных скважинах, процесс карстовой просачиваемости можно наблюдать 
непрерывно. Статья даёт рекомендации для решения проблем, возникающих в ходе 
практического выбора места наблюдений и его окружения, а также перечисляет 
те препятствия, которые имеют место при полевом сборе материалов.
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Introduction

1. In the course of studying the factors of karst formation it has be
come necessary to apply quantitative and qualitative methods of analysis. 
Since the solution processes of karsts take place in the nature amidst com
plicated and locally varying interactions of many factors, the methodology 
of measuring required for disclosing the role of the individual factors is an 
important question. Laboratory techniques developed for measuring the 
different chemical components cannot in most cases be employed without 
modifications either.

For several decades it has become known that one of the most impor
tant processes of solution in the karstic rocks is the hydrogen carbonate 
solution, when the water originating from rainwater or other sources takes 
up carbon dioxide from the air and — while seeping through — from the 
soil, before getting in contact with the karst rock. The solving capacity 
of water containing carbon dioxide depends on the carbonic acid concentra
tion and pH value of the water, the temperature, the hydrostatic pressure, 
on the term and surface of contact between water and rock as well as on 
the presence of other water soluble materials.

The amount of carbon dioxide in the water depends on the natural 
geographical and geological conditions. Besides the fundamentally determi
native water- and air temprature other important factors are the contact 
specific surface of the phases in the reactions, the partial C02 pressure in 
the water, and other effects in the water and its surroundings which may 
promote or hinder to solve the carbon dioxide in. Therefore the carbonic 
acid solution provides, on the one hand, an important calculation basis 
for the determination of the intensity of the karstic solution process, on 
the other hand, the reaction between the carbonic acid solution and the 
carbonate rocks can give indications of the geological, geographical, mete
orological, etc. conditions of the karst formation. The conditions and reac
tions of carbonic acid solution in karstic environment have recently been 
widely studied. The analytical methods depending on the purpose of the 
examination are different, and the methods of sample collection are also 
rather different from each other.

Disregarding the methods of sampling we deal here with the question 
how to determine the carbon dioxide content of the collected water suitable



for analysis, taking into consideration the aspects which are important in 
the case of karstic waters.

In the karstic water analyses the carbon dioxide appears in two main 
forms:

1. C02 in hydrogen carbonate or carbonate bond,
2. free C02 which is in two formations: the equilibrical and the agres- 

sive carbon dioxide.
Carbon dioxide in its two main forms can be determined only by diffe

rent reactions. The accuracy of the measuring techniques varies in the prac
tice of karst research, so uncertainties occur in the determination of the 
carbon dioxide content.

The most frequent methods for C02 determination in the field of karst
research

2. In the practice of karst research mainly the titrimetry is the techni
que for laboratory analyses and terrain work alike. In many cases titration 
with 0,02 N XaOH and phenolphthalein indicator is the “usual method” 
to determine the carbon dioxide content of the karst water.

Although this method can be well applied in terrain work, it is neither 
sufficiently accurate, nor easily reproducible; “it often gives too high valu
es” (Zehender, Stumm, Fischer 1956). Latter statement has been 
confirmed by our own investigations. Unacceptably high differences were 
obtained with the control volumetric determination titrating samples 
taken from the same water.

F. I). Miotke (1968) points out that data in the literature are given 
with greater accuracy than what can be attained at all with the above men
tioned method. To determine the free carbon dioxide sometimes Heyer’s 
marble solution experiment is also used. Because this method is not easv 
and quick to be run, it is taken into account only as a complementary con
trol method.

To determine the bonded carbon dioxide content of the karst water 
the titrimetry is used again in the practice of karst research (with 0,01 X 
HC1, methvl-orange indicator, or with 0,01 X H d , and Merck’s indicator 
tablet, or by Heyl’s method). These titrimetric methods, while generally 
supplying reliable and exact results (Miotke 1968, Bogli 1964), do not eli
minate the usual problems of the acidi-alkalimetric titrations, namely, the 
titrimetric values depend not only on the components we are interested in 
(on C02 in the sodium hydroxide titration process, and on Ca++ in hydro
chloric titration), but also on other components of the analysed waters.

Determination of carbon dioxide contents in karst waters

According to Standards (1) applied in Hungary the determination of 
carbonic acid, hydrogen carbonate and carbonate is carried out by acidi- 
alkalimetric titration. The systematic errors of such processes — detailed
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in the description of the standard analysis as well — are so high that the 
results are mostly of mere informative nature.

Traditional methods using liquid absorbent (Bunte’s and Hempel’s 
methods (2)) or solid absorbent to measure the carbon dioxide from the 
water sample, as well as the commercial automatic gas analysers (Orsat 
apparatus, VEB Junkalor- and ADOS gas analysers, MMG Mono-Duox, 
etc.) are not sensitive enough for the determination of karst waters. The 
more sensitive apparatuses are expensive (e. g. the lonoflux manufactured 
by Hartmann & Braun, the Doktolyt of the VEB Junkalor are conducto
metric instruments, the Chromoflux of Hartmann & Braun is a photometric 
apparatus).

It seemed to be more economical to make a sensitive instrument on 
the inland basis, which is suitable for serial analyses. It measures the ori
ginal carbon dioxide content of the karst water (before the karst solution 
reaction) and the amount of dissolved carbonate. From the two measured 
values the agressive carbonic acid content of the karst water can be ob
tained.

3. Carbon dioxide meter ( Fig. 1.)
In the apparatus a carrier gas free of carbon dioxide (purified air) 

transport the carbon dioxide from the water sample to the absorber. The 
concentration change of the absorbent is measured by a recording conduc
tivity meter; the original carbonic acid content of the water and the amount 
of the carbonate can be determined by the steps on the graph.
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3.1. The air enters the system through the flowmeter (12) which mea
sures the speed of the carrier gas. To adjust t he optimum of t he gas supply 
is very important, as a too slow flow of the carrier gas delays the deter
mination, while a too fast flow may result an insufficient absorption of 
carbon dioxide.

Air purification is carried out by a gas absorber (6) containing 30% 
potassium hydroxide solution, and another one filled with solid potassium 
hydroxide. By setting the stopcock (3) the carrier gas is passed through 
an inlet pipe in the centra of the reflux condenser (9) to the flask (10) 
which contains the calibrating solution, or that to be determined. Carbon 
dioxide from the sample is transported by the carrier gas into the condenser 
where it cools down and the water vapour condenses. From here the gas 
mixture is carried to the gas absorber (13), it leaves the porous surface of 
the sintered pipe in the form of fine bubbles. From the bubbles the absor
bent (barium hydroxide solution) washed out the carbon dioxide.
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Changes in the concentration of the absorbent are measured with a 
recording conductivity meter. For the quick change of the absorbing solu
tion the system can be taken apart at the points (1) and (2), and the ab
sorber can be removed. After this the carrier gas passes through a clack- 
valve, the stopcock (4), the needle-valve (17) and the buffer vessel (5) to 
the pump. The outlet stopcock (11) makes it possible to put out the suc
tion.

3.2. The apparatus is calibrated with standard potassium hydrogen 
carbonate solution prepared with boiled distilled water. Considering that 
the distilled water readily solves the carbon dioxide from the air, we have 
to pay great attention to the the quantitative elimination of the carbon 
dioxide by boiling. The boiled distilled water has to be covered by a pen
tane layer and kept in a sealed vessel to prevent its resolving carbon dio
xide from the air. For the absorbing, calibrating and acidifying solutions 
distilled water free of carbon dioxide is used.

The absorbent is freshly made before the measuring from 0,1 M 
barium hydroxide solution bv dilution. The barium hydroxide solution 
protected with a pentane layer is delivered from a sealed automatic bu
rette.

Renewing the absorbent the absorber and the conductivity cell are 
washed with hydrochloric acid and distilled water to eliminate the barium 
carbonate precipitate and the vessel is dried by alcoholic rinsing.

4. Measuring
20 —100 ml karst water is measured into the carbon dioxide generating 

flask (10) that we have previously dried with alcoholic rinsing and put a 
few beads in. If the sample contains sulphide ion we add 10 ml 0,2 M mer
cury (II) chloride to it. Further, we add a few drops of the alcoholic solu
tion of 0.2% methyl-red indicator to the sample, which is yellow during the 
first boiling and red during the second (acidic) boiling.



We start the flow of carrier gas and wait until the atmosphere in the 
system becoms fiee of carbon dioxide, i. e. straight line is registered on the 
chart. By boiling the sample carbon dioxide is generated from the calcium 
hydrogen carbonate and simultaneously precipitates the calcium carbo
nate.

After a few minutes of boiling a step is formed on the graph, then from 
the acid container (8) 10 ml 1:1 sulphuric acid is added to the sample by 
setting the stopcock (3), and with boiled destilled water it is rinsed three 
times into the karst water. Air must not pass into the system from the 
vessel (8). Boiling again the carbon dioxide from the calcium carbonate is 
going to be absorbed
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which appears on the chart in the form of a further step.
Calibration is carried out with an aliquot part of 0,01 — 0,02 M potas

sium hydrogen carbonate solution in the case os small quantities of carbon 
dioxide, larger amounts of carbon dioxide had better be calibrated with 
calcium carbonate. Let us take care that the parameters (gas flow, con
centration of absorbent, etc.) should be the same as those of the karst 
water.

5. Evaluation

The correlation between the absorbed amount of carbon dioxide and 
the conductivity-proportional amplitude of the recorder is not linear. 
Rault’s low, i. e. linear correlation between concentration and conductivity 
is exact in the case of infinitive diluted solutions only. According to our 
results the correlation between the measured amount of carbon dioxide 
and the amplitude of the recorder is well approximated by the following 
type of equation

where c. is the absorbed amount of carbon dioxide,
/.' the amplitude (proportionate to conductivity) of the recorder, 
A and B are experimental constants, and 
C is the integration constant.

Considering that the absorber is a chemical integrating unit which 
sums successively the amounts of the generated carbon dioxide, for the 
easy evaluation we had better calculate with the differential form of the 
equation, which expresses the amount of carbon dioxide from one sample.



where I c is the amount of carbon dioxide from one sample,
/ is the height of the step expressed in the units of the chart.
/• is the deviation, tlie distance between the middle of the step

and the base line.
Evaluation can be carried out either by a calibration curve, or — A 

and B constants having been determined — by calculation.
The first step on the graph shows the original carbon dioxide content 

of the karst water, the second one the amount of carbonate dissolved from 
the karst rock. Theoretically the first step is larger than (in an extreme 
case equal to) the second one. The difference between the quantities of 
carbon dioxide calculated from the two steps gives the free (agressive) 
carbon dioxide content of t he sample.

If the concentration of the absorbent is chosen relatively high, several 
samples can be determined without changing the solution, whereby the 
determination will be quicker, though the evaluation less exact. If the ab
sorbent concentration is sufficient only for the determination of one or 
two samples, we can attain 1 —3 per cent standard deviation.

Our method was developed and used in the range of 1—150 mg CO.,/ 
litre karst water.

Application of the method in karst analysis

0. The described method of carbon dioxide determination has proved 
suitable for analysing various types of karst waters. By adjusting the sys
tem to adequate sensitivity we can successfully examine low carbon dioxide 
content rainwaters, snow waters (0 — 2 mg CO,/l), high carbon dioxide 
content infiltrating karst ground-waters and the often carbonate-satur
ated waters of deep karsts alike.

So far we have used our method in two fundamental cases of studies 
on karst genesis and morphology, and karst solution: a) in the case of 
open karst formations where the karst rock itself is the surface without 
any cover of soil and higher plants; vegetation is represented by lichens, 
fungi and mosses at the most. In this case the solving water originates 
almost exclusively from rainfall, so it assumes the physical properties (e. g. 
temperature, active surface) which determine the amount of carbon dioxide 
to be absorbed in the air. The carbon dioxid from respiration of the above 
mentioned lower vegetation may be added to this near the surface of 
rock. As to the amount of the latter, there are not even approximative 
data for the time being.

Carbon dioxide content before the karst forming reactions can be cal
led original carbon dioxide, while the infiltering water collected at the lo
west level contains the carbon dioxide partly in a chemically solved form 
as hydrogen carbonate. The amount of free carbon dioxide (agressive C‘0 2) 
measured here relates to the extent of further solution which increases 
the corrosion in the karst rock (as further carbon dioxide supplies can 
hardly be expected).
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Thus our method makes it possible to determine the extent of surface 
and subsurface solution of open karsts with the same analysis.

b) The water moving through karstic surfaces covered by non-karstic 
deposit, karst soil, rises partly from rainfall, partly from subsoil water in- 
filtering sideways. Waters moving through porous soils may get under 
diversified physical and chemical conditions. A considerable increase and 
a decrease in the amount of dissolved carbon dioxide are equally possible. 
The waters on their way may get in contact on large surfaces with carbona
te rubbles and granules. The subsurface solution of the karst rock can only 
be measured if we know the amount of free (agressive) carbon dioxide by 
measuring in closed space the original and dissolved carbon dioxide con
tents of the infiltering water. The above mentioned method has proved sui
table to carry out examinations like this too, because it makes possible to 
measure in a closed system the different carbon dioxide forms of the water 
sample during a single analysis, and calculate the corrosivity of the water 
for the limestone.

7. The advantages of the method can be summed up in the following:
— it enables the determination of the original carbon dioxide content 

(before the reaction of karst formation) and of the amount of carbonate 
dissolved during the reaction from the same sample in a wide range of con
centration in small quantities of water;

— it makes possible to calculate the free (agressive) carbonic acid 
content of the karst water by the measured two values; this is of decisive 
importance from the point if view of a further karst corrosion;

— the method is quick, and suitable for serial analyses; the apparatus 
is easy to make in the laboratory and not expensive; its measuring range 
can be adjusted according to the carbon dioxide content of the water 
sample.
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РЕЗЮМЕ

МЕТОД ПО ОПРЕДЕЛЕНИЮ СОДЕРЖАНИЯ УГЛЕКИСЛОГО ГАЗА 
В КАРСТОВЫХ ВОДАХ

Среди процессов растворимости карстируемых пород одним из наиболее значи
тельных является водородно-карбонатное растворение, в ходе которого вода, проис
ходящая из атмосферных осадков или других источников, перед или в процессе сопри
косновения с карстируемой породой берёт углекислый газ из воздуха или из почвы, 
через которую она просачивается. Применение различных титриметральных мето
дов, используемых для изучения свойств углекислотных растворов, связано с воз
можностью допущения ошибок, с другой стороны - автоматические газовые анали
заторы, как правило, недостаточно чувствительны для установления содержания 
СО, в карстовых водах. Даётся описание процесса, в ходе которого с помощью легко 
монтируемой установки измеряется сначала содержание углекислого газа в воде 
перед растворением карстируемых пород, а затем также количество растворённых 
карбонатов. С помощью этих двух  показателей можно вычислить содержание оста
точной агрессивной углекислоты в карстовых водах. Свободный от углекислого газа 
транспортирующий т аз гонит углекислый газ, высвобождающийся из водной пробы, 
в поглощающий раствор, изменения в концентрации которого фиксируются с помощью 
кондуктометра. Преимущества метода:

-  из одной и той же небольшой по количеству водной пробы можно выявить 
исходное содержание углекслого газа и его количество в связанном состоянии,

-  возможность осуществления быстры и серийных анализов, а также сво
бодного выбора интервала измерений.
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The 60th anniversary of the existence of the Soviet regime was celebrated 
in 1977. In spite ofthe well known aggravating conditions (the socialist revo
lution won in an underdeveloped peasant state, intervention in 1919 — 1920, 
World War II) the Soviet State has been fighting with amazing speed thro
ugh all difficulties arising from the historical conditions. In many impor
tant branches of industry (petroleum- and steel production, main line 
Diesel engine- and tractor production, etc.) it is the first in the world, and 
in mast lines of industrial production the second (electric power- and natu
ral gas production, sulphuric acid production, manufacture of lorries, etc.). 
The growth rate of the Soviet agriculture also surpasses the world average. 
The Soviet Union has built up an up-to-date network of communication 
on land, seas and in the air. The biggest socialist country’s participation in 
world trade is more and more intensive. The Soviet national economy is 
developing without production crises.

As regards economic potential the Soviet Union has come abreast of 
the United States of America, and can reasonably set the target of catch
ing up with it in a relatively short time in all fields of per capita produc
tion.

Since the early twenties one of the key questions of the policy of in
dustrialization in the Soviet Union has been the development ofthe electric 
industry. This paper gives a brief summary of the results.

The state of electric industry in the Soviet Union before and during
World War II.

The Soviet Union was among the first in the world to establish electric 
systems*, and played a leading role in working out technical solutions. The 
exploitation of advantages resulting from linking up power works was not 
hindered by private interests. Apart from the stimulation of the expected 
economic and technical advantages, the development of power systems 
was urged by the immense territory of the country, and the historically

* Various types of power plants (thermal-, hydroelectric-, etc.) work for a common 
network. The interconnected power plants form a power system.



established partial regional separation of energy resources and consump
tion. Up to the breaking out of World War II 50 regional power systems 
were brought about.

In Leningrad and Moscow the power plants worked for a common 
network already in 1921. The industrial- and mining power stations in the 
towns of Tula and Bryansk, in the Northern Urals, in the Donets Basin, 
etc. were likewise connected at that time. The first distributor** was set 
up in Moscow in 1925; it directed the power system of the Moscow district 
In Leningrad a distributor was established in 1927 which directed the work 
of the city’s thermal plants and of the hydroelectric power station of Vol
khov. Later the hydroelectric power plant of the Lower Svir also belonged 
to this system.

The distributor in the Donets Basin was put in operation in 1930; 
it co-ordinated a large number of energy plants. The dispatcher centre 
of the Dnieper district was set up in Zaporozh’ye after the Zaporozhye 
hydroelectric power plant (Dneproges) had been completed, to co-ordinate 
the operation of the power stations of Krivoy Rog, Dnepropetrovsk and 
Zaporozh’ye.

To co-ordinate the operation of the power plants working parallel in 
the Urals a distributor was built in Sverdlovsk in 1932. In the Ural system 
of energy all major thermal plants between Berezniki and Magnitogorsk 
have been linked up.

In 1940 the electric energy production of the Soviet Union amounted 
to 48,3 thousand million kWhr; the built in capacity was 11,2 thousand MW. 
These figures reflect the results of the high speed electrification in the twen
ties and thirties. Two-thirds of the uotput came from the district (non
industrial) power plants* which suggests that the production was highly 
concentrated even then. The growth of production was accompanied by 
the development of the network, and beside the so far characteristic 110 
kV and 35 kV transmission lines in 1934 220 kV transmission lines and 
transformators were installed in the district power systems. The first 110 
kV transmission line was built in 1922 between Kashira and Moscow, and 
the first 220 kV transmission line in 1934 between Novomoskovsk and 
Moscow.

At the same time, within the range of action of the Dneproges hydro
electric power works 150 kV transmission lines of West European standard 
were applied.

The higher technical level attained by the end of the thirties enabled 
the gradual linking of the more developed regional power systems. The 
power systems of the Donets-Basin and Dnieper-district (two of the largest 
ones) were connected in 1940 with a 220 kV transmission line. With this 
the initial steps to develop the so-called Southern Energy System in the 
southern zone of the European part of the Soviet Union were taken.

** A dispatcher centre directing the operation of power plants working for a common 
network.

* A power station of public utilization working for an energy network.
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In the Urals electric energy production showed an intensive growth 
during World War II. In 1942 the developing Ural Energy System was 
divided into three parts: the energy systems of Perm, Sverdlovsk and Che
lyabinsk. In order to co-ordinate these systems the central distributor of 
the Ural Energy System was established in Sverdlovsk. At the end of 
World War II the Ural Energy System became — for a while — the largest 
power system of the country.

A similar phenomenon occurred in the Central Industrial Region where 
in 1945 the Moscow, Ivanovo, Yaroslavl’ and Gorkiy systems were linked 
with the central distributor in Moscow under the name Central Energy 
System.

Until the outbreak of World War II, tlie electric energy systems es
tablished in Central Asia, West- and East-Siberia and Kazakhstan worked 
with a low capacity. During World War 11 their development accelerated 
as a result of relocation and installation of new capacities.

In 1940 nearly 78 per cent of the electric energy output was produced 
in the European part of the Soviet Union, that is mostly on the areas tem
porarily occupied by the Germans. This fact explains the almost 50 per cent 
war losses of the Soviet electric industry. At the end of the war, in 1945, 
built-in capacity was almost unchanged (11,1 thousand MW) in spite of the 
great losses, because the development of the eastern regions compensated 
the losses. Still, the 43.25 thousand million kWh output of electric energy 
in 1945 was far below the 1940 level, because of a lack of mains and the 
inevitable reduction of working time.

Development of electric industry after World War I I.

Owing to the rapid reconstruction work the 1940 production level was 
slightly surpassed in 1946, and from 1947 the Soviet Union has been second 
after the United Stales among the world’s top electric energy producers. Table 
1. gives account of this extremely rapid development. In the development 
of the Soviet electric industry three remarkable features can be seen: the 
rapid rise of the technological level, the accelerating concentration of pro
duction and the increasing dimensions of the power systems. These are 
interrelated and inseparable aspects of a general development.

The rapid improvement of the technological level is manifest first of 
all in the increasing capacity of the energy producing and transforming 
equipment and the growing potential of the transmission lines. The Soviet - 
made 1000 MW turbo-motors were put in operation in 1939, the 150 MW 
machines in 1952, the 200 MW ones in 1957, the 300 MW turbo-motors 
in 1960. The first 500 MW turbo-motor supplied electric energy already 
in 1965. And development continued. The first 800 MW biaxial turbo-motor 
was put in action in 1967. The first 800 MW uniaxial turbo-motor began 
work in 1971 in the thermal plant of Slavvansk followed by similar invest
ments in the thermal plants of Zaporozhye and Uglegorsk. The 500 MW 
type is coal-fired, the 800 MW type oil- and gas-fired. It is characteristic 
of the prospects that in the Tenth Five-Year Plan period the trial opera-
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T a b le  1.

Development of electric energy production between 1946 and 1975

______________________ C apacity  MW______________________  I’roduction  million kW h

96  Z. A STAX-

Year Total
o f  which 

hydroelec trie 
power station

Diesel Total
o f which 

hydroelectric 
power station

Diesel

1946 12 338 1 427 48 571 6 046
1950 19 614 3 2IS — 91 226 12 691 _
1955 37 246 5 996 — 170 225 23 165 _
1960 66 721 14 781 — 292 274 50 913 _
1965 115 033 22 244 — 506 672 81 434 _
1970 166 150 31 368 10 500 740 000 124 377 10 000
1973 195 560 35 320 — 914 653 122 345 _
1975 217 484 40 515 — 1 038 607 125 987 _
1980* - - - 1 340 000 - -

• Projection

tion of the first 1200 MW uniaxial turbo-motor, and the production of 
the 1500 MW unit capacity thermic* nuclear reactor blocks will begin. The 
increase in the output of turbines was followed by the construction of boi
ler- and electric generators. To transmit the increasing output of the larger 
machines the permittivity and voltage level of the long distance transmis
sion lines had to be increased. Larger producing plants and consump
tion districts are linked today by 330. 500 and 750 kY alternative current 
transmission lines which require identical transformation substations. 
Between Volgograd and Voroshilovgrad an 800 (±400) kV direct current 
long distance transmission line is operating, and a 1500 kV (±750) direct 
current transmission line is under construction between Ekibastuz and 
Morshansk (Tambov oblast). Within the Tenth Five-Year Plan period a 
1150 kV alternating current transmission line is going to work (the expe
rimental section in Siberia is already functioning).

With the increasing unit output of turbines larger and larger thermal 
plants are being constructed, the concentration of production is steadily 
increasing as shown by Table 2. In the Tenth Five-Year Plan period 
4 — 6000 MW thermal plants will also be built.

The concentration of production and increase of unit output resulted 
in a substantial decrease of fuel per 1 kWh, of handling crew and steel 
consumption per 1 MW machine output, and of building- and production 
costs. In contrast to an essential increase in the output of machines put in 
operation year by year, the annual increase of the length of long distance 
transmission lines remained practically unchanged in the past ten years. 
The agreed caloric value fuel per 1 kW h will fall below 330 g bv 1080. 
(1975 = 340 g)*

♦Fission is carried out by neutrons moving at the speed of the gas molecules’ thermal 
agitation.

• In  the  enterprises o f tire M inistry o f Energy M anagement and Elei trific a tion .



T a b le  2.
Capacity of thermal- and hydroelectric power stations under the supervision of the 

Soviet Union’s Ministry of Energy Management and Electrification
(1 Ja n u a ry  1970)*
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Power stations grouped 
by size 

MW

N um ber o f 
power 

stations

Total 
< apar it y 

1000 MW

therm al plant hydroele« trie 
p lant

num ber rapa« itv 
1000 MW num ber

« apa« ity 
1000 MW

Above 1000 MW** . . . 5G 104.77 48 84.50 8 20.20
«00 - 1000 M W .......... 30 21.37 21 15.03 9 6.34
400- «00 M W .......... 35 16.87 28 13.49 7 3.38
20 0 - 400 M W .......... 99 27.93 83 23.31 i« 4.62
100- 200 M W .......... 78 10.93 «2 8.78 i« 2.15
5 0 - 100 M W .......... 60 4.19 41 2.78 19 1.40
2 5 - 50 M W .......... 87 2.05 44 1.49 43 1.1«
1 2 - 25 M W .......... 87 1.37 «9 1.07 IS 0.30
5 - 12 M W .......... 7« 0.58 37 0.28 39 0.30
1 - 5 M W .......... 588 0.75 354 0.49 234 0.2«

• 88 per cen t o f the to ta l capacity  o f power s tations.
••  This group p ro \ides  55 per < ent o f tl.e to ta l ele< trie energy production .

The electric energy production of the Soviet Union lias developed in 
the last two decades at a rate exceeding all other countries. This was attain
ed first of all by the yearly increase of capacity, which between 1971 and 
1975 ranged from 10,3 to 13 thousand MW a year (58000 MW in 5 years). 
This renders it possible to catch up gradually with the output of the United 
States. Till 15)75 the 300 and 200 MW’ machine units constituted the basis 
of the output increase(on 1st January 1976 132 machines of 300 MW each, 
and 117 of 200 — 210 MW each worked). In the thermal plant investments 
of the present plan period the 500 and 800 MW' turbo-motors, and the 
440, 1000 and 1500 MW atomic reactors are predominant.

The electric energy export of the Soviet Union is not significant — 
11 — 12 thousand million kWh/vear — and is directed to the European 
socialist countries.

The radius of action of power stations has increased. The technical 
and economic efficiency of electric energy production and utilization is 
remarkably increased by the energy systems which today cover several 
million km2.

United energy system in the European part of the Soviet Union

After World W ar II the district energy systems were repaired and 
improved, but until 1956 apart from the above mentioned three (southern, 
central, Uralian) larger energy systems new ones of similar size were not 
built, and there was no connection even between the existing ones. The 
500 kV transmission line between Kuybyshev and Moscow was installed
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in 1956, and with the Middle —Volga Energy System and the Central 
Energy System linked up the establishment of the United Energy System 
in the European part of the Soviet Union began. At the same time (in 1957) 
the Moscow distributor of the Central Energy System became the central 
distributor of the United Energy System. To direct the operation of the 
Middle —Volga Energy System a central distributor was established in 
Kuybyshev, which directs the work of the Kuvbyshev-, Ul’yanovsk-, 
Saratov- and Baslikirian energy systems as well as of the electrified sub
districts of Orenburg and Urusinsk.

The 500 kV Kuybyshev—Bugulma —Zlatoust transmission line was 
charged in 1958, and with this the Ural Energy System also became part of 
the United Energy System. In the following year the Volgograd —Moscow 
long distance transmission line was completed, which joined the energv 
systems of Volgograd and Voronezh also to the united system. The Volgo
grad— Donets-Basin 220 kV transmission line likewise began functioning, 
by which the parallel operation with the Southern Energy System includ
ing by that time the Dnieper, Donets, Rostov, Kharkov and Kherson ener
gy systems came into life. After the above outlined development the Uni
ted Energy System of the European part of the country included at the 
end of 1960 more than 29 000 MVV input capacity, and the annual energy 
production exceeded 153 thousand million kWh.

Extension continued to advance at a high rate. In 1961 the Odessa-, 
Moldavian and Kivev systems were joined to the United Energy System. 
In the following year the energy system was extended by the Cherkassy. 
Vinnitsa and Crimean systems, beyond that the Michurin- and Vologodsk 
electrified sub-districts were connected to it. It was likewise in 1962 that- 
the North-Caucasian Energy System was brought into existence by connect
ing the local energy systems of Grozniy and Krasnodar and the whole 
was linked and began operating parallel with the United Energy System 
of the European part of the Soviet Union. Other smaller energy systems of 
that part of the country were joined with the United Energy System in 
1963. In 1965 43 energy systems worked under the direction of the central 
distributor of Moscow.

In the Five-Year Plan period of 1966 —1970 the development of the 
United Energy System in the European part of the country was practically 
completed. Through the 330 kV line of Kalinin —Leningrad the parallel 
operation of the North-West Energy System — constructed in the mean
time — was realized in 1966. The North-West Energy System includes the 
Leningrad-, Kaliningrad-, the Estonian-, Latvian-, Lithuanian-, Belorus
sian and Karelian energy systems.

The earlier developed Transcaucasian Energy System — to which the 
3 federal republics situated in that part of the country belong — was also 
connected with the United Energy System in 1968. The output for the 
mutual mains reached 100 500 MU' in 1970, joining thereby the biggest 
energy systems of the world.

The United Energy System of the European part of the Soviet Union 
is divided in 7 larger energy systems (the North-Kazakh Energy System.
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as the eighth of them, is working parallel), which show the following charac
teristic features.

Within the North-West Energy System* the 1435 MW (after completion 
1610 MW) Pribaltiysk-Baltic-, and the 1610 MW (after completion 2000 
MW) Estonian power stations constructed in Estonia were based on the 
large oil shale sites; they greatly contributed to the energy supply of the 
Baltic republics, Belorussia and the Leningrad oblast’. On the area of the 
system the resources of water power are being gradually exploited, though 
they are of minor importance. On the river Daugava the 282 MW Plavinas 
hydroelectric power station was completed in 1965, and besides it many 
lower capacity hydroelectric power plants are working.

The smaller thermal plants — especially in Belorussia — also use 
peat. However, most of the power stations use natural gas transferred from 
great distances (the 1800 MW „Lithuanian”, the Berioza- and the Riga 
stations), fuel oil (the Kirishi station soon attaining 2570 MW, the 
Polotsk- and the 2400 MW Lukoml station, latter planned to be extended 
to 3900 MW) and coal too. In the development of the North-West Energy 
System the main role is played by the expansion of the existing power 
stations, construction of hydroelectric power plants as well as of high 
capacity natural gas heated works (based on natural gas from the Komi 
ASSR and Western Siberia) and nuclear power stations (Leningrad**. 
Kandalaksha**, Druksvav*** — the latter in Lithuania) or extension of 
the existing ones. The increasing capacity energy system was connected in 
the Ninth Five-Year Plan period with the Central Energy System by a 750 
kV alternating current long distance main line (Konakovo —Leningrad) 
and similar connection will soon be established with the Southern Energy 
System, too. Owing to the short hours of operation in the case of 
hydroelectric- and nuclear power plants fuctioning within the energy 
system, and because of the great sway of the power station (operated 
by heating fuel) one of the lowest outputs compared to the input capa
city can be read from Table 3. From this system (Berioza, Kaliningrad and 
..Lithuanian”) is the smaller part of the Polish import transferred to the 
industrially less developed northern and eastern regions of the country. 
Negotiations are carried on as to build a nuclear power plant on the area 
of the Kaliningrad oblast’ with GFR equipment to supply electric energy 
to the German Federal Republic.

The Central Energy System spreads over the Central- and Volga — Vyat
ka Economic Regions, further over the Tambov- and Lipetsk oblast’s, 
then in a narrow strip extends to Volgograd. The energy system is charac-

* The North-West Energy System includes the Baltic Republics, Belorussia, the oblast’s 
of Pskov, Novgorod, Leningrad, Arkhangelsk and Vologda, and the Komi and Karelian 
ASSRs. Some plants of the Vologda oblast’ (Cherepovets, Vologda) operate parallel to the 
Central Energy System through Konakovo.

** In 1975 the 2000 MW Leningrad (2x1000 MW RBMK block), the 880 MW Kanda
laksha plant (2x440 MW VVER block). By 1980 the Leningrad nuclear power station will 
be extended to 4000, the Kola station to 1760 MW.

*** By 1980 3000 MW (2X1500 MW block).
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terized I»y a large amount of electric energy import from the Middle Volga- 
and Southern Energy Systems. Especially large amounts of electric energy 
are imported by the city of Moscow, where the normal heating plants are 
mainly of electric type and natural gas or fuel oil operated. The Central 
Energy System unites many high output thermal plants e.g. the 2400 MW 
Konakovo and Kostroma plants (the enlargement of the latter to 4800 
MW is in process). The 1200 MW capacity of the Ryazan’ thermal plant 
will be increased to 3000 MW*.

The role of water power is not significant, though the Volgograd 
hydroelectric power plant is operated by it. The thermal plants mostly 
use natural gas and fuel oil. Many — mostly smaller -  power stations 
rely on local energy resources*. The fuel oil residue of the petroleum 
refineries of Moscow, Gorkiv, Yaroslavl’ and Ryazan’ is utilized by the 
power stations of these towns.

In order to alleviate the deficiency of the Central Energy System con- 
truction work — based on natural gas and petroleum — was carried out 
during the Ninth and Tenth Five-Year Plan periods, and is carried out 
even now. The importance of nuclear power plants is increasing. One of 
them, in Smolensk, was put in operation in the Tenth Five-Year Plan 
period. The world’s first nuclear power station is functioning in the Soviet 
Union (Obninsk, 5 MW).

According to the volume of production the Central Energy System held 
the second place in 1075 (Table 3.). Owing to the large number of one- and 
two-shift factories in the Central Economic Region as well as to the high 
density of population the daily curve of electric energy consumption in the 
energy system shows considerable deviations. Energy requirements during 
the peak hours will be partly covered by the Zagorsk pump-reservoir 
hydroelectric power plant under construction on the river Kunyya, suitable 
to store 22 million m3 water in the upper reservoir.

In the Middle — Volya Energy System the hydroelectric power plants 
have an important role. Therefore, owing to the relatively few hours of 
operation compared to the input capacity the output is rather low. The ener
gy system covers the Ulyanovsk, Kuvbyshev, Saratov and partly the Oren
burg oblast’s, further the territories of Mari, Chuvash and Tatar ASSR. The 
largest hydroelectric power plant is the one in Kuvbyshev with a capacity 
of 2300 MW, whose importance goes far beyond the Middle —Volga 
Energy System. This includes the Nizhnekamsk*, Saratov (Balakovo) and 
Cheboksary* hydroelectric power plants too. Together they represent more 
than 6000 MW water power output-The output of thermal power plants 
operated with fuel oil is also considerable (e.g. Zainsk 2400 MW). In 
the system smaller power stations using natural gas (Saratov, Urussu )

* Further thermal plants are: Kashira 2008 MW. Cherepet’ 1500 MW. Moscow No. 21. 
heating power plant 1100 MW, and Moscow No. 22. 1250 MW heating power plant.

* Peat is used as fuel in the power stations of Smolensk, Komsomolsk, Kalinin, Ivano
vo, Kirov’ and Balakhna. The power stations of the brown coal basin below Moscow (Chere
pet’, Shatura, Kashira, Schekino, Novomoskovsk, Tula) are operated with browtn coal.)

* After they are completed; at present they are under construction.
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and coal (Kazan, Zhigulevsk, Togliatti, Kuybyshev etc.), respectively, as 
fuel are also working. It is here that a 72 MW nuclear power plant has been 
built in Melekess. From the Middle Volga Energy System electric energy is 
transferred to the Ural- and Central Energy Systems. In connection with 
the reduction of petroleum production along the river Volga in the Tenth 
Five-Year Plan period several large thermal plants of the system switch 
over from crude oil to coal as fuel. The same applies to the Ural Energy 
System.

The Southern Energy System is the largest in the Soviet Union**, and 
the big thermal power plant working with coal are dominant in it, though 
many large hydroelectric- and nuclear power plants also woork for the 
mains. Because of the dimensions of te energy system, the descriptiont 
should be even more sketchy than in the other cases.

Some power stations (part of Burshtin, Dobrotvor, and part of Kuchur- 
gan) do not work together with the Southern Energy System, but function 
parallel with the “Peace” COMECON United Energy System. In connection 
with this we must point to the international relations of the location policy 
carried out in the Southern and North-West Energy Systems. The energy 
deficient European socialist countries, such as Czeshoslovakia, Hungary, 
Bulgaria, to some extent Romania and Poland regularly purchase consi
derable amounts of electric energy from the Soviet Union. To satisfy this 
demand several high capacity thermal power plants have been built, and 
are under construction, respectively, near the western border of the Soviet 
Union, the production of which substantially exceeds local consumption.* 
This chain of power stations ensures the increasing electric energy import 
requirements of the European socialist countries. The first 750 kV alter
nating current long distance transmission line connecting the Southern 
Energy System and the United Energy System of the COMECON countries 
will be charged by the end of 1978 (Vinnitsa —Albertirsa). With this the 
Southern Energy System and the United Energy System of the COMECON 
countries can start working parallel, and the electric energy export of the 
Soviet Union to the European socialist countries may continue to increase.

'fhe electric energy production of the Ukraine and Moldavia is charac
terized by a 95 per cent share of thermal power plants based mainly on 
the coal of the Donets Basin. I t is in the Southern Energy System

** The system extends to t he territories of the Moldavian- and Ukrainien SSR and to 
the Belgorod-, Voronezh- and Kursk oblast’s.

* Such are the ultimately 2520 MW Dnestrovsk (Kuehurgan) power station in Moldavai 
which supplies energy to Bulgaria; the 2400 MW Burshtin- and 750 MW Dobrotvor station, 
in Western Ukraine which cover the energy imports of Romania, Hungary and Czechoslo
vakia.
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that the largest number of t henna] power plants with higher than 1000 
MW outputs are found.*

Electric energy production is concentrated in the Donets Basin, 
along the river Dnieper, and in the area of the cities Kiyev, Kharkov, 
Odessa and Lvov. With the completion of the large hydroelectric power 
plant under construction on the river Dniester the number of high capacity 
power plants will grow in West-Ukraine. On the coast of the Black Sea 
there are many industrial and urban thermal power stations. The hydro
electric power plants already spoken of in the Southern Energy System are 
of high efficiency.

Among the W'est-Ukrainian- and Dnieper energy systems the one in 
Kiyev worked with a relatively low output. There were deficiencies in 
other districts as well, therefore on the output-deficient areas of the Uk
rainian—Moldavian energy system three coal-dust fired thermal power 
sations (Tripolje, Ladlzhen, Moldva) have recently been built. An accumu
lation (pump-reservoir) hydroelectric power plant lias been built in Laclyz- 
hen on the river Bug, and another one near Kiyev on the Dnieper.

On the energy- and water deficient areas of the system, following the 
1455 MW Novovoronezh nuclear power plant* further important nuclear 
power plants have been and are being built in the Tenth Five-Year Plan 
period. Those in Kursk and Chernobyl’ began to work in 1976, and nuclear 
power stations are under construction in Rovno and Odessa. The nuclear 
power stations of Kursk and Novovoronezh play an important role in 
supplying energy for the 5 million ton/vear capacity electric steel works 
under construction in Stariv Oskol and for the regional production comp
lex concerned with iron ore mining of the Kursk Magnetic Anomaly. In 
the Tenth Five-Year Plan period construction of further nuclear power 
plants will be started in the Lvov- and Kharkov oblast’s. These plans 
are connected with the expensiveness of coal mined in the Donets Basin 
and in Lvov — Volkhinia, with the extent of hydroelectric power plants, 
the small petroleum stocks and the decreasing costs of energy produced in 
the nuclear power plants.

Eastwards (in the Volgograd —Voroshilovgrad sections) the Southern 
Energy System is connected with the Volgograd hydroelectric power plant 
by a 473 km long 800 kV direct current transmission line. This line gave 
the first operative experiences for the high voltage direct current energy 
transmission.

* Such are the Krivoy-Kog-2 (Zelenodolsk) which with a 3000 MW output was in 1075 
temporarily the largest thermal power plant in the Soviet Union. Those at Burshtyn, Zni n ev, 
in the Dnieper region (Pridneprovskava) in the southern part of Dneropetrovsk are of a ca
pacity of 2400 MW each; the Voroshilovgrad- (Schast’el) and Starobeshev stations are of 2300 
MW; the one at. Slavyansk 2100 MW; the Moldavian 2020 MW (its enlargement to 2520 MW 
is in process); the Zaporozhye and Uglegorsk plants are of 2000 MW (their extension to 3000 
MW is in process); those at Ladyzhensk and Tripolsk are of 1800 MW. the one at Kurakhovka 
(west of Donetsk) 1600 MW. Thermal power plants with a planned capacity of 4800 MW each 
are under construction at Chigirin and Zuyevka (east of Makeyevka).

* In the Tenth Five-Year Plan period it will be extended by a 1000 MW reactor.

102 Z ANTAL



As regards the capacity, the Southern Energy System is becoming 
regionally more and more balanced. Necessity and possibility have arisen 
to link up the whole system on a higher level of voltage in west-east direc
tion. A more than 1112 km long 750 kV alternating current transmission 
line with a transmission capacity of 3000 MW has been completed on the 
Donets Basin (Uglegorsk) — Zaporozhye — Ladyzhensk — Burshtvn 
line. To this the already mentioned 750 kV transmission line west of Vin
nitsa will be joined. A 500 kV line from the Novovoronezh nuclear po
wer plant to Uglegorsk has also been completed.

Most of the electric energy produced in the system is consumed in 
the three Ukrainian districts; however, to the Kursk- and Voronezh oblast’s 
as well as to the Central Energy System electric energy is continually trans
mitted.

In spite of the unfavourable supply of primary energy sources t he 
Urals Energy System* has been developing particularly rapidly since 1041, 
and until 1965 it was the largest energy system in the Soviet Union. From 
the beginning of the sixties energy intensive production branches have 
been encouraged mainly in the neighbourhood of cheap energy resources 
(East—Siberia etc.), where even the electric energy production progressed 
at a substantially faster rate than in the Urals. At the same time the Urals 
Economic Region became extremely many-sided which made it necessary 
to develop the production of electric energy. Consequently the share of the 
Urals energy system in the electric energy production of the Soviet Union 
has remained practically unchanged, moreover, in 1975 it even increased 
to about 13,6 per cent.

The absolute volume of energy production in the Urals System showed 
the following trend: in 1960 55. in 1970 88 thousand million kWh and in 
1975 148,8 thousand million kWh. The largest power stations of our days, 
such as the 2000 MW Troitsk (its extension to 2500 MU’ is in process), the 
1800 MW Reftinsk (in process of being extended to 3300 MU ) plants have 
been built in the last ten years, based on the Ekibastuz coal. The 1800 MW 
Iriklinsk- and Kormanovsk plants are operated with fuel oil and gas 
(Their expansion to 2400 and 3400 MW, respectively, is in process). The 
construction of the thermal power plants of Sredne —Ural (Middle Ural), 
Verhne—Tagil (Upper Tagil) and Juzhno—Uralsk (southern Urals) with 
1250, 1625 and 1000 MW capacity, respectively, has been completed. The 
output does not fully cover the requirements of the Urals Economic Re
gion. therefore the import of electric energy from the hydroelectric power 
plants of Votkinsk and Kuybyshev, and from the thermal power plant of 
Surgut is of a permament nature. In the Tenth Five-Year Plan period

* In most parts it extends to the area of the Ural Economic Region and Bashkiria 
From t he West-Siberian Economic Region the power stations of the towns Tyumen’, Tobol’sk 
and Surgut belong here. Further power stations belonging to the energy system are those of 
the towns Aktyubinsk, Kustanay and Ruclniy in Kazakhstan. The mentioned power sta
tions are located in geographical areas connected more and more closely with the Urals 
region.
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the import of energetic coal to the territory of the system, mainly from the 
ilkibastuz basin is increasing. There will be increases in the outputs of the 
power plants of Surgut (to 2544 MW), Perm and other power plants.

Taking in consideration the whole territory of the Urals there is a 
great need in primary energy sources. However, t he high supply of natural 
gas, the inexpensive Karaganda-, Ekibastuz- and Kuznetsk coal as well as 
the import of electric energy have created better energetic conditions for 
the development of economy compared to earlier periods. Because of tlie 
high development level of the heavy industry the curve of the daily load 
is the most balanced in the Urals Energy System of all energy systems of 
the Soviet Union. The curve of production runs steadily close to the full 
utilization of capacity, the utilization of hours with the equipment is the 
highest here (Table 3.).

Electric energy produced in the Ural Mountains region originates from 
thermal power plants in an even larger proportion than in the case of the 
Ukrainian energy. The power stations of the system are located in energv- 
consuming areas. The four power plants in the black coal basin of Kizel 
are well distributed (Solikamsk, Berezniki, Yayva, Gubakha); they supply 
among others the chemical works, the potassium salt- and coal mines, the 
magnesium- and titanium metallurgy works. In the coal basin of Volchansk 
— Bogoslovka the larger power stations of Bogoslovka and Serov have 
been located, which supply the iron- and aluminium metallurgy works. 
Between the coal basins of Bogoslovka and Chelyabinsk many thermal po
wer plants have been built (Uper — Tagil, Central Urals, Sverdlovsk, Kras- 
nogorsk etc.), which utilize coal delivered here from both coal basins, the 
wastage of the coal dressing units of coke plants, and the Ekibastuz- 
and Karaganda coals, it is here that the nuclear power plant of Belovarsk 
is working with a capacity increased from 300 MW in 1975 to 900 MW by 
1976.* These power plants supply the metallurgy of non-ferrous and ferr
ous metals as well as the highly developed machine industry.

The mainly coal-fed power plants in the Southern Urals (e. g. Chel
yabinsk. Juzlmouralsk, Troitsk, Magnitogorsk, Orsk, etc.) supply energy 
to tho large plants of ferrous- and non-ferrous metallurgy and machine in
dustry. In the Urals Energy System 500 kV transmission lines connect the 
large thermal power stations in north-south (Surgut — Sverdlovsk — 
Troitsk, Magnitogorsk, Iriklinsk) and west-east direction.

As a result of development the Urals Energy System has reached a 
great east-west extension, adjoining westwards the Central- and east
wards the Kazakh- and Siberian Energy Systems. The high capacity ther
mal plants in the Southern Urals form an adequate link with the energy 
systems lying eastwards. On this basis the parallel operation of the Kazakh 
Energy System and the United system of the European part of the Soviet 
Union was realized in 1972, the year regarded as the starting point of the 
development of the United Energy System of the Soviet Union.

* The world’s biggest — 600 MW — accelerated neutron breeder reactor has been put 
in operation.
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The Kazakh Energy System includes the thermal power plants estab
lished in the central- and north-eastern parts of Kazakhstan. The power 
plants are mostly located in coal besins, round the large industrial projects 
especially in the centres of Karaganda and Ekisbastuz — Yermak. On the 
latter area, south of Pavlodar, a 2400 MW thermal power plant has been 
completed in the town or Yermak, by the river Irtish, and 100 km from 
there to the west, in the confines of Ekibastuz the construction of a new, 
very large — in perspectives 16 000 MW — thermal power plant group has 
started. The Ekibastuz power plants receive the necessary amount of water 
from t lie reservoir built on the Irtish — Karaganda canal. A 1500 kV (+  kV) 
direct current transmission line between Ekibastuz — Iriklinsk — Saratov 
— Norshansk (north-east of Tambov), the first about 2500 km long direct 
artery in the east-west transmission of large amounts of cheap energy is 
under construction. It is expected to be put in operation by 1980. From 
Yermak energy is transmitted to Karaganda, ()msk, Tselinograd and Rubt- 
sovsk through a 500 kV alternating current transmission line. There is a 
500 kV connection between Rubtsovsk and the Nazarovo thermal plant 
through Barnaul and Novokuznetsk, and through Novosibirsk, respecti
vely, that is, the Kazakh system is already in a strong connection with 
the Siberian Energy System. Through a 220 kV transmission line between 
Tselinograd and Rudniv connection has been established with the South
ern Urals where energy is being transmitted even now.

The other large thermal power group with Karaganda as centre was 
established in Central—Kazakhstan and is connected with the large copper 
mining centres of Dzhezkazgan and Balkash. The large Karaganda thermal 
power station will be connected by 1980 to the Toktogul hydroelectric 
power station with a 500 kV alternating current transmission line; with 
this the connection between the Central Asian- and Kazakh Energy Sys
tems will be realized too. During the Tenth Five-Year Plan period the 
Kazakh United Energy System connects Siberia with the United Energy 
System of the Soviet Union, then both with the South — Kazakh- and 
Central Asian Energy Systems (the latter united system consists of the 
Tashkent —Fergana-, Dushanbe-, Samarkand-, Ashabad- and Frunze 
systems).

Besides the above mentioned plants many minor industrial and district 
thermal stations and energy systems are found scattered on the area of 
Kazakhstan. A special 150 MW experimental nuclear power plant has 
been built in Shevchenko, on the coast of the Caspian Lake. With the heat 
generated in the nuclear power plant the salt water of the Caspian Lake is 
turned into fresh water, furthermore electric energy is produced.

The South —Kazakh system has at present a relatively modest input 
capacity; the natural gas heated Dzhambul thermal plant with a planned 
capacity of 1200 MW, and the Alma-Ata- and Chimkent thermal power 
stations are working within this system.

An important unit of the United Energy System in the European part 
of the Soviet Union is the North-Caucasian Energy System in which the 
thermal power works are predominant in spite of the large water power
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reserves. Since tlie Caucasian water power resources have already been 
discussed, we only mention here that on the rivers Belaya. Laba, Kuban, 
Zelenchuk, Baksan, Terek. Sulak etc., and on some irrigation canals whole 
series of cascades are under construction. In the eastern and southern parts 
of the system fuel oil- and natural gas operated thermal power plants 
are dominating, e. g. in Krasnodar. Armavir. Nevinnomyssk (1430) No
vorossiysk. Grozniy, etc. However, at the eastern edge of the Donets 
Basin extending over the area of the system large coal fed thermal power 
plants have been built, e. g. a 2400 MW one in Novocherkassk. There is an 
excess output in the system. The world’s first 100 MW gas turbine is wor
king in Krasnodar, the second and third are functioning at lnota. Hungary. 
The Krasnodar thermal power station has a capacity of 1010 MW. In the 
Tenth Five-Year Plan period the Stavropol thermal power plant is subs
tantially extended.

In the Transcaucasian Energy System characterized earlier by the 
predominance of hydroelectric power plants today the natural gas- and 
fuel oil feci power plants outnumber the former ones. The 1100 MW AH 
Bayramly- and Razdan-. as well as the somewhat larger Tbilisi thermal po
wer stations were completed not so long ago. As a consequence of an inten
sive industrialization the electric energy consumption is rapidly increasing, 
and the hydro-energy utilization has not kept pate with it. For the time 
being the Transcaucasian Energy System is dependent on electric energy 
imports from the North —Caucasus (sinte the per hour use of water power 
stations is very low). In Armenia a nuclear power plant in Oktyamberyan 
is under construction. After the completion of several large cascades the 
importance of water power will grow again.

The Siberian-, Far-East- and Central Asian Energy Systems

The development of the Siberian Energy System started in the Seventh 
Five-Year Plan period (1960 — 1965); today it integrated the thermal- 
and hydroelectric power plants between Omsk and Chita. This System 
shows the most dynamic progress, and what is taking place here is very 
characteristic of the possibilities of the Soviet regime in building a com
munist society, as well as of the rich natural resources of Siberia.

Within the energy system the largest hydroelectric power plants of 
the world are working. In the Kuznetsk Basin a large number of high 
capacity thermal power stations have been built, of which those in Belovo 
(1200 MW) and Tom— Usinsk (1300 MW) are the most prominent. Simi
larly large coal fed thermal power plants are operated near the open mines 
of the Kansk — Achinsk coal-basin (Nazarovo 1400 MW) and in the northern 
foreground of Irkutsk (heating power station No. 10., 1150 MW). The ener
gy system as a whole is characterized by cheap electric energy production 
which renders it possible to develop the electric energy intensive processes of 
production. About 58 per cent of the aluminium ingot production of the Soviet 
Union came in 1970 from the area of this energy system, which in itself 
points to the presence and development of highly electric energy intensive
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processes. In spite of t he great perspectives of building hydroelectric power 
plants on the area of the system, the future is for the thermal power sta
tions. West- and East-Siberia are going to be t he sites of large-scale construc
tion of thermal power plants in the coming decades. In the western part of 
the Kansk—Achinsk site of brown coal mining one of the largest thermal 
power plant groups of the Soviet Union is under construction; it includes 
the already working Nazarovo- and Berezovo thermal power stations. 
The first 500 MW turbo-motor of the country has been installed in the 
Nazarovo power station. The planned output of the Nazarovo 11. thermal 
power station is 4900 MW. The construction of the large Berezovo thermal 
power station is going to begin in the Tenth Five-Year Plan period, with 
the coal mines of Itat — Bogotol used as a source of fuel. By the end of the 
eighties the two groups of thermal power plant will reach an output of 
12 000 MW, and become one of the largest energetic centres in the Soviet 
Union. In the eighties the electric energy produced in the thermal power 
plant group will lie transmitted by high voltage alternating- and direct 
current transmission lines to the part's of the country lying fart her westwards.

The Siberian Enemy System is one of the world’s most economically 
operated modern large energy systems (Table 3.), where more than 80 per 
cent of the output is generated by machines of 200 MY\ or higher unit 
output. The cheap energy partly compensated for the additional charges 
arising during the process of production in many parts of Siberia. About 40 
per cent of the output are of hydroelectric power station origin, (their 
share in the production is less), but their proportion within the system is 
gradually decreasing. The size of the individual thermal- and water power 
stations renders the location of a whole series of industrial units necessary. 
In the course of the Tenth Five-Year Plan period the Siberian Energy 
System will be connected with the United Energy System of the Soviet 
Union by 500, 750 and 1150 kV alternating current transmission lines, 
which will be an important step towards the extension of the United Ener
gy System over the whole territory of the country. The linking up provides 
at the same time a possibility to transmit large amounts of electric energy 
to the Urals and farther westwards.*

On the areas beyond Lake Baykal there are no larger energy systems 
at present, small local energy systems are operating instead (in the Chita 
oblast’, Vladivostok district).

The Far—East Energy System is getting to take shape between the 
Zeva hvdroelectric power plant — Rayehikhin.sk — Komsomolsk-na — 
Amure — Khabarovsk — Vladivostok; its major power stations are found 
in larger cities and industrial centres, and use local coal as fuel. In the 
Ninth Five-Year Plan period the “Primorsk” (maritime) thermal power 
station in the neighbourhood of the town Iman was constructed for brown 
coal operation.

The Central Asian Energy System has been developing since 1965 by 
leaps and bounds. Until 1975 mostly natural gas operated thermal power

* The first section of the 1150 kV alternating current transmission line was charged in 
1975 within the system (between the energy systems of Krasnoyarsk and Barnaul).
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plants were built. The Tashkent thermal power plant — at present the 
largest in its kind -  is of 1920 MW capacity, the thermal power plant of 
Syrdarinsk of 1200 MW (its extension to 4400 MW is in process); those 
in Navoi and Mary have capacities of 760 and 300 MW, respectively. In 
the Tenth Five-Year Plan period the natural gas fed Mary-and Sirdarinsk 
and the coal operated Angren thermal plants will be enlarged. Of the 
natural gas fed thermal plants under construction and planned to he built, 
respectively, the larger ones are and will be located in the following towns: 
Chardzhou. Bukhara, Chardarinsk and Kokand. Within the energy system 
a 50<> k\ alternating current belt-transmission line has been built between 
the Toktogul hydroelectric power plant — Andizhan (Fergana-basin) -  
Sirdarinsk thermal plant -  Tashkent thermal plant -  and Dzhambul 
thermal plant. A 500 kV transmission line has been completed from the 
Sirdarinsk power station to Dushanbe, and another one from the Nurek hydro
electric power station to the aluminium works in Regar. With the com
pletion of the thermal- and water power stations now under construction 
by 1985 or so, the Central Asian System will become an energy system of 
some 2d thousand MW inputcapacity producing — similarly to the Siberian 
energy system -  very cheap electric energy at high economic efficiency. 
Owing to the high proportion of hydroelectric power plants the electric 
energy production here too — is of low level compared to the capacity. 
In the lenth five-Year Plan period the preponderance of thermal 
plants is not going to change in the Central Asian Energy System, at the 
same time in perspectives, on a federal scale the shareOf hydroelectric 
power plants in the electric energy production will be the highest here (38 -  
40 per cent). In the Tenth Five-Year Plan period the construction of the 
Nurek hydroelectric power plant will be completed: the construction of 
the Rogun power station, likewise on the river Vakhsh has begun; and the 
Kurpsav water power station in the Kirgiz SSR is going to be completed.

Most of the open air thermal plants* of the Soviet Union are found at 
present in Central Asia because of the favourable climatic conditions, and 
those built in the future will be mainly of the same type.

As a summary of the outlined development plans we may conclude 
that by the end of the Tenth Five-Y ear Plan period the United Energy 
System of the Soviet Union with some 250 thousand MW capacity 
will be realized on the economically more developed and more populated 
areas from the western frontier to the Chita oblast. From the point of view 
of social development this will be an extremely important deed (encom
passing scientific-, technical- and economic results). Other areas of Siberia 
and the Far-East Energy System later will also gradually become part of 
t he United Energy System. Table 3. sums up the 1975 data of the individual 
energy systems: they throw a light upon some special features of the diffe
rent systems. The table clearly shows the priority areas of economy, and 
the economic development work in the different regions of the country.

* Similarly to the Szazhalombatt a thermal plant (Hungary) there is no roofed work
shop over the furnaces and turbines.
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Summary evaluation of the electric energy systems anil the electric 
industry of the Soviet Union

The energy system belongs to the great technical achievements of 
our days. On the vast areas of the Soviet Union its advantages can be parti
cularly well demonstrated.

One of the most obvious economic advantages arises from savings of 
the so-called working reserves. The higher the number of machine units 
linked uj) in a system the less the possibility of a too high fluctuation in 
the number of simultaneously occurring break-downs, that is, the lower 
the proportion of working reserve compared to the input power can be. 
Savings thus attained may be 2 — 2.5 per cent of the total output of the 
system.

An important advantage derives from the regional variation of con
sumption peaks. The United Energy System of the Soviet Union extended 
over an area of some 4 million km2 in 1975. W ithin this several time-zones, 
and regions with different economic structures and climatic conditions are 
found. The consumption peak varies accordingly, at a seasonal and daily 
rhythm, rather regularly. To areas of consumption peaks energy can be 
transmitted from other parts of the system, and when it is over, energy can 
be transmitted to other areas where consumption peak is on. There is thus 
no need in any district to build up a capacity satisfying its own consump
tion demand. Output savings thus attainable are about 1 per cent of the 
total output.

Owing to the two mentioned factors in the United Energy System of 
the Soviet Union output savings of about 3500 MW are reckoned with 
at present. With the Siberian- and Central Asian systems joined this num
ber will considerably increase.

Economic efficiency and technical development necessarily result 
in building larger and larger systems. A large unit can, on the one hand, 
supply many consumers, on the other hand it must be in close connection 
with the other electric energy producing units, because in case a break
down occurs many consumers are left unprovided. Thus, the demand of 
mutual help, the saving of reserves parallel to the increasing output of 
the producing machine units practically in interaction with one another 
result in the increase of the co-ordinated energy system. Savings of working 
reserves and those arising from the differences between the peak times are 
thus incessantly increasing in every energy system in the course of increase 
in the capacity. The working reserves have to attain theoretically the 
output of the largest machine working in the system so as to replace it in 
case it breaks down. In the Tenth Five-Year Plan period a 1200 MW 
single-shaft turbo-motor is planned to be put in operation in the Kostroma 
thermal plant, which will create a new situation concerning the demand 
for working reserves.

The energy systems play a highly important role in transmitting ener
gy from the oversupplied to the deficient districts. In the United Energy 
Systems of the Soviet Union the motion of electric energy is characterized
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T a b le  3 .

Basic data of the United Energy System of the Soviet Unioti in 1975

t  In p u t capacity  j  Energy ,lu tP.l' t  Maximum load
E nergy system s thousand null

kW h
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United Energy System of the Soviet Union . 
of which

153096,8 780 957 124 000

Central Energy S ystem ................................... 29829,9 156 124 29 047
Middle-Volga Energy System .......................... 12753,9 60 805 10 637
Urals Energy System ........................................ 25438.6 148 797 21 378
North-West Energy S ystem ............................ 23008,7 95 951 15 817
Southern Energy System ................................ 38444,6 206 287 29 866
Xorth-Caucasian Energy System .................... 8363,0 38 909 6 762
Transcaucasian Energy S ystem ...................... 8018,3 35 278 5 856
Kazakh Energy System . A ............................ 7239,0 38 797 4 951

Siberian Energy System .................................. 27353,6 140 111 21 272
Central Asian Energy System ........................ 11694,9 49 641 7 S20
Ear-East Energy System ............................... 5866, 1 23 529 4 247

Grand to ta l ....................................................... 198011,4 994 238 -

by the following. Electric energy is regularly transmitted from the excess 
of the Baltic republics* to the Leningrad oblast’; from the Dnieper—Do
netsk district to the Central Black Earth zone, the Central Industrial 
Region and to the areas in the southern part of Ukraine and in the neigh
bourhood of Kivev; from the excess energy along the Volga to the Volga — 
Vyatka Economic region, the Urals, the Central Industrial region and the 
Donets Basin; from the North-Caucasian Energy System to the Transcau
casian system. The direction and amount of the transmitted energy vary 
from time to time. Within 5 — 10 years e. g. large-scale electric energy trans
mission from East-Kazakhstan, and later from East-Siberia to the Europe
an part of the Soviet Union and to the Urals, respectively, will begin.

Power stations utilizing various energy sources (peat, brown and black 
coal, heating oil, natural gas, oil shale, water power, nuclear power, etc.) 
are united in the energy system; the hydroelectric power stations are wor
king in it with high efficiency, particularly at peak time. The energy sys
tems render it possible to utilize various geologically distant primary 
energy sources on a large scale and with high economic efficiency, which 
is a manifestation of the higher level utilization of natural resources 
through the achievements of science and technology. The transportation of 
peat, brown coal, oil shale would be very expensive, their utilization is 
possible only on the spot or near the mine. The energy systems, on the 
other hand, can transmit the transformed energy to greater distances. For 
the different voltage levels the following km- and transmission capacities 
(MW) belong.

* Only the Estonian power stations (within the system) are referred to,the system as 
a whole is, otherwise, energy deficient.



Voltage le \e l 
kV

A l t e r n a t i n g  c u r r e n t Direct cu rren t 
± 7 5 0  kV

120 220 500 750 1000-1200

Transmission 
capacity 
MW .......... 120 -160 700 -  900 2000 -  2500 5000 0000

Economical 
transmission 
distance km 100- 150 1150- 400 400 -  1000 1000-2500 2500 -  3500 above 3000
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The above data clearly show the efforts and possibilities of trans
mitting large amounts of cheap energy to great distances. The development 
of a united energy system covering the entire area of the Soviet Union 
becomes possible by the application of transmission lines of as high voltage 
and range of action as possible.

The energy system has the great advantage that both production and 
consumption (except consumption by the population which can be only 
statistically assessed) can be planned in it, whereby — since energy cannot 
be stored — losses arising from the differences production and consumption 
are reduced to the lowest possible proportion. Another consequence of 
planning is that production adjusted to the current consumption demands 
is always realized in the most economical equipment. The large energetic 
systems render it possible to employ high unit output blocks whereby a 
rapid increase of production and decrease of fuel consumption required to 
produce 1 kW h energy are attained.

The energy resources of the power stations falling within the authority 
of the Ministry of Energy Management were distributed in 1975 as follows: 
coal 40,9, fuel oil 24,5, natural gas 18,4, peat and wood 1.6, oil shale 
1,5, water power 13.1 per cent. In the sixties the proportions of coal and 
water power were higher. The role of fuel oil and natural gas has consi
derably increased for the last ten years and will continue to grow in the 
future. The share of water power will further decrease.

Of the electric energy produced in 1975 63,2 per cent was consumed 
by the industry, 7,1 per cent (74 md kWh) by each of agriculture and com
munication, and 2,1 per cent bv the construction industry. The proportion 
of industrial consumption is decreasing, those of the population and agricul
ture are increasing. The extension of the network results in slowly increas
ing losses of electric energy in the mains (approximately 8 per cent). Ex
ports have reached 1,1 per cent. It is remarkable that electrification in 
the agriculture is rendered possible first of all by the energy systems. Besi
des increasing the productivity of work, electrification makes it possible 
to improve the living conditions in agricultural areas. The progressive role 
of electrification from the latter point of view should be emphasized in the 
new industrial districts as well. The relationship between electrification 
and regional development is obvious.

The electric industry of the Soviet Union has been undergoing an extra
ordinary development. In the Tenth Five-Year Plan period the input



capacity is expected to grow by 12 — 14 000 MW a year. By the turn of the 
century this figure will he multiplied. Electric industry creates fantastic 
possibilities for the further dynamic development of economy and labour 
productivity, for the raising of the living standards. The electric industry 
plays a particularly important role in overcoming the difficulties arising 
from the distance between the population and the energy sources. For 
distances over 1500 km the direct current energy transmission is more 
advantageous than the railway transportation of its black coal equivalent.

For the full evaluation of the electric energy industry of the Soviet 
Union we have to speak of the help given to other countries on the basis 
of the experiences and results obtained. In the European socialist countries 
e. g. a great many Soviet made 150, 200 and 200 MW turbo-motors were 
put in operation together with the equipment pertaining to them. In the 
near future imports of 500 MW turbines will also be realized (among others 
in Hungary). In the developing countries the water- and thermal power 
plants built with Soviet aid are especially important (in India, Syria, 
Morocco, Afghanistan, etc.): there are many widely recognised establish
ments among them, such as e. g. the 2100 MW hydroelectric power plant 
in Assuan, Egypt. The turbines of the hydroelectric power plant completed 
at the Iron Gate as a joint investment of Yugoslavia and Romania were 
also supplied by the Soviet Union.
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РЕЗЮМЕ

ДОСТИЖЕНИЯ В РАЗВИТИИ ЭЛЕКТРОЭНЕРГЕТИКИ 
СОВЕТСКОГО СОЮЗА

Статья, приуроченная к 60 летию советской власти, подптоживает достижения 
в развитии электроэнергетики Советского Союза. Рассматривается состояние электро
энергетики до и в годы второй мировой войны, в первую очередь сложнвшисхя 
в то время энергетических систем. Подчёркивается, что в условиях советской власти, 
где интересы частных фирм не препятствовали развитию отрасли, электроэнергетика 
развивалась быстрее, чем в других странах.

Большая часть статьи посвящена развитию электроэнергетики после второй 
мировой войны. Подчёркивается весьма быстрый рост технического уровня отрасли 
и повышение уровня концентрации производства. Затем рассматриваются отдельные 
части объединённой энергетической системы. На основании данных 1975 года пока
заны особенности отдельных энергосистем с точки зрения структуры производствен
ных мощностей, степени их использования и взаимного обмена электроэнергией. 
Уделяется внимание вопросу размещения отдельных атомных электростанций в 
рамках энер! осистем. Оцениваются экономические преимущества объединённой 
энергии между различными отраслями народного хозяйства, а также тенденции 
дальнейшего развития потребления.
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Budapest, the capital of Hungary, residence for some two million 
(2071 thousand) people, occupies 0.6per cent of the area of the country. 
As for its legal status the capital is practically equal to the counties. Buda
pest is a relatively young — 100 years old -  city. However, as a matter 
of fact, it has heeii inhabited for along time from the beginning of historical 
times, and in the course of history — and from 1245 almost without a 
break — has performed the functions of the country’s capital. This was 
promoted bv the favourable natural conditions of its surroundings: the 
Danube, an important route from time beyond memory, the excellent 
building materials of the hills of Buda, the production areas with varying 
characteristics meet at this point, and many other factors which from 
ancient time till now have created favourable living conditions for man in 
this area.

The creation of Budapest was one of the objectives of the 1848-46 
Hungarian war of independence. After the failure of the struggle for libe
ration the programme of unifying Buda and Pest was temporarily taken 
off the agenda. However, in 1867 the idea of a united capital was thrown 
up again, then discussed in connections with the 1870 reform of admini
stration. and finally the paragraph 1. of Act XXXVI. 1872 declared that 
the royal boroughs of “Buda and Pest as well as the market-town of Óbuda 
and Margaret Island have been combined into one municipality under the 
name Buda-Pest capital”.

After the unification the area of Budapest underwent minor modifica
tions several times, but fundamental changes only occurred in 1950 when 
the surrounding towns and villages were annexed to the capital, thus 
bringing the present capital with its twenty-two districts into existence.

Importance of the capital

On account of the status of Budapest as a capital, the central state-, 
administrative-, trade-, social- and foreign representation organs have all 
been located here. With the cultural, educational and scientific institutions 
located here Budapest has undeniably become the centre of the country’s 
intellectual life.
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Budapest is of outstanding importance in t he economic life of Hungary 
as well. Nearly one-third of the country’s industrial products are turned 
out here, and more than a quarter of the total number of industrial workers 
are employed. Budapest is the centre of communication in Hungary, where 
the railway- and public road systems converge; it has an important inter
national port on the Danube, and an airport with considerable international 
traffic.*

Budapest is also the most important basis for the home- and foreign 
trade as well as for the foreign tourist traffic of the country. It is here that 
28 per cent of the retail trade takes place, and the major part of the inter
national trade is concentrated.

The political importance of Hungary’s capital is increased by the fact 
that the headquarters of many international organizations — e. g. W orld 
Federation of Democratic Youth — are located here.

I he concentration of the socio-economic life in the capital has advan
tages but involves a lot of problems, too.

Nearly one-fifth of the country’s population live in Budapest, and the 
concentration of the economic life far exceeds even that proportion. There
fore in settling nation-wide problems and determining development trends 
the c apital is of outstanding importance. It is obvious e. g. that in organiz
ing the traffic of a metropolis quite different, and often much more expen
sive solutions are required than in the case of medium and small towns. 
Health care in the capital is substantially better (140 beds for 10 000 in
habitants) than the national average (84 for 10 000). This in itself does 
not. however, mean anything, as there are many functional tasks that 
can be, and are worth being solved at one place: Budapest.

In developing the capital certain establishments often have to be 
brought into existence with national needs taken into consideration. Supp
lying the means required for them cannot be the exclusive task of the capi
tal. For example, the central officies of the radio and television are situated 
in Budapest, still, to fulfil the resulting tasks is a national concern. And 
the examples could be listed at length.

However, the peculiar status of Budapest is shown by the very fact 
that with its size and importance it exceeds bv far the capitals of other 
countries.

An increasing proportion of the country’s population is concentrated 
in Budapest. At the time of the first census — in 1860 — it was 6 per cent, 
at present it is nearly 20 per cent, while the number of inhabitants has 
grown from 300 thousand to more than 2 millions. The immigration of 
rural population has always played a decisive role in the growth of popu
lation. It assumed particularly great dimensions between 1050 and 1065, 
in close connection with the labour force released from agriculture in conse
quence of the socialist reorganization of this branch of production. To re-

* The other minor airports have ceased functioning. The modern aircrafts of today, the 
developed system of railway and bus lines have made :t unreasonable to maintain domestic 
air traffic.
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duce the mass immigration of population, settling in the capital was tem
porarily subjected to permission. This contributed to a drop in immigra
tion. However, the fact that the causes of migration from the villages — 
shortage of employment possibilities, unfavourable living conditions, etc. 
— have partially ceased is due first of all to the socio-economic changes 
occurring in the country.

The migration of population can be looked upon as the masses’ sub
jective judgement of conditions of certain areas. Apart from the demo
graphic factors the decreased differences in the living- and working con
ditions probably play a role in the lessening migration of population to the 
capital.

The dimension of the capital, the Budapest agglomeration, is relative. 
If its status within the country is considered and compared to the capitals 
or larger agglomerations of other countries, then Budapest can be regarded 
as an extremely big city.

In the first period of their economic rise the developing countries and 
the relatively poor countries are generally forced to concentrate their re
sources to the substantial development of the capital, or of a few towns or 
ports. This is the way cheap labour force is created for the developing in
dustry. This happened earlier in the case of Budapest, and a similar pro
cess — though naturally under different conditions — is now taking place 
in the capitals of the developing countries. As soon as the national income 
rises to a level where a modern infrastructure can be established in other 
towns of the country too, the conditions of industrial development — pub
lic utilities, network of schools etc. — are gradually brought into exis
tence. This is the process of which now we are witnesses in Hungary.

The importance and dimensions of Budapest are shown by the fact 
that the next biggest city — Miskolc — is populated by about one-tenth 
of the number of Budapest’s inhabitants. Thus on an international scale 
there is no big city outside Budapest in Hungary. The county seats are the 
most populous country towns, their attraction does not practically ex
tend beyond the boundaries of the county, and the scope of their functions 
is narrow.

Lately — while enormous efforts have been made to solve the housing-, 
communication-, public utilities- etc. problems of the capital — the ques
tion of accelerating the development of the county seats has come to the 
fore. Considering the differences in size, the accelerated development of 
these towns will not for a long time decrease the outstanding importance 
of Budapest.

Some peculiarities of the economic development of Budapest

In Hungary social conditions and the structure of economy are not 
uniform; in fact, this cannot be a target.

The age composition of the population and the level and structure 
of employment have substantially changed in the capital in the last three 
decades. The basic tendency of the change coincides with the nation-wide
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transformation; nevertheless, there are considerable differences involved 
as a result of big citv conditions. The proportion of those at the working 
age has increased in the population of the capital during the past decades 
due partly to the low natural increase, partly to the high rate of immig
ration. In consequence of this and other factors the economic activity of 
the population of Budapest has lately shown an intensive upswing. In 
1949 48 per cent of the inhabitants of Budapest were active wage-earners 
and the proportion of dependants was 45 per cent. In consequence of the 
mass employment of women and owing to a change in the age composition 
56 per cent of the capital’s population were active earners in 1974, and the 
proportion of dependants fell to 25 per cent. In Budapest only 3,1 per 
cent of the working-age population have no incomes of their own or do not 
attend schools. The greatest difference between the capital and the other 
parts of the country is shown in the employment level of women. In Bu
dapest the employment level of women at tiie working age is 78,6 per cent 
compared to the national average of 64.3 per cent.

in the capital and in the whole country the differences in the structure 
of economy are represented by the differences of the employment structure 
as contained in the table below.

The proportion of those working in the industry and in the tertiary 
branches of Budapest is essentially higher, while the proportion of the agri
cultural workers is lower than the national average. A survey of those 
working in the service of the capital shows that their proportion is increas
ing. In comparison to other capitals, however, this proportion is generally 
low.
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Percentage of labour force utilization

Country total Budapest

Active earners
Industry ........................................................... 37.Ô
Building industry ................................................. 7.6
Transportation and communication .................. 6.8
Other branches................................................... 17.7

Non-agricultural branches together .............. 79.4
Agriculture ....................................................... 2.2

81.6National economy total ................................
Inactive ea rn e rs ....................................................... 4 1

Students............................................................... 11.2
3.1Other dependants.................................................

Total dependants ........................................... 1S.6

The high degree concentration of investments in the capital clearly 
shows the social and economic importance of Budapest. In the Third Five — 
Year Plan period (1966 —1970) 26.6 per cent, in the Fourth Five-Year Plan 
period (1971 — 1975) 27.9 per cent of the state- and co-operative invest
ments were realized in Budapest.



The share of Budapest within the productive investments was equally 
24,6 per cent in the Third- and Fourth Five-Year Plan periods. Of the 
industrial investments 20,4 and 19,4 per cent fell to the share of Budapest 
in 1966 — 1970 and 1971 — 1975, respectively. The lower level of industrial 
investments in the capital is due to the sectoral structure of industry. In 
the capital mainly the processing industry is represented which has a rela
tively low specific equipment demand. Further, in Budapest there is nor
mally no need to establish new working places; on the contrary, a systema
tic reduction of the number of industrial working places is one of the prin
cipal tasks.

The proportion of communal investments in the capital is essentially 
higher; it was 34.4 per cent in the Third-, and 38.4 per cent in the Fourth 
Five-Year Plan period. The relatively higher level of communal invest
ments in the capital was justified by the comparative backwardness of the 
infrastructure and the demands resulting from the status of Budapest as a 
large city.

The industrial centre of the country

Among the industries of Budapest the processing industries: ma
chine industry and light industry are dominant. These two together 
employ three-quarters of the total number of those working in industry, 
in spite of the fact that the number of workers emplyed in them — especi
ally in the light industry — has considerably decreased recently.

In consequence of an increased rate of industrialization taking place in 
the past three decades in other parts of the country the proportion of the 
industry of Budapest to the total industrial activity of Hungary has be
come lower; nevertheless, even in 1975 29 per cent of industrial workers 
were employed in the capital, 24 per cent of the industrial fixed assets were 
found here, and nearly one-third of the industrial production of the country 
was realized in Budapest. Budapest is now, and will remain biggest and 
most important industrial centre of Hungary.

The development of industry in the Fourth Five-Year Plan period

The growth of industry in the capital has lately corresponded to the 
regional development intentions of the government. The government has 
also supplied the means required for the realization of the objectives. The 
realization of the priority tasks was promoted by budget allocations and 
preferential credits, and the removal of factories was assisted bv subsidies 
from the central regional development fund.

In the Fourth Five-Year Plan period the growth of production in 
Budapest was brought about by a continuously decreasing number of wor
kers. Industrial production has been increasing by 3 — 4 per cent annually, 
while the number of workers has dropped by 85,000 in five years. The high
est rate decrease of labour force occurred in the local council’s and co-opera
tive industries and in the ministerial light industry. The growth rate of
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work productivity in the Budapest industry was in the last four years an 
average of 6,5 per cent on the basis of the number of employed workers, 
and 7,5 per cent per completed working hour, which exceeded the rate of 
the previous Five-Year Plan period.

The stock of fixed assets of the socialist industries located in Budapest 
increased by an annual average of 4 per cent, and the fixed assets value 
per worker l’ose by 8 per cent a year. From the investments those industries 
as carrying out central developement programmes (manufacturing of pub
lic road vehicles [autobus production], computer technics) had larger than 
average shares. The sectoral structure of the Budapest industry has made 
a slight approach to the national sectoral structure. Between 1970 and 1975 
the proportion of light industry within the industries decreased from 32 
to 30 per cent.

The government placed 700 million Ft a t the disposal of the City Council 
between 1971 and 1975, for the liquidation of factories obliged to move to 
the country. The selective development of Budapest’s industry was promo
ted also by support given by the county councils to Budapest enterprises 
for their development in the country-side. Through the removal of Buda
pest factories, and as a result of the support given by the county councils 
to the development of Budapest enterprises some 20 — 30 thousand working 
places were established in the provinces between 1970 and 1975. Labour 
demand in the capital decreased in a similar measure.

Industrial enterprises with headquarters in the capital responded to 
the labour shortage by establishing plants in the country-side or extending 
the existing ones, making use of available buildings and areas and exploit
ing labour resources still found here and there.

The labour shortage of the capital promotes and inspires the wider 
application of the anyway necessary intensive and selective development 
policy, the increased exploration of internal reserves and the improvement 
of the business- and work organization.

Principles of development

The main directives of industrial development in the capital are laid 
down by a government decision. Accordingly:

— the development of industrial production in the capital should be 
carried out with a reduced labour force, by regrouping workers 
from low productivity industries and increasing the productivity 
at a faster than average rate;

— the conditions of an intensive industrial development should be 
met gradually and rapidly, with special regard for the mechaniza
tion of material handling;

— when determining the selective development conditions of industry 
it is reasonable to promote the development of those industries 
which owing to their stationary character can be most easily devel
oped in this area;
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— besides restricting the development of industries and plants ex
ploiting the possibilities offered by the capital at a low degree of 
efficiency, the removal of out-of-date plants and of those adver
sely affecting the living conditions of the population must be con
tinued.

The situation of the industry of Budapest, and the conditions of its
growth

Considering the demographic conditions and the moderation of immig
ration, labour resources in the capital and its environs are expected to de
crease in the coming years. However, in branches closely linked with the 
life of the capital (communication, trade, sanitation, etc.) labour demand 
will increase in spite of the fact that the efficiency of labour utilization is 
substantially improving in these branches too.

In judging the labour situation the large number of commuters (some 
180 thousand persons) and the size of the commuting area must lie taken 
into consideration. Even with a considerable improvement in the condi
tions of transportation the number of commuters can be increased to a 
limited extent only. A further increase in the number of those living in the 
capital with temporary residence, apart from their families — in workers’ 
hostels, or lodgings — is for social reasons not desirable, their numbers 
should rather be reduced in the long run. Taking all this into account, in 
the industry of Budapest further decrease in the number of workers is ex
pected, which requires well-considered preparations.

In the capital the earlier existing industrial areas and those newly 
marked out are practically occupied, and further industrial areas are 
hardly available. Long since existing plants — since their surroundings have 
been built up — have no possibility of extension. The ratio of built up 
areas in the sites of [liants is high. It is possible that part of the industrial 
establishments in the capital will have to be liquidated for reasons of urban 
reconstruction, home-building or environmental damages. For some of 
them as well as for new industrial activities which can be rationally carried 
on in the capital alone it will be necessary to reserve areas even for a longer 
period.

Infrastructural reserves of the capital have been exhausted, their ex
tension requires an enormous material input. Road traffic becomes more 
and more problematic in Budapest, and there are troubles in the public 
utilities as well. The population’s demands can only be satisfied with in
creasing burdens imposed on the national economy.

The increasing rate of home-building, the realization of the infra
structural investments set an ever greater task to the building industry. 
Construction needs of industry must be subordinated to those of the popu
lation.

The social expectations concerning the protection of the human en
vironment from harmful effects have become more and more intensive for 
the last ten years. To make up for the past deficiencies of safety devices
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and carry out further improvements requires considerable financial means 
and may thus worsen tlie economic efficiency.

In spite of the factors limiting development, the dynamic growth 
industrial production in the capital must be ensured in the long run. This 
can only be attained by the selective and intensive development of Buda
pest’s industry.

It follows from the character of Budapest’s industry that the objective 
of an increased intensive development includes certain contradictions. 
Taking the present and prospective development of industry into conside
ration, the material intensive industries (metallurgy, electric energy pro
duction, some branches of chemical industry, a considerable part of the 
building material- and food industries) will mostly he located in the pro
vinces in the future too. At the same time, exactly because of the peculiar 
conditions of the capital, in Budapest’s industry labour intensive activities 
which require high - level professional knowledge, in general the research 
intensive industries (planning, construction, prototype production, indi
vidual machine production, etc.) have been developing whose mechaniza
tion is more difficult to carry through.

The wide application of the intensive development methods — ex- 
pec ¡ally in the machine industry — is closely linked with the general devel
opment tasks of industry. As a result of the extension of the socialist in
tegration, and in consequence of a closer international production co-ope
ration in general, an increase of the series sizes and wider application of 
standardized components may become possible. An extensive use of mo
dern production methods will help in solving the development problems of 
Budapest’s industry as well.

It follows from the above that, on the one hand, the already mentioned 
limiting factors — labour force, area, infrastructure, building demand, en
vironment protection and removal of industrial activities independent of 
the capital —, on the other hand the elimination of uneconomic produc
tion and through it the release and regrouping of labour force in favour of 
more rapidly developing branches are the aspects of planned selective devel
opment.

Selective development cannot be carried out in whole branches of 
industry, only in certain ¡liants, activities or products.

It is by applying these principles to concrete situations that decisions 
can be made whether to develop, reduce, remove or even liquidate certain 
¡liants, activities or products.

In the capital scattered location of the industrial establishments repre
sents a great problem; a considerable proportion of them are found in re
sidential districts. This hinders the development of both the residential 
areas and the industrial establishments. With a view on the housing and 
environment protection programmes the liquidation of an increasing num
ber of industrial establishments must be reckoned with.

In 1975 2808 state- and co-operative industrial establishments were 
functioning in the capital. In more than two thousand of them the num
ber of workers was below 50. This means that the industrial establishments
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of Budapest are not only seattered within the capital but also mostly too 
small and out-of-date. In place of the plants liquidated for city reconstruc
tion or other reasons new plants can only be established in the capital in 
exceptional cases. It is only reasonable if the new plant performs some func
tion of servicing (laundry) or daily purchased food supply (e. g. bread) 
directly connected with the satisfaction of the demands of inhabitants 
living there, or special interests are tied up with its development in the 
capital. The workers of the liquidated establishments should be employed 
in the remaining up-to-date plants which struggle with labour shortage. 
In the present and prospective situation the liquidation of low capacity 
out-of-date plants scattered all over the capital is one of the important 
reserves of the growth of industry in Budapest .

Another great problem in the industries of the capital is the increasing 
proportion of employees within the decreasing labour force. In 1975 in the 
industries located in Budapest 48 employees fell to 100 workers, more by 
8 than five years earlier, at the beginning of the plan period.

Rapid, deliberate and consequent application of the intensive methods 
of selective industrial development, liquidation of out-of-date industrial 
establishments, increased economies with the staff of employees, wider 
application of up-to-date work- and plant organization, better utilization 
of working time are important reserves of the growth of industry in the 
capital; with their increased utilization a rate of production faster than in 
the previous years can be attained even with a reduction in the number of 
workers.

Building industry

Budapest is not only the centre of industry as a whole but it is also the 
biggest centre of building industry in the country. In 1975 29 per cent of 
the building activity performed in the country bv the state- and co-opera
tive building industry took place in Budapest. Of those employed in the 
state- and co-operative construction industry of Hungary 34 per cent — 
126 thousand persons — worked in Budapest. In spite of this the number 
of workers is below demand in the capital, the building demands are satis
fied amidst great difficulties and often with delay.

The relatively high number of construction workers in the capital is 
due to the fact that the workers of the planning and investment enter
prises are also included, and the extent of concentration in these activities 
is very high.

Of all branches of national economy in Budapest the proportion of 
workers living in the country-side is highest in the building industry. 
Without them the building industry of the capital would be unable to ful
fil its tasks. A high rate employment of country people in the construction 
industry of Budapest will still be needed for a long time ahead.

Workers living in the country are partly commuters, partly go to Buda
pest at longer intervals; a very large number of them live in workers’ 
hotels. The situation of those, in the first place, who travel weekly or at
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still longer intervals from great distances is disadvantageous both from 
social and individual points of view, mainly because of their living apart 
from their families. The construction and maintenance of workers’ hotels 
are not cheap either. The costs of travelling, separation and other expenses 
appear in the costs of construction as well.

In the development of the building industry the situation in the capi
tal, first of all the pressure of labour must also be taken into consideration. 
A wide application of up-to-date construction methods is particularly 
important here. Its realization is shown in the high level of mechanization 
in all important fields of building industry in Budapest, which exceeds by 
far the national average. The maintenance and renewal of existing build
ings — for which the financial means are available but the building capa
city is scarce — represents a serious problem. In this scope of activity we 
are only at the beginning of introducing up-to-date techniques of building 
industry.

Planning and investment organizations with headquarters in the capi
tal play substantial role in realizing big industrial and other establishments 
all over the country. Many building enterprises of Budapest work in execut
ing large investments in the country.

Importance of food industry

Agriculture has little to do with the employment conditions of a metro
polis. On the other hand, the high concentration of population has an im
pact on the development of food industry and on the agriculture of the 
surrounding areas.

Of the active earners working in Budapest 38 thousand worked in 
1974 at enterprises and institutions belonging to the agricultural sector. 
They include workers of institutions engaged in water and forest mana
gement as well as those employed in industrial subsidiary activities of co
operative farms.

The total agricultural production area of Budapest is 48 thousand 
hectares (one half per cent of the national total). This area has been cultiva
ted by 4 state farms, 2 forestries and 14 co-operative farms.

The farms in and around the capital are mostly engaged in vegetable 
and flower production. Although the role of Budapest’s agriculture in the 
production is not negligible either, still its activity in servicing and direct
ing agriculture seems to be more important. I t is here that the ministry 
of agriculture, numerous research- and experimental institutes, institutions 
of higher education, planning and investment enterprises are functioning.

The food industry of Budapest covers a considerable proportion of 
the national requirements and works for export as well. Its international 
importance goes back to the previous century. It was the food industry 
that made the greatest progress — first of all in Budapest — during the 
capitalist development of Hungary. At the end of the 19th century the 
mills of Budapest were of world-fame, and considerable preserving-, beer- 
and wine-making-, milk-, meat- and confectionary industry evolved in the
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capital. In the food industry of Budapest 36 thousand workers are new em
ployed, 18 per cent of the total number of food industry workers in the who
le country. On the basis of the number of workers food industry has a share 
of 7 per cent in the industry of Budapest. The entire area of the country 
takes part in supplying the capital with raw materials.

In the selective industrial development of the capital labour force, area, 
building capacity and any other condition required for supplying the po
pulation are provided for. New processing units — for export etc. purposes 
— are, on the other hand located in the respective districts of row material 
production.

Communication and information

Budapest is the biggest centre of communication and information in 
Hungary. Nearly 150 thousand people are employed in these branches in 
Budapest, 37 per cent of the national total. Public transportation in Buda
pest compared to other metropolises can be considered satisfactory. The 
network of metro, tramway, bus and trolibus is dense, the fares are cheap. 
In the capital the number of cars in personal use in 1975 was as high as 
160 thousand, 29 per cent of the total car stock of the country. W ith tele- 
phone lines, on the other hand. Budapest is less well supplied than most 
European cities, so the setting up of new telephone centres gets high pri
ority.

The railway stations of the capital have been and are modernized in 
the course of the seventies. The lack of railways and highways by-passing 
the capital is a great deficiency. The motorways of the country are construc
ted radially with Budapest as centre. This importance of Budapest in the 
internal and international traffic is growing.

The radio and television programmes of the country are broadcasted 
from Budapest.There are.though, broadcasting stations in the country, but 
these are, in fact, transferred units of the Budapest central station attend
ing in the meantime local functions too. National and international prog
rammes naturally remain to be broadcasted by the central stations.

Trade and tourism

Budapest is without doubt the biggest and most important centre for 
all branches of trade in the country. Some one-third of those employed in 
trade are working in Budapest. The proportion of commercial workers 
within the total number of employed people is 12 per cent in Budapest 
compared to the national figure of 9 per cent.

The organization of foreign trade is practically linked up entirely 
with Budapest. International fairs, exhibitions — apart from a few local 
ones — are also organized in the capital. Big enterprises with headquarters 
in the provinces have agencies engaged in market research and foreign trade 
in Budapest.
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Unfortunately, in many cases not only the management of goods trans
portation takes place in Budapest, but the goods are actually delivered 
from the site of production to Budapest store-houses, which often causes 
unnecessary surplus transportation. After many discussions the stockpil
ing enterprises have established minor units in the provinces, too.

In 1975 28 per cent of all retail trade of Hungary was carried out in 
the capital while only 21 per cent of the area of shops was found here. In 
Budapest the volume of retail trade per inhabitant was 58 per cent higher 
than in the provinces. A considerable proportion of the retail trade consists 
of purchasing bv people living in the environs of the capital, by those arriv
ing here from distant parts of the country, and by foreigners. These data 
partly explain the high proportion of buying compared to the number of 
inhabitants in Budapest. In developing the network of shops the conclusi
ons were drawn from these tendencies.

In improving the conditions of trade in Budapest the bottleneck will 
rather be formed in the future by the low number of staff than by the small 
ground space of shops. Greater attention is paid therefore to the develop
ment of the network of country shops, while in Budapest the department 
stores of suburbs are growing in number in the first place.

Budapest is the most important centre of tourism in the country, due 
to the historical relics, cultural establishments, beautiful natural environ
ment, the character of the metropolis, etc. None of them in itself would 
be sufficient to attract foreign tourists, but together they represent a con
siderable force of attraction. Some 7 million foreigners spend more or less 
time every year in Budapest. Of hotel accommodations in Hungary 32 
per cent is found in Budapest, and 36 per cent of the nights spent at commer
cial lodgings have been realized in the capital. Of foreigners’ staying in 
the country an even larger proportion falls to Budapest. Although it is 
true, that in the last years the growth rate of foreign tourism in the country 
exceeded that of the capital, but this does not change the fact that at 
present, and probably in the future too, Budapest is and will be the great
est tourist attraction in Hungary. With this in view further investments 
and labour demands have to be reckoned with.

Considering the number of population and the living conditions of 
Budapest there is great demand for week-end recreation possibilities near 
the capital. The Buda hills, the Danube bend, the reach of the Danube south 
of Budapest, as well as the area of Lake Velence well serve this purpose. 
The development of these recreation areas is substantially subsidized by 
the state.

Trend of the living conditions of population

The income of population is somewhat higher in the capital than in 
other parts of the country. According to data of household statistics in 
1975 annual average per capita income in the intellectual and worker hou
seholds of Budapest was about 17 per cent higher than national level of 
income. This was mostly due to higher wages and pensions, and partly to
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lower average family sizes. In the regional pattern of the wage level im
portant role is played by the level of education, the branch structure of 
industry and many other factors. The essentially higher employment rate 
of the population compared to the national average also contributes to the 
more favourable income conditions of the capital.

The number of flats in Budapest exceeded 700 thousand at the end of 
1075. Since the end of World War II more than a quarter of a million flats 
have been built, that is some 35 per cent of the flats are 30 years old or 
younger. The dynamics of house-building has constantly increased. For 
the last several years 7 —8 flats per 1000 inhabitants have been completed. 
On the basis of the number of inhabitants per flat housing conditions have 
considerably improved. The number of flats has increased at a higher rate 
than the number of population. The number of those with a claim for living 
quarters of their own has, however, increased more rapidly, which explains 
the present shortage of housing.

A further favourable tendency is the decrease in the proportion of 
single-room flats. The new flats are equipped with every modern conveni
ence (water, gas, sewage, up-do-date heating, built-in furniture), and have 
a ground space of 52 — 53 m2.
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Trend of housing supply

Xumber o f families per Xumber o f  persons per Xumber o f persons per
100 flats* l(M) fla ts 100 rooms

1975 1980 1975 1980 1975 1980

B udapest.................... 123 114 302 279 103 140
Country total ............ 111 105 310 2 9 5 175 160

T a b le  l .

The development of public utilities has also been dynamic in the capi
tal. In 1975 there was running water in 87 per cent of the flats already. 
Sewage disposal progressed at a slower rate, in 1975 77 per cent of the flats 
were connected with the sewage system. The most remarkable progress has 
been made in the field of gas supply.

Gas and central heating has recently advanced rapidly. With this an 
important step has been taken in the direction of reducing air pollution. 
By 1975 the proportion of flats equipped with up-to-date heating facilities 
grew to 37 per cent.

The improvement of health service was served by the extension of 
sanitary establishments, construction of new hospital wards. The number 
of hospital beds increased by one-third during the past 25 years. The situa
tion seems to be favourable, but the environs of Budapest and the whole 
country partly rely on the capital as regards hospitalization. Sanitary ser
vice is not therefore satisfactory, hospitals are crowded.

* The large number of pensioners present is reflected by the figures.



The number of physicians increased by 125 per cent in 25 years; nearlv 
twice as many physicians fall to 10 thousand inhabitants as 25 years ago. 
However, a considerable proportion of Budapest physicians take part but 
partly — or not at all — in medication (being engaged in education, rese
arch, management).
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Health- and social provision

N um ber o f  hospital beds 
per 10 thousand 

inhab itan ts  1)

Nursery accom m odation 
per 100 children o f 

nursery age

Old people’s home accom 
m odation per 10 thousand 
inhab itan ts  a b o \e  sixty

1973 1980 1975 1980 1975 1980

B udapest....................
< ountrv total ............

114.1
85.8

121.7
91.9

20.3
9.8

25.4
13.4

130.8
161.8

141.2
191.3

It is in the field of education that the effects of annual fluctuations in 
the birth rate are best felt. Positive and negative peaks appear alternately 
in the different types of institutions. Sometimes even an intensive devel
opment work cannot keep up with the demands, at other times the level 
of supply rises by itself.

The proportion of children attending nursery-schools relative to the 
number of children at nursery-school age exceeded 90 per cent in 1975 
compared to less than 40 per cent in 1955.

The total number of first-year students of secondary- and skilled wor
ker’s schools exceeded the number of children completing the 8 classes of 
primary school only slightly in 1950, and by 80 per cent in 1970, due to the 
large number of country children attending secondary- and skilled worker’s 
shools at Budapest.
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РЕЗЮМЕ

ОБЩЕСТВЕННО-ЭКОНОМИЧЕСКОЕ ЗНАЧЕНИЕ БУДАПЕШТА 
И РЯД АКТУАЛЬНЫХ ВОПРОСОВ РАЗВИТИЯ ГОРОДА

Вначале в статье кратко насматривается прошлое Будапешта. В 1872 году 
прпзошло объединение Буды и Пешта, тогда же город обрёл нынешнее название. 
В 1950 году к городу присоединили уже сросшиеся с ним, но административно до 
тех пор ещё самостоятельные населённые пункты и так сформировалась нынешняя 
столица, состоящая из 22 городских районов. После татарского нашествия в 1245 
году стала Буда столицей страны и эту функцию сохраняла почти непрерывно вплоть 
до наших диен.

Затем автор рассматривает политическое и экономическое значение столицы. 
Население Будапешта приближается к 2,1 млн. человек. Это самый крупный центр 
перерабатывающей промышленности страны. Этому способствовал быстрый рост 
населения города в трудоспособном возрасте после второй мировой войны (на 56%) 
при низком естественном приросте и при высоком удельном весе лиц, поселяющихся 
на постоянно в Будапеште.

Большая часть статьи посвящена рассмотрению периода четвёртой пятилетки 
(1971 -  1975 гг.). Анализируется политика капитальных вложений в Будапеште, рост 
промышленного производства, а также принципы экономического развития столицы. 
Особенно подробно рассматриваются в статье факторы экономического развития, 
проблема рабочей силы, инфраструктура (производственная и непроизводственная).
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1. Introduction

a) Background of the study.

Recent reviews suggest that the problem of estimating empirically 
the anthropogenic effects on local and regional climate is unsolved (e. g. 
Landsberg, 1974; Oke, 1974) especially so for precipitation. The state of 
the art for making estimates is still bedeviled, among other things, by un
satisfactory separation of effects due to urbanization from those due to 
industrialization, and effects due to human changes of the landscape from 
those due to such departures from the “homogeneous plane” as topography 
and shorelines. (Lowry, 1976).

The authors consider the circumstances of the steelworks at Dunaúj
város (Ds) in central Hungary to constitute an “experiment” in which the 
problem of separating urban from industrial effects and anthropogenic 
from landscape effects on precipitation, if any are present, is addressed 
directly. Briefly, the steelworks and accompanying urbanization came into 
existence and reached full development during a relatively few recent years, 
so that weather records of consistently high quality are readily available 
from a suitable network of stations in the region for extended periods be
fore and after operations began. Further, the urbanization associated with 
the works is minimal, leaving any effects which might be detected as more 
dominantly industrial.

In a recent proposal, Lowry (1976) suggested that landscape effects 
could be removed from consideration in making estimates of anthropogenic 
effects by analyzing synopticallv similar sets of observational cases, one 
set from pre-industrial and one from post-industrial periods. More speci
fically, statistical tests are available for the significance of differences 
between mean values of measures such as daily precipitation total for post
industrial and pre-industrial periods, the means having been estimated for 
synopticallv stratified data. Thus, the Hungarian data from the Dunaúj
város region permit this separation.

Table 1, which presents several kinds of information about the steel
works at Dunaújváros, compares Ds with two other steel complexes dis
cussed elsewhere (Ogden, 1969; Changnon, 1971; Ogden, 1971). In parti-
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T a b le  1.

Comparative data for three steel-making complexes

Dunaújváros Port Kembla*’ Chicago**
Mill operations

Two open hearth furnaces ...................
One blast furnace...................................
One additional open hearth ..................
One additional blast furnace ................ ........  1957
Coking facilities completed.................... ........  195S
One additional open hearth .................. ........  1960
Steel production, 1970 (10'T/yr) .......... 3.6J 25‘*
Iron production, 1970 (10'T/yr) .......... ........  0.65 o%2d -

Population of urbanized area
1930 .........................................................
1950 .........................................................
1960 .........................................................
1970 ......................................................... 0.17X10» 4.5X10'

Industrial importance ratio:
(1970 Annual steel production) ........ ........ 16.8 21.2 5.0

(Population)

b Ogden. 1900 
<• Changnon. 1971
</ Though not sta ted  explh  itly  in original ri fcrem es. these are I;elie\cd to  he English toils.

cular, striking a ratio of annual steel production to urbanized population 
suggests the works at Ds are about three times as important locally as 
those of the Chicago area described by Changnon and about 75% as im
portant as those at Port Kembla described by Ogden. While there was a 
rolling mill added at Dunaújváros in 1965, it is not considered a source of 
meteorologically active effluents. The small paper mill, processing straw 
pulp, located at Ds in 1063 has a production rate only about 10 percent 
that of a typical mill in the area studied by Hobbs et al (1970), and is taken 
to be a minor source of effluents.

Operation of the Dunaújváros complex was intermittent during the 
late 1950s, with periods of several months having greatly reduced produc
tion. When the study reported here was being conceived, we thought the 
records from Hungary would provide an interesting opportunity to com
pare the “time signatures” of industrial activity at Dunaújváros and of 
various meteorological elements, notably precipitation. For various rea- 
sond, we have not carried out this part of the study, but we mention it 
here as a conceptually viable means for testing or developing methods for 
detecting anthropogenic effects on local and regional climate.

b) The study area
Dunaújváros is on the eastern edge of the Mezőföld Plain (Pécsi and Sár

falvi. 1964,]). 104) where the Plain meets the Danube (Duna) valley at an east
facing cuesta, or bluff, with local relief of about 50 meters. The topography to



the west of the Duna consists mainly of ridges of low relief, with axes 
trending N\V— SE within the study area. However, just beyond the north
western edge of the study area the Bakony— Vértes highlands trend 
EN E—WSW with occasional peaks 4 — 500 m above the level of the Duna. 
Southeast of these highlands lies the large Lake Balaton. East of the Duna, 
the topography in the area consists of a broad, featureless sand [»lain lying 
on the average 30m above the river.

Broadly speaking, stations in the study area receive between 520 and 
600 mm of precipitation yearly on average, with about 11% coming in 
each of the months of May and June, which together constitute a season of 
maximum precipitation. November receivas about 10% of the annual total 
and constitutes a secondary maximum. January, the driest month on the 
average, receives only about 5%. On the peaks of the highlands to the north
west of the area, average annual totals slightly exceed 800 mm. Wind direc
tions are in the quadrant between west and north at least 40% of the time 
in all seasons, exceeding 50% in summer (Pécsi and Sárfalvi, 1964).

Table 1 contains information regarding the recent history of Dunaúj
város. Clearly the transition from pre-industrial to post-industrial periods 
took place there almost entirely between 1954 and 1960. The population 
increased about eightfold and the steel works were begun and completed 
during the 1950’s. Today, essentially the entire population of the city is 
directly or indirectly associated with the works, and the urbanized area 
consists mainly of apart ment blocks liberally interspersed with green areas.

c) Stale nf the art far empirical estimation of anthropogenic effects.

What we will call the “classical” method for detecting the effects of 
man’s activities on precipitation consists of mapping precipitation totals 
for a network of stations averaged during a suitable period which includes 
or represents conditions when the urbanized surface is fully developed. 
Investigators using this method usually draw isopleths of precipitation, 
note the areas of maxima and minima among their contours, and attempt 
to draw reasonable conclusions about location, timing, and intensity of 
the effects. Most often, a maximum or “high” is taken to indicate an enhan
cement of precipitation if it is located “downwind” of the area causing the 
effect. Conclusions must be drawn subjectively, and the testing of statis
tical significance is not usually part of the method.

A second method has been called the “case study approach” by Har
nack and Landsberg (1975), who give not only a good literature review of 
applications of the method but also a clear and concise description of the 
method. These studies of carefully selected examples, chosen so as to be 
likely to exhibit certain phenomena under study, typically involve exhaus
tive analyses of all pieces of data the investigators can assemble to gain 
insights about causal mechanisms. As Harnack and Landsberg readily 
concede, the method has a critically subjective component which causes 
results to be in the nature of self-fulfilling prophesies. In their words,
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“It must be kept in mind that the objective of (the case study method) 
was not to show that urban thermal effects prevailed on every day 
with precipitation but to show that there are significant and decisive 
urban effects leading to precipitation initiation in isolated areas on 
some days.”

Also in their words,
“A basic question naturally arises when one tries to relate an urban 
area to a given precipitation anomaly: W ould the anomaly have occur
red where it did if the urban area had not been present ? A categorical 
answer cannot be given for any given single situation; however, as 
case studies are accumulated the repeated significance of urban ther
mal factors . .. solidify (sic) the conclusion that the presence of the 
urban area is important. . .”

Thus, it may be concluded that a given set of case studies usually has as 
its objective establishing the existence of urban effects, and often of speci
fic causal mechanisms, rather than estimating the timing and intensities 
of the effects. Further, the accumulation of results rather than the statis
tical testing of results constitutes the means for establishing significance.

A third method has been used by Huff and Changnon (1072), which is 
best described by their words, (page 14),

“ . . .a mathematical surface (is) fitted to the data outside of the (two) 
effect areas, and this surface (is) then extended through the (two) 
effect areas to provide estimates of the distribution of rainfall in the . . . 
effect areas with removal of the localized effect."

Clearly, for use of this “mathematical surface” method, the investigator 
must assume a priori a knowledge of the location of the regions in which 
effects are detectable.

A fourth method, the essence of which is set forth in this paper, con
sists of the straightforward use of fundamental statistical techniques to 
control for confounding factors, such as landscape effects, and to retain 
the variation only in that independent variable whose effects are sought.

There are doubtless other kinds of methods which could be added to 
this list, and additional comments made on those described here, but the 
range of techniques used and the relative merits of the one reported here 
should be readily apparent from these remarks.

II. Meteorological data used

a) Observational data and network criteria

Dunaújváros lies south of the center of Budapest at a distance of 
about 58km, and about 47km south of the nearest edge of the urbanized 
agglomeration. Accordingly, a suitable area for this study would consist 
of a circle centered on Dunaújváros and having a radius of about 50km, 
thereby avoiding stations within Budapest at the same time including an
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area which would almost certainly include evidence of urban effects on 
precipitation if there are any (Huff and Changnon, 1973).

The circle just described contains 50 weather stations, but of these 
only twenty have records of continuously high quality for as long as a 
decade both before and after the period of industrial development at the 
steelworks. These stations were taken as the observational network for 
this study, their names appearing alphabetically in Table 2 together with 
numbers to key their locations on maps presented in Figure 1 and below.
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Table 2.

Roster of stations in the study network and their mean seasonal precipitation totals
from all weather types

Xame Number

From Dunaújváros Mean precipitation (mm)

Bearing
(degrees)

Distance
(km)

June December
1 9 3 4 -
1943

1961 -  
1970

1 9 3 4 -
1943

1961 -  
1970

Adony .................................. 6 338 16.5 66.3 71.4 33.9 52.1
A postag ................................ 12 172 9.9 75.9 77.3 37.4 55.2
D unaföldvár........................ 14 185 176. 66.1 63.2 40.3 49.9
E rcsi..................................... 4 355 30.3 73.2 83.8 41.6 50.4
Fülöpszállás ........................ 15 126 27.5 70.7 75.5 40.3 58.2
Gyapapuszta ...................... 13 205 31.9 62.6 06.7 37.6 52.7
H a r ta .................................... 10 165 30.3 73.9 66.8 36.9 59.3
Izsák .................................... 17 123 37.4 77.6 73.7 30.4 52.2

18 176 48.4 60.8 67.5 37.8 61.7
Kápolnásnyék...................... 2 325 34.7 70.6 76.9 42.1 49.5
Kiskőrös .............................. 19 145 46.8 68.2 73.2 38.1 60.2
K im s z e n tm ik ló s ...................... 9 65 14.9 75.7 71.4 35.6 53.4
M artonvásár........................ 3 343 48.5 71.9 66.7 41.8 44.4
Ócsa ...................................... 8 33 41.3 84.6 86.9 37.1 55.7
Örkény .................................. 10 65 40.2 104.2 83.5 37.9 61.6
Pincehely.............................. 11 231 49.5 65.2 77.1 46.2 54.4
Ráckeve ................................ 7 0 20.4 59.2 84.3 32.0 48.0
Sárosd .................................. 5 288 22.6 74.1 80.2 36.8 56.2
Soltvadkert.......................... 20 142 55.0 64.4 81.5 35.1 65.5
Székesfehérvár .................... 1 303 46.2 63.7 51.7 46.9 45.2

Daily totals of precipitation at network stations represent tne 24-hr 
period beginning at 0700 LST on the tabulated date. The two decades 
1934 — 43 and 1961 — 70 were chosen as representing the pre-industrial and 
post-inustrial periods in our analyses. The months of June and December 
were chosen as representing summer and winter seasons. While not neces
sarily being the months of greatest precipitation, these two are believed 
to be representative of their seasons insofar as synoptic-scale processes 
are concerned. For this study, it is the representativeness which is of most 
concern.
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F ig u re  1. The precipitation network around Dunaújváros.

b) Choice of weather types (Grosswetterlagen)

A scheme for typing daily weather maps for Hungary was published 
by Péczely (1959) and applied to all maps through 1958 beginning in the 
late 1800s. Professor l’éczely has kindly made his completed, but unpub
lished, classifications for 1959 — 70 available to us.

From the 13 types he described, we have selected five which are par
ticularly important in the production of precipitation in both seasons and 
in both pre- and post-industrial periods, l’éczely’s symbols for these types 
appear in Table 3, where several results can be deduced about these five 
types taken together: in summer they account for about 27 percent of all 
days but about 46 percent of all precipitation, while in winter they account 
for about 35 percent of all days and 70 percent of all precipitation. In the 
decade 1961—70 they accounted for 40 percent of all December days and 
nearly 80 percent of all precipitation. While the limitations on our time 
resources mentioned previously have necessitated treatment of only five 
types, they are clearly related to precipitation, the primary element for 
study here. I urther, they represent a sufficiently broad range of svnoptic 
situations as to be a reasonable basis for analysis. Following are brief de
scriptions of the five weather types.



mCc. Upper ridge to the west and trough to the east, with a fully devel
oped cyclone northeast of Hungary, trailing across the study area. Precipi
tation probably associated with a cold front.

mCw. Upper trough to the west and ridge to the east, with a fully 
developed cyclone northwest of Hungary. Precipitation probably associa
ted with warm overrunning.

CMc. Stationary upper troughline over Hungary with low index cir
culation over Europe. Cyclone at the surface located southeast of Hungary.

CMw. Stationary upper troughline west of Hungary with low index 
circulation over Europe. Cyclone at the surface located southwest of Hun
gary. Precipitation probably associated with warm overrunning.

zC. Strong zonal flow aloft over all of Europe, with cyclones at the sur
face passing over Scandinavia and trailing frontal system across Hungary. 
Precipitation probably associated with a rapidly moving cold front.
c )  Validity of typing scheme

There are several reasons for Lowry’s (1976) recommendation that 
empirical estimation of anthropogenic effects involve analysis of weather 
data stratified by weather type. The immediate statistical reason is reduc
tion of variance within a treatment so as to reduce the risk of making a 
Type II (beta) error by accepting a false null hypothesis: there is no indus
trial effect.

A second reason for typing weather events is to avoid using aggrega
ted data which may contain time changes in the mix of weather types as 
well as the anthropogenic effects being sought. Finally, if effects are detec
ted within individual weather types, the results may be diagnostically use
ful in tracing the causal chains leading to the effects. It is a reasonable 
question, then, whether a given typing scheme produces results which have 
the desired statistical, as well as meteorological characteristics.

Using t he data of Table 4, which consist of means of daily precipitation 
amount averaged within season, period, and weather type, F-ratios were 
calculated as figures of merit for the weather typing scheme of Peczely. 
These F-ratios are presented in Table 3 and were calculated as follows. 
Using the 100 station means as a sample of means taken from a population 
representing the season and period, an estimate of the variance of the popu
lation was made. On the assumption that the variance for a season did not 
change though the mean might, an estimate of the variance from the 100 
means for tlie same season but different period was pooled with the estima
ted variance from the first period. Thus, there were two pooled “season 
variances”, each with 198 degrees of freedom.

For each combination of season, period, and type, the twenty station 
means were taken to be a sample from a population whose variance could 
be estimated, the estimate having 19 degrees of freedom. The ratios of the 
season variances and those for the twenty sub-samples were tested for 
significance by comparison with the F-distribution with 198 and 19 degrees 
of freedom. The results are indicated with a set of significance symbols in 
Table 3.
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Table 3.
Comparative data for five weather types in two seasons
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Weather type

mCc mCw CMc CMw 1 2C

J U N E
Decadal mean freqency

1934 — 43 (da/m o)...................... 2.8 2.8

1

0.1 0.5 1.3
19(51 — 70 (da/m o)...................... 2.5 3.1 1 1 i.i 0.9

Portion of all precipitation 
accounted for by the type
1934 — 43 (percent).................... 17 IS 1 9 4
1961—70 (percent).................... 7 20 2 11 3

F- ratio
1934-43 .................................... 10.43** 7.04** 7.55** 2.12* 18.92**
1961-70 ................................... 78.97** 13.30** 94.45** 6.20** 10.05**

Least significant difference, J cr
+  10% (m m /da)...................... 2.32 2.94 1.95 15.72 2.64
* 5% (m m /da)...................... 2.76 3.50 2.32 18.73 3.15

-r +  2% (m m /daj...................... 3.28 4.15 2.76 22.22 3.73
** 1% (m m /da)...................... 3.63 4.60 3.05 24.61 4.13

D E C E M B E R  
Decadal mean frequency

1934 — 43 (da/m o)...................... 1.6 3.8 0.6 1.9 1.7
1961 — 70 (da/m oj...................... 1.6 3.8 1.5 3.6 2.0

Portion of all precipitation 
accounted for by the type 
1934 — 43 (percent).................... 3 24 3 20 12
1961—70 (percent).................... 4 17 9 36 12

F-ratio
1934-43 ................................... 36.67** 11.46** 2.29* 2.51* 3.56**
1901-70 ................................... 7.05** * 21.66** 1.46NS 3.42** 4.43**

Least significant difference, A cr 
+ 10% (mm/da) ...................... 0.96 1.36 2.81 3.13 2.39
* 5% (mm/da) ...................... 1.15 1.62 3.35 3.73 2.85

+ + 2% (mm/daj ...................... 1.36 1.92 3.98 4.43 3.38
** 1% (m m /daj...................... 1.51 2.13 4.40 4.91 3.75

With the exception of type CMw, all types seem to be well defined in 
June, even the exception showing significance at the 5 percent level in the 
more recent decade. In December, type CMw shows a similar degree of 
weakness. However, type CMc shows considerably greater weakness than 
CMw in December, all other types appearing to be well defined in both 
seasons. Though small, the sample sizes for these two CM types are proba
bly not so small as to fully explain the apparent lack of definition in the 
type. It is probably inherent in the synoptic situation related to a stalled 
upper troughline that precipitation production would be temporally and 
spatially heterogeneous, yielding the less-than-significant F-ratios displayed.

Despite the possible weakness of Peczely’s typing scheme from the 
viewpoint of our study, the results overall appear to justify the use of the 
scheme in the analyses described later.



III. Methods and results

a) Results of the “classical” method.

The four panels of Figure 2 present maps of seasonal precipitation to
tal, given in Table 2, with the isohvets drawn subjectively through the 
network of twenty stations located in Figure 1 and Table 2. The upjier two 
panels, representing the two seasons of the post-industrial period are the 
equivalents for this study of the results of the classical method of detecting 
urban and industrial effects. These maps are consistent in exhibiting rela
tive “highs” (often called “anomalies” by other writers) in both seasons at 
about 40 km distance to the northeast of Dunaújváros, and at about 55 
km to the southeast. Both of these highs could be considered to be “down
wind” of the steelworks, and the consistency between seasons could be 
taken as reinforcing the notion that these are the results of anthropogenic 
effects due to the steelworks, or in the former case perhaps to Budapest’s 
industry as well.

The lower two panels of Figure 2 represent the two seasons of the pre
industrial period. With the exception of a “high” to the northeast during 
June, these maps scarcely resemble their predecessors in either locations
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f i g u r e  2 la. Isohyets of mean June precipitation (nun) for the post-industrial decade 1961 — 70
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F ig u re  2/b. Isohyels of mean December precipitation (min) for the post-industrial decade 
1 9 0 1 -7 0 .

of maxima and minima or general trend of isoheyets. Tentative hypotheses 
regarding the single eleareut maximum in that earlier period are that it 
is a chance occurrence or t hat it represents an effect caused by Budapest 
to the northwest of it. a possible causal agent present in both the earlier 
and the later periods.

Other maps of seasonal totals for individual weather types (not shown) 
give no reasonable basis for concluding that effects have been detected, 
either to the northeast, the southeast, or anywhere. Maps for three types 
and both seasons were drawn for the post-industrial period, thus compris
ing six of a possible twenty maps. The types selected were those judged 
to be most productive of precipitation in both seasons (mCc, mCc, and 
CMw). Consideration of the later period only is consistent with the classical 
method.

The judgement that these type-season maps suggest no effects is, of 
course, a wholly subjective one as all judgements based on the classical 
approach must be. Without displaying the maps (they could be drawn bv 
anyone using the data tabulated in Table 4) we can at least suggest two 
principal map characteristics which led to the negative judgment. First, 
locations of “high” and “low” anomalies do not agree between seasons for
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F ig u re  21c. Isohyets of mean June precipitation (nun) for the pre-industrial decade 1934 — 43.

the same type. Second, there is no reasonable relationship between the ex
pected locations of “highs” based on general knowledge of the flow within 
a given synoptic type and the actual locations based on isohyetal patterns-

In summary of results of applying the classical method of analysis, 
we believe the first two panels of Figure 2. taken by themselves, suggest 
that effects caused by the steelworks have been detected. Examination of 
pre-industrial maps and maps for individual types in the post-industrial 
period tends to suggest the contrary.

b) The method of Least Significant Differences
As suggested by Lowry (1976), a significantly different precipitation 

amount, taken between pre-industrial and post-industrial periods, but 
within a season and within a weather type, should provide evidence for 
a change in precipitation rate caused by the industrial source in question. 
A statistic for such a test which appears both robust and direct is the 
difference form of t, with which the null hypothesis is that the difference 
between precipitation rates is zero. When the appropriate critical value 
for a two-tailed test is assigned to t, the difference which results is called 
the Least Significant Difference:

Least Significant Difference (1)
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F ig u re  ¿¡d. Isohyets of mean December precipitation (mm) for the pre-industrial decade 
1934-43.

where tcr is obtained from tables of the distribution, sp is the pooled vari
ance estimated from the samples whose means form the difference being 
tested, and A = [(l/»0) -I- (1/n,)]'1- in whichnQ is thepre-industrial sample size 
and n, the post-industrial sample size. Any station which exhibits a diffe
rence in precipitation means, within a season and weather type, but bet
ween periods, which exceeds Acr in absolute value is taken to have a record 
which requires rejection of the null hypothesis. The two-tailed test allows 
for both enhancement of precipitation and suppression to be the effects. 
A difference in excess of Acr may occur by chance as well as because of 
industrial effects. Thus, as will be clear below, other matters such as the 
spatial coherence of stations exhibiting large differences must be taken into 
account before the conclusion is accepted that effects have been detected.

e) Least Significant Differences used in this study.
Limitations on the time resources available to us required that we 

obtain useful values of sp without calculating the estimated variances 
associated with each of the mean values tabulated in Table 4. Estimated 
variances were calculated, however, for each of the nine means at Apostag



T a b le  4.

Mean values of daily precipitation total for two seasons (a) June, and (b) December; 
two periods; five weather types; and a network of twenty stations
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Station
Number

Sample 
Size =  (n)

(a) Ju n e

Pre industrial period 
1934 —43

Post-industrial period 
1961 - 7 0

mCe
(28)

MC«
(28)

CMc
(1)

CMw
(5)

zC
(13)

mCc
(25)

mCw
(31)

CMc
(11)

CMw
(11)

zC
(9)

i 5.18 4.32 1 .0 0 12.72 1.32 1 .00 2.80 0.99 0.14 2.70
2 4.70 3.90 0 14.04 1.S4 2.57 5.64 0.55 4.91 2.98
3 4.12 4.37 0 14.97 1.70 3.01 3.89 0.59 7.67 2.91
4 3.48 4.85 0 15.30 1.50 2.24 6.69 1.25 9.89 3.40
5 3.80 3.99 0.60 13.04 1.33 2.92 5.66 0.94 8.19 3.82
e 5.51 3.09 0.90 10.94 1 .10 2 .0 1 4.03 1.70 6.72 6.87
7 3.95 3.99 0.70 7.56 0.76 1 .00 0.49 1.23 9.32 2.67
8 3.90 5.83 0 13.60 0.62 2 .8 8 4.57 0.83 6.93 2.S9
9 4.21 0.15 0.60 12.5S 1.49 1.91 4.94 0.60 7.02 2.42

1(1 7.84 9.33 0 20.00 4.08 2.50 5.84 0.87 9.00 3.07
11 2.81 3.14 6.30 14.32 3.02 1.94 3.63 1.18 7 56 4.07
12 5.47 5.45 0 15.90 1.73 2.14 4.87 1.08 10.32 1.87
13 3.02 3.99 1.80 10.90 2.30 2.02 4.00 1.54 9.45 1.74
14 4.07 4.12 1.10 14.20 1.40 1.95 3.28 1.92 4.35 1.20
15 5.27 3.08 0.30 11.90 2.21 2.21 3.72 1.58 6.35 2.39
i6 3.90 4.00 0.30 13.50 2.77 1.80 3.75 0.75 0.90 1.81
17 5.73 4.29 0.40 15.54 2.08 2.05 4.03 0.84 7.68 2.11
18 3.85 3.85 0.30 9.34 2.13 1.51 4.56 0.07 7.45 1.44
19 3.57 5.10 0 12.31 1.58 2.33 4.84 0.09 8.28 2.18
20 2.57 2.78 0 12.40 3.01 2.19 5.51 0.87 7.27 2.59

(station 12) for the pre-industrial period. The tenth estimate could not 
be made since there was only one case of CMc observed during June in 
that decade. Regression of these nine sample variances* on the nine corres
ponding means from Table 4 yields the relationship

(2 )

where P  is the mean of daily amounts, such as appears in I able 4, and s 
is the estimated standard deviation of the daily amounts. Constraining 
the relationship between s and P to pass through the origin yields the use
ful estimator

( 3 )

which was employed to obtain values of s for use in calculating Acr. The 
root-mean-square error for Eq. (2) is 2.32mm, while that for Eq. (3) is 
3.14mm.

With the means available for estimating sample variances from sample 
means, and thereby for calculating pooled estimates, sp. calculations of

*The regression was actually of the square root of the variance, s, on the mean. If daily 
precipitation amounts are gamma-distributed, then the mean should be linearly related to 
s-, but empirically the relationship of mean with sis more satisfactory in this case.
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Table 4. (Cont.)'

s ta tio n
N um ber

Sample 
Size =  (n)

(b) December

Pre-industrial period 
1 9 3 4 -4 3

Post-Industrial period 
1901 - 7 0

mCc
(10)

mCc
(38)

CMc
(«)

CMw
(19)

y.C
(17)

mCc
(10)

mCw
(38)

CMc
(15)

CMw 
1 (30)

zC
(20)

i 0.62 3.24 2.33 5.61 2.15 1.32 2.54 1.37 4.24 2.832 1.29 2.59 1.75 3.99 2.23 1.19 2.65 1.87 4.82 3.063 1.02 2.72 2.41 4.49 2.16 0.82 2.62 2.04 4.01 2.144 0.7(5 2.84 3.08 4.99 2.09 1.12 2.49 1.13 4.65 3.30
o 0.65 2.50 2.00 4.08 1.43 1.06 2.59 3.59 5.57 3.91
(i 0.73 2.04 0.75 4.19 1.51 1.09 2.25 2.91 5.96 2.807 0.71 2.10 0.80 3.47 1.82 0.81 2.48 2.05 4.78 2.35
8 1.23 2.39 0.90 4.79 1.81 1.03 2.60 2.90 5 84 2.45
y .............. 0.97 2.46 1.72 3.37 2.22 1.17 2.22 2.42 5.66 2.3710 0.67 3.35 0.10 2.95 2.5(5 1.36 3.04 3.49 5.91 2.9911 0.66 2.30 0.53 5.61 4.09 1.19 2.00 3.44 5.07 4.5112 0.56 2.15 2.00 3.52 2.45 1.39 2.03 3.93 5.69 3.5613 0.76 * 2.21 2.85 2.72 3.41 2.49 1.97 4 67 4.31 3.8814 0.2S 2.07 0.60 4.99 3.09 0.82 1.77 3.88 4.90 3.9115 0.70 2.57 2.80 3.97 3.63 1.19 2.46 4.41 5.35 3.4710 0.79 2.13 2.70 3.60 3.41 1.94 2.05 4.86 6.64 3.7117 0.63 2,11 1.50 2.84 2.50 1.14 2.20 4.45 4.55 3.43

IS 0.68 2.05 2.02 3.37 3.24 1.96 2.42 4.93 6.14 4.36lit 0.52 2.62 3.08 2.93 3.3S 2.07 2.23 4.25 6.40 3.0120 0.59
l

1.58 2.51 3.21 2.99 2.62 2.60 4.55 6 04 3.69

appropriate values of t lie Least Significant Difference were also directly 
available. Two other approximations were made in the procedure. First, 
normality (i. e. t with infinite degrees of freedom) was assumed in assigning 
values of t(r\ and second, values of sp were estimated by (3) from the mean 
of means from stations 2, 9, 12, 13, and 15. representing the four quadrants 
and the station nearest to the steelworks.

The resulting values of Acr for levels of significance of 10, 5, 2, and 1 
percent, are tabulated in I able 3. fhesc values were compared with the 
values of between-period differences in mean for each combination of sta
tion, season, and weather type, to provide a basis for deciding which diffe
rences are “significantly large”. Table 5 presents the combinations set 
aside as “large” by this procedure.

d) Results of the method of Least Significant Differences

In addition to the results in Table 5., Figure 3 displavs some of the 
results of applying the method of Least Significant Difference to the mean 
daily precipitation data from the Dunaújváros region.

from the contents of Table 5 the general distribution of values exceed
ing icr may be assessed. While these values are reasonably symmetrical 
about zero, there are several values at each tail of the distribution which



Table 5.
Summary of counts0 of inter-period differences exceeding Least Significant Differences 

for four significance levels, all weather types
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Station
Number

Significance Lev el Total Counts Total zi 1 percent
Percent

10 5 2 1 + - 4- -

i ............ 1 1
5 ............ 4- 1
« ............ — 4- 1 1 1 1
7 ............ — 1

10 ............ +  - - 1 2 1
11 ............ -i- - 1 1 1
12 ............ — 1 1
13 ............ + 1 •
14 ............ +  - 1 1
15 ............ — 1
16 ............ 4- 1
17 ............ -L — 1 1 1
18 ............ +  - a. 2 1
19 ............ 4 . 4 _ 2 1
20 ............ + 1 1

T o ta l  . . . 7 -r 2 + 4 + 13 11 4 e
4 - 1 - 3 - 3 -

a Sym bols under the columns ¡eaded ..significance level” ind icate  one count of a given sign for each 
one o f the sign simhols.

are in excess of expectation based on the normal, or /-infinite, distribution. 
For example, normality would predict only one difference exceeding Acr 
for 1 percent significance at either tail, but three negative differences and 
four positive differences are observed when all types are pooled. Compari
son of observed and expected by means of a Chi-square test for goodness of 
fit yields a value of 20.75 when nine categories are used, four at each tail. 
The value is highly significant, indicating a departure of the aggregated 
data from expected, and thus suggesting the possibility the anthropogenic ■ 
effects have been detected.

Scrutiny of Table 5 together with Figure 1 discloses no clear spatial 
coherence of stations exhibiting large inter-period differences. Drawing 
maps of inter-period differences suggests the same. Of the ten maps (2 
seasons X 5 weather types), 2 have no “large” differences (i. e. value in 
excess of the appropriate Acr for the 10 percent significance level), five 
have only one, and one has five single, isolated stations. The remaining 
two are both from type mCc. Four maps appear in Figure 3: both from 
type mCc, the one containing five isolated stations, and the map containing 
the single most significant difference (largest t), which is a difference of 
+ 5.71 at station 6 in type zC for June (/ = 3.56).



IV. Discussion

In view of the general nature of this paper, the discussion will consist 
of three parts. An evaluation of the results of the two methods used, a com
parison of the results of evaluation between methods, and a comparison 
with results obtained in similar studies.

Evaluation of the results of the classical method has already been 
presented above. Briefly it consists of the recognition that there seems 
to be a basis for asserting that industrial effects caused by the Dunaúj
város steelworks may have been detected, but that, at least in summer, 
part of the evidence may as well be interpreted as detection of effects 
due to Budapest. This tentative assertion, it should be recognized, con
siders only “highs” as anomalies, which is to say only enhancement is con
sidered to be an acceptable outcome of anthropogenic effects.

Based on the result of applying the method of Least Significant Diffe
rences, the case for detection of industrial effects may be made by pointing 
to the unexpected number of large inter-period differences compared with 
the normal distribution. In addition, association of these large differences
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F ig u re  3 /a . Values of inter-period differences (mm) for stations with differences exceeding 
least significant differences, June. Type mCc.
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F ig u re  .3/6. Values of inter-period differences (mm) for stations with differences exceeding 
least significant differences. December, '1 ype niCc.

with a single weather type (mCc) and with tlie areas to the northeast and 
southeast of the steelworks (Figures 3a and 3b) add credibility by suggest
ing that spatial coherence may indeed be present, and that a well-defined 
synoptic system plays a principal role in procuding the effects. In fact, 
removal of all “large” inter-period differences associated with type mCc 
from consideration in the Chi-square test of normality produces a value of 
onlv 11.00, which is not significant at the 10 percent level.

The case against detection of industrial effects may be made by noting 
that the large differences for type mCc, though spatially somewhat cohe
rent, have opposite signs between sumnnr and winter with no exceptions. 
Even with a carefully devised explanation in terms of the flow and micro- 
physics within the mCc type, this difference of signs would be very difficult 
to encompass. In addition, if the eastern quadrants are indeed “down
wind” for mCc, the difference at Station 1 in June (exceeding \cr for the 
2 percent level) would have to be explained since it is “upwind .

On balance, the results of the application of two methods to the data 
from Dunaújváros constitute, at best, weak evidence for detection ol indus
trial effects on precipitation due to the steelworks. In both eases, uncri-
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F ig u re  3/c. Values of inter-periocl differences (mm) for stations with differences exceeding 
least significant differences. December. Type CMc.

tical use of the metliods and their respective criteria for judgment leads 
to the conclusion that effects have been detected. It is onlv with the use 
of critical judgment, inherently subjective, that doubts about detection 
enter.

Accepting for the moment the safest judgment, that no industrial 
effects due to the steelworks have been detected, examine the implications. 
It is possible, of course, that there are indeed no detectable effects, in which 
case the conclusion is correct and no error of judgment has been made. In 
such a case, the small size of the mill is probably an acceptable explana
tion, unless one prefers the notion that steelmills are incapable of causing 
effects on precipitation rate.

If there are effects present, and a Type II (beta) error has been made, 
several explanations are available. First, the method of detection is insen
sitive or inappropriate; for example, the means for estimating s in Eq. (3) 
may be too crude. Second, effects due to sources other than the Dunaúj
város mill may be confounding or suppressing the effects being sought; 
for example, the Budapest agglomeration may be producing effects which



dominate all others through both decades analyzed. Third, the effects may 
be detectable at locations not sampled. This is unlikely, but theoretically 
possible; for example, effects may exist at stations much closer than those 
sampled in the case of a small mill.

Hobbs et al (1970) used the equivalent of the method of Least Signi
ficant Differences in trying to detect industrial effects on precipitation 
in the state of Washington and surrounding areas. They analyzed data on 
five-month totals of precipitation (November through March) for a 20-year 
pre-industrial and a 20-year post-industrial period from 131 precipitation 
stations supplemented by 59 streamflow gages in remote areas. Values 
of t for differences between periods were calculated and mapped. Their 
results showed an intriguing correspondence between localities with large 
values of I and those where prominent local industrial sources had been 
developed near the beginning of the second 20-vear period.

Hobbs et al reported a study which was similar to the one we are 
reporting in that inter-period differences of mean precipitation were 
converted to values of the statistic t in order to judge more objectively 
where industrial effects might be present. The differences between the two 
studies lie in the facts that theirs dealt with a much larger area and less 
dense network, that theirs pooled precipitation totals from all weather 
types, and that the suspected sources in Washington were wood products 
mills and smelters rather than steel mills. One other difference is that 
Hobbs et al concluded that effects had indeed been detected.*

Ogden (1969) studied precipitation data from pre-industrial and post- 
industrial periods in an attempt to detect effects due to the larger Port 
Kembla steelworks described earlier. Other than that, the principal similar
ity with our study is that Ogden concluded no effects had been detected, 
using roughly the same gaging density over a larger area in Australia. In 
reaching his negative conclusion, Ogden employed no objective statistical 
standard. In fact, his mapped variable was the ratio of post-industrial 
to pre-industrial precipitation, normalized for regional secular trend. 
Since the meaning of a given percentage “increase” or “decrease” in terms 
of actual precipitation amount depends on the base value at a station, it 
is possible Ogden overlooked effects which might have been detected by 
Least Significant Differences. Ogden did not stratify his precipitation data 
by weather type, though he made a crude stratification between “light” 
rain and other intensities.

I t is not the purpose of this part of our discussion to comment on the 
conclusions of Ogden and Hobbs et al, but merely to acknowledge that 
others have made studies which have major similarities to ours. None, so 
far as we know, has incorporated all the features of our study. All, how
ever, have found that clearcut evidence for industrial effects (and even

* All significantly large values of t in Hobbs et al (1970) were positive, and the largest 
were much larger than ours (several above 5 and one as large as G.03). Reasons for this would 
be difficult to surmise since they did not describe how their statistics were calculated in the 
detail we have done so.
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for urban effects) on precipitation amounts is elusive regardless of the met
hod for detection. Understandably, we feel the method we have reported 
stands tlie best chance of making detections if effects arc indeed present.

V. Conclusions and Recommendations

We conclude that we have successfully applied a robust and direct 
statistical method to data from a “natural experiment” to attempt detec
tion of industrial effects on precipitation amount. Though the results, and 
those from an application of the “classical” detection method, are incon
clusive for this experiment, still the case for preferring the method of 
Least Significant Differences has been presented. Application of the met
hod we describe to other regions and stronger sources has. we feel, the best 
chance of detecting whatever effects may be present with relatively small 
investment of effort. Our principal recommendation, therefore, is that inter
period differences be analyzed by means of the I statistic for data sets al
ready studied (such as those of Ogden and Hobbs t al), as well as for other 
data sets.

Kn route to our principal analyses, we have presented the case for 
analyzing data stratified by synoptic types rather than pooled, and we 
have suggested a means for assessing whether a given typing scheme offers 
the desired statistical char act erics for this kind of analysis.
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РЕЗЮМЕ

ВЛИЯНИЕ ДУНАЙСКОГО МЕТАЛЛУРГИЧЕСКОГО КОМБИНАТА 
НА ТЕРРИТОРИАЛЬНОЕ РАСПРЕДЕЛЕНИЕ ОСАДКОВ

В статье даётся обзор и критический анализ тех исследований, с помощью 
которых обычно изучается во многом спорное влияние городов и промышленных 
предппятии на распределение осадков. Авторы разраоотали принципально новый 
метод решения этой проблемы, который используют применительно к району вокруг 
Дунайского металлургического комбината. Ими обработаны данные за 10 лет до 
пуска и спустя 10 лет после пуска преприятия, полученные от 20 осадкомерных 
станции в радиусе 50 км вокруг города Дунауйварош. С помощью статистических 
методов в разбивке на 2 времена года и типы погоды авторы сравнивают изменения 
в распределении осадков в период между двумя сравниваемыми периодами. Нес
мотря на то, что путём применения традиционных методов исследования влияние 
металлургического комбината на осадки можно было бы установить, с помощью 
используемого авторами количественного статистического метода это влияние 
выявить нельзя.
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I. Introduction

Since the liberation (end of W orld War II) and establishment of a so
cialist order of society the European socialist countries have belonged to 
those countries of the world which show the most dynamic and balanced 
development in t heir economies as well. As a result of t heir rapid development 
their economic level has come close to that of the developed capitalist 
countries, and the differences between them in the level of development 
have also lessened.

In consequence of this dynamic economic growth significant changes 
have taken place in the regional economic structure of the individual co
untries and in the development levels of individual regions as well. In the 
present paper we wish to analyse — on the basis of a relatively wide range 
of regional data -  the causes and factors of the regional economic differen
tiation, the common features equally characteristic of all countries on the 
one hand, and briefly touch upon the special natural, demographic and his
torical factors whicli have lent individual features to regional development 
in these countries.

In the period when a socialist economic integration is realized ditie- 
rences in regional development levels within the countries, the presence of 
backward areas, the regional differentiation of economic growth are no 
longer exclusively internal economic and social policy questions. In this 
new phase regional economic development also has to be considered from 
the point of view of the group of countries as a whole. In our opinion it is 
exactly the development of the socialist economic integration that gives 
actuality to a quantitative, long-range comparative study of regional eco
nomic development in the socialist countries.

In the relevant international literature studies similar to our approach 
are relatively few. There are numerous objective reasons for this fact, that 
we also are going to discuss in relation with the methodological questions. 
We are convinced, however, that in spite of the difficulties encountered 
in an in te rn a tio n a l com p a ra tive  a n a ly s is , the conclusions and calculation 
results published in this paper will provide a better knowledge of the regio
nal economic problems of the country group.



II. Methological questions

I hose who analyse the differences of regional development levels 
the i egional proportions of national economy and their changes will encoun
ter methodological problems in each case.'The character of the problems 
was in our case fundamentally determined by the aim of making -  as 
much as possible — a q u a n tita tiv e  analysis of the differences of regional 
development levels. This objective has only been achieved by certain^com
promises.

As to the quantitatix e and qualitative features of differences in regio
nal development levels in the individual countries, easily available statis
tical data are found almost exclusively on the level of administrative units. 
In many cases this results in distortion within the countries, namely, since 
the administrative units generally do not coincide with the actual units 
of regional economic organization, the borders divide areas in close functio
nal unity and co-operation. For example, the industrial region of Halle — 
Leipzig which forms a single, uniform regional production complex in the 
German Democratic Republic is cut through by the administrative borders, 
and has thus a lesser role in analysing the regional differences compared 
to its actual importance. Beyond this problem comparison on an interna- 
iional scale is made difficult by the fa<t that the number of administrative 
units is highly verying, and there are considerable d iffe ren ces in  size  bet
ween the regional units of the individual socialist countries as regards terri
tory and population number. The above problem could only be overcome 
if the most important regional statistical data were available on a settle
ment level as well so as to aggregate them at will.

A further difficulty encountered during the investigations was that in 
the period in question changes in  the a d m in is tra tiv e  a rrangem en t occurred 
in a number of countries so that data referring to different times had to be 
corrected with these changes taken into consideration. Besides a shortage 
of data this fact causes the greatest problem in comparing the present con
ditions with the period preceding I960.

A difficulty still greater than the above ones is represented by the 
question of in terp re tin g  a n d  m ea su rin g  the degree o f  reg ional econom ic devel
o p m en t level. 'Pile science of economics makes comparison between the coun
tries partly by indices of value, partly by indicators in kind and so-called 
complex development level indices combined from these two and obtained 
by carious mathematical methods (e. g. factor analysis). These questions 
have lately been dealt with in manifold analyses in the relevant literature, 
so they will not be discussed here in detail. Further difficulties are encoun
tered in analysing the development level within a particular country. Of 
the different obstacles to a regional survey of production the sectora l charac- 
ter o f  s ta tis tic a l da ta  collection causes the greatest problem. Besides, even if 
development level data (value of production, income) on the regions of the 
different countries are available, they are suitable for an international com
parison only within certain limits owing to differences in their contents and 
to the distorting effect of the d iffe re n t p r i c e  system s.
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Attempts have been made in many socialist countries to measure the 
degree of regional development level. For some of them (Poland, Hungary, 
Czechoslovakia and Yugoslavia) regional national income values obtained 
with various methods (mostly assessed by indirect methods) are available.1

In spite of the above outlined methodological difficulties we are of the 
opinion that it is by all means necessary and timely to make attempts to a 
quantitative survey of the regional development. Namely, apart from the 
problems the basic quantitative characteristics of regional development, the 
most important correlations and development trends can be unmistakably 
disclosed, and have a greater probative force than any exclusively theore
tical analysis.

For an approximative assessment of the regional differences of econo
mic development levels per capita national income, this theoretically best 
founded indicator be analyised on the basis of the industrial development 
level even in those countries where regional income data have not been pub
lished at all. W ith an untiring research work data on the gross values of 
industrial production used to assess the industrial development level have 
been collected in a quantity and extent of regional breakdown unpreceden
ted in the relevant literature. Here we must by all means note that owing 
to the “gross” category an accumulation of values occurs, and consequently 
certain regions appear to be more, while others to be less developed than 
they actually are.

The fact that the level of industrial development — especially in the 
case of the socialist countries in the examined period — is adquately close 
to the level of economic development is proved by the extremely close 
correlation between the two indices:

T a b le  1.
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Correlation between per capita net product (economic 
development level) and per capita gross industrial production 

(industrial development level) on a regional scale.
(On the basis of I. S. Koropeckyj (12).)

Country Year r

Poland ....................................... I960 0,949
1968 0,939

Soviet U nion.............................. 1958 0,S9S
- 1968 0,959

Yugoslavia ................................ 1953 0,935
1967 0,976

1 Poland (17), (27), Hungary (2), Czechoslovakia (14), Yugoslavia (20). The numbers 
in parenthesis refer to the place of the source in the order of the list of references.



The close correlation between the two concepts is also proved by re
sults of numerous investigations made in Hungary. A developm ent s tu d y  
carried out at the VATI2 in which the development level of medium- size 
regions in Hungary was determined with the aid of factor analysis gave 
the following result: “The socio-economic development level in about 80 
per cent of the observed cases was in coincidence with the industrial devel
opment level, and even in the remaining 20 per cent industrial development 
was in most cases (70 per cent) the most important component of devel
opment. In the examined historical period industrial development — in
dustrialization — was the most important determinant of the socio-eco
nomic development, so we think that we were right in considering the fac
tor of industrial development level to be identical with the factor of econo
mic development level. ”

It is not so, naturally, in all countries and periods that the level of eco
nomic development shows such a close correlation with the level of industri
al development. However, due to the 7>iacroregional level of investigations, 
where attention is focussed on the main tendencies, the regional study of 
industrial development in the examined countries offers possibilities to 
disclose the main tendencies and most important correlations. The exten t 
of regional inequalities in the industrial development does not, naturally, 
strictly coincide with the regional differences of economic development 
levels in any of the countries, but such correlations — later analysed in 
detail —as t he reg iona l e q u a liza tio n  o f  d iffe re n t deve lopm en t levels the d if fe 
rent reg ional e ffec ts  o f  ex tensive- a n il in te n s iv e  econom ic developm ent or the 
correla tion  betw een genera l deve lopm ent k e e l  a n d  reejional d iffe re n tia tio n  can 
be pointed out in any case.

In the paper we used four index numbers (a —d) to measure the regio
nal differences. Of the numerous indices known from the literature we found 
them to be the most suitable to measure the regional inequalities. In our 
opinion differences in the development level must by all means be assessed 
by m ore th a n  one m ethod  in every study, because regional proportions, 
different essential features of regional levelling or differentiation can be 
disclosed only in this way.

a) H oover's  concen tra tion  in d e x
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x t = the share of area unit i  in the gross industrial production 
n , = the share of area unit i  in the population

2 Study on the general regularities of regional development V. 190 p. VATI 1970.



b) Proportions of extremes

m  —  fm a x ifm in
/max = development level index of t he most developed area (gross 

industrial production/head)
/m in  = development level index of the least developed area (gross 

industrial production/head)
»»min =  1 »»max =  +  00

c) Relative regional dispersion ( variance)
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Xj = per capita national income (value of production) on the i area 
x — the average of xf
/ ,  = population number of the i area unit (or its share from the

population)
'»’min ~  0  » 'm ax =  d* 0 0

d) Regional differences of industrial development levels brolen down to com
ponents

The industrial development level of a given region (industrial produc- 
tion/population) is equal to the product of the degree of industrialization 
(industrial workers/population) multiplied by the industrial productivity 
(industrial production/industrial workers). In short:

Let us use the following index of regional inequality

where i—) and i—) are the averages of the respective indices (in- 
(xVjl U TJ2

dustrial production/head) of regions above and below the average devel
opment level

»»min =  1 »»max =  T  00

Using the above correlation v inequality can be written down as
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in short

The logarithm of r inequality index: log i: can also be considered as an 
inequality index (owing to the monotony of the logarithmic function). 
Thus:

On the basis of the correlation thus obtained, the values on the right 
side of the equation (log r,-; log r() expressed as a percentage of the left side 
(log Vf) give the extent to which the regional differences of industrialization 
or industrial productivity determine the regional differentiation of the in
dustrial development level. We may obtain a negative value for some of 
the members on the right side; this means that the given factor (in our 
calculations it is the industrial productivity) shows a regional picture oppo
site to what the other component (degree of industrialization) shows, and 
reduces the regional differences of the latter.

III. Common features of the emergence and change of regional diffe
rences in the examined countries

On the basis of empiric investigations covering several, mostly capi
talist countries it now can be considered as proved that between the level 
and regional differentiation of economic development there is a definite, close 
correlation.3

These investigations have revealed that the regional differences of eco
nomic development levels are the greatest in countries with a poor —to 
medium development level, while the most backward countries as well as 
those at the highest stage of development are regionally much better le
velled. If  we study the same correlat ion in time, in the course of the econo
mic development of a country, we shall probably find that in the precapi
talist phase the development is even, regional differentiation starts with the 
evolvement of capitalism and generally reaches its maximum when the capi
talist production system is in full force. Following this period the differen
ces of regional development begin to decrease at a rate depending naturally 
on the geographic-, economic-, social-, historical- and demographic charac
teristics of the country in question. The developed capitalist countries have 
gone through these stages of regional development almost without exeep-

3 Seep. g. Nemos Nagy J . (15),.J.O. Williamson (2ti), I.S . Koropeckyj (12).



tion. In spite of some similar features and processes the situation differs 
in many respects in the socialist countries. The greatest difference rises 
from the different terms ot production and within this from the introduc
tion of planned economy. While in the developed capitalist countries paral
lel to a regional levelling totally new types of the so-called “problem re
gions”, full of contradictions appeared (depression areas, overdeveloped 
superconcentrations), in the socialist countries the latter have so far been 
prevented from showing up. The superiority of the socialist system of pro
duction is suggested also by the fact that of capitalist and socialist countries 
of nearly the same level of economic development (e. g. Italy, Spain, Fin
land on the one hand, Hungary, Poland on the other) the latter generally 
show smaller regional disproportions.

Further on we are going to analyse first the common features of re
gional development, and discuss only then some special characteristics 
of the individual countries.

From various series of regional data it can be established that before 
World War I I  regional disproportions were extremely great in the exami
ned countries. Out of the undifferentiated, undeveloped agricultural en
vironment a few larger cities and industrialized areas emerged like islands. 
Even in the German Democratic Republic and Czechoslovakia — today 
showing the most balanced pattern of regional development — developed 
and backward regions could be distinguished. In the thirties per capita 
national income in Slovakia was less than half of that in Bohemia. Today 
the difference is only 25 per cent. In Hungary regional differences in the 
personal incomes were in that period approximately four times greater 
than they are today, and even in the industrial development level twice as 
much as at present. Similar differences are suggested by Polish data. In 
the south-eastern European socialist countries industry was totally absent 
in large areas, and while in some regions capitalist economy had made a 
considerable progress, in many places feudal conditions hindered the devel
opment of economy.

In the period of reconstruction following the liberation objective rea
sons prevented the reduction of regional differences. In that period the 
main task was to restore the production means of the earlier important 
economic centres; the development of the socialist big industry was then 
based on them. Numerous data suggest that until the mid-fifties regional 
differences further increased. In the extensive phase of economic develop
ment, when the foundations of heavy industry were laid down, the charac
ter of the sector offered little possibility for a purposeful decentralization 
of production forces, and for the reduction of differences in development 
levels.

Regional levelling becomes dominant in the period of switching over 
to an intensive development of economy, after the foundations of socialism 
have been laid down.

When examining the regional proportions and development level of 
industry, the decisive element of economic development, we find that it 
was a rise in the level of industrialization (proportion of those employed
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in industry, number of industrial establishments) on the rural areas that 
played the most important role in equalizing the economic development 
levels.

On the basis of our investigations it can be established that the regio
nal differences of the industrial development level are even today decisively 
determined by the regional differences of the degree of industrialization. 
In the case of two countries — the German Democratic Republic and 
Poland — regional differences in industrial productivity moderate the 
scattering of industrialization, in the other countries they act in the same 
direction. This is related with the fact that in the case of the German De
mocratic Republic and Poland in the traditional industrial areas labour 
intensive branches (e. g. textile industry) are predominant, while several 
modern, dynamic, not labour intensive industries (first of all petroleum 
chemistry) have been located almost exclusively on earlier undeveloped, 
not industrialized areas.

Reside a systematic decentralization of industry the socialist reorga
nization of agriculture played an important role in decreasing the regional 
disproportions in most countries. As a result, the profitability of agriculture 
has considerably increased, its development level is approaching to that 
of industry, moreover, the released labour force has created one of the most 
essential conditions of industrialization. In the examined countries in
dustry and agriculture generally show opposite trends of development, 
(correlations between the regional development levels of the two sectors: 
Albania (1070): —0,29; Hungary (1070): —0,40; Romania (1074): —0,25), 
consequently the indices of regional levels computed on the basis of their 
joint production value show a smaller variation than the values obtained 
for each of them separately.
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Table 2.
Regional differences of industrial development levels broken down to components.

(For d a ta  used in the table see Table 3.)

Contribution % to the inequality
by regional differences in tlie

Country Year Degree of
inequality

degree of industrial
industralization products ity

German Democratic Republic . . . 1974 1.38 112.1 -  12.1
P o la n d .............................................. 1974 1.54 111.4 -  11.4
Czechoslovakia................................ 1974 1.53 94.5 5.5
Hungary .......................................... 1970 2.44 74.3 25.7
Romania .......................................... 1974 2.45 80.0 2.0
Yugoslavia ...................................... 1974 1.95 67.0 33.0

Development in the past 30 years was accompanied by an extremely 
intensive regional migration of the population in all countries (though in 
the more developed countries its rate has lately decreased), mainly from



the villages to the cities, and from the undeveloped — mostly agricultural 
-  areas to the industrial ones. In spite of this, it was a shift of proportions 
in the means of production, in the regional distribution of the produced 
value rather the changed regional arrangement of the population that 
regional levelling has resulted from in the first place. This is related not 
only with the fact that under the conditions of planned economy invest
ments can he relatively quickly mobilized, but also with the sharp reg ional 
d iffe ren ces in  the n a tu r a l  increase  o f  p o p u la tio n , particularly in the south
eastern European countries. While in the most developed urban zones the 
birth rate fell, in the undeveloped areas it became stable at a level corres
ponding to the earlier high death rates. So, in the developed areas the gap 
between birth- and death rates has disappeared, and the growth of popu
lation is in many places only ensured by immigration. At the same time, 
natural increase in the undeveloped areas at places is by far higher than 
the national average in spite of losses caused by migration. This sharp 
demographic contrast is, for example, one of the reasons why in Yugoslavia 
practically no progress is made in eliminating regional disproportions. The 
regional distribution of population is most stable in the German Democ
ratic Republic, which is related with the extremely low population growth 
resulting from the peculiar demographic and political situation.

The econom ic co -opera tion  of the socialist countries4 creates favourable 
conditions for regional development especially in the intensive phase of 
economic development. The new conditions produced by the integration 
have made it possible to put an end to the exclusive attachment to inner 
possibilities. Within this process primary role is played by the economic 
relations established with the S o v ie t U n io n , which in many countries have 
brought clearly perceptible changes in the regional structure — the most 
stable element of economy — in a comparatively short time. These rela
tions have played an important — though naturally not exclusive — role 
in sh if t in g  the economic centre of gravity of many countries eastw ards, 
which at the same time -fortunately-coincides with the increased devel
opment of the most backward areas. It is perhaps enough to refer here to 
the rapid development of Slovakia, the Great Hungarian Plain of the Bul
garian seaside zone.

The data of Table 3, and 4. show the changes of regional development 
level differences in time. On the basis of the processes briefly characterized 
above and numerically expressed in the tables it can be established (and 
supported with concrete data in the subsequent chapter discussing the pe
culiarities of regional development in the different countries) that in the re
gional differences of economic development levels considerable levelling  
has taken place since World War II, especially in the economically more 
developed European socialist countries. In the socialist countries of South- 
East Europe the process of e q u a liza tio n  h a s  also started  (and will probably 
remain a lasting tendency in the future).

4 See e. g. I. M. Majergojz (13), and reference (21).
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Table 3.
Regional differences of industrial developm ent levels in the E uropean socialist countries

(Hoover’s concentration indices)
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Country GDK Czecho-
slo\akia Poland Hungary*5 * 7 Romania Yugo- 

sla\ ia c Bulgaria Albania

Number of 
regional units 13 12 19 20 40 7 28 20

1950 ___ 15.05 35,9 27,05c
1955 ___ 13,4 - 29,2 — — 22,0 — 26,55
1960 ___ 12.2 15.75“ 24.45 31,1 — 17,7 20,45 22,35
1965 . . . . 10,85 14.9 21,0 27,0 24,55 15,0 27,45 19,75
1970 ___ 9,25 13,25 17,35 21,2 23,5 16.2 23.3 17,75
1974 ___ 7,9 12,5 15,35 “ 22,0 15,55 26.85^ —

«) 1961 figure; 6) on the  basis o f corrected  national incom e produced l>y Industry ; r) on tlie basis of 
national incom e produced in  industry ; d) l'J7:i figure; >■) estim ate. W illi tl.e exception o f H ungary  and Yugo
slav ia  d a ta  have beet ico n t pitted on th e  basis o f per c ap ita  gross industria l production . The regional un its  
used were in till countries medium-level adm in istra tive  u n its  corresponding to the  H ungarian counties (except 
in  Yugoslavia, where d a ta  of the  federal republics and autonom ous regions were used.5)

Table 4.

Ratios of industrial developm ent level extrem es at tlie earliest 
and latest dates

(For data used see Table 3.)

Country Year Max./Min.

G D R 1950 6.37
1974 2.95

Czechoslovakia 1901 3.S3
1974 2.06

Poland 1950 13.16
1974 3.37

Hungary 1960 13.53
1970 6.24

Romania 1955 12.36
1974 11.55

Yugoslavia 1955 5.77
1974 8.79

Bulgaria 1960 24.58
1973 23.33

Albania 1960 23.75
1970 12.13

5 The data contained in the table have been computed by the authors with t he utili
zation of regional statistics found in references (1), (2). (5), (9), (17), (19), (20), (22). (25),
(27).



Our data also reveal a negative correlation between the level of devel
opment and the size of regional differences in the individual countries at 
the begining of the seventies. The most developed countries (German 
Democratic Republic, Czechoslovakia) are regionally much better balan
ced than the southern group of countries. The same correlation can be read 
from Figure 1. which shows the distribution of administrative units accor
ding to the level of industrial development. The greatest dispersion for the 
area units are found in Bulgaria, Albania and Romania; frequency histo
grams for Poland and Hungary show a transition towards the German 
Democratic Republic and Czechoslovakia. (Data for Yugoslavia are not 
included because of the small number of the regional units — federal re
publics — used, but our investigations have revealed that when broken
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1. Figure
Histogramm of regional industrial development levels in  latest years. Abscissa: classes 

of industrial development levels(average= 100); ordinate: number of regional units. Source 
see footnote of table 3.

11 ANNALES — Sectio Geoftrapl.ica — Tomus XI —XII.



down to a larger number of smaller units Ibis country shows a relationship 
in this respect with the socialist countries of South-East Europe which are 
on a similar level of economic development.)

The similar results of the chronological study and cross-section analy
sis excellently model the deep correlation between chrono log ica l succession  
and te rrito r ia l a d ja cen cy . Of course, it is not a simple correlation between 
space and time, as the forms of material existence; differences in the level 
of economic development in time (within a country) and space (between 
countries) create the possibility of analogy.

Now, before giving a detailed analysis of the individual countries we 
think it important to call attention to the fact that in spite of a demonstrab
le levelling having taken place or started in regional development levels in 
version  in the development of regions has not occurred in any of the social
ist countries. Areas above the average level of development and those be
low are the same as before the liberation in almost all countries, only the 
disproportions are smaller. Remarkable progress has generally been made 
in regions earlier showing a poor to medium development stage and not in 
areas at the bottom of the development order. The development level of 
the most backward zones has generally been raised higher by the conspicu
ously rapid progress of a smaller area or city. This phenomenon reflects 
the common policy of regional development — mostly based on industri
alization —, concentrated decentralization. As a whole, it can be establish
ed that a thirty-year period is not long enough to fundamentally change 
the reg iona l structure, this element of the economic structure considered 
to be the m ost stable  of all.

Prior to characterizing the individual countries it seems to be useful 
to briefly outline the present differences of regional development from the 
point of view of the c o u n try  g ro u p  a s  a w hole: this provides a basis of com
parison for the characterization of the individual countries.

T h e  E u ro p e a n  so c ia lis t co u n tries  do  not fo r m  a  hom ogenous g ro u p  as  
regards the ir deve lopm en t levels. They usually are divided into tw o categories 
of economic development. One of them includes the developed northern 
countries — the German Democratic Republic, Czechoslovakia, Poland 
and Hungary —, the other the less developed socialist countries of South- 
East Europe. As regards the per capita national income there is a difference 
of 35 — 50 per cent between the two groups. This difference is now much 
smaller than it was before World War II, due mainly to the outstandingly 
rapid economic growth in the southern socialist countries and something, 
that can be traced in all branches of their economies.

Between the development levels of the m o st developed  (GDR) and 
least developed  (Albania) European socialist countries the ratio was at 
the beginning of the seventies approximately 1 : 4.5 on the basis of various 
economic development indices. If only the COM EC'ON countries are taken 
into consideration the relation of GDR —Romania is 1 : 3. Owing to the 
rapid progress of the southern socialist countries the difference was further 
reduced by the mid-seventies.
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T h e  d iffe ren ces are m uch  greater i f  we a lso  consider the in n e r  regional 
d iffe re n tia tio n  o f  these coun tries . Accordingly, between the most developed 
regions of the German Democratic Republic (Leipzig — Halle) and the most 
backward ones in the south-eastern European countries (Kosovo — Metohia, 
Albanian Highlands, North-East Romania) the development ratio is about 
1:14. This means that in the most developed areas of the German Democ
ratic Republic per capita gross national product was 2800 dollars0) while 
in regions at the opposite pole about 200 dollars in the early seventies. In 
connection with these data two things must by all means be emphasized: 
first, owing to the difficulties of an international comparison they are only 
estim a tes  o f  in fo rm a tiv e  character, secondly, they refer to va lues p roduced  in  
a given  area , and the income used  u p , or consumed in the area, and even 
more so the population’s l iv in g  s ta n d a rd s  in a wider than purely material 
sense show much smaller differences due to a social policy of socialist cha
racter (though, naturally, these differences are not independent — cannot 
objectively be made independent — at all from the regional distribution 
and level of production).

Here we have to note that regional levelling is a tendency not only 
necessary because of its social aspects, and desirable for the general living 
standard owing to the socialist character of society, but also important 
from an economic point of view. Regional inequalities, imbalances of la
bour demand and supply, overconcentration of population, large-scale 
communitation, extreme demands of transportation — all impose a consi
derable burden of surplus expenses on the national economy.

At the same time, it is by all means necessary to emphasize that in 
many cases a temporary increase in the differences of development levels 
cannot be unequivocally qualified as a negative phenomenon either.The 
dialectic character of regional development manifests itself in the very fact 
that, on the one hand, economy can be simultaneously characterized by a 
tendency of equalization on a given level of aggregation (e. g. between 
meso-regions) and differentation at another level (e. g. between settlement 
categories), on the other hand, a temporary increase in the development 
differences may occur in a phase of levelling as the main tendency. There 
are many examples for these correlations in the different countries.

The examined countries have the common feature of certain urban 
districts showing outstanding development levels com pared  to th e ir  su rro 
u n d in g s  (the most typical example of this phenomenon is Bucharest). As 
regards the country groups as a whole a peculiar zonality can be observed. 
With the increase of distance from the outstandingly developed GDR- 
and Czechoslovakian regions considered to be the economic core of the 
country group there is a succession of zones of decreasing development 
level (with the exception of a few large towns). To the east and south the 
level of development is found to be lower and lower, and the peripheral 
areas are the most backward (except the generally narrow seaside zone). 6

6 Estimated on t he basis of World Bank data found in reference (24).
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At the same time, no similar zonal character can be pointed out with cer
tainty in the natural resources.

In the development of regional differentiation in the European soci
alist countries the main role was played by historical, social and demograp
hic factors, as can be established bv analysing the historical pathway and 
demographic features of the individual regions, and the population’s com
position by nationality.

The same socialist pattern of society, the close, mutually advantage
ous economic relations have created — the first time in the history of these 
countries — the basic conditions of a proportional regional development, 
which in the years to come will certainly continue at a rate and in a way 
modified by the local circumstances, and remain one of the essential con
ditions and motives of a further increase of economic efficiency and public 
weal.

IV. Peculiarities of regional economic development in the 
individual countries

The next thing we are going to do is to examine now and why the re
gional economic characteristics in the individual European socialist coun
tries differ from the earlier described common features. We do not aim at 
giving a detailed analysis of the characteristic processes; our purpose is to 
discuss mainly further conclusions drawn from the series of regional eco
nomic data (index numbers) that we made use of.7

G erm an  D em ocra tic  R ep u b lic

T h e  G erm an  D em ocra tic  R e p u b lic  is  econom ica lly  the m ost developed o f  
a ll so c ia lis t coun tries . For this very reason the analysis of its regional devel
opment — besides providing a knowledge of the peculiar features of the 
country — offers the possibility to draw conclusions on the regularities 
which characterize the regional development of economy in a socialist 
country at a higher level of economic development .

As seen from the tables of all European socialist countries the m ost 
balanced regional p a ttern  is shown by the German Democratic Republic 
in spite of the fact that developed (southern) and less developed (northern) 
regions can be clearly distinguished on the territory of the country. In the 
German Democratic Republic, formed in 1949 marks of the regional in
equalities of prewar Germany showed up sharply. Industry was concentra
ted first of all on the southern areas, development in the northern part of 
the country was greatly hindered by the absence of industry, and the com
parative backwardness of large estats specialized in extensive plant grow
ing.

7 There is valuable information about regional development in the different countries 
in the following references: (4), (6), (7), (8), (11), (10), (18), (23), (24).
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The economic growth, and within it the regional development of the 
German Democratic Republic was determined by the fact that reserve 
o f  ex ten sive  econom ic grow th  created by the great structural restrafieation 
u ere  almost totally depleted  by the early sixties. I t  is due to the peculiar 
demographic conditions on the one hand, and to the higher economic level 
on the other, that in the German Democratic Republic the role played by 
the change in  the reg ional d is tr ib u tio n  o f  p o p u la tio n  in the regional levelling 
up was even less important than in the other socialist countries. Modifi
cations in the regional proportions were primarily caused by the decentra
lization of industry, although the land reform and the socialist reorganiza
tion of agriculture played a significant role in the development of the nort
hern areas. Regional levelling in the German Democratic Republic was 
substantial in the period examined between 1950 and 1974; regional diffe
rences in industrial development were reduced nearly by half (Table 3.). 
The approach is reflected by other indices of inequality too. Levelling up 
was tiie most rapid between 1960 and 1970 in spite of the lower rate of 
economic growth characterizing this period compared to the previous ten 
years. The example of the German Democratic Republic confirms that in  
the phase o f  in te n s iv e  econom ic deve lopm ent the role o f  a p u r p o s e fu l  reg ional 
deve lopm en t increases.

As a result of the rational exploitation of local conditions levelling  
u p  w as not acco m p a n ied  by  the hom ogeniza tion  o f  the sectoral s tru c tu re  o f  
regions, on the contrary, it has promoted the right specialization. In the 
case of the German, Democratic Republic in the development and progress 
of the new industrial disticts a highly important role was played by the 
country’s participation in the international labour division, in the CO
MECON integration. (The petroleum chemistry complex in Schwedt, 
GDR — Polish borderline co-operation, etc.) These recently formed indu
strial districts of the German Democraatic Republic are characterized by 
higher-than average productivity and low labour demand. I t  is a conse
quence of this that the regional differences of industrial productivity reduce 
the differences in the level of industrialization.

The fact that regional problems in the German Democratic Republic 
are not as serious as in other countries is related with the high development 
level of the netw ork o f  se ttlem en ts, first of all of the small- and medium towns, 
as a consequence of which the vertical differences of development (between 
settlement types) are much smaller than in Hungary.

C zechoslovakia

In Czechoslovakia the sh a rp est d iv id in g  lin e  as regards the level of eco
nomic development can  be d ra w n  between the tw o large p a r ts  o f  the c o u n try :  
B o h em ia  a n d  S lo v a k ia . Changes in the differences of development are shown 
by the data of Table 5.

It is an extremely important economic policy conception fundamen
tally determining the increased development of the Slovakian areas that 
the regional disproportions of development levels and the living standards
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Table S.
Decrease of difference in the level of development 

between the two parts of Czechoslovakia
[on th e  basis o f (10) and  (15)]
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Share of Slovakia From the national 
income (%)

The national income 
per capita, as a per
centage of Bohemia

1929 ........................ 15.0 50.8
1937 ........................ 15.0 54.4
1950 ........................ 19.S 60.4
1955 ........................ 20.7 02.5
I960  ........................ 23.5 70.9
1965 ........................ 24.3 71.S
1970 ........................ 20.7 7S.S
1972 ........................ 20.7 78.0

of population between the two parts of the country cannot be decreased in 
the long run by regrouping the produced national income in favour of the 
undeveloped areas; any reduction in the differences can only lie achieved 
by the elimination of disproportions in the p roduction  o f  the n a tio n a l i n 
come.

The development of S lo v a k ia  is favourably influenced bv its a d v a n 
tageous econom ic-geographic s itu a tio n , first of ali by the vicinity of the So
viet Union, although owing to the central position of Czechoslovakia the 
socialist economic integration may play an extremely important role in 
the regional development of the whole country, too (border areas, ex
change of labour, etc.).

1 here are, naturally, differences in development levels even within 
the two parts of the country. As to the economic districts the Bohemian 
part is more homogenous, the rate of development, on the other hand, 
is higher in the Slovakian regions. From this point of view the Bratislava - 
and East-Slovakian districts are remarkable (e. g. petroleum chemistry in 
Bratislava, metallurgy works in Kosice). As a result of the different growth 
rates considerable levelling up can be pointed out between the economic 
districts. Owing to the shorter series of data (Table 3.) it is only supposed 
that after World War IT the differences were greater and the rate of equali
zation lower in Czechoslovakia than in the Oerman Democratic Republic. 
At the same time, the extremes here are the smallest of all European so
cialist countries. It is mainly due to the fact that the c a p ita l of the country 
is  not the o n ly  rea lly  im p o r ta n t econom ic centre. In consequence of the diffe
rentiated demographic conditions the regionally varying growth of popu
lation has played an important role in modifying the differences of regional 
development levels.

In Czechoslovakia regional development is definitely not a mere eco
nomic question, but owing to the distribution of nationalities a fundamen
tal problem of social policy.



P o la n d

After World War II regional development in Poland was characterized 
by a tw o -w ay process. On the one hand, reconstruction and socialist industri
alization brought about a rapid development in the more developed areas, 
at the same time, owing to changes in the frontiers new areas had to be 
integrated within the national economy. Poland was in 1050 and is even 
today characterized by an intensive location and regional concentration 
of industry. The Polish lowland occupying a large part of the country, the 
laky table-land and the seaside — except the big ports — were economical
ly undeveloped, owing to the unfavourable natural conditions and the back
wardness of the Prussian course of large estate system. Although the num
ber of voivodships in Poland (before the 1975 reform of public administra
tion) was hardly larger than that of the administrative districts of the 
German Democratic Republic, the regional differences of industrial devel
opment levels at the beginning of the examined period were about twice as 
large. This difference in regional heterogenity between the two countries 
has practically lasted until now, though intensive and rapid rate levelling 
up has taken place in Poland, too. However, it is not the northern and 
southern regions that show remarkable differences in Poland; the country 
can  be d iv id e d  in to  tw o areas o f  d iffe re n t deve lopm ent level by a d ia g o n a l o f  
north-w est —sou th -east d irection . Levelling has not eliminated, only diminish
ed the regional differences caused by the uneven distribution of natural 
resources and the great difference in historical development between the 
individual parts of the country.

In Poland demographic movements on a scale almost unprecedented 
in the history of the country took place during the period of building the 
socialism. At the beginning of the period they were in the western part of 
the country in consequence of changes in the frontiers, then from the fifties 
people moved from the villages to the towns mostly for economic reasons. 
I t is also a peculiar feature that the number of a g r ic u ltu ra l p o p u la tio n  has 
remained almost unchanged, that is the possibility of growth determined 
among all production factors by the labour force was provided in conse
quence of the demographic wave, by those employed newly rather than by 
the regrouping of branches. For the very reason of the large number of 
potentially mobilizable labour force Poland has not even now arrived at 
the intensive phase of economic development.

Beside the demographic movement changes in the regional distri
bution of industrial production have also played a very important role in 
the process of levelling. Particularly rapid development characterizes the  
seaside  zone  and the sou th -eastern  voivodships. In their dynamic develop
ment a key role was played by the favourable geographic situation and by 
recently explored natural resources. We may mention as an example the 
Rzeszow voivodship where the level of industrial development was only 36 
per cent in 1950 and 83 per cent in 1974 of the national average.

In Poland the developed network of cities created a favourable basis 
for regional development. The urban industrial agglomerations show an
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intensive areal extension, first of ail the Warsaw agglomeration where the 
growth of industrial production is twice the national average.

From the national income data published for the sixties and used in 
numerous excellent studies a double tendency can be read. If the five cities 
empowered with the rights of a voivodship are reckoned with the respec
tive voivodships, the data reflect a regional levelling. However, with these 
cities considered separately we find that levelling  has m o stly  resu lted  fr o m  
the o u ts ta n d in g ly  f a s t  progress o f  the big c itie s  (f i r s t  o f  a ll W a rsa w ), and 
within the given voivodships the differences between the central city and 
the countryside has slightly increased.

H u n g a r y

Tn Hungary the basic regional differences arise from differences be
tween the c a p ita l a n d  the other p a r ts  o f  the. co u n try . The regional variation of 
all economic and social indices is influenced in the first place by the rela
tion of Budapest to the countryside.

The single-centred economic structure characterizing the country evol
ved  s t i l l  i n  the second h a l f  o f  the la st c e n tu r y , but it was after the modifica
tions of the frontiers following World War I that disproportions became 
very sharp. Reconstruction after World War II promoted in Hungary — 
like in the other socialist countries — the development of the traditional 
old industrial districts in the first place, most of the new socialist cities 
were also built in or near the developed zones. The question of regional 
inequality first became extremely pressing in the second half of the sixties. 
T h e  com p a ra tive  overdevelopm ent o f  the c a p ita l (Budapest’s great economic 
weight in the country — almost unmatched in the world, not to mention 
the other functions), the labour shortage increasing in spite of the great 
inflow of population indicated that investments increasing the labour force 
were no longer to be ex pected here. The effects of the new system of economic 
management introduced in 1969, and the objectives of regional develop
ment which began to take shape favoured the decentralization of produc
tion. Since the labour reserves have practically been reduced to a mini
mum all over the country, and bv the seventies agriculture ceased to be a 
labour-releasing branch, economic growth is only possible through the 
saving of labour force and increasing the productivity increasing in the 
whole country.

T h e  m ost im p o r ta n t in d u s tr ia l zone o f  the c o u n try  h a s evolved in  a so u th 
w est-northeast d irection  a long  the m o u n ta in  regions. Beside the large process
ing plants the most important coal-fields, bauxite resources of world im
portance, manganese, and recently discovered copper deposits (planned to 
be exploited in the near future) are found here. The importance of the zone 
is increased by the fact that the capital of the country is situated in the 
centre of this region with its agglomeration including expanding heavy 
industry centres.

The industrialization of the countryside gained momentum on the local 
basis of labour force after the collectivization of agriculture. Apart from
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the centres of food- and building material industry, which exploit the local 
potentialities, the most dynamic branches of chemical industry (mostly 
based on row material imported from the Soviet Union) have played the 
major role in the development of (mainly lowland) regions earlier almost 
completely without industries, in the eastward shift of the economic centre 
of gravity , and in the moderation of regional differences.7

A great contribution to the rise of the backward areas was made by 
the socialist agricultural secto r, manifest in the agricultural incomes reach
ing the income level of industry, in the increased yield averages and the 
introduction of agricultural production system.

Owing to the peculiar geographic situation of the country, and the 
determinative character of foreign trade relations economic co-operation 
with the socialist countries is of outstanding importance; its most important 
regional effects are felt in the location of industries based on imported fuel 
and raw material, the joint development of border regions, the intensive 
improvement of land- and water communication lines and in a complex 
environment protection work.

Yugoslavia
Among the European socialist countries Yugoslavia struggles with the 

most serious regional problems due to dee]) divisions in her historical and eco
nomic past.

The regional peculiarities and the objectives of regional development 
in Yugoslavia are stiretly determined by the fact that each of the federal 
republics has inherited a different economic structure and development level. 
For this very reson regional analyses are generally made on the level of 
federal republics and autonomous regions in spite of the fact that the 
“obscines” are the units of social- and political self-government. Detailed 
series of data are available for a long period on both level and aggregation.

In Yugoslavia — as shown by various indices — the gap between the 
most developed northern republics (Slovenia, Croatia) and the most b a c k 
ward southern areas (Kosovo, Macedonia) has not practically been reduced 
in the past thirty years. After a period of stagnation regional dispersion of 
per capita national income has even increased by the middle of the ’70s.
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Table G
Differences of regional development levels in Yugoslavia

(on the basis of 20)
Regional variation of per capita produced national income (%)

1953 30,2
1955 34,3
1960 36,2
1965 36,5
1970 35,8
1974 39,2

7 The subject is dealt with in detail by Bartke 1. (3).



Besides the onerous legacy of the past this increase of differences is 
also the consequence of an unconsidered regional development policy. Its 
deficiencies have been further increased by the great variation in the em
ployment level and demographic features, as well as by the difficulties aris
ing from the peculiar structure of the state. Yugoslavia -  like most soci
alist countries — gave preference to the development of heavy industrv 
The intensive development was only partly accompanied by the decentrali
zation of industry, because the larger part of the new establishments were 
also located in the industrially more developed Slovenia, Croatia and North- 
Serbia. Considerable forces are tied up even today in establishing the in
frastructure in the backward areas. I he decentralization of industrv would 
have made a higher degree of levelling up also possible, but the great di
versity of demographic conditions in the different parts of the country ac
ted in the opposite direction. Economic growth is unable to keep pace 
with the increase of population in the southern areas.

Regional differences in the industrial development level were determi
ned -  though to a decreasing extent -  in the period between 1955 and 
1974, too by the regional variation of the industrial employment.

When making investigations on the level of mesoregions we find that 
even in the northern parts developed and less developed areas clearly stand 
apart. Even Slovenia cannot be regarded as a region with a uniformly 
high level of development: the western part of the republic, and first of 
all the district of Ljubljana exceeds by far the Maribor- and Celje districts.

O n the level o f  fe d e ra l repub lics d iffe ren ces in  deve lopm ent levels are f i v e 
fo ld , while between the “obseines” even fortyfold differences can be found. 
Regional differences form a contrast partly between north and south, part
ly between mountains and seaside.

In spite of large-scale development large, continuous, complex indu
strial districts have not developed so far. The industrial forces of produc
tion are even now characterized by an extremely high degree of settlement 
concentration. The strengthening industrial centres, mostly emerging like 
islands from their surroundings, may in the long run have a favourable 
influence on their environment. The higher than average development level 
of the Vojvodina Autonomous Region suggests that development is not 
exclusively linked with the process of industrialization: through the proper 
utilization of local potentialities a mostly agricultural area may just as 
well rise to the top.

R o m a n ia

T h e  c o u n try  is  d iv id e d  by  the C a rp a th ia n s  in to  tiro p a rts  d iffe ren t in  the 
level o f  developm ent: the inner areas are more developed, in the outer zone 
the capital and the dynamically developing seaside emerge from an under
developed background. Besides the varied natural conditions the different 
courses of historical development are also reflected in these features of re
gional structure. Before the liberation the larger part of the country could
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be characterized as a backward agricultural area of extensive cultivation, 
except for a few larger industrial centres.

The analysis of the regional development in Romania after the libera
tion is made difficult by the fact that considerable changes have taken pla
ce in the pattern of public administration, and while there is a wide range 
o f data available the period examined is restricted to the years between 
1065 and 1074. This period id characterized by an extremely rapid econo
mic growth built on extensive bases. This type of development — as shown 
by the model of the more developed socialist countries -  generally does 
not promote the modofocation of regional proportions.

Between 1965 and 1074 no substantial levelling occurred in Romania, 
though the values of indices characterizing the differences of development 
levels were not too high. Another peculiar feature of the regional develop
ment of industry was that in the above mentioned, relatively short period 
considerable changes took place in the regional distribution of industriali
zation and productivity. In 1974 the varying conditions of employment 
were only responsible to about 80 per cent for the differences in the level 
of development.

In Romania equalization was hindered by the extreme differentiation 
in the distribution of population, and the relatively low movement of po
pulation due partly to the composition of nationalities. The decisive factor 
in starting levelling on a regional scale was a comparative decentralization 
of production rather than the migration of population. To relieve the high 
regional and settlement concentration of industry remains, however, a 
crucial point of development policy in Romania.

T a b le  7 .
Changes in the importance of the traditional industrial centres in Romania after I9G5

[on th e  basis of (1)]
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Share from the total of the country
19Ö5 1974

industrial
gross

production
industrial
workers population

industrial
gross

production
industrial

workers population

Bucharest ................... 17.8 18.0 7.0 17.5 10.0 8.0
B ra s o v ......................... 0.3 0.2 2.3 0.4 5.5 2.4
P ra h o v a ....................... 7.0 0.3 3.7 575 5.2 3.7
H unedoara................. 0.2 5.4 2.5 3.8 3.5 2.4

Total ........................... 37.3 35.9 10.1 33.2 30.2 10.5

For the development of the southern areas exceedingly favourable 
conditions have been created by the changed political situation, the possibili
ty of co-operation with the neighbouring countries. It is enough to think of the 
internationally almost unparallelled joint Yugoslav —Romanian construc
tion of the Iron Gate power station; similarly good examples are the



Galat metallurgy centre based on relations with the Soviet Union, and the 
internationally important sea-port development. The decreasing impor
tance of the traditional industrial centres shown in Table 7. is connected 
first of all with the development of these southern areas. The northeastern 
part of the country — one of the most backward areas — still remains to 
be raised to a higher level of development. The influence of the new centres 
based on the exploitation of natural resources and the favourable geograp
hical situation is expected to grow and by the gradual utilization of the 
agricultural labour pool provide further possibilities for a regional levell
ing.

Bulgaria

Before the liberation this country of South-Europe was also characte
rized by an extreme socio-economic backwardness. More than 80 per cent 
of the working population were engaged in primitive agricultural work. 
Industry was concentrated mainly in the central part of the country, based 
on cheap labour. In contrast to the light industries, the exploitation and 
processing of the rich natural resources were at an initial stage, so that 
regions abounding in raw materials, first of all the border regions (Dobrudz- 
ha. Rodope, South-West Bulgaria) were almost totally without industry. 
The problems were made even more serious bv the low development level 
of the infrastructure, and the limited capacities of harbours and railways.

in Bulgaria great efforts have been made to the development of eco
nomy, the growth rate of industrial production was higher than in the other 
socialist countries: an annual 13,3 per cent between 1950 and 1959, and 
somewhat lower, though still rather high — 10,2 per cent — in the subse
quent decade. Tt was important for the regional proportions too that great 
emphasis was laid on the exploitation of the natural resources, and on the 
establishment an development of the heavy industry base. It is a peculiar 
feature of the rapid economic growth in Bulgaria that it was based on a 
relatively low number of labour force, and was thus due completely to the 
increase of productivity.

Owing to modifications in the administrative pattern in Bulgaria the 
trends of regional development cannot be followed over the whole period. 
Indices relevant to the trend of development have been computed for the 
jjeriod between 1950 and 1955. Between 1950 and 1974 the level of industri
al development did not became uniform in Bulgaria, indices show some fluc
tuation. The maximum-minimum ratio is also characterized by great ex
tremes; it has practically remained unchanged.

In Bulgaria the decentralization of industry, as an economic policy 
task of primary importance, was urged from the early sixties, partly in 
order to decrease the difference between developed and backward areas, 
partly to check the migration of population from the villages to the towns. 
The seaports and some towns in the Danube valley are rapidly closing up to 
the traditional industrial zone (Sofia, Plovdiv, Marica-valley). One of the 
main driving forces of development in both regions is the close trade rela-
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tion and co-operation between the Soviet Union and Bulgaria, as well as 
the intensive participation in the COMECON integration. The establish
ment of a modern chemical industry — and first of all the sub-branch of 
petroleum chemistry — based on crude oil imported from the Soviet l nion 
has halped in improving the regional proportions of industry. (Burgas, 
Varna, Ruse). Though by data it only can be proved indirectly, we may 
assume that the development of agriculture has also promoted the advan
cement of the backward areas (especially on the Danube Lowland and in 
Dobrudzha).

Albania
On the basis of data available on the regional structure of the Albani

an economy, the country can be divided into two zones considerably differ
ing in the level of development: the more developed seaside Lower- Albania 
and the extremely backward Highland Albania. The whole period following 
the liberation — including the present days — is characterized bv an in
creasing intensive exploitation of resources — iirst oi all hydro-energv- 
and mineral resources — of the inner areas. As a result of this process the 
regional differences of ecomic- and within it industrial development levels 
have decreased in Albania, although the ratio of 1 : 12 between the extre
mes of industrial development at the beginning of the seventies reflects 
considerable differences. The regional inequality of the levels of agricul
tural development is -  here too -  much lower; the ratio of the extremes 
is 1 ; 3,6. The economy of the country is still in the extensive phase, as 
shown by the main tendency of economic development. Its conditions 
will for a long time be maintained by the rapid increase of population ex
ceeding by far the European average. The most complex economic struc
ture is found in the central part of the country, in the districts of Tirana and 
Elbasani. The northern zone of Highland Albania together with the south
western region of Yugoslavia (Kosovo-Metohia. \\ est-Macedonia) belongs 
to the most backward areas of the Continent: owing to extremely high growth 
rate of population and unfavourable natural conditions short-term per- 
pectives of this area are not very promising.
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РЕЗЮМЕ
НЕКОТОРЫЕ ВОПРОСЫ ИЗМЕНЕНИЯ ТЕРРИТОРИАЛЬНЫХ 

РАЗЛИЧИЙ В УРОВНЕ ЭКОНОМИЧЕСКОГО РАЗВИТИЯ 
В ЕВРОПЕЙСКИХ СОЦИАЛСТИЧЕСКИХ СТРАНАХ

В периоде социалистического строительства территориальные различия в 
уровне экономического развития в европейских социалистических странах, за 
исключением Югославии, всюду сокращались. Этот процесс авторы анализируют
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в основном с помощью показателья региональной вариации производства промы
шленной продукции на д у ш у  населения, а в тех случаях, когда имеются необходимые 
данные, также и путём использования изменения территориальных пропорций 
производства национального дохода. Территориальная дифференциация в эконо
мически менее развитых социалистических странах Юго-восточной Европы больше 
чем в более развитых экономически северных социалистических странах. Уровень 
экономического развития наиболее равномерен в ГДР- Факты свидетелствуют о том, 
что быстрые темпы индустриализации и экстенсивный характер экономического 
развития в меньшей степени способствуют территориальному нивелированию, чем 
интенсивное развитие экономики. Если рассматривать уровень развития отдельных 
районов европейских социалистических стран по отношению к среднему уровню 
развития всей трупы этих стран, то окажется, что в начале 70-ых годов соотношение 
между наиболее и наименее развитыми районами приближённо составило 14:1. 
Уровень! экономического развития группы европейских срциалистических стран 
начиная от наиболее развитой зоны (южная часть ГДР, Чехия, южная часть Польши) 
в южном и восточном направлении постепенно уменьшается и только уровень раз
вития ряда крупных городов (например Будапешта) выделяется здесь резко. Авторы 
анализируют различия в уровне регионального развития и их изменения также и в 
рамках каждой отдельно взятой страны.
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One of the most characteristic features of the international political 
and economic relations after World War II was that colonialism practi
cally ceased to exist by the mid-sixties. Approximately 60 former colonies 
and semi-colonized countries became politically independent. Eminent of 
these countries is to join increasingly to the international division of labour 
because this can help to develop their backward economies, an inheritance 
of colonization. Foreign trade may be of great help in accelerating their 
economic growth, removing the mostly monocultural character of their 
national economies and putting an end to their dependence in external 
economy (trade, finances, technics). The external economies of the devel
oping countries are characterized by a very wide import demand both on 
production equipment an consumption goods. But the increase of imports 
postulates the increase of exports. As a matter of fact, it depends on this 
whether they will succeed in creating the conditions of a well balanced 
long-range economic growth. However, owing to their one-sided economic 
structure their export possibilities are comparatively poor and very often 
can be developed only with enormous efforts. Therefore in building up and 
widening their economic relations first of all those countries are considered 
as business partners to which they can supply the good they require, and 
which are capable and ready to furnish the developing countries with goods 
necessary to develop their national economies. These demands and interests 
of the developing countries coincide with the interests of the socialist co
untries partly because owing to the rapid growth of the socialist economy 
increasing demands are raised on food and raw materials, the main export 
goods of the developing countries. At the same time the raw material pro
ducing and agricultural countries encounter increasing difficulties in find
ing market for their surpluses among the capitalist countries. The opening 
markets of the socialist countries provide thus great possibilities of pro
gress for the developing countries. On the other hand, the socialist countries 
can contribute to the satisfaction of the developing countries’ demand for 
machines, industrial products and other consumption goods. Production 
facilities supplied by the socialist countries greatly promote the economic 
progress of the developing countries. The fundamental principle of the so
cialist countries is to help and support the developing world not only poli
tically but also in its effort to become economically independent. 12
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Expanding relations of external economy between socialist and 
developing countries

With the consolidation of their economies the developing countries 
strive — within the range of possibility — to build up independent indu
stries. The achieved results render it more and more possible to adapt them
selves to the international division of labour. In order to ensure the condi
tions of industrialization they export a significant volume of industrial 
and agricultural raw materials, and in a smaller part finished goods. This 
forms in most part the basis of imports of investment goods.

Owing to the colonial past of the developing countries capitalist coun
tries are their main business partners, but for the hist twenty five years 
their economic relations with the socialist countries have been considerably 
widened (Table 1.). New type relations of international labour division have 
been established between the two groups of countries. The socialist countri
es have direct connections with the developing countries, and this itself 
is a new element in the division of labour, since their trade was previously 
mediated by the respective colonizing nations.

In the strategy of the socialist countries concerning the economic 
development of the Third World the co-opearation is neither a colonial 
type (as between raw material producing and industrial countries) nor a 
neocolonial tvpe labour division (between the links of a vertical chain of 
processing industry). However, the developing countries are not able to 
exploit their raw material resources by themselves, they need external 
heli). Some of the developing countries gave concessions to the socialist

Table 1.

37S I. DRAGON

Trend of foreign trade between socialist and developing countries 
from  195S to 1974

Importers Sot ialist Ecn eloping
Exporters countries countries

Socialist countries 195S 1 135
1965 2 930
1970 5 600
1971 5 310
1972 6 110
1973 8 820
1974 11 170

Developing countries 1958 860
1965 2380
1970 3370
1971 2550
1972 3450
1973 4780
1974 8480

Source: Külkereskedelmi Statisztikai Évkönyv, Budapest 1975.



countries for t he exploitation of their natural resources (e. g. Iraq for petro
leum production). Offers from the developing countries to exploit their 
natural resources are not always connected with the purchase of raw mate
rials by the socialist countries. Only a fraction of the socialist countries’ de
mand for raw material is covered from developing countries, because the 
Soviet Union is their main supplier of raw material. Co-operation in ex
ploiting natural resources is therefore aimed first of all at establishing local 
processing industries based on the local natural resources. Moreover, by 
creating various forms of cooperation they offer help in setting up local 
centres of industry development and technico-scientific research (e. g: 
Hungary in India).

The socialist countries with their collaboration in setting up industrial 
enterprises for the developing countries, or exploiting their natural resour
ces — including the joint ventures — do not follow the practice of direct 
(proprietory) investment. Thus, they promote the internationalization of 
the reproduction process without creating and establishing an external 
capital ownership and control, and threatening with the danger of a techni
cal-technological dependence.

The COMECON countries stand for the industrialization, and social 
and economic progress of the developing countries, and urge the establish
ment of long-range economic relations based on equal rights. The member 
countries took various steps to stimulate the commercial turnover. They 
alleviate the financial difficulties of the developing countries under mu
tually advantageous conditions, often even by granting preferential cre
dits. Reduction of duties on goods from the developing countries (preferen
tial customs system) increase the trade between the two groups of countries 
and thereby the revenues of the developing countries.

Beyond the expansion of foreign trade relations the economic-, scien
tific and technical co-operation between the socialist- and developing co
untries is continually increasing. One of the most important fields of co
operation is the development of raw material- and mineral fuel production 
in the developing countries, and of an up-to-date processing industry based 
on them. With this in view, on the basis of a bilateral agreement experts of 
the socialist countries have carried out an extensive geological research 
and exploration work. As a result of this e. g. petroleum and natural gas 
sites have been opened up in India, Iraq, Egypt and other countries of the 
developing world. Assistance given in the complex development of a natio
nal petroleum industry, e. g. in India, Ethiopia, Nigeria etc. is also impor
tant. In consequence of the co-operation between the two groups of countries 
many projects of outstanding importance have been constructed: the Assu
an hydroelectric power plant in Egypt, the hydroelectric power plant on 
the river Euphrates, Syria, the BhilaiSteel Works and the Durgapur fac
tory for mining machinery in India, a foundry in Iran and a steel work 
plant in Nigeria. In Algeria an ore concentrating plant based on lead- and 
zinc occurrences has been built, etc.

The consistent application of the principles of socialist assistance is 
well demonstrated in the practice of the Soviet Union; for example the aid
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given since 1969 to Guinea which promotes not only the production but also 
the local processing of bauxit (in the framework of national proprietorship) 
in the vicinity of Kindia. In Afghanistan the Salang-tunnel through the 
mountain range of Hindukus was built, and many hundred kilometer of 
roads were modernized with Soviet aid. This promotes not only the inland 
traffic of Afghanistan but the process of the nation’s economic- and politi
cal integration too.

The biggest obstacle to the economic growth in the developing coun
tries is the lack of experts. Experts delegated from the socialist countries 
take part in the planning and management of the national economies of 
developing countries, in building up production projects, and so on. Few 
countries of the Third World have developed so far the system of higher 
education, therefore at the universities and colleges of the COMECON 
countries many thousands young people — the future experts — of the 
developing countries are studying who on returning to their countries can 
utilize their knowledge and build their own national economies.

Relationships between Hungary and the developing countries

The structure of relation between Hungary and the developing coun
tries is to a great extent similar to that between the COMECON countries 
and the developing world.

During the last three decades Hungary’s share in the international 
labour division has shown a trend equally corresponding to the country’s 
economic and geographical conditions and to the mutual interests. Hungary’s 
trade relations extend all over the world. One-third of its foreign trade 
concerns the Soviet Union, roughly one-third the other socialist countries, 
nearly one quarter the capitalist countries and 5 — 7 per cent the develop
ing countries.

The role of the latter in Hungary’s external economy has particularly 
increased for the last 15 years. Hungary’s existing relations with the devel
oping countries are built on mutual economic interests and developed accor
ding to the principle of mutual advantages, that is, both partners are equ
ally interested in widening and furthering these relations.

There are significant differences between Hungary and the develop
ing countries in production, consumption structure and economic devel
opment level, which determine the structure of the mutual exchange of 
goods. The developing countries represent an important market for the 
Hungarian goods, at the same time their requirements are in concord with 
the Hungarian export structure, and part of the raw material requirements 
of the Hungarian national economy is covered from the developing world 
in spite of the great shipping distance.

Notwithstanding the favourable commercial structure the share of 
the developing countries in the foreign trade of Hungary is still low. This 
can be traced back to a number of historical facts.

Until the beginning of the sixties Hungary had commercial relations 
of several decades only with some of the developing countries (e. g. India,
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Iran, Brasil etc.). The most simple commercial formula was adopted: buy
ing and selling- or direct tie-up barter transactions were mostly concluded. 
However, in most developing countries direct transactions were prevented 
by the colonial economic system. Only after regaining their liberty had 
they opportunity to widen the circle of their business partners. Thus it 
has become possible for the Hungarian economy too to purchase a part 
of the goods produced in developing countries directly from the producers 
excluding the western mediators, and sell its own products also directly.

In spite of the relatively rapid progress the volume of the economic 
relations is comparatively small. One of the restrictive factors is the lack 
of commercial traditions which has greatly improved for the last 15 — 20 
years. Today the business relations extend to developing countries in South- 
America, Africa and Asia. Though Hungary’s relations with many devel
oping countries are still incidental, a circle of the major steady partners 
has already been established (Table 2.).

Table 2.

Foreign trade relations between H ungary and its m ain  business partners of the developing 
world from  1970 to 1975 (percentage)
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Countries
1970 1975

export import export import

A sia  to ta l ................................. 2.74 2.42 3.32 3.16
India. ................................... 0.94 0.94 0.48 0.72
Iraq  .......................................... 0.25 0.11 1.28 1.61
Iran ..................................... 0.46 0.58 0.71 0.42
K uw ait................................. 0.14 0.00 1.30 0.00
Lebanon ................................ 0.37 0.05 0.32 0.07
Pakistan ............................. 0.29 0.21 0.03 0.08
S y ria ..................................... 0.29 0.22 0.20 0.05
Malaysia ............................. — 0.31 — 0.21

A frica  total ................................................................... 1.81 1.68 1.26 1.45
A lgeria................................. 0.05 0.11 1.24 0.40
UAK..................................... 1.00 0.70 0.35 0.26
Ghana .................................. 0.02 0.16 0.01 0.25
G uinea................................. 0.00 0.02 0.01 0.15
L y b ia ................................... 0.22 - 0.31 -
Marocco................................ 0.06 0.17 0.08 0.12
Nigeria ................................ 0.26 0.17 0.12 0.04
Sudan ................................... 0.20 0.19 0.14 0.11
Uganda ................................ 0.00 0.16 0.00 0.12

Latin- A m erica .......................................................... 0.49 1.97 0.3S 1.55
Argentina............................. 0.03 0.48 0.04 0.14
B ra s il................................... 0.36 0.79 0.20 1.06
E cuador............................... 0.08 0.22 0.01 0.19
P e r u ..................................... 0.00 0.48 0.13 0.15

Share of developing countries in 
the total foreign trade of 
Hungary ............................. 5.04 6.07 4.96 6.16

Source: K SH  S tatisz tikai É vkönyv. B udapest 1975.



If we weight the developing countries according to the volume of trade 
we find that the Hungarian foreign trade is concentrated — in 70-80 per 
cent — on the following countries: India. Iraq. Iran. Kuwait, Lebanon, 
Syria, Algeria, UAR. Nigeria, Argentina, Brasil, Lybia. Thus, at present 
these countries form the most important markets for Hungary in the devel
oping world.

If we compare the data of the year 1970 with that of 1975 we can see 
that while in 1970 in the Asian group of countries India was the main busi
ness partner of Hungary, by 1975 -  mostly because of the increaising oil 
imports -  Iraq took the first place. In the Latin-American continent Brasil 
-  the traditional businnes partner - has maintained its leading role. 
Some 50 per cent of Hungary’s trade with the developing countries is con
cerned with the oil producing Arab countries. In the Hungarian trade a 
distinguished place is occupied by Lybia. Lybia is a so-called “free market”, 
is not credit intensive, and pays in cash (dollar) for the imports. As it is a 
highly competitive market, Hungarian products are only accepted with 
unobjectionable technical parameters. So the increasing Hungarian export 
is at the same time an index of quality for the Hungarian products. Namely, 
Hungary is the only country that lias increased so far its exports to Lybia.

I he competition on the markets of the developing countries is gradu
ally increasing. The buyers not only demand up-to-date products and set 
more and more rigorous business conditions, but often one or the other 
need help in shaping and realizing their development conceptions. There
fore it frequently happens that the developing countries demand such com
plex shipments as surpassing the transporting capacities of some exporting 
countries.

More and more Hungarian enterprises and those of developed capita
list countries collaborate in realizing projects in developing countries. It 
was in this that Hungary took part in constructing clothing plants in Egypt 
and Pakistan, supplying hospital equipment to Nigeria, and realizing com
plex agricultural establishments in Iraq and Tunesia.

Selection of goods

In Hungary’s trade with the developing countries the range of products 
is much wider in the export than in the import. The economic character 
of the developing countries determines from the outset the range of impor
table goods, while the possibility and necessity of the Hungarian exports 
are backed up also by the fact that the developing countries — while tend
ing to improve their industries -  will for a long time be unable to cover 
their requirements in machines and machine equipment from domestic 
production.

The structure of the Hungarian export, and the conditions and possi- 
bilities of industry equally need the markets of the developing countries, 
at the same time raw materials and foodstuffs originating from the latter 
are important for the economy of Hungary.
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The economic conditions of Hungary and t he Third World are of com
plementary character. The Hungarian economy is dependent on importe 
concerning most industrial raw materials, its processing industry, on ths 
other hand, needs an expansion of markets.

Imports from developing countries though widened during the past 
years, did not keep abreast with the exports. A basic character of the 
structure of imports in Hungary is the dominance of agricultural products, 
-semi-finished goods and -raw materials, as well as of tropical fruits, coffee, 
etc. For the last two years tlie import of oil has also increased: in 1975 it 
made nearly 20 per cent of the total oil imports of Hungary. Nearly 35 
per cent of the crude phosphate, 31 per cent of the fish meal, 89 per cent of 
the coffee, etc. purchased by Hungary come from developing countries.

The structure of imports in Hungary showed the following trend from 
1960 to 1975:

Table  -3.

Structure of H ungarian  im ports from  developing countries between 1900 and 1975
(percentages)
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Designation i960 1970 1974 1975

E nergy  sources, electric power ...................... _ _ 15.5 17.7
M aterials and semi-finished g o o d s .................. 79.5 37.9 42. (> 30.8
Machines and com ponents ............................... — 0.3 0.1 0.3
In d u stria l consum ption goods ........................ 0.1 3.5 4.1 4.4
Agricultural- and food products .................... 20.4 58.3 37.7 40.S

S o u rce : KSH Statisztikai Külkereskedelmi könyvek

The table well demonstrates the changes in the composition of goods 
imported by Hungary. The import of industrial consumption goods in
creased, though at a relatively low rate. This is in accord with the efforts 
and claim of the developing coutries to sell not only raw materials but also 
finished products to Hungary. Their products manufactured on the basis 
of foreign licences are of good quality and competitive with the similar 
capitalist goods. These products complete and at the same time widen the 
Hungarian assortment.

In order to increase the imports the Hungarian government intro
duced in 1972 the preferential tariff system. The preferences were granted 
on the stipulation that: the gross national products per inhabitant of the 
priority country in Asia, Africa or Latin-America should not exceed that 
of Hungarv, and the respective developing country should not apply dis
crimination on Hungarian goods, and the developing country has to give 
satisfactory evidence of the origin of the goods.

Hungary 's exports to developing countries — in accordance with the 
demands - ‘mostly consist of industrial products. The technical level of 
the Hungarian industrial products in many branches fulfils the demands



Table 4.
Commodity structure  of H ungarian  exports to developing countries between 1960 and 1975

(in percentage)
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Designation 1960 1970 1974 1975

Energy sources, electric energy .................... 0.0 0.0 0.0
Materials and semi-finished p roducts.......... 19.8 34.8 34.1 28.1
Machines and components ............................ 30.3 32.6 27.9 39.8
Industrial consumption g o o d s...................... 41.4 21.7 2 1 .2 17.4
Agricultural- and food products .................. 8.5 10.9 16.8 14.7

Source: KSH Statisztikai kulkereskedelm i EvkOnyvek

of the developing countries, and is in accord with the production- and mar
keting conditions of Hungary.

The structure of exports is greatly influenced in Hungary by the credit 
possibilities, since the exports of production means, complete equipment, 
communication facilities can be increased only to the same extent as the 
credit account is extended. That is why the overwhelming part of the 
exports consists of processed goods.

Within the export machines, transporting vehicles and mechanical 
equipment have the largest share, nearly 40 per cent.

In the past period machine export was thus the most dynamic commo
dity group of the Hungarian exports to developing countries. Exports of 
agricultural products have also increased for the last two years. Lybia is 
one of the largest markets for the Hungarian products of food industry, 
where beef, canned goods, fruit, vegetables, cheese, etc. are sold.

The range of machine products has also widened to a considerable 
extent. Besides railway- and road vehicles Hungary regularly supplies e. 
g. preserving factories, slaughter-houses, hospital equipment, telecommuni
cation products, educational laboratory equipment, etc.

Educational equipment was delivered by Hungary e. g. to Brasil and 
Peru. The total educational reform of Peru is built on Hungarian equip
ment. In the Iran export of the Hungarian people’s economy there is a sig
nificant volume of complete slaughter-house and cold storage equipment, 
textile factories, telecommunication- and sanitary equipment, complete 
vocational school equipment, rolled articles, etc. The exchange of goods 
between Hungary and Venezuela is steadily developing. The exports mostly 
consist of buses, machine-tools, medical instruments, incandescent lamps 
and pharmaceutical basic materials.

Algeria is also a good market for the Hungarian machine products. 
The export of cash-registers e. g. has increased recently.

The ratio of consumption goods, on the otlier hand, has decreased, 
from 41 per cent in 1968 to 23 per cent by 1974.

The composition of export and import, and its changes reflect not only 
the inherited economic structures of the developing countries and the eco-



nomic conditions of Hungary (scarcity of mineral raw material), but may 
also indicate the results of industrialization in the partner countries, to 
which, however, the Hungarian support given to the developing countries, 
and the new, up-to-date forms of co-operation built on mutual economic 
advantages have greatly contributed.

Complexity and intellectual export

The selection of commercial goods produced is advantageous to both 
partners (Hungary and the developing countries). The developing countries 
provide an absorbing market for the Hungarian goods, but with the gradual 
increase of their importance their demands increase, and at the same time 
differentiate. In most developing countries complexity is needed, as they 
struggle with a shortage of experts. Thus, it is not enough to furnish a 
complete equipment; experts present from planning to implementation, 
to trial operation who even help in training the workers and organizing 
the servicing network etc. are also necessary.

In recent years the developing countries’ demand for complete farms 
and production technologies has increased. Complete installations and equ
ipment, medicine, medicial instruments, advanced production techniques, 
and closed, large-scale production systems have assumed increasing role. 
It is an advanced form of participation in the international labour division, 
for the importer expects the exporter to establish a complex system of 
production.

The overwhelming majority of raw material resources are found in 
developing countries, but they need external help in exploring and ex
ploiting them. This help may be offered in various forms (e. g. credit, trans
portation, co-operation etc.); the simplest one is the delegation of experts.

To fulfil the conditions on the markets of the developing countries is 
not always easy. Beyond a claim on complexity, a new feature is that the 
importer would like the exporter to be interested financially in the busi
ness. 'The partner expects the success of the transaction from the financial 
interest of the other party. So he seeks for a form of collaboration with a 
mutual risk.

Parallel to the strengthening international labour division the exchan
ge of human services and experiences besides the exchange of material goods 
is of increasing importance in the economic relations between countries. An 
essential element of the economic relations between Hungary and the devel
oping countries is the technico-scientific co-operation; in one of its forms 
experts are sent to the developing countries (e. g. to Algeria, Nigeria, Iraq, 
Syria, India, Egypt, Peru, Lybia, etc.). The Hungarian experts working 
abroad have the most diversified professions (e. g. physician, engineer, 
economist, university lecturer, etc.).

Young people coming from the developing countries are learning at 
universities, colleges, vocational training schools, etc.

A new field of the technico-scientific co-operation is the technical ser
vice provided for the developing countries. Hungarian experts and groups
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of specialists help the developing countries in solving their tasks. For ex
ample, plans for a complex agricultural development have been prepared 
for Syria and Sudan, town- and water management tasks attended to in 
Algeria and Nigeria, cartographic operations carried out. and occasionally 
even g ological surveys made.

In the economic relations of Hungary and the developing countries 
the technico-scientific co-operation is the very field where the assistance 
given by Hungary is t lie most accentuated. This co-operation is an integral 
part of the system of Hungary’s economic relations, and may promote the 
rise of other forms of co-operation too (mixed enterprises, etc.). These 
forms of co-operation may be highly diversified, depending on the econo
mic conditions, established practice, etc. of the countrv in question.

Between the countries of the Third World and Hungary many relati
ons of co-operation have been established, e. g. the aluminium industry 
co-operation with India covers beyond the production the fields of techni
cal development and research too. I here is a similar venture in Iraq where 
a bus assembling workshop is operating. In Egypt a TV-assembling factory 
has been constructed by the Hungarian economy. Beside the part consign
ments Hungary helps these countries in training the workers. Within the 
co-operation between Hungary and India various electric measuring instru
ments, electric meters, vacuum technical products, mass communication- 
and special transporting facilities are manufactured. A textile industry 
co-operation has started with the participation of Hungary and e. g. Iran 
and Egypt.

As a new feature in its relations with t he developing countries Hungary 
takes part in the establishment of an increasing number of joint enterpri
ses* in those countries where the extension of the relations postulates such 
forms of venture. An important condition of Hungary's competitiveness 
on the foreign markets is to bring about such forms of co-operation as ren
dering possible a steady disposal of the Hungarian goods and a supply 
satisfying its partners demands. A good precedent for this is the joint enter
prise established for marketing Hungarian textile products in Kuwait. A 
similar form of co-operation has been brought about in Nigeria as an outlet 
for Hungarian pharmaceutical products. A mixed machine-tool trade en
terprise is operating in Mexico with Hungary having an interest in it. 
furthermore, Hungarian enterprises or agencies have been established for 
the organization and performance of consulting engineering work (e. g. 
in Nigeria etc.).

Exhibitions organized in the developing countries play an important 
role in building up and expanding the trade relations of Hungary; they 
give an idea about the transportation- and co-operation possibilities of the 
Hungarian industries, about the goods of which Hungary is able to supply 
a wide range to satisfy the demands of the developing countries.

I he Hungarian trade policy provides a possibility to strengthen the 
position of the Hungarian economy in the developing countries, as testified

* See Annales 1975.
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by a series of international agreements covering the fields of trade, finances, 
technics and sciences alike.

The international agreements are both important and advantageous 
to all parties. They promote and facilitate the mutual transports of goods, 
widen the marketing possibilities of the developing countries, and at tlie 
same time render a reliable planned trade activity, and thereby stable ex
port earnings possible in contrast to the economic fluctuations of the capi
talist world.

The increasing international division of labour opens up new vistas 
for the developing countries and makes it possible for them to join the sys
tem of socialist internation labour division. This, however, depends on 
many factors, for one: how it it suits the mutual interest and to what ex
tent it satisfies the actual demands.
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РЕЗЮМЕ

ВНЕШНЕТОРГОВЫЕ СВЯЗИ МЕЖДУ ВЕНГРИЕЙ И 
РАЗВИВАЮЩИМИСЯ СТРАНАМИ

За последние десятилетия международного разделение труда обогатилось таки
ми новыми чертами, которые значительно преобразили географическую картину 
мирового хозяйства. Наиболее характерной чертой этого процесса явилось всё более 
активное включение развивающихся стран в сферу международной экономической 
жизни. Для этих стран это одновоременно и вопрос самого существования, так как 
только за счёт этого для них становится возможной ликвидация колониального 
наследства, односторонней экономической структуры и вообще отсталости. Страны
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социализма наряду с политической поддержкой стремятся также вступать во всё 
более интенсивное экономическое и научно-техническое сотрудничество с развиваю
щимися странами в интересах того, чтобы наряду с политическим суверенитетом 
укреплялась и экономическая независимость последних.

Во внешнеэкономических связях Венгрии также всё большую роль играют раз
вивающиеся страны. Взаимная потребность в развитии контактов строится на основе 
экономической заинтересованности обеих сторон и, как правило, осуществляется в 
благоприятной политической обстановке. Особенности производственной и потре
бительской структуры Венгрии и развивающихся стран, а также разница в уровнях 
экономического развития создаютпредпосылки для взаимовыгодного обмена товаров.
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The paper describes the methodology and experiences of an environ
ment evaluation study. Besides giving a description of the major phases 
of the investigation it raises questions whose theoretical and methodologi
cal discussion may form the basis of further research subjects.

1.1. Environment — geographical environment

The ecological studies now in the centre of interest as regards the rela
tion of “nature and society” have raised innumerable unsolved problems 
in spite of the large number of publications on this subject. The sciences of 
sociology, psychology and biology — without assuming a uniform point of 
view -  have been keeping the study of ecological effects on t he agenda 
and have established a special definition of environment. In the science of 
geography we may welcome the environment problem that lias got under 
the dissecting knife of the special sciences as a “new wave” of debates abo
ut environs on the level of phylosophv. Is there a geographical environ- 
ment”, and if so, what is its essential content ?

Among the Hungarian environmentalists PÉCSI M. called attention 
already in 1972 to the “root” of the problem: “In order to take a proper 
view, and choose the right methods of environment research, we have to 
clear up the concrete content of the concept of geographic environment." That 
is, we have to define -  or at least outline -  the scope of phenomena, whose 
manifold investigation began long ago. To put it plainly, it is time to link 
up the methodological studies deliberately with the question of "what to
study”. ,

The term “geographic environment” introduced by Pécsi M. is the 
only modern geographic definition that lias been adopted so far in the rele
vant Hungarian literature. (“The geographic environment is thus a peculi
ar part of nature in a narrower — earthly — sense, equally influenced by 
natural natural processes and social production-, the materialized elements 
of social work are found, and the internal action of social environment on 
society itself is felt in it”.)

The concept of “geographic environment” is not identical with the 
concept of “geographic landscape” in spite of the numerous common fea
tures they show. The former is a broader category as regards its content,



since the “natural landscapes -  as parts of the natural environment -  
mostly take shape under the influence of natural processes.” The geograp- 
hie environment can be less exactly determined in space, since its extension 
(which may be either above or below' the extension of the landscape) and 
quality change in historical time, in accordance with the socio-economic 
system of the given era, as a function of sociological and urbanization ten
dencies. and m consequence of the upset of a natural balance. (Bv constrast 
changes in t he extension and quality of a natural landscape can be measured 
m geological time. Accordingly, a considerable proportion of the natural 
components regarded as constant, independent variables when valuating 
a landscape are considered as dependent variables in the course of en
vironment evaluation.)

Environment can be never examined “by itself”. The term “environment” 
will lie reduced to a concept with no background if we leave the natural- 
and socio-economic structure, as w'ell <os their extension in space and time 
(the virtual environment) and the action mechanism of their components 
out of consideration. Environment always has a material contení, and with

out interpreting the presence, correlations and regularities of the material 
content we cannot even study its existence in space and time.

1.2. Systems of landscape and environment qualification

Expei iments of applied landscape and environment qualification car- 
l ied out in the sixties and seventies are grouped below according to the 
funtion of the models (systems) and the extension of the examined area:

I. Systems of landscape and environment qualification with professional and 
scientific foundations, based on definite norms

1. Planning policy research

objecti\ e: marking out large regions or landscape groups
scope of examination: regional research, regional planning, complex

studies on regional- and environment poten
tials regionalization, investigation of agglome
rations

2. Land use research

objective: marking out regions, landscape and environmental units 
scope of examination: agroeeologieal structure of the geographic

environment, landscape protection, environ
mental protection, designation of landscape 
development districts, etc.
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3. Landscape and environment evaluation research for definite purposes 

objective: marking out smaller single-purpose areas
scope of examination: marking out areas for resorts, camping

and sporting, marking out places for physical 
establishments (e. g. hydroelectric power sta
tions, dams, etc.); marking out areas suitable 
for opening up mines; planning lines of commu
nication; finding architectural solution; holiday 
aspects of the geographic environment, etc.

II. Visual- and psychical qualification, i. e. systems of subjective environment 
classification

The preference studies of PET ERSON, FINES, \\ OHV\ ILL, CRAIK 
were aimed at revealing the standpoints of various strata by the methods 
of sociological research. The sociological investigations showed the experts 
of settlement planning — geographers, economists, psychologists and engi
neers _  such aspects of the value of environment as forming an integral 
part of the picture obtained with the exact (empiric and logical) methods 
of natural sciences. These subjective observations are thus important, tho
ugh not primary elements of a complex landscape and environment evalu
ation serving the purposes of regional studies and preliminary planning.

2. The model of examination

In the study Óbuda —the district III. of Budapest - was used as a mo
del by which a highly socialized (in some places definitely artificial) envi
ronment was to be evaluated with the basic data mapped, the qualitative 
features numerically expressed and the method of factor analysis used. 
Urban planning striving for the harmony of functional-, esthetic- and eco
nomic aspects has the task of providing optimum environmental conditions 
for the population living andflowing there. Apart from the land use (agroe- 
cological) studies performed by the Geographical Research Institute of the 
Hungarian Academy of Sciences, in the course of earlier years and decades 
attempts of environment qualification under the guidance of various insti
tutions, generally on a theoretical level and on diverse considerations were 
made in Hungary with economic indices (representing the level of urbaniza
tion, the infrastructural and communal conditions and the expenses of 
investments) taken primarily, almost exclusively into consideration. (Of 
investigations carried out within this range of subjects account is given by 
the work of KERÉK 31.

Óbuda
Óbuda, today one of the most up-to-date, dynamically developing 

quarters of Budajiest reflects an incessant historical motion. Ak-ink (plenty
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of water), the city core was an ancient settlement of the Celtic Kravises, 
who settled down here in the first century B. C. It later became the centra 
of the Roman province Pannónia and named Aquincum. Its importance 
was increased by the fact that the settlement was the north-eastern cor
ner of the Empire. The area surrounded bv mountains and rivers was a 
natural centre of the Carpathian basin: the Danube with the series of 
islands and shallows formed at this reach offered an excellent crossing place 
between the two lowlands of the Carpathian basin, and between the H unga- 
rian Mountains and the Great Hungarian Plain, respectively. In 124 A D. 
Aquincum was raised to the rank of a town. The high level of the period 
was hall-marked by the replanning of the town in the 2nd century, by the 
homes made comfortable by the introduction of running water and central 
heating. The first terrain correction of the strategically, commercially and 
administratively important settlement was carried out in the 3rd century.

It was at the same time that the gently sloping sides and the valleys 
of Buda Highlands began to become scatteredlv populated. Finds revealed 
by excavation give evidence of the existence of a contiguous garden sub
urb. Thus, the ancestor oi the modern settlement development conception 
of these days: the military, commercial and cultural centre surrounded by a 
loosely built up green belt is found to have existed nearlv 2000 years 
ago.

In the course of years following the Hungarian conquest Óbuda was 
the centre of the reigning prince of the Hungarians, then a frequent resi
dence for the kings of the House of Árpád, and in the 13th century a royal 
centre. Óbuda with its area including vast forests, gently sloping hillsides 
planted with vineyards and orchards, and a highly cultured town centre 
lost its distinguished status after the Tartar invasion of Hungary in 1241 -  
42. Later its fertile slopes ware occupied by vineyards giving abundant 
yields, the estates of noble Hungarian families: its thermal waters breaking 
up along the structural line of the Danube kept water-mills working.

Commodity production of agricultural character became insignificant 
in Óbuda depopulated during the Turkish occupation. In the 15th and 
16th century the settlement made the impression of a market-town of 
rural character.

In the 18th century — the period of enlightenment — the urban po
pulation was engaded in handicraft activities, grape- and wine production. 
The area of Óbuda with its spindle-like ground-plan and forked streets 
practically maintained its mediaeval pattern.

The 19th century was characterized by the boom of trade, an achieve
ment of the bourgeois development. The settlement showed a rapid ex
pansion. Its structure was a quadratic network of streets, and outside the 
historical city core in the close vicinity of miserable huts the first lodging 
houses of a city appeared.

In 1873, when Óbuda, Pest and Buda were united, the area formed a 
backward segment of a developing city. The senseless deforestation, the 
destruction of vineyards by phylloxera, and the ill-considered development 
of the traditional brick-making industry, as well as the excess rate of inex-
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pert clav exploitation contributed to the upset of the thousand years old 
balance of nature, a process called today antropogen surface forming.

It was almost after thousand years that the importance of Óbuda 
was realized, and its development put on the agenda.

A general reconstruction plan in 1071 fundamentally modificated the 
earlier conception of urban planning. Budapest belongs to the cities ot 
Europe where the density of population is disproportionately high compa
red to other parts of the country. In 1974 nearly one-fifth (19,7 per cent) 
of Hungary’s total population lived in Budapest. In Europe only the agglo
merations of Vienna, Reykjavik, Copenhagen and Athens exceed the Hun
garian capital. Its high concentration of population — though it is a world 
phenomenon — causes disproportions in the settlement stiucture of the 
country.

Naturally the increase of population in Óbuda and the development 
of its spatial structure are functions of the demographic conditions of and 
planning conceptions for the “mother city”. The agglomeration plan of 
Budapest sets an aim to establish six groups of housing estates to relieve 
the present single overburdened city centre. The realization of this poly
centric pattern will make it possible to serve -  perspectively -  250 thous
and people in each city centre of Buda, and 300 thousand people per city 
centre in Pest.

The area of Óbuda makes 7,29 per cent of the total area of Budapest. 
The number of its population (4.48 per cent of the total population number 
of Budapest) increases rapidly in accordance with the rate of reconstruction. 
While the population number of the capital grew by 20 per cent from I960 
to 1974. the rate of increase in the number of inhabitants in Óbuda was 39 
per cent in the same period. Further swing “in favour of the district is 
expected, since the growth of the total number of the capital’s population 
projected for the period of 1974-1980 is only 47 thousand, while the num
ber of inhabitants in Óbuda will -  with the establishment of new hous
ing estates -  probably increase by some 00 thousand in the same period. 
The examined area performs a function of outstanding importance in the 
service and labour supply of settlements falling within the range of attrac
tion of Budapest, and plays a primary role in relieving the centre of the 
capital. A considerable proportion of its area is occupied by the forests ot 
Buda Highlands, by piedmont surfaces suitable for horticulture and by a 
recreation area along the Danube for the lovers of aquatics. Its extension 
and the esthetic- and economic aspects of its modern and historic buildings 
are decisively influenced by its peculiar natural conditions.

It was exactly the heterogenity of the area, its special settlement struc
ture and the specific geographic-, geological- and vegetationa! surround
ings that have determined from time immemorial the process of building 
up that called the attention to this quarter of Budapest beeing rich in the 
past and present. 13

1 3  ANNALES -  Seclio Geographic« -  Totnus X I - X I I .
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2.1. The object of our study can be summarized as follows:

On the basis of the American-, Soviet- and German schools and the 
attempts recently made in Hungary to environment qualification we exa
mined first of all the effect of natural fat torn (geological features, relief, 
vegetation, etc.) on the development of environment, their role in modify
ing the value of environment. (The value of environment is determined by 
the environmental-, natural- and social conditions of the population living 
on and flowing to the area in question.)

Leaving changes in time out of consideration, the cross-section study 
attempted to evaluate the joint function of various natural- anti socio-eco
nomic indices in a (jicen space: to quantify the extent to which the indivi
dual factors modified the environment value, find out their importance, 
and study the interrelations of the original variables. In the course of a 
synchronous analysis of the environment of Óbuda we could not neglect 
the fact that the area concerned is a product of the spatial objectivization 
of a historical accumulation. In the course of historical times both the quali
ty and efficiency of components influencing the environmental value have 
changed. The evaluation of the environment — especially in the case of a 
relief having undergone considerable artificial transformation -  is an inter- 
disciplinar question. In evaluating the environment of Óbuda we assessed 
the interrelation of the components of two basic structures (social- and 
natural conditions).

2.2. The method of investigation, and the course of processing:

1. Choosing the area
2. Selecting the original variables
3. Collecting information, data, maps and other documents
-J. Mapping the natural factors on a scale of 1:10 000
5. Evaluation of maps

a) Setting up categories according to the aspects of investigation, 
and qualifying them by points

b) Evaluating the units (4 ha) of a square grid placed on the the
matic map sheet

G. Describing the conditions of the area by thematic groups. Charac
terizing the separate zones, and parts of environs

7. Preparing data sheets, information- and data cards. Mechanical 
processing of data by using the FAKTA BMDX 72 factor analysis 
programme

8. Interpreting the results
a) correlation conditions
b) ¡(identification of factors
c) factor values (evaluation of area)

2.3. I he character of the method raises up the much discussed ques
tion of whether mathematics is reasonably applied on geography. Geographv,
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as a synthetizing science is in most cases concerned with multifactorial 
processes, studying objectively existing correlations between their inner 
features. The exact analyses and evaluations postulate thus the processing 
of a large number of data. The quantitative geography (its “spiritual father”: 
W. L. GARRISON is the leader of the so-called “Washington school” estab
lished in the fifties) gradually replacing the descriptive way of research 
requires precise measuring and objective processing. “ . . . measuring, 
measurability are important tools and assurances of positiveness, exact
ness from the points of view of concepts, requirements and control (investi
gation) alike.”. However measuring will be worth while and reasonable 
onlv where and when the two basic questions of research, the one of fixed 
conditions (“why”), the other of deviation (“to what extent”) -  as they 
are called -  are cleared. That is: whether the given parameter affects 
on the given object (phenomenon, process) under the given conditions at 
all and if so to what extent.

The necessity of exact measuring results forming the basis of process
ing is no longer disputable. As to whether or not is right to apply mathema
tical methods in processing masses of data serving for taking further steps 
in geographic research, the opinions vary.

According to MARCH AND, B.: “The application of mathemati
cal methods is often confused with the modern geography.” In the pre
face of a work by MEDVEDKOV, I. V. and SAUSHKIN, I. G. 
Jakob, G. declares: “Exaggerated formality makes one alien to life 
and to actual processes taking place before one’s eye.” KADE, G. 
sees the importance of mathematical methods applied in geography 
in the following: “The very case in which mathematics plays some 
role is when the active components grow in number, the interdependen
ces increase, and in the processes of decision making certain secondary 
conditions must also be taken into consideration.”

Most regularities of the social sciences can be verbally formulated. The 
classic language of geography similarly consists of visual representation 
and verbal explanation. However, these means are not in themselves suffi
cient for the storage and processing of information. Though the abstract 
language of mathematics is of limited expressiveness, but through its 
almost unrestricted applicability to operations its system of symbols is 
suitable to represent certain regularities and phenomena.

The logical system of mathematics is only one of the possible means 
of acquiring knowledge, and that with profits and losses. In spite of its 
widely used methods we cannot even today rely exclusively on possibilities 
offered by the science of mathematics. “Mathematical methods can (and 
must!) be used only in case they supply a larger number of more exact 
results suitable for a more operative use than the traditional methods 
do.”
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3. Original variables included in the study

( hoosing the factors included in the investigation — the ones influenc
ing the examined object (phenomenon, process) — is a fundamental metho
dological question. In the case of using a large number of variables, the so- 
called exterior complexes “acting" on the object (phenomenon, process) 
have to be separated from the “passive”, so-called interior ones — accord
ing to the purpose of research. In a complex evaluation of the environment 
this is generally negligible owing to the dialectic interactions between the 
different factors. (On the other hand, an environment qualification made 
with prognostic purposes starts with the differentiation of the two groups 
of factors.)

Tn this cognitive phase of environment research we cannot positively 
decide which of the \ariables to place in the group of “determinative” fac
tors, mid whicii of them in that of “determined” ones in the given historical 
period. No mathematical method can give any satisfactory answer concern
ing this kind of grouping the original variables. That is: mathematical 
modelling cannot be substituted for the theoretical (logical) analysis and a 
comparison with results of earlier investigations (empiric analysis).

Though regression analysis is more suitable than the factor analysis 
to study the causal relations and localize certain dependent (determined) 
and independent (determinative) variables than factor analysis is but its 
results similarly refer to the given space only. The upset of balance in the 
geographic environment (that is the result of interaction between “deter 
minative’ and “determined” factors) is a consequence of the structures of 
the socio-economic- and natural spheres and their components, respectively, 
being bound to a given space and time. ( leneral rules can only be established 
by extending the study of the range of phenomena in space and time, and 
carrying out complementary- and control studies.

The number of factors acting on the object of examination (phenome
non, process), in the given case on the so-called environment value, must, 
however, be. limited in accordance with their importance prior to the actual 
w ork of processing — even in the case of applying mechanical mathema
tic-, or mathematic-statistic methods. Some circumstances act potentially, 
while others actually on an object (phenomenon, process). (E. g. technical 
conditions, road quality, traffic intensity are factors that actually influ
ence the noise level, while the configurations of the terrain have an indirect 
effect on it, etc.). I hat is, according to the nature, character and orienta
tion of the research there are relevant and irrelevant factors. The efficiency 
of the study, and the usefulness of its results may bo threatened first of 
all by the absence of certain fundamental, significantlv acting relevant 
factors, though the application of irrelevant components not excluded 
from the investigation may also cause troubles.

rhe phenomena are represented by the variables in different ways, 
that is. there is a hierarchy even for the relevant factors. The preliminary 
analysis of the variables is not on the level to ensure the selection accord-
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ing to the degree of their efficiency. Increased importance should there
fore be attached to the number of relevant factors explaining a phenomenon.

In employing factor analysis the over- or underrepresentation of the gi
ven range of phenomena have an impact on the stress of factors and on the 
order of eigenvalues. The reliability of the eigenvalue (which represents the 
hierarchic importance of the factors in explaining the phenomenon) chan
ges as a function of the so-called level of representation. In explaining the 
phenomenon the importance of the eigenvalue and the factor increases or 
decreases according to the extent of over- or underrepresentation.

The importance of the original variables included in the investigation, 
and the problems of selection can thus be formulated in two questions:

1. How many original variables are required to represent the indivi
dual part phenomena ?

2. How objectively do the variables reporting on the phenomena 
reflect the inner structure of the given phenomena ?

After a preliminary logical selection of the original variables -  owing 
to the pressure of objective circumstances (absence of a system for measuring 
the microclimate, or air pollution, radical destruction of the natural soil 
cover, and its repeated redeposition in the course of building up the area, 
as well as other problems of data survey (the variables will represent the 
whole range of phenomena (value of environment) in a restriced way.

The factors considered in the course of the study (Table 1.) belong 
to two basic types of the variables:

1. Quantitative parameters (morphometric conditions, population density,
netwoi'k of roads, isochron, etc.)

2. Qualitative parameters (plant cover, exposition, geological conditions,
etc.)

Owing to the planned computer processing we assigned definite nume
rical values to the categories of the different qualitative criteria, namely 
the method demands the examination of quantitatively determinable pro
perties. In accordance with these requirements and with the purpose of 
the study some new methods had to be introduced in the course of mapping:

a) In representing the dissection of relief which decisively influence 
the costs construction up, we took into considerat ion surface forms 
and ground objects measurable in linear (drift terrace, deep valley, 
ditch, gully, railway bed) or spatial (marshy patches, areas threate
ned by inland waters, landslide areas, scree slopes, etc.) extension 
(Fig. 1.).

b) We established the measure of development contrary to the prac
tice of engineers — by taking the environmental aspects into consi
deration. The map represents the percentage ratio of the area co
vered by buildings to free land surfaces.
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By mapping the original variables the phase of preparation is completed:

Table 1.

Variables considered in the course of the environment evaluation of Obuda
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Name Sign Map content, way of c\aluation
Dimension

of the starting \arlables

Measure of development VI percentage ratio of co
vered and free lands hectare/4 hectare

Density of population V2 head/4 hectare
Road system V3

length of conduits and
in/4 hectare

State of public ut ilities V4
m/4 hectaredrainage

Isochron V5 distance from the city 
centre in minutes min.

1.5 m substructure VG quantificated characteris-
hectare/4 hectareconditions 

3,5 m substructure

tics of rock physics 
(break strength, resis- 
tancy. etc.)

quantificated characteris-
conditions V- tics of rock physics 

(break strength, resis- 
tancy, etc.)

hectare 4 hectare

Ground water agressivity 
Maximum ground water

VS SO,** ion content mg, 1

level V9 111
Dissection of relief V10 linear or areal measurable 

land forms and objects m/4 hectare or 
in'-/4 hectare

Relative relief V I1 m/4 hectare
Slope category V12

| according to the quantity 
of insolation

degree
Exposition VI3 _
Plant cover V14

l

according to its function 
for environmental pro
tection hectare/4 hectare

4. Problems of evaluation (measuring scales, weighting)

The process of measuring does not exclude such methods of data collec
ting as rendering a mere qualitative differenciation possible. 1 he evalua
tion of the examined object (process, phenomenon) can in many cases (e. 
g. exposition, geological conditions, vegetation cover, etc.) be approached 
empirically. In this case we assign symbols — usually numbers — to the 
individual categories according to certain rules, then arrange them in accor
dance with the requirements of the applied measuring scale.

We have chosen the categories of the components in our environment 
qualification model according to the following basic questions:



1. F rom the point of view of social groups living on or tending to the 
given area “which components are more or less favourable, res
pectively, with the material input (investments) taken into consi
deration ?”

2. "llow much are they more-, or less favourable ?”
In the course of studying many variables of different character increas

ed attention should be paid to choosing the measuring .scale properly. None 
oi the mentioned questions can be answered by applying the so-called 
nominal scale, which ensures a mere qualitative differentiation (easier ex
pression) of the categories. Satisfactory answer can be obtained to the basic 
question of “which is more favourable” by grouping the categories accord
ing to the principles of the so-called ordinal scale.

Using the ordinal scale we have to be able to establish the position 
and order oi the individual categories. W ithin the category system of all 
factors we hare to qualify the attributes superior, inferior or equal compared 
to each other.

E. g. In the respect of construction possibilities it is more favourable if 
ground water, and thereby an agressive sulphate ion content are not 
present, that is the terrain is characterized bv a ground water agressi- 
vity of 0 — 400 mg/1, or even more.
The situation is not always as simple as that.

a) W hat should be regarded as more favourable: a flat or almost flat 
area, or a gently sloping surface? The answer depends on the view
point from which we look at the question. As regards the costs of in
vestments (earthworks) slopes of an angle from 0 to 2 degrees are nearly 
always more favourable; however, esthetic considerations may increase 
the value of slopes of 8 — 17 degrees or even steeper.

b) The garden suburbs are characterized by favourable population- 
and building densities all over the world. But can the closely built-up 
and high population density area of the city centre with its perfectly 
fulfilled function be considered as unfavourable ? \\ e obviously cannot 
take a definite position in either case. Much can be said either for, or 
against the two areas. It depends on our subjective judgement whether 
the communal level of a given area or its “vicinity of nature” should 
be regarded as more important.
Within a model the same kind of measuring scale should possibly be 

used. The category systems of original variables representing the value of 
environment -  the number and character of the categories -  are different 
owing to the high degree of heterogenitv of the components. The basic 
question of “how much is it more favo u ra b le .can only be studied by the 
application of interval- and ratio scales. Both measuring scales can, how
ever, be used only when the condition of equivalence is fulfilled. What does 
it mean in our case ?

1. In the case we group the categories according to the principles of 
the interval scale, the categories follow each other in identical intervals (with 
the same difference of quality between them).
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E. g. In characterizing the plant cover, the category of “gallery forest, 
orchard” valued by 8 points is superior to areas covered by vineyards 
and gardens (7 points), just in the. same tneasure as the latter is superior 
to recreation areas and public green areas valued by G points.

Apart from a few exceptions the overwhelming majority of this type 
of investigations do not meet this requirement. In order to make the results 
realistic weighting is needed within the category system.

“Inner weighting” may be ensured by the ratio scale which possesses 
the characteristics of the interval scale as well, if it contains the so-called 
absolute zero point-(A0) as an exact basis of comparison. Choosing an A0 to 
fix the position of scale is, however, a so far unsolved problem, due mainly 
to the complex nature of the social parameters and the not readily quanti
fied physical conditions (e. g. exposition) included in the environment 
study.

2. One cannot even suppose that each of the original variables has the 
same effect on the examined phenomenon. How can be the categories of 
two conditions valued by the same points being regarded as of identical 
value ?

E. g. Can we state that surfaces of south-east exposition valued by 
8 points represent the same environment value as area unit with a 
maximum ground water level ranging between 5 and 10 m, similarly 
given 8 points ?

The fulfilment of the condition of equivalence postulates thus a further 
weighting, between the original variables included in the study. It is necessary 
to elaborate a method to represent the relations of all original variables 
more reliably than the correlation examination and the expressiveness of 
eigenvalues do in accordance with the effect they have on the examined 
phenomenon (object, process).

Thus, in investigations using points for qualification the mathematical 
exactness would claim

1. to choose a common measuring scale (in the case of using ratio 
scale to fix an A0);
The diameter of the smallest, still perceptible point relative to the 
sight potency (resolving power) of healthy human eyes, or the 
smallest perceptible sound intensity can e. g. be regarded as an 
absolute zero point (A0). To stick to the former example, if the value 
of A0 is 0,02 then 0,08 mm is the quadrupe of the zero point. In 
the ease of certain natural and social phenomena only a so-called 
relative zero point (R0) can be determined, to which reference can 
only be made as a function of the given space and time, on the 
basis of a subjective judgement of value. 2

2. Weighting of all factors in the category system;
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3. Making clear the role (efficiency) of prime variables explaining 
the phenomenon. The weighting among the factors is the fundamen
tal condition of equivalence-criteriam.

4. Normal distribution of the point values of original variables. (This 
demand is generally unobserved by most of the investigations);

5. Environment evaluation of Óbuda by factor analysis

In the course of evaluating the environment of Óbuda we surveyed 
an area of about 40 km2 broken up to units of 4 ha. A total number of 
1014 area units were examined from 14 aspects. After the mapping and ver
bal evaluation of the environmental conditions we attempted to process 
14 196 numerical values by means of FAKTA ITV1DX 72 factor analysis 
programme.

5.1. Interpretation of correlations

“Correlation means not only the complex of mathematical and statis
tical methods of pointing out and measuring the relations, but also an ac
tually existing form of the general relationships.”

In spite of the above-mentioned statement we can not undertake to 
draw general conclusions from a single study. We only present a few ob
servations concerning the conditions of the examined area. We wish to 
emphasize that the concept of correlation does not by any means replace 
the category of interaction, only enriches its content. Correlations within 
a given system cannot be disclosed without a thorough knowledge of the 
elements of the system (or phenomenon). (Fig. 2.)
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1. Owing to the vertical direction of extension there is no correlation 
between the measure of development and residential density.

2. The ratio of utilizable land not covered by buildings to built-up 
area per the given footing area remained almost unchanged (30%) 
during the reconstruction of the district , while the number of popu
lation on the area concerned redoubled.

3. The extension of the green surfaces decreased proportionately 
with the increase of the measure of development. The obvious ne
gative correlation does not require any explanation. According to 
point 1. changes in population density do not run parallel with 
those in the measure of development (ratio of built-up area to land 
not covered by buildings). In spite of this, the growth of population 
— similarly to the measure of development — results in the reduc
tion of the plant cover. The paradoxical situation proved by calcu
lations is accounted for by the unsolved green-surface management 
of the high houses of housing estates. According to the statement 
made in point 2. the proportion per unit area of land not covered 
by buildings increases, but its quality, the “degree of utilization” 
is extremely unfavourable. One of the greatest environmental prob
lems of our housing estates is that the up-to-date conception of sett
lement planning and town development — while providing for the 
necessary space, one of the elementary conditions of greensurface 
management — has not paid sufficient attention to its actual 
utilization.

4. An interesting relationship can be proved between the geolo
gical structure of the surface and the percentage of the measure 
development. The number of 1 —3 storey buildings erected with 
the traditional technology decreases on areas affected by agressive 
ground water, in proportion to the increase of ground water agres- 
sivity. (The Middle Oligocène, high pyrite — KeS2 — content clay 
increases the natural S04 content of the ground water 10 — 20- 
fold.)
At the same time, the perfect absence of correlation testifies that 
the establishment of housing estates built with a panel technology 
requiring a deep substructure does not depend on the ground water 
conditions, but it depends all the more so on the stability of slopes.

5. Unequivocal correlation can be found between the topographic 
conditions and the trend of the population number. The residential 
density changes in inverse proportion to the indices of relative 
relief, sloping conditions and surface irregularities.

6. Typical “overrepresentation” of a range of phenomena is suggested 
by the extremely close correlation of relative relief and sloping condi
tions. In the case of similar studies the analysis of one of the factors 
can be omitted.

7. The relationship between morphometric features and the dissection 
of relief needs explanation. In accordance with the content of the 
map made of the dissection of relief (natural and artificial forms
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causing surface irregularities, ground objects) tlie correlation bet
ween morphometric characteristics and the dissection of relief 
shows a decreassing tendency towards the flatland. On mountain 
and piedmont surfaces the extent of dissection is influenced first 
of all by geomorphological conditions (field-treppe, gullies, narrow, 
deep valleys, stc.), and their reactions are felt in the morphometric 
conditions. The surface irregularities of the socialized (first of all 
flatland) environment, on the other hand, are constituted by arti
ficial, so-called antrppomorphous elements generally independent 
from the geomorphological structure (railway bed, pits spoil-banks, 
etc.), or by partly natural topographical forms of considerable sur
face extension (areas threatened by inland waters to be filled, etc.). 
The reflection of these factors in the morphometric conditions of 
the surface is negligible. In accordance with the above mentioned 
things and the dissection factor decreases from the mountains to
wards the flatland.

8. The importance of protected main roads of linear tracing is confir
med by the fact that the change of the isochronous conditions is not 
the function of the density of road system. The variables of the terrain 
conditions show a close correlation with the isochronous conditions.

5.2. Factors

On the basis of the eigenvalues of the unrotated main factor and the 
rotated factor 1. and factor 2. the range of phenomena (value of environ
ment) is to some extent underrepresented — as expected already, at the 
beginning of the study owing to the low number of original variables repre
senting the social conditions. Thus, the most expressive factors 1. and 2. 
together account only for 64,21 per cent of the examined range of pheno
mena.

5.2.1. Differentiation of area types on the basis of factor values

By establishing factors possibility was offered to differentiate various 
area types on the examined area. On the basis of the cartographic represen
tation of the factor values three area types can be distinguished: the mountain- 
the transitional or piedmont- and the plain- or terrace zone — confirming the 
hypothesis set up in the course of evaluating the original variables by fac
tors.

The rotated factor 1. representing the ecological conditions (morpho
metric features of the relief, maximum ground water level, plant cover) 
outlines three highly different reliefs (Fig. 3.).

The rotated factor 2. represents the economic conditions of the environ
ment (the technico-geological condition sprimarily influencing the costs of- 
investments, and the indices of population density and of the level of pub
lic utilities). In accordance with the degree of socialization — in the first 
place on the flood plain of the Danube, in the terrace zone and at the edges
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of the piedmont area — the “tripartition” outlined by the values of the first 
factor (“natural environment”) is upset (Fig. 4.).
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F ig . 4. Factor scores of the 2'1<i factor

A separate factor analysis of the values of natural components was 
performed for each zone. The results show the — positive or negative — 
influence of the following factors:



mountain zone (factor 1.) plant cover
maximum ground water level

transitional- or piedmont zone ground water agressivity
(factor 1.) 1,5 m substructure conditions
plain or terrace zone (factor 1.) 3,5 m substructure conditions

ground water agressivity 
relief energy, slope category

Knowing the local conditions, the factors represent the actual situation 
still the results do not allow a generalization.

In the course of a joint treatment of the natural and social conditions 
we may arrive at interesting conclusions if we first make the investigations 
according to groups of factors:

a) On the thematic map sheets of variables representing the physical 
conditions of the environment relatively homogenous areas can be 
clearly distinguished.

b) Tf we increase the number, and with it the expressiveness of the 
so-called “social” factors compared to the present study, we may 
localize areas of relatively identical value from the point of view of 
urbanization-, infrastructural- and communal level just as well.

c) 'flic realization of the mentioned two phases creates a possibility 
to express the “degree of socialization" on the individual homogenous 
areas of natural type.

In the course of the evaluation we attempted to differentiate area 
types of relatively identical value. The environmental potential was deter
mined in the spirit of Pecsi’s definition (“The potential of the environ
ment should be taken into account with man in the centre of interest, and 
the different part potentials of nature should be jointly assessed with the 
socioeconomic resources and conditions in interaction with them.”) as 
follows:

The factor values of each unit area were multiplied by their eigenvalu
es (as constant coefficients of the individual factors), and the products 
were summed up. The values of the summarized products were interpreted 
according to their signs. Thus

a) the potential value of each unit area can be expressed by a single 
weighted factor value:

b) all factors explaining the range of phenomena were taken into con
sideration in accordance with their respective importance. (The 
eigenvalue expresses how many per cents of the variance of vari
ables included in the factor model are explained by the given fac
tor. As a weighting co-efficient it is thus the only possible numerical 
value able to establish the hierarchy of factors in explaining the 
phenomenon.)

The method renders it possible to separate areas of relatively identical 
environment value. As comparative studies have not been made only the diffe
rentiation is possible; we cannot undertake to evaluate and qualify the 
different (relatively homogenous) area types.
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6. Further possibilities

In the course of the environment qualification we attempted to study 
some natural and social components of the geographic environment 
jointly. In lack of similar evaluations giving opportunity to comparison 
the applicability of the method has not naturally been proved. The factor 
analysis — as one of the mathematical methods for processing and syste- 
mizing the large number of data —, when completed with empiric examina
tions offers a possibility to carry out environment evaluation experiments.

In the course of surveying the environmental values of an urban area 
in a natural environment, and studying the interactions of the factors 
considered such —mostly unsolved — problems arose which cannot be left 
out of consideration even in model experiments of similar character. Para
llel to extending the application of the method in space and time we suggest 
the following:

1. further clarification of the concepts of “geographic environment” 
and “environment value”;

2. investigations into the interactions of determinative and determi
ned factors “acting” on the geographic environment and “suffering 
the action”, respectively; cross-temporal analysis of various area 
types;

3. further studies on and extension of the methods of examining the 
different structure and dynamic components (elements of natural- 
and social environment);

4. elaboration of new methods to solve the problems of category sys
tems, measuring scales and weighting.

It is only after clearing the part problems raised in the paper — mak* 
ing only a fragment of the actual problems of the subject — that high 
level, global studies on the environment potential will be able to produce 
reliable results and conclusions feasible for the national economy as well.
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НЕКОТОРЫЕ ПРИНЦИПАЛЬНЫЕ И МЕТОДИЧЕСФИЕ ПРОБЛЕМЫ 
ОЦЕНКИ ОКРУЖАЮЩЕЙ СРЕДЫ

Статья посвящена ряду проблем методики исследований одной из наиболее ак. 
дуальных тем современности под названием «человек и окружающая среда». Биоло
гия, психология и социология разработали своё определение окружающей среды- 
Можно ли изучать гео гр а ф и эескую  окружающую среду данной территории? Статья 
даёт географическую оценку окружающей среды одного будапештского района, 
имеющего славное историческое прошлое. В ходе оценки окружающей среды с по
мощью картографических методов и факторного анализа сделана попытка совм ест 
ного  использования ряда природных (инженерная геология, рельеф, растительность 
и т. п.) и общественных (густота застройки, плотность населения, степень развития 
ннфраструктурыжи т. п.) параметров. Автор занимается также возможностью раз
деления на две группы «влияющих» и «подвергнутых влиянию» факторов, теорети
ческими и практическими проблемами цепки баллов, а также вопросом подбора 
исходных переменных, категорий, измерительных шкал и путями их дальнейшего 
развития.
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НЕКОТОРЫЕ СТАТИСТИЧСКИЕ ПОКАЗАТЕЛИ СТРУКТУРЫ 
ОБЛАЧНОСТИ ВО ВРЕМЕНИ

М. МАКАЙ ч а с а р

Метеорологический И н с т и т у т  Университета имени Роланда Этвеша
Б у д а п е ш т ,  В е н г р и я

П о с т у п и л о :  3 1 . X I I  1977.

За последение 15 — 20 лет специальная литература в значительной 
¡мере обогатилась резултатами исследования специфических особен
ностей структуры метеорологических элементов и произведенных от 
них количественных величин. Резултаты статистических исследований 
обращают внимание на специфические особенности внутренней структуры 
атмосферы, они часто м огут  раскрывать такие специальные особенности, 
при знании которых мы можем надеяться на увеличение нашей инфор
мации, но данные результаты являются также необходимыми и для 
совершенствования методов, применяемых для численного прогнозиро
вания и использования в метеорологии измерений, проведенных спут
никами.

Анализ структуры облачности во времени и простванстве способ
ствует в первую очередь, проведению оценки снимков облаков, произве
денных спутниками, а также и обоснованности теоретических и практи
ческих принципов в отнешении возможностей и применения. На основа
нии данных наблудений о структуре, форме и виду облаков можно 
вывести причинные взаимосвязи, в сущ ности  они  ссылаются косвенным 
путём на индикаторы образования облаков, которы сигнализируют 
появление определенных процессов погоды.

Облагность не .может расс.матриваеться как непрерывный элемент, 
её связь с определенными объектами погоды точно определяется зако
нами физики.

При определенных погодных у с л о в и я х  между станциями, располо
женными друг от друга на расстоянии 50—100 км и дальше, может 
иметься налицо непрерывность и в облачном поле. Однако с помощью 
проведенных традиционных наблудений мы можем располагать неп
рерывным полем только экстраполятывным путём. Как раз это является 
одним из преимуществ снимков облаков со с п у т н и к о в ; они раскрывают 
перед нами непрерывность и разрыв облачного поля в самом кризисе. 
Если традиционные наблюдения облаков, проводимые данной станцией 
мы считаем характерными для определенной среды станции, в сущ н ости  
данные одной точки распространяются на окружающую среду, в то 
время как с помощью данных наблюдений со спутников, принимая во 
внимание и возможности разложения изображения, величины средней
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облачности мозаики, зополняющей значительную область, распрос
траняются на данную область.

В случае исследования пространственной структуры облачности 
возникают сомнения в отношении определения количественных величин 
и их достоверности (М. Макаи-Ракоци 1970). В случае точного опреде
ления величины облачности неопределенность решения оказалась 
большей в области величин средней облачности но сравнению с опреде
лением слабой и сильной облачности. Если что-либо и подтверждало бы 
физический фон того, что система облаков, сопровождающая обьекты 
погоды, чаще характеризуется двумя крайними величинами, мы могли

212 м. м акай  часар

Рисунок 1. Рассеивание частоты величин облачности



бы даже и приметь это явление с тем, что переход от двух крайних 
величин возможно произходит скачкообразно в рамках такого интер
вала времени, что даже ежечасные наблюдения не делают возможным.

Несомненно, что с точки зрения связанности с синоптическими 
обьектами для антициклонного положения может считаться характер
ной особенностью ясная погода или 1 -2  окта облачность, а для цик
лонного положения главным образом облачная погода. Нами был про
веден анализ данных по облачности из наблюдений за облаками, про
веденными ежечасно в 1965-1966 г, и на январь и октябрь месяцы была 
получена доволно уравновешенная кривая в форме «и», в то время как 
в апреле и июле месяце 7-я облачность встречается с большей частотой, 
чем 8-я (рис. 1). Гомогенность облачности данной, географического
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Р и с у н о к  2 . Одновременное наблюдение тождественных величин облачности на 2, 
3-х станциях.



района может быть проверена при сравнении результатов одновремен
ных наблюдений за облаками. На рисунке 2. продемонстрированы резуль
таты сравнения величин облачности, наблюдаемой одновременно 7-ми 
станциями. С позиций времени года в январе и октябре месяце наблю
дается наиболее гомогенная облачность. Сравнение отдельных месяцев 
и станций показывает и то, что в функции количества станций одновре
менно произведенные наблюдения показывают рассеивание в форме 
«Ц» т. е. если например выберем величины облачности, одновременно 
наблюдаемой на трёх станциях, то можем заметить, что одновременно 
маленкая и большая облачность наблюдалась с большей частотой, чем 
средние величины. Одновременно более четырех станций наблюдали 
облачность между 1—5 окта, уже с такой небольшой частотой, что в 
процентном выражении они даже не достигли 1%, поэтому мы опускаем 
их предствление. Если мы сошлемся на наше объяснение, сделанное 
ранее, о том, что отдельный синоптический объект на большой площади 
характерно определяет облачные условия, то условия во внимание и 
отношения разделяет облачные у с л о в и я , то у с л о в и я  во внимание и от-
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Р и с у н о к  3 . Рассеивание частоты величин облачности, не наблюдаемой в одно и то 
же время.



ношения развития (фронтовое возникновение или рассеивание нтд.) 
и в области средних величин надо бы получить большую частоту. Из 
етого следует что рассеивание в форме «и», характерное для облачности 
может обьяспяться содействием субьективпых факторов. Вопрос может 
быть поставлен и наоборот: насколько велика частота того явления, что 
в один и тот же промежуток времени ни одна из стаций не наблюдала
1,2,___8 облачности, в случае которой должна быть получена кривая
в форме колокола. Это распределение демонстрируется на рисунке 3, 
наиболее правильная форма колокола характерна в январе месяце.

Выше описунные взаимосвязи м огут раскрыть некоторые законо
мерности относительно инерции величин облачности, т. е. неизбежно 
вытекает, что величины слабой и сильной облачности вяляюттся более 
долговременными. Инерция величин облачности демонстрируется в 
рассеивании продолжительностью в 6 часов, что может мотивироваться 
и выбором синоптических терминов, в то же время мы можем ориенти
роваться и по максимальной границе времени между отклонением от 
орбиты с п у т н и к о в . На рисунке 4. демонстрируется тот факт, что вокруг 
средних величин невысокая инерция, выше трёх часов их величина 
частоты настолько небольшая, что мы можем аявить, что в областях, 
покрытых такой облачностю, мы ни в коем случае не можем использовать 
снимки, сделанные с разницей в промежутке времени + 3  часа. В апреле 
месяце около средних величин мы находим большую частоту, что от-
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Рисунок 4. Показатель инерции величин облачности.



носится к изменчивому характеру весеннего периода. Такое рассеивание 
инерции величин облачности требует дальнейшего исследования кажется 
необходимым проведения исследования изменчивости характера вида 
облаков во времени. Согласно Сонечкину (1966) данные орбиты сосед
него спутника могут распространяться на тождественный промежуток 
времени летом только в интервалле ±1,5, а зимой ± 3  часа. Он предлагает 
использование снимков, отклоняющихся во времени, методом простой 
экстраполяции, который даёт такую же эффективность, как и метод 
оптимальной интерполяции.

И в настоящее время проводимые традиционным способом наблю
дения за облаками вследствие структуры группы облаков по синопти
ческому коду дают возможность отделить около 27 видов облаков. Из 
снимков телевизора на основании серости готовится анализ облаков, 
где такое подробное различение в настоящее время ещё не представляется 
возможным, поэтому и синоптические наблюдения обсуждаются обо
собленно согласно основным типам, применяемым для аналуза облаков 
спутниками.

То же самое поле яркости может относиться к различным комби
нациям облаков, таким образом сп у тн и ко в ы й  анализ облаков также 
даёт большую информацию, чем мы представляли себе в первый момент. 
Предварительный анализ даёт возможность убедиться в том, что .мы 
действительно получаем больше информации из простых снимков об
лаков. Эта задача состоит в то.м, чтобы решить: данное облачное поле 
наличие каких других облаков предполагает — т. е. закономерно требует 
— если наблюдение проводилось с н и зу  или сверху, и не было видно поле 
фона. В составлении таблицы № ¡. решающее значение имели такие 
соображения принципального характера, которые применяются в 
синоптических наблюдениях за облаками и в обьяснении т международ
ному атласу облаков. При этом нам н у ж н о  по м ни ть  о такой физической 
связи, которая в случае формирования облаков предполагает совокуп
ное наличие или исключение различных видов облаков. Например, 
неизбежного наличия каких других облаков требует появление облака 
низкого типа, вероятно, но незакономерно, только в том случае, если 
появляются и другие виды облаков или же это означает как раз исклю
чение определенных видов. Подобная таблица была составлена и Сонеч
киным (1968) в принципальном построении которой не видно слишком 
большой разницы. С помощью синоптических наблюдений можно раз
личить 27 видов облаков, следовательно математически на основании 
у п о м я н у ты х  четырёх обьединений комбинация без повторности означает 
случай, что имело бы своим результатом
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Однако в действительности не может быть найдену такая большая ком
бинация. Определенный вид комбинаций не может создаваться физи
чески, а определенная комбинация может быть открыта только в не-



которых географических районах. Из двухлетних материалов сформи
ровалось всего около 102 видов комбинаций, к которым относится со
вершенно ясное состояние и туманная погода, помеченная числом 9, 
когда наблюдатель из-за тумана не может наблюдать более высоко 
расположенные облака.

На наших рисунках демонструются комбинации, имеющие наи
большую частоту. Комбинациями теплого полугода м огут  считаться 
43. 15 и 91 комбинации: у  н и х  в первую очередь облака Си и Си congиз 
средневысоких уровней Ас translucidus но на одном уровне частями, в 
большинстве случаев в форме чечевицы, иногда отдельными полосами, 
или же в таких слоях, которы постепенно заполняют всё небо у п л о т н я 
ю тс я , или же формируют двухслойное облако. В этой комбинации мо
жет встретиться Ас cumulofonnis или floccus возможно castellanus. Из 
высоко расположенных Ci densus, которые обычно не множится, но 
можно предположить, что оно находится на вершине грозового облака. 
87-я комбинация является грозовым облаком, однако не наблюдаемый 
с ним максимум средне и высоко расположенного облака падает на пос
леполуденные часы. Типично зимними комбинациями являются 59, 61, 
92, 94. Основной составной частью их является Sc, St но к ним может 
относиться a As и Ас. 92-я комбинация может встречаться в январе 
(рис. 5).
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Рисунок 5. Частота комбинаций облаков, характерных для отдельных периодов года



Распределения показывают не только частоту, но также и дневной 
ход. 90-я комбинация, которая означает Си и л и  Си cong. В случае отсутст
в и я  среднее и высоко расположенных облаков является облаками 
типично хорошей погоды: она показывает определенный дневной ход, 
в ночные часы почти с О частотой. Чрезвычайно малую частоту показы
вают днём комбинации 18, 59; и 91, когда низко расположенной облач
ности нет, отсутствую т облака конвективного типа в то же самое ком
бинации 59-61 не содержит высоко расположенных облаков. Совер
шенно ясное состояние (93-я комбинация) показывает м ин им у м  в апреле, 
однако напоминаем 4-й рисунок, где как раз большую частоту показы
вают облачности около средних величин.

Также небольшой является частота в июле, октарбе и январе месяце, 
Положение совершенно ясной погоды встречается с большей частотой 
в ночные часы, но показывает подобный ход. 73, 94 Ns содержит дож
девое облако, С облако не видимо, они показывают наибольшую частоту 
в апреле и январе, наименьшую в июлие с у сто чны м  минимуме. П ос
к о л ь к у  это является типичным облаком теплого фронта, даже и харак
терно после окклюзии его наличие связано с синоптическими обьектом.

Величина инерции отдельных комбинаций может оказать значитель
ную помощь при использовании анализов облаков, но с её помощю 
можно подчинить контролю и тщательность проводимых наблюдений. 
Мы пытались представить продолжительность комбинаций во времени 
путём распределения частоты 1, 2 и 3 часового постоянства. 68-я ком
бинаций показывает» наибольшую продолжительность в отношении 
постоянства во времени. В любой период года, которая содержит только 
облако, расположенное на среднем уровне. В течение весьма изменчи
вого апреля месяца продолжительными оказались те комбинации, когда 
отсутствую т высоко расположенные облака. Эти типы содержат Se, Ас 
opacus или Ас duplicatus облака, которые не множатся, даже и такое 
грозовое облако, которое находится вместе с Ас и Ns, а также вместе 
с Ns, Ас translucidus или с Ас opacus. На основании этих точек зрения 
ввиду использоваемости снимков телевизионный камеры, в отношении 
формы изображения облака мы можем подтвердить результаты, полу
ченные Сонечкиным согласно которым летом ±1,5 яасовы, зимой ± 3  
ьасовые несинхронные наблюдения м огут быть использованы и в том 
случае, если принимаем вовнимание факт, куда относится комбинация 
такого характера, а следовательно и облака фронтального происхож
дения, дающие осадки.

Мы проводили обработку наших данных в первую очередь с целью 
оценки и использования снимков телевизионной камеры, надеясь, что 
специфические особенности распределения облачности по количеству, 
форме и виду облаков м огут с л у ж и т ь  в качестве инструкции. Поэтому 
для нас не безразлично повторяемость основы облака во времени. 
Менее сложной влыгядит простая экстраполяция, когда полученное 
данные относят вперед или в обратном направлении во времени. Воз 
пикает вопрос можно ли использовать основу  облака, полученного из 
1 часового, или 3 — 6 часовых несинхронных наблюдений. Определение
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Р и с у н о к  6 . Изменчивость основы облака во времени в течение 1 -  2 и 3-х часов.

основы облака (толщина облачности) при снимках телевизионной ка
меры происходит косвенным путём, таким образом, метод небезупречный 
и в других отношениях. В случае многократном экстраполяции может 
привести к заблуждению. Наши сооражемия мы обосновываем спектром 
основы облака во времени. В нашем распоряжении находятся данные, 
полученное традиционным способом, оценка положения, проведенного 
визуального, путём пуска шаров или же инструментального измерения



основы облака. В синоптическом ключе различается 10 высотная шкала 
хотя 9-м числом выражаются хорошо известные высоты выше 2500 м 
Именно поэтому с точки зрения постоянства во времени в любое время 
юда 9 облачным основам выпала роль быть отмеченными статистичес
ким средними. У остальных видов облачных основ изменчивость во вре
мени большая. Выше 1 часа стабильность резко сокращается выше 
3 часов постоянство еле проявляется, что предупреждает нас о том 
что в геопотенциальных оценках м огу т  быть значительные ошибки.

Некоторые выше рассматриваемые результаты предупреждают ра
ботников, производящих анализ NEF о том, что нужно использовать 
более точные определения. Однако чрезмерная детализация в настоя
щее вре.мя ещё не достижима, хотя неопределенность в отношении ко
личества, полученная в результате традиционных наблюдений в зимние 
месясы составляет 2 — 3 окта, а летом показывает ещё большие колеба
ния, поэтому нужно стремиться к тому, чтобы производилась более точ
ная количественная оценка изображения облаков полученных теле
визионной камерой. Но до тех пор, пока оценка производится субьектив- 
ным способом, на больше надеяться нельзя.
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SUMMARY

STATISTICAL ASSESSMENT OF THE CLOUDINESS STRUCTURE

The study of meteorological elements and the statistical structure of quantities origi
nated from them became more and more urgent because of the possibilities to use them di
rectly. In the study we tried to determine some statistical characteristics of the temporeal 
structure of clouds — an element discrete in space and time.

J he data observed in a traditional way in discrete places and time have been studied 
using the information theory similarly to the examinations of spatial structure. We have 
succeeded to show the fact that the determination of the quantity of clouds there is a great 
uncertainty when the cloudiness equals about the mean value. We examined the homogenity 
of the cloudmass and the inertia value related to the quantity and type of clouds.

We compiled cloud combinations to determine the possible cloud tvpes of a given cloud- 
mass in order to promote the ut ilization and interpretation of satellite "photographs. We de
cided to relate one or more cloud I у pcs to a given brightness field according to the methods 
oi excluding, necessary presence, occasional but not necessary presence or absence of certain 
types and using the physical-genetical properties of clouds. At last we give an account of 
the analysis about the temporal spectrum of the cloudbase.
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