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The Hungarian iron industry, although modest by world standards, 
plays an important role in the country’s economy. It mostly meets home 
demands, although there is a significant exchange of assortments in rolled 
articles. Export of rolled articles steadily reaches 1 -1 .1  million tons yearly 
on present production level. The majority of export goes to Western 
European markets. The industry thus greatly contributes to the country’s 
income of convertible exchange. Intensive investments in the development 
of industry during the past fifteen years has served the structural moderni
zation of industry as a whole, and brought about the boom of new dynamic 
branches of industry (petroleum refining, petrochemical industry, alu
minium processing, public vehicle programme etc.). Under these con
ditions the rate of métallurgie investments has reached very low values 
in international comparison. For example 4.f> per cent of all industrial 
investments in Hungary was earmarked for matallurgy between 1968 — 
1972. The corresponding rates in some countries with significant metal
lurgy are given below:

Japan 17% Czechoslovakia 8.5%
Tt'aly 10.9% Romania 8.4%
West Germany 9.9% Poland 6.9%
USA 0.1% Austria 0.4%

As a consequence of this the introduction of new technologies spreading 
worldwide was lagging and the productivity of this branch of industry 
remained under the level of international average. These problems, together 
with the increasingly sharp competition on the world market from the 
mid-seventies, and the rearrangement of the international division of 
labour in métallurgie production demanded long-term decisions on the 
directions of development of Hungarian iron industry. Plans have been 
conceived and decisions have been born on the reconstruction of iron 
industry determining the development of this industry. The core of the 
decisions: the realization of a significant technical renewal besides quan
titative growth.



The reconstruction of iron industry makes its impact on the changes 
in the regional division of labour, and it also has manifold economic geog
raphical implications. E.g. production share of the Danube Iron Works 
(DIW) with its site at Dunaújváros increases, while that of the two large 
works in Northern Hungary decreases.

At the beginning of our study we give a short outline on the 200-year- 
old past of the Hungarian iron industry. The emergence of plant sites, 
the inner structural problems of the industry, the technical level, regional 
links, raw material supply, external trade connections, and transformation 
of existing links with the natural environment may be better understood 
in the interconnections of historical evolution.

I. Historical outline, plant sites

Hungarian iron industry has plants on the following sites:
1. Miskolc —Diósgyőr. Lenin Metallurgia Works (LMW, the former 

DIMÁVAG). This full-cycle iron-and-steel complex has the longest history 
among plants operating today: its ancestor was founded in the Garadna 
Valley near the present plant site in the last third of the 18th century. 
This first iron furnace had its location chosen to utilize the water power 
of the Garadna Stream and the forests of the Bükk Hills (charcoal). Iron 
ore came on carts from iron pits within the distance of 50 kms. At a so
mewhat lower point, at the confluence of the Szinva and Garanda streams, 
a forge, also working on water power, was processing the crude iron. More 
iron furnaces were built later in the valleys of Garadna and Szinva, but 
they could not compete with the plants in the northern part of historic 
Hungary (today’s Eastern Slovakia), due mostly to unfavourable location. 
Consequently iron manufacture was stopped temporarily in 1875. The 
major disadvantages in the location of furnaces were the poor grade of 
nearby ores and the extremely high cost of transport due to the lack of 
railways. After iron smelting with coke had become widespread disadvan
tages grew still graver with the lack of coking coal. However, steel manu
facture started with no local crude iron, and the function of the reservoir, 
created in the age of early iron manufacture, now' changed. The dammed 
water later became the spare souce of cooling water for the new site. The 
most important factor of location was, however, the local lignite, which 
was used for generating producer gas. Steel has been continously produced 
in open-hearth furnaces since 187!), but not since 1910 has this technology 
become predominant. Soon electric steel production gained ground, too. 
Coke-fed blast furnaces were only installed in 1926 and 1931, with a volume 
of 300 cu. metres each. Necessary crude iron had formerly been transported 
from charcoal-burning iron furnaces working in the area of one-time 
Hungary. Today’s large works has always been, apart from a short period 
following its foundation, a state-owned plant, and it has greatly influenced 
the structure of production and its manufacturing profiles. This plant has 
always been the centre of Hungarian high-quality steel production. Manu-

4  ANTAL Z. -  MIKEST I.



facture of high-quality steel was required by both the construction of 
railways, bridges, and by defence purposes. The only plant producing 
wagon wheel-pairs was also set up here (which has been closely co-operating 
up to this day with the MÁVAG wagon plant located in Budapest). The 
majority of manufactured rails has always been turned out by this plant. 
An important steel foundry and stamp-forgery has also been established, 
basically to meet state demands. A fairly broad specialization on rolling 
has formed in the capitalist age, especially with roughing and intermediate 
rolls train sizes. Among them, roll stands for high-allov steel were also 
installed. I he plant was also specialized for rolling rough, intermediate 
and thin sheets right after World War I. Among manufacturing plants a ref
ractory brick-producing works using imported raw material was also set up.

Before World War II raw material supply of the LMW was ensured 
from nearby iron mines at Itudabánya and Slovakia, as well as from 
Sweden. From the beginning of the 1950s imported Soviet iron ore became 
the main source of crude iron production. Coke requirement of the blast 
furnaces has always been satisfied by imported sources (Czechoslovakian 
and Polish before World War II, also Soviet following it).

Magnesite and fire-clay has been arriving from Czechoslovakia, 
Austria and partly from the area of today’s West Germany. Slagforming 
limestone and dolomite originate from nearby quarries. The big works at 
the karstic Bükk Hills, together with the neighbouring [liants suffers from 
water shortage, consequently the re-use of water following purification 
became necessary.

I he full métallurgie cycle stayed on here, but the roughing mill and 
the railway points manufacturing section was transplanted to Budapest 
and Gyöngyös respectively, while the unit producing wagon wheel-pairs 
was linked to the neighbouring machine works.

2. Ózd Métallurgie Plants (OMP), Salgótarján Steel Products Plant 
(SSPP), Borsodnádasd Sheet-Iron Plant (BSIP) and the December 4 
Wire Works (at Miskolc).

Before World War II the OMP, the Salgótarján and Borsodnádasd 
plants belonged to the framework of the Rimamurány — Salgótarján Iron 
Works Ltd., were under common direction, and formed a technologically 
tight cooperating plant group. The December 4 Wire Works, founded 
later at Miskolc, is linked partly to the OMP, from the viewpoint of tech
nology. Among all métallurgie works in their present locations the OMP 
may go back the longest way in the past: it was inaugurated in 1847. Ori
ginally it was specialized exclusively to steel and rolled steel production. 
It became a plant with full production cycle by its 4 coke-fed blast furnaces 
built during the first decade of the 20th century. Its location was determi
ned by the discovery in the area of coal deposits suitable for generating 
producer gas. Crude iron was obtained from the charcoal-fed furnaces of 
the company farther to the north. Similar causes and conditions were 
instrumental in setting up a smaller steel plant and a rolling mill at 
Borsodnádasd in 18G4. The two plants were connected by a narrow 
gauge railway line, ojiened in 1873, still operational today.
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The motives for the foundation of a steel plant and a rolling mill 
at Salgótarján, put into service in 1871, were similar. The plant, indepen
dent during the first years, merged with those of Ózd and Borsodnádasd.

In the last decade of the 19th century, when the company switched 
to SM steel production, and was planning to build coke-fed blast furnaces 
to satisfv the increased crude iron demand, it found the Salgótarján and 
Borsodnádasd sites unsuitable for development, primarily because of 
environmental reasons (lack of water, of space). I t happened this way 
that a new steel mill and the blast furnaces mentioned above were built at 
Ózd. 10 open hearth furnaces were built between 1893 — 1908, while between 
1906—1912 4 coke-fed blast furnaces of 330 cu. metres capacity were put 
into operation. In line with these installations smaller-scale modernization 
was carried out in the plants producing refractory matter. Puddling furnace 
and basic Bessemer steel production at the other two sites was discontinued, 
and part of the rolling equipment was also moved to Ózd. The creation 
of SM steel production was followed by the installation of roughing, inter
mediate and thin rolling mills. Before World War II rolls trains were 
powered partly by steam, partly by electricity. Unlike the state-owned 
Diósgyőr Iron Plant, the Rimamuránv Oo. has from beginning specialized 
mainly in mass steel manufacture, consequently it has been equipped fői
ről led steel production in intermediate and thin rolling mills. The works at 
Ózd shipped steel and rolled article as raw material to the Borsodnádasd 
Sheet Iron Plant and the Salgótarján Sheet Products Plant for reprocessing 
the rolled steel (slabbed wire and band).

After 1881 BSIP gradually shifted to manufacturing commercial 
sheet iron, and installed hot and cold rolling mills.

Following the merger of 1881, furnaces for basic Bessemer steel were 
installed in the SSPP. and further processing of manufactured steel was 
carried out roughing, intermediate and thin section rolls trains. This plant 
was working for only a short period and it stopped in 1902. The greatest 
part of rolling mill equipment was moved to Ózd. To harness human and 
material resources thus freed new production systems were adopted: manu
facture of cold-rolled band-steel and hot-processed metalware (cart axle- 
tree, various hand tools for agriculture and industry, like shovel, pitchfork, 
hammer, plough etc), were introduced. Beyond these, galvanized and 
barbed wire production was also started, which was followed by springs, 
stranded wire, nails and the factory gradually turned into a metalware- 
producing firm. Steel needed for the metalware section was supplied bv 
a smaller open-hearth furnace.

The Miskolc Wire Works, the present December 4 Wire Works was 
founded after World War I partly to reprocess the products of the Ózd 
rod rolling mill. Among products of the factory those better known are: 
the stranded wire used in mining, and a great variety of metalware e.g. 
fencing wire net, cables etc.

Before World War II iron ore needs of the OMP were supplied mostly 
by Swedish, and in part by Slovakian and Rudabánya ores. The state 
of coke supply is similar to that of the LMW. After the turn of the century
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smaller thermal power stations were installed at Ózd, Miskolc and Salgó
tarján that provided electricity for the electric motors gradually subs
tituting steam driving.

3. The third, lesser métallurgie centre was set up at the southern 
boundaries of the capital in 1911. Three small-output open hearth steel 
furnaces were built in the Weiss .Manfred Plant, primarily for manufac
turing military hardware. Electric steel furnaces were also installed during 
World War I. These were completed by the rolling mills and the iron and 
steel foundry, the large forging section and the stamping factory. Besides 
the Miskolc métallurgie works the second larger alloy steer manufac
turing site has grown up at Csepel, based on an electric steel mill. After 
World War I the varied profile complex was switched over to manufactur
ing consumer metalware and production equipment, and in 1920 the con
struction of a single tube-works began within the new boundaries. La
ter on a machine-tool factory and a bicycle factory made métallurgie 
production complete.

In addition to black metallurgy Csepel has traditionally had small- 
scale copper electrolysis and copper rolling. A small aluminium electrolysis 
plant with a yearly capacity of a few thousand tons was working between 
1930- 1944, but was destroyed in the bombings. The iron, steel and other 
non-ferrous scrap metal waste of the capital plays an important role in 
the raw material supply of Budapest metallurgy. A strong demand of the 
capital's manufacturing industry for high-quality steel is also an important 
factor in the location of this métallurgie complex. The reason for the ex
pansion in the 1920s of the machine industry may be found, first of all in 
the transition of the political-geographical environment. The tense political 
atmosphere among the successor states of the Austro-Hungarian Mo
narchy did not have a favourable effect on the international division of 
labour. Consequently all states strived for a selfcontained manufacturing 
industry. The continuance of raw material shipments (e.g. Slovakian iron 
ore) was due to the mutual recognition of Hungary and Czechoslovakia of 
the proprietary rights of the capitalist industrial and mining enterprises' 
affiliated firms, sections etc. beyond state boundaries.

Pre-war plants, mentioned above, of the Hungarian iron industry 
were completed by a ferro-alloy factory in Zagyvaróna (part of present 
Salgótarján), completed in 1939, where mostly alloys like FeSi, and then 
FeVV, F e \ , I’e.Mo etc. are smelted. Si is obtained from domestic mines, 
while other allovingmaterials are imported. Before World War II Hunga
rian iron industry had very modest production figures. Production of 
steel in 1942 was 0.784m tons, that of crude iron and rolled articles stood 
at 0,448m and 0.376m tons respectively in 1941. Some 20—25 per cent 
of rolled steel article output went regularly for export. . . The low standard 
of internal consumption, too, was reflected in these, something that may 
primarily be explained by the backwardness of the machine industry.

At the same time there were shortages in several iron products — 
e.g. in sheet metal. Therefore the necessity for building a fullcycle métal
lurgie works arose well at the beginning of the 1930s, what in that political
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state the capitalist government wanted to base primarily on Yugoslavian 
iron ore and partly on the métallurgie coal around the town of Pécs.

The site planned in the south of Hungary, around the town of .Mo
hács. This question was put off bv World War II. Apart from some small 
investments no expansion was made during the war.

II. Developments between 1945—1975

What may be seen from the short historic outline is that the pro
ducing units of the Hungarian iron industry in the mid-1940s were techni
cally obsolete plants, mostly with 40 — (50 years of work behind them. 
In addition to this, there were large unequalities between the different 
production phases. Because of the awareness of capitalist market instabili
ties production capacities of finishing rolls trains well exceeded those of 
blooming mills. Output capacity of rolling mills was even above steel 
production capacities. Amid such conditions did the momentous deve
lopment of black metallurgy begin in Hungary, that had just taken the 
socialist road of development. Reconstruction in the second half of the 
1940s increased the demand for steel, whose satisfaction was temporarily 
facilitated by the processing of scrap metal stockpiled during the war. 
In Ózd and Miskolc capacities of old furnaces were increased for the 
expanded steel production. Earlier chiefly the blast furnaces at Ózd pro
vided the crude iron supply of steel mills, 60 kms apart from each other, 
at Ózd and Miskolc. Increased steel production at Ózd, however, absorbed 
the output of the four blast furnaces. To put an end to the resulting crude 
iron shortage, it then became necessary to build blast furnace No 3 at 
Miskolc with a capacity of 760 cu metres (1952). This was preceded by the 
installation of two small-capacity iron ore concentrating plants: one at 
Miskolc, the other at Ózd. With the completion of the new blast furnace at 
Miskolc there was a temporary crude iron surplus, which was used to 
meet the crude iron demand of the Csepel Steel Works (the former 
Weiss Manfred Plant on the southern outskirts of Budapest).

At the same time the manufacturing range of the rolling mill was 
revised; among the changes the relocation of the Miskolc roughing mill to 
Budapest was of greater significance (1950). The railway points manu
facturing plant was moved to Gyöngyös. The sheet rolling mill in the new 
site at Budapest has increased its output several times.

Beyond achieving a balance in crude iron and steel output and the 
revision of manufacturing range the completion of the new pipe factories 
at Csepel (1949 and 1952) and of the intermediate rolls train at Miskolc 
(1955) formed the third important event in the industry. With the instal
lation of the two large-capacity rolling mills just mentioned the difference 
between the productive capacities of the blooming rolls trains and of the 
finishing rolls trains rose to some 400 000 tons. This prompted a highly 
active international cooperation in rolled articles, whose chief part was 
the importing, mainly from Czechoslovakia, of blooms suitable for further 
rolling. As one may see it, the spatial pattern of iron industry did not
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change during the first years of post-war reconstruction. Production of 
métallurgie primary material remained concentrated in the two large 
works of northeastern Hungary, only a few reprocessing plants were 
relocated from the region. Raw material supply, however, has been al
tered altogether. The share of Rudabánya iron ore at this time already 
fell to a value around 10 per cent. Since the beginning of the 1950s the 
bulk of imported iron ore — ever increasing in quantity and share — has 
been coming from the Krivoy Rog iron mines of the Soviet Union. The 
importing of Slovakian iron ore was stopped because of the growing de
mands of the iron industry there. Poland’s role in the supply of blast 
furnace coke has increased, and the Soviet Union has emerged as a major 
supplier. On the whole we may state that in line with post-war production 
expansion northern Hungarian iron industry has increasingly lost contact 
with nearby raw material bases. Growing distances in rail transport are 
an absolute location disadvantage. The fact, however, that this region of 
Hungary is situated closest to the Soviet Union, provides a relative loca
tion advantage for the two métallurgie plants of the Sajó Valley, stem
ming from the short supply route (inside Hungary) of iron ore and blast 
furnace coke.

Soon, however, limits of quantitative growth, set by site location, 
were shown up in force. Expansion of the plant buildings of the LMW is 
restricted by the narrow Szinva Valley. Even graver problems are posed 
by the supply of industrial water. Following the drainage of the Garadna 
and Szinva streams, as well as the karst water of the Bükk Hills, construc
tion of a surface intake works on the River Sajó became necessary. Howe
ver, these measures were insufficient to solve the water supply, and the 
introduction of water recycling was inevitable.

Expansion of iron industry at Ózd and Miskolc was coupled by a rapid 
increase in the number of those employed. This resulted in the swift growth 
in the population of the two towns — especially of Miskolc, with their 
subsequent reconstruction development. To improve the supply of tech
nical experts the Heavy Industrial University was founded at Miskolc. 
The improvement of the road network and the setting up of a good 
system of bus lines enabled largescale commuting from nearby settle
ments, which is second in size in the country after the Budapest agglo
meration.

With the expansion of production an ever increasing traffic in mat
erials has developed between the métallurgie plants of northern Hungary 
and Budapest where the metal processing and the machine industry of 
this country is concentrated. This traffic in materials on the one hand, 
and mass imports from the Soviet Union, made the Miskolc—Budapest 
rail line one of the most heavily frequented transport line in Hungary. 
This is the reason why the Budapest — Miskolc double-track line was 
electrified first in the railway electrification programme, that started in 
the early 1960s.

Steel and rolling production capacity expansions mentioned so far 
met only partly the ever increasing steel demand. A general shortage of
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steel and assortment shortage in rolled articles appeared in the first half 
of the 1950s. Within the latter the shortage of sheet was especially grave, 
because steel-sheet rolling mills working at Ózd, Borsodnádasd and Bu
dapest could only satisfy a small part of the growing demand of the 
machine industry. The shortage in thin sheet varieties was especially 
serious. It was in this situation that the building of a new, full-cycle iron 
works was decided. The site was chosen to be on the right bank of the 
Danube, 70 kms south of Budapest. The function of the works is to pro
duce steel sheets (hot and cold rolling) exclusively. An entirely new town 
was built on the site: today’s Dunaújváros. Raw material supply of the 
new plant was provided by water-transported Soviet iron ore, by black 
coal from around the town of Pécs and by Czechoslovakian, Polish, and 
Soviet black coal and coke — with all the latter shipped by rail. The 
Danube also provides abundant industrial water. The necessary slag
forming limestone is brought from quarries near the village of Polgárdi, 
some 50 kms away.

It was in 1954 that the first discharge of crude iron was seen from 
blast furnace Xo I. of the DIW. and it was soon followed by the installa
tion of the first open-hearth furnace (1954). From this time on crude iron 
supply of the Csepel steel mill has been coming from the DIW.

In the second half of the 1950s blast furnace No 2. was completed, 
as was the construction of the SM-factory with a total of 4 furnaces of 
150 tons capacity each, that were later rebuilt for a capacity of 180 tons 
each. The hot-rolling mill and the Iron Ore Concentrating Plant of the 
DIW were also installed.

Now all three full-cvcle iron works had their own ore dressing plants. 
Both in the O.MP and in the LMW onesmall iron concentrating plant each 
was installed following World War II, because Soviet ore was taking an 
ever larger share of the ore supply of the blast furnaces. The Krivoy Rog 
ores with their loose (powdery) structures are in need of concentration.

Important changes in furnace technology have also taken place 
during the second half of the 1950s. At Ózd and Miskolc heating in steel 
production was shifted from lignite-generated producer gas to oil. The 
LMW was first to introduce in 1959 natural gas blow-in iron smelting, and 
the injection of liquide hydrocarbons was also started at this time in all 
the three plants. This resulted in significant coke-saving.

Hungarian blast-furnace coke production first started at Dunaúj
város in 1956, and the second line of coking chambers was installed in 
1958. This raised domestic blast furnace coke production to 650 000 toms, 
that satisfied about half of the demand of the time. The coking factory 
used black coal from Pécs, but owing to its 13— 14 per cent high ash cont
ent, it was always mixed with imported low-ash coal to improve quality. 
Produced chamber gas is processed in the neighbouring chemical plant 
section, while the dry gas (about 300 m cu. metres per year) contributes 
to the communal supply of Dunaújváros, besides meeting plant needs, 
and some of it even reaches Budapest through pipeline.
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Steel manufacturing equipment of the OMP was modernized between 
1961 — 1965. One reason why this became necessary was that the equip
ment of the steel mill have completely worn out and were dangerous to 
life. The entire steel mill was dismantled and 8 Marz-type, natural gas- 
heated open-hearth furnaces were installed, capable for a charge of 110 
tons each, that replaced the twelve earlier SM furnaces with their 40 — 50 
ton capacities. An oxygen factory was built in the mid-1970s, and the 
blowing in of oxygen was introduced to intensify steel production.

'Phe most important development in the LMVV at this stage was the 
construction of a new. Soviet-made blooming mill, with a capacity of 
1 million tons, to replace the old one. This eliminated in this plant the 
difference in the producing capacities of the rolling mills giving out the 
final product and of the blooming mill, and even an extra capacity of a 
few thousand tons has emerged, enabling rolling on order.

1965 saw a great event in Hungarian iron industry: the cold rolling 
mill of the DIVV was installed, making the production cycle of the plant 
complete. Moreover, the steel works has shifted to natural gas firing, and 
input charges for SM furnaces were increased, too. The construction of 
the new Borsod Iron Ore Concentrating Plant near Miskolc, between the 
two large plants was started to satisfy the demands of the close-lying 
OMP and the LMVV with good quality concentrated iron ore, and it was 
to replace the two small, uneconomical plants.

Among investments of national importance during the years between 
1960_  1970 the installation of a new, 50ton electric steel furnace in the 
LMVV may be included, that had been made in the Krasnoyarsk Heavy 
Machine Factory. In the 10 years following the production start of the 
blast furnaces in the DIVV there was a surplus of crude iron, and for that 
reason left-over open-hearth pig was exported (there was a partial pos
sibility to produce a yearly quota of 80— 100 000 tons of foundry grey pig 
iron). With increasing steel demand the steel mill of the DIVV gradually 
shifted to the oxygen blow-in technology, to intensify the output of the 
steel-producing furnaces. All this was made possible by the oxygen plant 
completed in the mid-1960s.

With that the former disproportionate capacities of crude iron and 
steel production, including the demands of Csepel, have now approxi
mately regained their balance. The modernization of the cold band
rolling mill of the SSPP, with the installation of new roll stands and 
annealing furnaces is also worth mentioning in this period.

An outcome of the modernization in steel production described above 
was that the output of crude iron and steel producing installations now 
resulted in the disappearance of the earlier surplus production capacities 
of the finishing rolls trains, and steel production could even be stepped up 
by the intensification.

Four new profile rolling mills were constructed between 1971 — 1975. 
For specification they are: the high-alloy, intermediate, and thin rolling 
mills of the LMVV, the rod and wire rolling mill of the OMP, and finally 
the wire rolls train of the Csepel Iron and Metal Works. Development was
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also started on expanding the capacity of the 1700 mm semi-continuous 
hot-rolling mill of the DIW. These developments represented a total of 
1.2 million tons of new rolling capacity in the given period. At the same 
time some 200 000 tons of obsolete rolling capacity was closed. They 
were the old high-alloy rough, intermediate and thin rolls trains of the 
LMW, with the rod and thin rolling trains of the Csepel Steel Works. 
Thus net growth of rolling capacity expansion was 1 million tons. The 
new production capacities modified the structure of Hungarian rolled 
steel production towards reinforcing steel, rolled wire and sheet products, 
in line with the demands of construction and machine industries. This 
was also contributed to by the output increase in the rolling mill of the 
DIW at Pestlőrinc. This is explained by the fact that the Budapest- 
located Pestlőrinc Rolling Mill meanwhile became a section of the DIW, 
and presently has a yearly output of 200 000 tons of rough and inter
mediate rolls sheet product. Apart from rolling mill developments, and 
with the purpose of adaptation to the new economic demands (increased 
hydrocarbon shipments and consumption), a pipe-factory manufacturing 
spiral-welded, largediameter (800-1000 mm) pipes was completed in the 
second half of the 1960s, that was increasing its production output rapidly 
in the 1st half of the 1970s.

It may be seen from those described above, that a significant dif
ference in production capacity has emerged between the finishing rolls 
trains and the blooming mills at Ózd and Dunaújváros, and much cheaper 
and up-to-date continuous casting units are being built for the reduction 
of this difference. In the DIW two, vertically arranged units for casting 
rectangular blocks were installed, while in the OMP six radial units were 
put into service. These equipment have also contributed to the increased 
productivity of the rolling mills, and to the improvement of the economic 
efficiency of the companies concerned.

III. Development of the Iron Industry between 1975 — 1980.

At the beginning of the 1970s Hungarian iron industry got into 
a state that it was unable to increase the capacity of its working producing 
sections without large-scale modernization of the installation of new 
manufacturing units. Output of most units well exceeded originally 
planned nominal production capacities. With some metallurgic phases 
(like iron works and steel mills) the possibility still existed to raise the 
level of production e.g. by increased capacities of blast furnaces, oxygen 
intensification of steel mills and by other small-scale complementary 
developments. In the case of rolling mills this solution could not be app
lied. Holding in view of meeting the progressively increasing home demand 
and because of the need to replace existing equipment operating at extre
mely low technical levels the most important aims of development policy 
of the 5th five-year plan were directed at the rapid production increase of 
the rolling mills. The above-mentioned rolls trains producing rod section 
articles and continuous casting units were installed within this programme.
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70 per cent of the 12 thousand million Ft materialized investments in 
metallurgy between 1971 — 1975, nearly 8.5 thosand million F t were 
devoted to the development of rolling mills and continuous casting units.
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Fig. 1. The iron and steel industry of H ungary
1. iron mine; 2. manganese mine; 3. metallurgical coal mining; 4. limestone quarry; 5. iron ore agglomerating 
plant; C. production of coking coal; 7. full-cycle iron and steel works; 8. production of steel; 9. production of 

electric steel; 10. steel rolling mill; 11. steel sheet rolling mill; 12. electrified railway trunk line.

I t lias to be noted that to meet home demands in rolled articles the 
import of these products had to be stepped up. Import of finished rolled 
articles on long-term contract from the Soviel Union has reached 650 000 
tons by 1975. At the same time a 50 000 ton import from Czechoslovakia 
of chiefly reprocessed secondary and tertiary articles became necessary.

A significant amount of import came from capitalist markets (120 
thousand tons per year). From domestic production and increased im
ports from socialist countries, some export to western markets became 
available, due to the desired exchange of assortments. During the fourth 
five-year plan with commitment to rolling mill development the possibi
lity of an intensive growth in the capacities of metallurgic phases (crude 
iron and steel production) was missing. The result of this was an emerging 
tension between the producing capacities of steel and rolling mills to
wards the end of the fourth five-year plan.



1975 1970 1977 1978 1979 1980

Processed steel ................................................... 4100 4200 4400 4557 4635 4700
H ung, steel p ro d u c tio n .................................... 3073 3052 3722 3 S 7 7 3910 4020

Missing steel ....................................................... 427 548 078 080 725 080

Share o f th e  individual iron works in th e  im ported steel:

D anube Iron W o rk s .......................................... 257 320 370 370 380 385
Csepel Trón and Metal W orks ...................... 50 90 125 120 160 100
Lenin M etallurgic W orks ............................... 05 S3 120 125 144 100
Borsodnádasd Sheet Iron Plant ........... 25 25 33 35 35 35
Salgótarján M etallurgic P la n ts ...................... 30 30 30 30 - -

T o ta l .................................................................... 427 54 S 07S 080 725 680

Steel needed for manufacture — in tlie form of intermediate pro
ducts — were imported through various combined operations from both 
socialist and capitalist countries, first of all from the Soviet Union and 
Yugoslavia, and even today a significant amount of external steel supply 
is needed for the individual factories. A few figures given below demons
trate the state of Hungarian steel supply:
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Import of various intermediate products (blooms and hot-rolled 
sheet rolls) were reduced to steel in the tables.

Supply is worst with the rolling mills of the Danube Iron Works, the 
Csepel Iron and Metal Works and the Lenin Metal lurgic Works. Steel 
supply of the Ózd Metallurgies Plants is well satisfied by the extra 300 000 
tons obtained as a result of the steel works intensification carried out in 
1976— 1977; the factory even has some surplus steel which is sent in 
cooperation to other Hungarian plants.

Besides imports the cooperation between Hungarian firms in steel 
and rolled steel intermediate products has an important role in the steel 
supply of metal lurgic companies. Its final extent can only be seen clearly 
during the preparations of the yearly plans, and it depends on external 
purchase possibilities. The cooperation consists of 80— 100 items in a year, 
whose tabular demonstration would pose some difficulty, so description 
here is restricted to major shipments.

All firms take part in the domestic cooperation regardless of having 
a shortage or a surplus of steel. The cooperated sale of steel may be car
ried out in the form of ingots, blooms, hot-rolled sheet rolls and even in 
finished products.

Major shipments between the individual plants in 1979—1980
The Danube Iron Works has two hot-rolls trains (one of them at 

Dunaújváros, and the other at Budapest). There is no steel production in 
the section at Budapest: in the Pestlőrinc Rolling Mills of the DIW.



Ingots and continuously cast flat billets for the yearly production of 
200 000 tons of wide thick sheet are brought here in part from the Soviet 
Union (75 000 tons), partly from Yugoslavia (120 000 tons) and to a lesser 
extent from Romania (30 000 tons). All steel produced in the Danube 
Iron Works (1 200 000 tons) is processed at Dunaújváros. Of the present 
yearly sheet production of 1 280 000 tons in the Danube Iron Works, 
20 000 tons of hot rolled split sheet rolls are shipped to the Borsodnádasd 
Sheet Iron Plant, 30 000 tons to the Salgótarján Metallurgic Plants, 
while 55 — 60 000 tons go to the Csepel Iron and Steel Works.

Lenin Metallurgic Works. Raw steel produced by the firm amounts 
to 1 million tons per year. Total amount of steel to be processed within 
the complex (rolled articles, forged products and cast steel) is 1 250 000 
thousand tons. The major part of the missing 250 000 tons is purchased 
from the Soviet Union and Romania (130— 140 000 tons). The 110— 120 000 
tons still missing is transported to the LMW from the Ózd Metallurgic 
Plants.

The function of this firm is to supply Hungarian forgeries, working 
outside of metallurgic complexes, with alloyed and unalloyed blooms. 
A yearly amount of 65 — 70 000 tons of intermediate steel product is 
produced here for this purpose.

Ózd Metallurgic Plants. Concerning steel supply this firm is in the 
most favourable situation. Its yearly steel output is 1 400 000 tons. 
Internal consumption amounts to 1 200 000 tons (it only manufactures 
rolled rod and sectional articles). Its steel surplus of 200 000 tons is given 
over to other Hungarian plants. Its chief customer is the LMW, where 
110—120 thousand tons of ingots and rolled or continuously cast blooms 
are shipped in a year. It provides the Csepel Steel Mill with 40 — 50 000 
tons of rolled blooms, while the Borsodnádasd Sheet Plant receives a 
yearly supply of 20 — 25 000 tons of flat steel from here. The OMP has 
important long-term commitments in other finished goods, too (different 
rolled wires). This firm supplies the Salgótarján Metallurgic Plants and 
the December 4 Wire Works the lion’s share of required rolled wire — the 
basic material of drawn wire production. The OMP’s yearly output of 
rolled wire is 370 000 tons. Out of this it sends 135 thousand tons to the 
SMP, 60 thousand tons to the December 4 Wire Works and about three 
thousand tons to the Csepel Electrode Plant Section (part of the Csepel 
Iron and Steel Works). Cooperation commitments of the firm increase as 
a function of the growth in rolled wire production.

Borsodnádasd Sheet Iron Plant
Yearly electric steel output stands at 10 thousand tons. From this 

amount it processes 7 thousand tons in its own steel foundry, while 3 thou
sand is sent to the OMP in small ingots. The 90 000 tons of flat steel 
needed for the yearly sheet output of 80 000 tons 30 thousand is provided 
by Soviet clearing shipments, while 35 thousand is bought from the OMP 
and 30 thousand from the DIW.
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Sheet manufacture in the firm is to stop in the first years of the sixth 
five-year plan, and an iron foundry with a yearly production capacity of 
25 thousand tons will be established on the area thus freed.

Csepel Iron and Steel Works
In steel supply this firm has the greatest difficulties. Yearly steel 

output stands at 230 thousand tons. Total required steel for the various 
local métallurgie sections, however, (steel foundry, forgeries, wire rolling 
mill, cold band mill), weldless and longitudinally welded pipe manufacture) 
reaches 530 thousand tons. The missing 300 thousand tons are brought in 
from various sources. 160 thousand tons are bought by clearing and other 
steel-buying operations, while 140 thousand tons are purchased do
mestically.

The major suppliers are the following:
— Rolled blooms from OMP 40 000 tons
— Rolled rods from LMW 10 000 toas
— Rolled rods from OMP 10 000 tons
— Split band from DIW 50 000 tons

Total 110 000 tons

This amounts to 140 000 tons after reducing it to steel.

Major development targets in the fifth  five-year plan of the iron industry
To create capacity uniformity in the above-mentioned technological 

phases of metallurgy and processing the main task in the present plan period 
is the development of crude iron and steel production. This purpose is also 
being served by the government decrees announced during the past years.

— 1975: Decision of the Council of Ministers to intensify the SM
steel mills of the OMP.

— 1977: Decision of the Council of Ministers to build a combined
steel mill in the LMW with a producing capacity of 1.0 m 
tons/year and to dismantle the obsolete SM steel mills.

— 1977: Decision of the Council of Ministers to construct an oxygen
converter steel mill in the Danube Iron Works with a pro
ducing capacity of 1.2 m tons.

Of the three steel mill investments the expansion of the SM section 
of the OMP has been completed. The new steel production bases of 
the DIW and the LMW are under construction. Through developments 
2.5m tons of new steel output capacity per year will be installed. In line 
with expanded production the SM steel mill of the LMW with a yearly 
output capacity of 800 000 tons will be taken out of production, and output 
of tlxe existing SM steel mill of the DIW will be reduced to one half. Produc
tion increase will thus be only 1.0 million tons per year. In 1981 — 1982
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steel output capacity in Hungary will reach 4.7 —4.8 m tons a year, and 
harmony will again be achieved between phases of steel production and 
processing.

During the years of the fifth five-year plan, parallel to the mentioned 
developments in the steel mills, important furnace modernizations have 
been and are being carried out.

— The two, 760 cu metres capacity blast furnaces have been expanded 
to 960 cu metres.

— Blast furnaces of the OMP were rebuilt during the reconstructions 
to capacities of 600 and 500 cu metres.

— The furnace in the LMW with 760 cu metres capacity is to be inc
reased to 960 cu metres. A new, modern blast furnace of 600 cu 
metres capacity will replace, in the sixth five-year plan, the two 
small furnaces, each with a capacity of 320 cu metres, although 
it may turn out that the construction of the new blast furnace 
will be postponed due to financial difficulties.

With the reconstruction of the blast furnace complexes crude iron 
output capacity will reach 2.8-2.9 in tons per year. Following capacity 
expansions, a number of technical development measures are taken, too. 
(Introduction of high throat pressure, increase of blast air temperature, 
intensification of hydrocarbon burning, replacement of blowers).

Thanks to these development measures, and through this surplus 
output of crude iron, harmony was also achieved between the output 
of the blast furnaces and the input of the steel works.

Beyond métallurgie developments, the increase in the production 
of secondary and tertiary products, that improve the product structure 
of the sub-branch is primarily worth mentioning in the fifth five-year plan.

The most important among these are the following:
— A new, precision, thin-wall tube welding section has been installed 

in the Salgótarján Métallurgie Plants. Production of welding 
wires with C02 protecting atmosphere and of arc-welding rods 
with powder lining was introduced. To improve interplant trans
port a workshop producing new-type roller conveyor tracks is 
being constructed.

— Production of highly reinforced steel wire for construction was 
expanded in the December 4 Wire Works. The introduction of 
stranded wire for concrete reinforcement meant an entirely new 
pi-oduct on the domestic market. Output capacity of stranded 
wire and welded steel net production has also increased.

— New production lines for the production of open and closed profiles 
was put into operation.

— As new producing sections were put into operation at the DIW 
and at the Métallurgie Construction Engineering Company, there 
came a significant step forward in the field of the production 
of light steel structures.

2  ANNALES — Sectio Gcographica — To mus X I I I—XIV.

THE RECONSTRUCTION OF THE HUNGARIAN IRON INDUSTRY ] 7



During the years of the fifth five-year plan investments valued at 
some 26 -  27 thousand million F t are realized. Of this the share of métallur
gie investments runs to just 16 thousand million Ft. 1' ive thousand million 
Ft are spent for replacement and for holding the industry at level. Some 4 
thousand million Ft are earmarked for production development of secon
dary' and tertiary products, while other non-producing developments get 
1.5 — 2.0 thousand million Ft.

IV. A short introduction of the iron industry’s 6th five-year plan

Constructions that were started in the years of the fifth fiveyear plan 
will not he finished by the end of the plan period. A significant amount of 
uncompleted fixed asset stock has its completion date put in the years 
1981 — 1985. The value of deferred completions is put at 22 — 28 thousand 
million Ft. This fact, now certain to happen, will have a limiting effect 
on the priorities and dimensions of new projects that must he started in 
the sixth five-year plan. Like in the fifth five-year plan, development of 
métallurgie phases and connected ancillary shops is a determinant trend 
in the next plan period. The most important task is the early completion 
of the above-mentioned two modern steel mills of the Danube Iron Works 
and the Lenin Métallurgie Works, and through these the expansion of 
steel production.

The production of steel requires extra crude iron and steel scrap. 
Furnaces are available in sufficient capacity for the expansion of crude 
iron production. There are difficulties, however, in the supply of burden 
and coke for the blast furnaces. Under favourable conditions total ore 
concentrate output of the Danube Iron Works and the Borsod Ore Concent
rating Works will have reached a capacity level of 4.7 in tons by 1980. 'I he 
output of these two plants can not be increased further, and even a gradual 
drop is foreseen in the production of the DIW, with eventual closure 
around 1985. 5.4 m tons of good quality ore is needed for the necessary 
2.8 m tons of crude iron output in 1985 — richer in Fe and lower in dust 
than at present.

Similar difficulties arise in the supply of blast furnace coke. Domestic 
total output of coke will not exceed 900 000 tons in 1980. Under bilateral 
agreements an additional 1 230 000 tons of imported coke from socialist 
countries can be reckoned with. The existing coking plant of the DIW is 
capable of producing 760 000 tons annually. The coking blocks are in 
rather worn-out state. They should be reconstructed or replaced. Their 
reconstruction would involve a significant production shortfall and con
siderable investment means. Production could not be increased even after 
the reconstruction. The closure of the Budapest Gas Factory and the 
termination of by-produced household coke (with a subsequent shortfall 
of 190 000 tons) must also to be reckoned with in the near future. The 
safe supply of concentrate and coke for the iron and steel works arc aimed 
at by government decrees, that call for the installation
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— of a new concentrating plant with a yearly capacity of 2.0 m tons, 
and

— of a 1.0— 1.3 m ton capacity coking plant

in the Danube Iron Works in the 6th five-year plan. Technological hard
ware of both plants will be shipped by the Soviet Union; the agreement 
between the two countries were signed recently.

These two large investments will cost 16 thousand million Ft. Tech
nical preparatory works are now under way. The shipment of equipment 
will already start this year.

Large-scale reconstruction of the Borsod Ore Concentrating Works 
will also start in the 6th five-year plan. Coal demand of the new coking 
works, with its output of 1.0 tons per year, will be met by two supply 
sources. 670 000 tons of coal concentrate will come from the coal mines of 
Pecs and the Mecsek Hills, while 800 000 tons of it will be imported from 
the Soviet Union and Czechoslovakia. Expansion of Hungarian coal mines 
for the 1.3 m tons yearly coke production is under way, and import ship
ments are also agreed on. Another important charge component of steel 
production is steel scrap. Changes taking place in the technology of steel 
production (increasing share of electric and converter steel production, 
while that of SM steel keeps declining) present a tension in the supply of 
steel scrap. Encouragement of collecting domestic steel scrap and an 
early increase in scrap-metal processing capacities (cutting, faggot-comp
ression, grinding) will be important tasks to be carried out. Expansion 
of refractory matter and alloying material production will also serve the 
development of the ancillary plants of this sub-branch.

To replace the extremely worn-out, scattered refractory matter plants, 
that were also harmful to health, and to meet rapidly growing demands, a 
modern, 170 000 tons per year capacity factory of aluminium silicate 
products was erected near Encs, in Borsod-Abauj-Zemplen country in 
the sixth five-year plan. In line with the expanding production, the ref
ractory matter plants of the LMW and the Ozd Metallurgic Plants, as well 
as the Budapest fire-clay section of the Magnesite Works will terminate 
their production. I his will make possible a reduction in the environmental 
pollution of Budapest and the two metallurgic towns of Borsod-Abaiij- 
Zemplen. This is all the more urgent, because the Budapest fireclay factory 
is being surrounded by apartment blocks of the expanding city. Labour 
force thus being relieved will find employment in the plants of the three 
industrial cities and towns, already burdened with a severe shortage of 
labour, and turn out higher product values. The new plant will be operatio
nal in 1984; needed development costs run to nearly 5 thousand million 
Ft. Some 200 000 tons of raw material is needed for the yearly 170 thousand 
tons of final products. 50 per cent of it is imported (from Czechoslovakia 
and the Soviet Union), the other 50 per cent is domestically supplied) 
refractory clay mined at Felsopeteny, sand from Kisors, silicol from Sarisap 
etc.). Of alloying materials the supply of Fe.Mn is not solved. 22 thousand 
tons out of the present requirement (45 000 tons) is shipped by the Soviet
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Union, while 23 thousand is imported from the West. Manganese ore, now 
being mined, is stockpiled, in the absence of domestic processing. Early 
construction of an FeMn factory is therefore an urgent task. Several 
variants have been discussed for the location of the new plant. The area 
of Kislőd, in Veszprém county, lias lots of advantages in its favour. 44 
per cent of the raw material supply (160 thousand tons of crude ore per 
year) would come as domestically mined ore, 6% from the Soviet Union 
"(Nikopol), and 50% from Africa (Gabon). Of the combined amount of 
Hungarian FeMn production (66 thousand tons) and Soviet clearing imports 
(22 thousand tons) some 35 — 40 thousand tons of FeMn would be available 
for western markets, besides domestic consumption.

Beyond development of base and auxiliary material production and 
of métallurgie phases, further efforts are needed in the field of processing 
and of secondary and tertiary article production. Complete modernization 
of the Csepel Pipe Factory marks the start of a large-scale development 
programme. Equipment still working today are so worn-out, that their 
total replacement has become an urgent necessity. Construction of the 
new pipe factory is scheduled to start in the middle of the 6th five-year 
plan, on the southern premises of the Csepel Iron and Steel Works.  ̂early 
capacity of this works is 200 000 tons. Of the old producing equipment the 
Large Pilger Rolling Mill will be reconstructed. Following the completion 
of these developments (around 1988) weldless steel pipe output will reach 
255 — 260 thousand tons. A modern electric steel works will be located 
immediately next to the new pipe factory, with a yearly capacity of 365 000 
tons, primarily for the purpose of base material supply for the pipe factory. 
The possible location of the Pipe Factory to Ózd is also being investigated. 
Planned costs for these two large installations will run to 17—18 thousand 
million Ft.

During the next plan period, among métallurgie plants in Borsod- 
Abaúj-Zemplén county a major development is taking shape in the

Lenin Métallurgie Works. Renewal of the obsolete and worn-out 
equipment will be the most urgent task. Among them:

— reconstruction of the big forging section
— reconstruction of the high-alloy steel forging section
— development of the iron foundry and the steel foundry
— modernization of the hot screw section and
— development of the drawing- tempering section.

In the Borsodnádasd Sheet Iron Plant work will start on a modern, 
25 thousand ton/year capacity globular and flake graphite foundry. The 
target set for the Salgótarján Métallurgie Plants and for the December 4 
Wire Works is the dynamic development of the production of secondary 
and tertiary products that are instrumental in altering the product struc
ture of the sub-branch. These investments are smaller in size, considering 
their expenses, but articles produced here are higher in value and carry 
great weight in meeeting national economic demands.
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Among the important developments a few are listed below:
Salgótarján Métallurgie Plants
— production development of wires for construction industry;
— expansion of welding wire production;
— reconstruction of nail production;
— production increase of drawn steel bars;
— introduction of the production of heavy store-room frames;
— modernization of galvanized wire production;
— other smaller plant reconstructions.

Planned expenditure forecast of the above-listed developments run 
to 1.2-1.3 000 million Ft.

December 4 W ire Works
— development of production of welded concrete reinforcing steel net;
— development of stranded wire production;
— expansion of high-tensile wire production;
— introduction of “Cord” wire production for the rubber industry 

(for car tyres).

Cost demands of these developments between 1981 — 1985 are close 
to 3 thousand million Ft.

In the Ózd Métallurgie. Plants technological preparatory works for 
three great development projects are under way:

— installation of continuous casting unit No 2.;
— separation of the rod and wire rolling mill into two parts (rod and 

wire rolls trains);
— introduction of secondary and tertiary article production.
Yearly capacity of the continuous casting unit No 2 is 350 thousand 

tons; needed investment runs to 1 000 million Ft.
With the separation of the rod and wire rolls trains output of rolled 

steel articles is raised by 300 thousand tons. At the same time the old 
roughing section rolls train (supportin train) will be taken out of service. 
Calculated development costs run close to 3 thousand million Ft.

In the plants producing secondary and tertiary articles production of 
welded nets, reflattened reinforcing steel and pre-bent reinforcing steel is 
going to be introduced. Yearly capacity of this section stands at 150 
thousand tons. Required cost is foreseen at 1.2 thousand million Ft.

New investments to be continued and started in the years of the 
0th five-year plan would require a development cost of 45 000 million Ft. 
Obviously not all of these investments will be completed by 1985 but, 
like in the 5th five-year plan, a good many of them will be deferred to the 
years of the 7th five-year plan.
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V. Development plans envisaged for the 7th five-year plan

The value of deferred investments from the 6th five-year plan is 
nearly equal to the uncompleted investment value deferred from the 5th 
to the 6th five year plan (26 thousand million Ft). Their early completion 
is a prime target. Development policy objectives of the 7th five-year plan 
were set at the approval of “The long-term development plan of the iron 
industry until 1990” on 15 February, 1978.

This plan puts the yearly level of Hungarian steel production at 5 m 
tons, while that of rolled steel output at 3.9 m tons in 1990. Development 
policy objectives of the sub-branch in the 6th and 7th five-year plans are 
actually adjusted to this plan. Except for some small deferments the setting 
up of metallurgic phases will have been completed by 1985. Production 
capacity of blast furnaces will come close to 3 m tons, that of steel pro
duction to 5 m tons, while handling capacity of rolling mills will approach 
4 m tons by 1990. The second large development stage in iron industry, 
that started in 1975. will be completed by 199(1. Although steel production 
and processing will not be on the same level, the output of steel and rolled 
articles will certainly meet domestic demands bv 1995, and beyond that 
it will provide for the national economy a significant amount of commodity 
supply for western exports.

Total amount of steel to be processed in this country at the end of the 
seventh five-year plan will rise to 5.5 m tons. At the same time the output 
of crude iron can not exceed 4.9 —5.0 million tons. Missing steel is put 
at 550 — 650 thousand tons.

Two opinions have emerged in advising to meet steel demands after 
1985:

a) Full-cycle, self-sufficient development of iron industry;
b) Steel production stays level for a long time at 5 m tons, and 

any further required steel will be obtained through imports of 
intermediate and finished articles.

Long debates have been held on the economy, advantages and dis
advantages of both possibilities. Extension of socialist economic integra
tion in the field of iron industry can not be neglected either. Participation 
in this large common programme is in the economic interest of this nation. 
In the case of self-sufficient development of Hungarian iron industry 
participation in ore integration is the course to follow. Its precondition 
for Hungary — and for other socialist countries — is to take part in the 
establishment of large-capacity iron mines, concentrating plants or pelleting 
works in the Soviet Union. Beyond the presently available supply of 2.5 m 
tons of Fe or 4.67 m tons of crude ore. and in exchange for the contribution 
in the investment an additional 500—600 thousand tons of Fe supply will 
be secured, depending on the extent of the contribution. With this choice 
accepted, a new blast furnace in the Danube Iron Works would have to be 
constructed, and expansion of the sintering works and of coke production 
would become necessary.
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With the acceptance of the bloom integration alternative, we will 
have to participate — again through investment contribution — in the 
construction of a large iron and steel complex to be set up in the vicinity 
of Kursk in the Soviet Union. Following the completion of the giant plant, 
which is expected between 1990-1995, there will be the possibility for 
the long-term purchase of 500-600 thousand tons of continuously cast 
flat billets each year. Final stand has not yet been agreed on concerning 
the most expedient supply of these two articles, a base material, and an 
intermediate steel product.

Deferred major investments from the 6th five-year plan should be 
considered with special attention. They are:

— modernization of the Csepel Pipe Factory;
— the Csepel Flectric Steel Mill;

development of the rolling mill of the Ózd Metallurgic Plants;
— continuous casting unit No 2 of the Ózd Metallurgy Plants;
— reconstruction of the large and the high-allov forging shops of the 

LMVV;
— development of the Borsod Ore Concentrating Works.
These large installations will be completed by the middle of the 7th 

five-year plan.
During the years of the 7th five-year plan the most important task 

will be the production and reprocessing of sheet articles. This objective 
is served, among others, by the following new investments planned to 
start at this time in the Danube Iron Works:

— installation of continuous casting unit No 3;
— continued reconstruction of the hot rolling mill;
— modernization of the cold band rolling mill.
Through these developments processing capacity of the Danube Iron 

Works will reach 2 m tons. This level should be sufficient to meet the sheet 
product demand of the national economy until 2000. Of the sheet output 
of the Iron Works the share of cold rolled broad strip and sheet will be 
700 thousand tons, while that of hot rolled sheet rolls and plate will be 
1300 thousand tons. In line with the growth in sheet production precisions 
must be made for the reprocessing of the hot-rolled broad strip. This aim 
is served by the construction of a 200 000 ton/year capacity long-seam 
pipe welding factory. The new plant will be capable of turning out high- 
quality pipes within the range of 168 — 213 mm. Production of cold bent 
open and closed sections is also on the increase. Required costs for the new 
pipe factory run close to 5 thousand million Ft.

An additional 15 thousand million Ft is needed for the continuous 
casting unit No 3, and for the development of rolling and processing sec
tions in the DIYY . In the Lenin Melallurgic Works the most important task 
will be the complete reconstruction of the obsolete rail support line. Thanks 
to this development handling capacity of the production line will be doub
led, and at the same time technical conditions will be met for the produc-
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tion of top quality iron rails and large-size bearers. Planned expenditure 
forecast is put at 3 thousand million Ft at present price level.

With these the long-term development of the L.MW will be completed, 
and it will become the prime centre of Hungarian high-alloy, alloyed steel 
and rolled article production. Hardly any room will be left thereafter for 
further development in the factory.

In the Ózd Metallurgic Plants, with developments outlined above 
quantitative expansion may be regarded as completed. Quality improve
ment, increased production of secondary and tertiary articles will form the 
long-term objectives of this economic unit.

The same may be told of the cycle harmony of the Danube Iron Works 
and the black metallurgic producing sections of Csepel. The chosen road 
of the socialist economic integration will eventually decide the direction 
and extent of the development of Hungarian iron industry after 1990.

Planned costs for developments in the 7th five-year plan will run 
close to 50 thousand million Ft on comparable 1978 prices.

With iron industry expanding in size and with increased complexities 
involved in the processing, investment costs tend to follow a rising path, 
fn the fourth five-year plan some 28 000 million Ft was devoted to invest
ments in black metallurgy, while in the 5th the corresponding sum was 
43 thousand million F t (of this 16 000 million was deferred). To execute 
the projected works of the 6th five-year plan outlined above an invest
ment sum, similar in size to that of the previous plan period, would be 
needed. To the seemingly somewhat great investment activity must be 
added the fact, that in per capita growth of steel consumption our country 
is well behind most socialist countries (due partly ot the dismantling of 
absolete equipment), and few countries are ranked behind Hungary in 
per capita consumption of steel. Another factor in the low per capita steel 
consumption is the comparatively small number of Hungarian manufac
tured goods that require much material, and Hungarian machine industry 
as a whole is not developed enough as yet either. With these developments 
outlined Hungary will reach about the 450 kg per capita level of yearly 
steel consumption in 1990.

With the completion of the reconstruction of the industry the second 
chapter of the economic geography of Hungarian iron industry ends. 
This phase started with the inauguration of the DIW. and was marked 
by the parallel quantitative and qualitative development of northern 
Hungarian metallurgic plants and of the DIW. By the end of this period 
the iron industry of the »Sajó Valley has exhausted the direct resource 
advantages of its location (an area well provided with infrastructure, water), 
while it had earlier lost contact with the most important factors of location 
coal, iron ore). So in this traditionally heavy industrial region, that has 
grown in wealth by several branches of heavy chemical industry in the 
1960s and 1970s (petrochemical industry, plastics etc)., for iron industry 
the only possible road to follow is technological development, the expansion 
of reprocessing activities. The other source of development for the northern 
plants is the emerging specialization among socialist countries in the pro-
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duction of rolled articles. But location advantages of the DIW for plant 
expansion are far from being exhausted. There is ample space, the Danube 
provides abundant supply of water, and with improved conditions of inland 
navigation (with the completion of the Danube-Rhine-Main canal) trans
port conditions are bound to improve. With the increased output of the 
Mecsek coal mines the share of Hungarian coke will stay level for a longer 
period. Provided that conditions of global economics make it necessary, 
the Danube Iron Works will lie the bearer of a possible further expansion 
in Hungarian iron industry.
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РЕЗЮМЕ

РЕКОНСТРУКЦИЯ ВЕНГЕРСКОЙ ЧЁРНОЙ МЕТАЛЛУРГИИ В ПЕРИОД 
С 1970 ПО 1990 ГОД. ПРОИЗВОДСТВЕННЫЕ И ТЕРРИТОРИАЛЬНЫЕ 

ИЗМЕНЕНИЯ В 200-ЛЕТНЕЙ ВЕНГЕРСКОЙ ЧЁРНОЙ МЕТАЛЛУРГИИ

В статье показана история развития венгерской чёрной металлургии за 200 лет. 
Рассматриваются географические мотивы выдора мест размещения предприятий, 
а также вопросы сырья, технического прогресса, производственные цели отношения 
собственности. Авторы уделяют также внимание производственной специализации 
крупных предприятий черной металлургии, а также вопросам кооперирования между 
ними н материально-техническим связям. Показаны также внешнеторговые связи 
венгерской черной металлургии и влияние её на развитие хозяйства и инфраструктуры 
Венгрии. Подробно рассматривается современное состояние венгерской чёрной 
металлургии. Показ осуществляемой теперь реконструкции чёрной металлургии 
Венгрии включает и анализ финансовых возможностей. Авторы различают три 
периода в истории развития венгерской чёрной металлургии. Для первого периода
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было характерно параллельное развитие в долине реки Шайо двух предприятий 
чёрной металлургии с полным вертикальным циклом в Озде и Мпшкольцс. Начало вто
рого периода было связано с пуском Дунайского металлургического комбината в 
Дунауйвароше. Этот период завершился во второй половине семидесятых годов 
когда на перечисленных выше металлургических предприятиях исчерпались воз, 
можности роста производства за счёт интенсификации. Осуществляемая ныне рекон
струкция чёрной металлургии Венгрии открывает третий период в истории отрасли. 
Начиная с этого времени количественный рост производства имеет место только на 
Дунайском металлургическом комбинате. Усиленное внимание уделяется в обоих 
районах развития чёрной металлургии техническому прогрессу (например осу
ществление производства, конверторной стали), а также повышение степени пере
работки исходных материалов, что станет важнейшей предпосылкой увеличения 
стоимости валовой продукции в чёрной металлургии долины реки Шайо.
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Following the liberation of the country in 1945, the social-economic 
structure of Hungary underwent revolutionary changes. An overall social 
phenomenon of this eventful period, the most important process accom
panying rapid industrial growth has been the large scale mobility of popu
lation.

The changes in the structure of national economy, employment struc
ture and in the pattern of the social and regional distribution of labour 
have brought about intensive internal migration from rural to urban areas, 
and have exerted influence on the development of the national settlement 
system as a whole.

The large-scale regional mobility of population is an extremely corn- 
lex process adjusted in intensity and pace to those of industrial growth. 
Linked to the changes of the employment pattern it is interesting in many- 
sided transformation of Hungary’s socio-geographic picture. Some of the 
changes are numeric, quantitative, others are structural, i.e. qualitative 
in nature.

Among the quantitative changes three major processes are to be pointed
out:

a) In connection with employment changes several hundred thousand 
people have participated in migration, resulting in a spectacular shift 
in the regional distribution of population between 1950 and 1975. The 
difference among the regions in terms of density of non-urban population 
has significantly increased. In the regions undergoing industrialisation the 
density grew by 10 — 20 head per square kilometres, while in rural areas 
it has decreased by 5 — 10 persons.

b) As a result of migration the ratio of population living in small 
villages, where the number of inhabitants is under 1000, has decreased, 
whereas the ratio and number of larger settlements has increased; thus the 
concentration of population has been in progress.

c.) Migration, combined with the development of some rural settle
ments to achieve urban status has resulted in a marked decrease of the



ratio of rural population. The population of non-urban settlements per
forming some industrial function has increased.

The qualitative changes are shown by the distribution of population by 
age, sex and occupation:

a) In the agricultural regions most affected by outmigration the ratio 
of active population (between 15 and 59 years) — in contrast to the natio
nal average of 61,3% — is only 58%, in some cases even below 55%, since 
it is mostly the younger population that takes part in outmigration.

b) since the bulk of out-migrating population are men, the ratio of 
men in declining settlements has fallen by 1 — 5%.

c) In rural settlements the social group leading a dual urban-rural 
way of life has grown, i.e. the number of mixed households has increased. 
Their number grew especially in those areas, where land per agricultural 
employee is small, or the level of agricultural development is low; that is, 
the agricultural income in itself does not ensure living.

Several comprehensive studies have dealt with the basic phemomena 
of social mobility and its general tendencies, and not only from the geo
grapher’s point of view. However, to analyse the individual and typical 
geographic phenomena which make up the fundamental economic process, 
in other words the regional variations behind the general economic trend, 
can be regarded as a specifically geographic lash. The factors eliciting and 
motivating the process of social mobility can only be revealed in an analvtic 
way and in their actual geographic setting only.

The nation-wide changes have had a great effect on rural settlements 
as well. In the social-economic changes that occurred in the past decades 
the rural settlements did not only take part as major resources of labour 
force, but the rapid wave of employment changes has more or less changed 
the settlements themselves. Naturally, this change has not affected these 
settlements in the same wav. Many of them are well on the way — be it 
rapid or slow — towards an occupational structure that is characteristic 
for urban settlements, others represent various transitional stages of the 
process. In a smaller number of rural settlements, however, large scale 
outmigration has resulted in declining. These settlements — first of all 
minor villages of less than 500 inhabitants, are becoming again homoge
neous agricultural settlements because of administrational centralisation 
and thus the outmigration of service population. Meanwhile the number 
of their population continues to decrease at a rapid pace.

Geographic research registrating and analyzing the factors and consequen
ces of social-economic changes —  besides national or regional studies — may 
undertake studies at the local scale, to assess the extent and pace at which 
the structure, economic and social pattern of the individual settlements is 
affected by the national or the regional development process.

It has already been mentioned that the development of rural sett
lements significantly differs in the different parts of the country. The 
settlements near Budapest or other major cities, and the villages perform
ing local administrative functions have undergone a dynamic change;
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while the development of villages far from the cities or industrial centres 
has been slow.

From this wide range of rural settlements we have selected two for detailed 
study of the change of social structure, and for making attempt to interpret 
this change from geographic point of view.
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Fig. 1. The grow th o f population in selected settlem ent s o f Őrség, 1889 — 1975 
1 = öriszentpéter; 2 = Apátistvánfalva; 3 = Bajánsenye; 4 = Szatta; 5 = Ispünk

Both settlements — Öriszentpéter and Apátistvánfalva —are located 
at the country’s south-western, edge, in a region hardly affected by the intensive 
waves of industrialisation. In this region, during the past three decades of 
industrial growth 40 -  50 new non-agricultural workplaces were available for 
100 people born locally, and arriving at the working age. The ratio of agricul
tural employees is 1.5 — 2 times higher than the national average, and the 
gross production rate per agricultural worker is low. These circumstances 
resulted in an intensive outmigration from the area; the population of 
settlements is continuously decreasing. The migrants leave the region and 
go to distant places, since apart from Szombathely there is no town in 
the vicinity undergoing large scale industrial development, and that would 
be ready to receive the surplus of labour from the relatively overpopulated 
area.

Besides the nearly indentieal fundamental characteristics, mostly 
disadvantageous for the development of both settlements, there have been 
circumstances different in each case, producing favourable effects. Őriszent- 
péter, although it did not have administrational functions until recently, 
has centra] location, and performs minor central functions in the őrség



region. The very unfavourable marginal location of Apâtistvânfalva is in 
many respect balanced by the proximity of the town of Szentgotthârd. 
Although the importance of this small town in industry — in comparison 
with the national average — is very limited, its industrialisation and other 
central functions are not at all to be disregarded as attraction for the popu
lation of the sorrounding rural settlements, including Apâtistvânfalva.
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Fig. 2. Changes o f the professional structure o f the gainfully occupied population of selected
settlem ents,

Ő = őrisz<*ntjH*lr*r; A — A pii list vállfáivá; Sz = Szatta.

In the following the social pattern of both settlements will be a subject 
of analysis.

Oriszenlpéter, a community with a past of more than 800 years, has a 
central position in őrség. Earlier the region had various sources for living, 
which could be fully utilized by the population by means of an appropriate 
economic system, and could achieve a relatively high standard of living. 
These sources were agriculture, forestry, homecraft and the sales of their 
produces and products.

The number of the population since the first census (in 1783 — 84:030 
inhabitants), gradually grew, and in these days it is the largest settlement 
in the region of őrség. From the turn of the century, (1900) up to 1949 
the number of the population grew from 1108 to 1507. During this period 
growth was constant though not steady. From 1949 growth has given 
way to decline. The number of migrants to foreign countries — although 
significant — remained far behind the number of those taking part in 
internal migration. Natural increase — as a result of the anti-abortion law 
— was higher than ever (198) but outmigration was even higher ( — 247), 
and so the number of residents decreased to 1458.



The major motives or outmigration — both for the individual and for 
tiie whole migration movement — were mostly of economic nature and 
have been so ever since. The closing down of the local timber mills, and 
the need for non-agricultural labour elsewhere in the country at the time 
of the reconstruction of war damages forced or attracted many people into 
the nearby towns. The years following the 2nd World War the outmigra
tion of families or groups was typical, while in the period between 1900 
and 1980 mostly the younger, productive and unmarried part of the popu
lation took part in the movement.

By the end of 1979, the number of inhabitants in Őriszentpéter 
decreased to 1190, despite the positive natural growth (65). The decrease 
of the population vais due to outmigration the rate of which was higher than 
ever. Although in the past few years it has slowed down a bit, still. 
one fourth of the population ( — 360 people) left the village in the past 20 
years.

Outmigration and the changes of employment are interrelated. At 
the turn of the century more than 80 per cent of the population lived on 
agriculture, and this ratio was still some 55% shortly after the liberation 
(1945). Following the organisation of the large scale collective production 
the ratio of those living on agriculture began to decrease rapidly, and today 
only one third of the population is employed in that sector. The socialist 
reorganisation of agriculture took place only at the beginning of the 1960’s, 
relatively late. The unfavourable natural conditions and the difficulties 
at the beginning have led to poor yields which forced many to look for 
other sources of living, partly on the spot, but mostly in the industrial 
centres of the region (Szombathely, Zalaegerszeg, Körmend, Szentgotthárd) 
in non-agricultural occupations. The shift from farming to non-agricultural 
branches of economy were due to financial reasons first of all, but the 
psychological motives is not to be dismissed either. The higher and more 
secure income of non-agricultural employees, and the more comfortable 
working conditions were major attractions for most of the people who 
left agriculture. The labour force created this way could find but limited 
non-agricultural employment in the local village, since neither the local 
industry, nor the relatively developed tertiary sector — services — could 
provide sufficient number of jobs despite that őriszentpéter has been the 
transport, cultural and commercial centre of the region Őrség.

The process of social mobility was thus disharmonious, because 
the development of agriculture and the other branches of the eco
nomy were not balanced, and there was a significant labour surplus. The 
number of commuters to workplaces in the above mentioned towns grew 
steadily. A considerable part of these potential migrants became actual 
outmigrants. In the last 15 years three quarters of the commuters left the 
village, mostly men, because the number of female labour force is less, 
and women migrate more rarely — especially to larger distances.

As a result of outmigration the demographic composition of the com
munity has significantly changed. One tenth of the houses are deserted; 
in a settlement earlier characterized by an overproportion of men, the
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ratio has profoundly changed: in 19(50 the ratio of men and women were 
1000 to 992, whereas in 1875 it was 1000 to 1120!
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Fig. 3. Professional structure  of population Fig. 4. Types of households, 1975
and comm uting, 1975

1 ^agriculture; 2=industry; 3=service.s; 4 = propor- 1 = agricultural; 2=mixed; 3= industrial;
tion of commuters according to the different branches, 4 = servicing; ¿^servicing and industrial; (5 = retired.

Age distribution has also changed significantly. While from the turn 
of the century to 1960 the ratio of population under 14 and above 60 
gradually grew (from 23.3% to 29.3% and from 12.3% to 15.2%), and 
the ratio of active population decreased at the same rate; from 1960 to 
date the trend has turned, and the population is rapidly aging. In 1975 
the ratio of population between 0—14 years (19%) is below the national 
average (20.5%), whereas the ratio of those over 60 is significantly higher 
(23.1% and 18.2%). The number of active population has largely decre
ased, and their ratio is far below the national average (57.9% and 61.3%), 
and, regarding the fact that most of the outmigrants are young and 
middle age (20 to 39 years) — that is why natural growth has fallen back 
so alarmingly —, the conclusion seems to be realistic that the population 
of the settlement is facing an even faster process of aging. If the popu
lation is divided into two large groups, that is under 40 years and above 
40, the rapid pace of the trend becomes even more obvious. In 1869 more 
than three quarters of the population was under 40, and even in 1960 
more than two thirds of the population still belonged to that age group. 
As a result of outmigration, hardly more than 60% of the population be
longs to the category today.

The process of aging has brought another phenomenon to the 
surface as well: the unhealthy growth of dependents and, simultaneously, 
the decrease of the number of wage earners, the active population. At the 
national level this ratio has been evolving in the opposite way. At the 
turn of the century the number of dependents to 100 employees was 68 
(national average 130), in 1949 : 107 (average 109), in 1960 : 85 (average 
87), and today 63 (national average is 65).



The educational standard of the population has changed too. In the 
two rural settlements — especially at OriszentpcSter — the ratio of 
educated population grew quickly. This is partly a consequence of pur
poseful educational policy, and partly a process emerging from the ten
dency of occupational regroupment. First, the new jobs in industry and 
in the services — both the local ones and those in the nearby industrial 
centres — demanded higher qualification, and secondly, large-scale farm
ing required the involvement of experts, too.
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Fig. 5. Population of O riszentpeter by age, sex and profession, 1975 
1= dependents; 2 = agriculture; 3 = industry; 4 = services.

The ratio of those not having completed the 8 grades of primary 
school is still relatively high, but it has considerably decreased between 
1960 and 1970, while the number of those having completed secondary 
or high level of education has multiplied.

At the turn of the century 85% of all the active wage earners worked 
in agriculture, and between 1949 and 1960 it was still about 60-65% . 
As a result of the above described social-economic regroupment the pro
portion of active wage earners in agriculture is not more than one third of 
all active workers. Side by side with the decrease of the agricultural wage 
earners, the ratio of those employed in industry and services has increased. 
The proportion of industrial employees has grown from 7.7% to 30% 
since the turn of the century, and the ratio of the tertiary sector from 
7.2% to 37%. More than one quarter of non-agricultural employed are 
commuters, who sooner or later will become outmigrants unless some 
significant industry is allocated in the village. Especially local female 
employment problems are serious, since two fifth of the commuters are 
women, and a high proportion of women in working age are dependents. 
The shoe factory, opened in 1970 (a local shop of the SAVARIA Shoe 
Factory), employs 150 women, which is significant, but it is far from 
being the final solution of occupational problems.
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ORISZENTPÉTER
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Fig. G. Educational level of th e  population  of Ôriszentpéter
1 ^graduated from university; 2=graduatcd from collide; 3= graduated from secondary school;

4 =  graduated from primary school 5 = without any completed education.

Earlier the families living on agriculture lived in fair separation from 
the non-agricultural population. Owing to the change of the employment 
structure of the population, the number of mixed families grew transi
tionally (40%). In such families one of the active wage earners works in 
agriculture and the other in industry or services. In recent years the 
number of such mixed families has steadily decreased (to 24%), and so 
did the number of families living on agriculture, only (18%). All the other 
families earn their living solely from non-agricultural activities. This 
change is reflected in the income-conditions, too. The lowest annual 
income per capita is in the families living in the outskirts of the village 
occupied in agriculture. The next income category is formed mostly by 
the mixed families, while the highest income category is made up by the 
families occupied in non-agricultural branches, who tend to live in the 
centre of the village.

The population of Apâtistvânfalva is southern Slavonic — Slovenian — . 
Hungarian is the native language of only 10% of the population. The number 
of the population — in contrast to Oriszentpéter and most of our rural 
settlements — reached its peak in 1900: at the turn of the century it was 
900, then, after a transitional decrease it grew again to 800 by 1949. 
The attraction of labour force by industry and the resettlement of some 
Slovenian population from the country resulted in a repeated decrease in 
the past few decades. (1980: 517 inhabitants).



The present number of population can be regarded as stabile. However 
there is a slight outmigration, but two circumstances hinder this to a large 
extent:
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Fig 7. Educational level o f th e  population of A pàtistvànfalva
1 =graduated from university; 2=graduated from college; 3=graduated from secondary school;

•1 — graduated from primary school 5 = without any completed education.

a) The population belonging to a national minority is unwilling to give 
up life in a village and move into town since they only can reserve their 
mother tongue under rural conditions.

b) Unfavourable natural circumstances, and the conserved tradi
tions of economic activity in the area are obstacles to forming up to 
date large scale farming, and the individual agricultural work on a small 
piece of land — although it only ensures a modest living standard — ties 
the conservative part of the population to the spot.

The moderate outmigration, however, does not mean a total ossifica
tion of the social-economic structure; on the contrary, social mobility was 
fairly large scale between 1960 and 1980. The ratio of active population 
is 53%; in 1960 71% of the active workers were employed in agriculture 
and 29% in other branches. By 1980 the ratio of agricultural workers has 
decreased to 32%, therefore the majority of the wage earners work in 
industry (48%) and in the services (20%). Only one fifth of non-agricultural 
employees work in the village, most of the others commute to the industrial 
and tertiary workplaces of Szentgotthàrd. Owing to the increasing number 
of commuters the village will soon become a satellite settlement of the 
nearby town. Two thirds of the commuters are men, and one third are 
women. The female labour force is attracted first of all by the industrial
3 *



and tertiary workplaces of Szentgotthard (textile industry, administration).
The movement of the outmigrating national minorities is also worth 

tracing. People from Apatistvanfalva and other villages with Slovenian 
population settle down at Szentgotthard in separate units as it is indicated 
by the name of the street where they live.

Due to the closer ties of the population of national minorities to their 
native village, the age composition remained nearly unchanged between 
1900 and 1960, and the symptoms of aging were not distinct. However, 
since 1960 outmigration of the younger population was enhanced, and, 
side by side with this process the proportion of elderly has increased.

Land is unfavourable for agricultural production, which thus does not 
ensure living, especially for large families. One third of such families are 
mixed — that is one of the active wage earners is employed in a non-agri- 
cultural branch — which understandably increases the income standard 
of the family, since the more non-agricultural workers are in a family the 
more is the average income per capita. Only one fifth of all families live 
on agriculture, and half of the families have already totally departed from 
agricultural work.

The comparison of the two villages in terms of the trend and pace of 
their development and social-economic change indicates that Oriszentpeter 
is at a more advanced stage of social restructuring. The difference between 
the two settlements in terms of the phase of social-economic advancement 
is due to the following:

— At Oriszentpeter, although the ratio of commuting is high, there are 
local employment possibilities, ensuring a local restructuring process. At 
Apatistvanfalva the number of local employment possibilities is minimal, 
and so the active workers leaving agriculture have to commute to find 
employment.

— At Oriszentpëteг the level of agricultural development is higher 
than at Apatistvanfalva, where many inhabitants work on their own small 
pieces of land. This is also reflected in the income conditions of the families.

The major aim of the present, brief comparison of the two villages as 
regards their social employment structure was to point out the general 
typical as well as the unique, distinct features of the development of rural 
settlements entangled in the stream of the overall national process, and 
and to underline the justification of micro investigations carried out by 
methods of social geography.

РЕЗКЖ Е

ПРОЦЕСС СОЦИАЛЬНОГО РАССЛОЕНИЯ HA ПРИМЕРЕ РАЗВИТИЯ 
ДВУХ ЗАПАДНЫХ НАСЕЛЕННЫХ ПУНКТОВ ВЕНГРИИ-  

АПАТИШТВАНФАЛВА И ЕОРИСЕНТПЕТЕР

В течении трех послевоенных десятилетий в экономико-социальной структуре 
Венгрии произошли коренные изменения. Следствием этого бурного периода, подни
мающего страну в ряды промышленно развитих государств и затрагивающим все 
общество, явилось сопровождающее индустриализацию, быстрое и крупномасштабное 
расслоение населения.
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Анализу общих закономерностей процесса социального расслоения посвя
щены многочисленные и, естественно, не только географические научные работы. 
Специфически географической задачей можно считать анализ тех конкретных и 
типичных географических явлений, которые способствовали формированию основ
ного географического процесса, другими словами: какие региональные особенности 
скрываются за экономическими обобщениями, так как факторы, вызывающие процесс 
социального расслоения, мотивирующие его течение, можно конкретно уловить 
только на уровне деталей, в их определенной географической среде.

В процессе социально-экономической трансформации, имевшей место в послед
ние десятилетия, сельские поселения приняли участие не только как поставщики 
рабочей силы для промышленности; волна довольно быстрого расслоения самодея
тельного населения более или менее трансформировала и сами населенные пункты.

Географические исследования, направленные на определение и анализ фак
торов и последствий социально-экономического расслоения, наряду с исследова
ниями государственных или региональных масштабов, могут поставить себе задачей 
такой анализ нескольких населенных пунктов, в ходе которого пытаются определить, 
в какой степени, в каких размерах государственный или региональный процесс 
развития трансформирует экономическое и социальное лицо, структуру населения 
этих поселений.

В очерке рассматривается формирование социальной структуры населения 
двух  юго-запрадных венгерских сел-Апатмштванфалва и Еорисентпетер, оказав
шихся по существу за пределами волны интенсивной индустриализации. Формиро
вание социальной структуры пытаемся рассматривать с географической точки зрения.

Авторы подробно анализируют и сравнивают социальную структуру двух  
поселений: формирование количества населения, причины эмиграций, демографи
ческие аспекы, изменения происшедшие в структуре занятого населения, дисгармо
нию социальной трансформации, формирование доходов населения, изменение 
типов семей, и.т. д. Мы стремились показать, что наряду с общими явлениями, в раз
витии сельских населенных пунктов, затронутых волной генерального процесса, 
протекающего на общественном уровне, большую роль играют отклоняющиеся от 
общих-индивидуальные и типичные черты, тем самым подчеркивая право на су
ществование микроисследований с помощью социографических методов.
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A) The only advanced city agglomeration of Hungary has developed 
around Budapest, with the capital of 2 million in its center. This urban 
concentration is a unique phenomenon of Hungarian settlement pattern 
concerning its size, economic potential, and tributary area. The population 
of the Miskolc agglomeration, ranked second, does not exceed 0.25 million.

Long-time historical, political and geographic factors have combined 
to enable Budapest to gain an advantage of such unusual extent over the 
rest of the Hungarian cities.

Historical conditions have primarily subsisted on Hungary’s peculiar 
socio-economic development. In this agrarian country capitalist transfor
mation began in the second half of the last century a relatively late period, 
and its development was further limited. The following slow industriali
zation with its irregular spatial expansion provided a meager base for the 
process of urbanization; it was sufficient to foster the development of the 
capital city.

Budapest was once situated in the center of a land area several times 
the size of today’s country effectively made use of the opportunities of its 
geographical position. The advantages offered by the Danube, becoming a 
busy waterway, the continually increasing, radially diverging rail network, 
the coal deposits opened nearby, and the possibilities provided by the 
political capital. I t  attracted an ever greater proportion of the growing 
industrial forces of production within its walls, while significant parts of 
the country were excluded from industrialization and urbanization.

New political boundaries, established after World War I, have sepa
rated the most advanced regional centers like Bratislava, Cluj, Zagreb 
from Budapest. Subsequently a certain distortion has appeared in the system 
of hierarchy of the Hungarian cities: the metropolis of two million is now 
followed by medium-size cities. These cities, numbering 100—200 thousand 
people, are situated partly close to the boundaries, partly have not yet 
developed into regional centers of full value due to the screening effect 
of Budapest. So the gravitational field of Budapest has virtuallv spread 
on the entire area of the country, although not with equal intensity.



B) Emergence and development of the central city
Up to the last third of the 19th century three small towns, independent 

of each other, and a few other settlements were situated on the site of 
today’s Budapest. In the kite Middle Ages, from the 14th century Buda 
became a royal seat, played a leading role among the Hungarian towns, 
and was an important center of the exchange of goods in Central Europe. 
Pest was the second Hungarian town; a leading settlement of trade and 
handicraft. The brightest period of the two towns was ended by their 
Turkish occupation in 1541, which lasted until 1686. In this century and 
a half, but especially following the destructions in the war of liberation, 
Buda was almost totally destroyed and Pest also suffered extensive los
ses. For two decades their status as towns were withdrawn; their deve
lopment was to have started again from zero point. Óbuda was also insigni
ficant settlement.

The development of the population of the three towns between 1720 — 1869
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1720 1 7 8 7 -8 8 1804 1830

oCO 1869

B u d a  ..................................... 8  5 0 0 23  9 0 0 2 4  3 0 0 2 9  7 00
5 8  5 0 0 70  2 0 0

(3 b u d  ii ..................................
P e s t  .......................................

1 10 0
2  6 0 0

5  8 0 0  
2 0  0 0 0

6  0 0 0  
2 8  8 0 0

8 .3 0 0  
6 0  5 0 0 1 27  9 0 0 2 0 0  5 0 0

T o t a l  ..................................... 12 2 0 0 5 0  4 0 0 5 9  10 0 98  5 0 0 186  70 0 2 7 0  70 0

The three towns, later to be made one, had a population of only 21 
thousand in 1720. In the country, damaged by war, goods exchange-rela
tions were paralyzed, town handicraft withered, and for the major part 
of the urban population agriculture provided subsistence. Consequently 
the development of Hungarian urban pattern has significantly fallen behind 
that of Western Europe. The 61 settlements having the status of town 
had a population of only 485 thousand at the end of the 18th century, that 
is 100 thousand less than that of contemporary Paris, and half of that of 
London. During the century and a half up to 1869 the development of the 
three towns was relatively fast. A few years before the official unification 
already 270 000 people were living in the city cluster, still ranked only 
30th among European cities. During this period relations between Buda 
and Pest considerably changed. While two-thirds of the population of the 
city cluster earlier lived in Buda, also two-thirds of the now increased 
population were living in Pest in the second half of the 19th century.

The three towns were unified in 1873, but even their total number 
of population did not foreshadow the metropolis that it was to be.

The Compromise (Ausgleich) of 1867, that eliminated autocratic rule 
following the suppressed 1848 war of liberation, helped the political conso
lidation and opened an ever widening path before capitalistic economy. 
Enjoying the advantages of the political and industrial boom, young



Budapest, regaining its role as capital, has taken off rocket-like on its 
course. The rapidly developing industry has exerted, with its growing 
labor force demand, a tremendous pull on the labor force accumulated 
in agriculture.

Growth of the population of Budapest, 1870 — 1975
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Year Population 
in thousand

Density
popula*
tion/knr

Actual
growth in the 

previous 
period, in 
thousand

The popula
tion as a 

percentage 
of the popu
lation of1870

Its proportion
in the 

population 
of the 

country

in urban 
population

1 8 7 0  ....................................... 3 0 2 5 7 5 5 .4 3 2 .1
1 8 8 0  ....................................... 4 0 3 7 6 7 101 133 7 .6 3 6 .7
1 8 9 0  ....................................... 5 6 0 1 0 6 6 157 18 5 8 .1 3 1 .4
1 9 0 0  ....................................... 861 1 6 4 0 30 1 2 8 5 1 2 .6 3 9 .6
1 9 1 0  .......................................... 1 1 1 0 2 1 1 4 2 4 9 3 6 8 1 4 .6 4 2 .8
1 9 2 0  ....................................... 1 2 3 2 2 3 4 6 122 4 0 8 1 5 .4 4 3 .6
1 9 3 0  ....................................... 1 4 4 3 2 7 4 8 211 4 7 8 1 6 .6 4 5 .9
1941  ....................................... 171 3 3 2 6 2 2 7 0 5 6 7 1 8 .4 4 8 .0
1 9 4 9  ....................................... 1 5 9 0 3 0 2 8 - 1 2 3 5 2 6 17 .3 4 7 .4
1 9 6 0  ....................................... 1 8 0 5 3 4 3 6 2 1 5 5 9 7 18.1 4 4 .0
1 9 7 0  ....................................... 1 9 4 5 3 7 0 4 140 6 4 4 1 9 .4 4 2 .2
1 9 7 5  ....................................... 2 0 7 1 3 9 4 5 1 2 6 6 8 6 1 9 .6 3 9 .0

After the turn of the century the population of the city passed the 
threshold of one million and exceeded the figure of two million one hundred 
years after its consolidation. This makes it the 8th most populous town 
of Europe at present.

A century ago 5 Hungarian subjects or 32 urban dwellers of every 
hundred were living in Budapest. In line with the growth of the capital 
it now includes 20 subjects or 39 urban dwellers out of 100.

In the 1930s almost half of the country’s urban dwellers were concent
rated in Budapest, since then this proportion has steadily decreased as 
a consequence of the development of the other urban settlements.

The main role has always been played by migration in the growth 
of the rapidly expanding capital; the proportion of those born in the city 
has been moving around 33% during the past century. The attraction of 
the population has extended over the entire area of the country, with the 
inclusion earlier of the historical areas as well.

C) Spatial groivth of the central city
At the beginning of the 18th century Buda and Pest hardly extended 

over their medieval walls. A hundred years later, however, newly built 
districts were lining the walls from outside. The medieval city core was 
situated in today’s 1st and 5th Districts, though these districts extend 
their area beyond the original walled enclosure. Today’s 2nd, 3rd, 6th, 14th 
districts have grown outside the walls, determining the extent of the ca
pital until 1950.



Growth of the area of Budapest
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Year
Jtight bank of 

the Danube 
knr

Left bank of 
the Danube 

kin2
Total area 

k n r

1 8 7 2  ............................................. 10 4 90 194
1 0 4 3  ............................................. i n 9(5 2 0 7
1 9 5 0  ............................................. 172 3 5 3 5 2 5

Beginning with 1890, satellite towns were appearing one after an
other, outside the 1943 city limits. From this time on the growth rate of 
population has always been higher in these towns, than in the city core. 
The rapid increase of land prices in internal areas has prevented workers 
and employees of smaller incomes from settling there. But industrializ
ation, development of various service institutions were attracting labor 
force en masse from the country’s agricultural areas. A growing propor
tion of the labor force flowing in settled in the satellite towns that gra
dually became integral parts of the central city, forming an organic sett
lement cluster with it. This process was ratified by the Town Act of 1950, 
that declared the until then independent satellite towns to be districts 
of Budapest. With this today’s administrative area, the 22 districts of 
Budapest was complete.

The number of work-places in industry and service was further increas
ing at a fast rate after 1950, their filling again made necessary the use 
of rural labor force breaking away from agriculture. The destruction or 
damage in the flats of the capital was of such extent during military 
events of World War II, that mass inflow of rural labor force set off an 
unbearable crowdedness in the area of the capital. Settling was restricted 
by order with the aim of avoiding the growing of tension. As the administra
tive area of the capital was closed to immigrants, they settled in settlements 
around the city. This has resulted in the repetition of the satellite-town 
formation process of the beginning of this century, but with an outer ring 
and under different conditions. A dormitory belt, including several dozens 
of settlements was formed around the capital in no time. This process 
has made its effects felt in wider surroundings of Budapest. The city core 
has gradually transformed its sorroundings, and a complex agglomeratioiij 
with functional parts has come into existence to our days in the centra 
part of the country.

D) Regional Structure of the Budapest Agglomeration
The present area of the capital is 525 km2, its population was 2071 

thousand in 1975. Settlements drawn into its gravitation field occupy an 
area of 4571 km2, their population stands at 819 thousand. So today’s 
agglomeration of Budapest extends over an area of 5096 km2, or 5.5% 
of the country’s area, and its population of 2890 thousand in 1975 over 
27% of Hungary’s total. The population of this agglomeration has grown



by 430% between 1870—1975, while population growth in the rest of the 
country’s area was only 72%.

The two basic components of the agglomeration are the central city 
and the agglomeration ring. These not only differ from each other, but are 
internally subdivided according to their functions and characteristics. 
Some of their elements may be set apart functionally on the basis of emp
hasizing their role as places of employment or residence, their characteris
tics are, however, determined by the way they are built in.

The central city is divided into three parts: the internal part of the city 
core with places of employment, this is surrounded by a mixed zone, with 
the functions of places of employment and of residence, and finally the 
outer belt having the principal function of residence.

1. The city core, the City of Budapest or CBD is limited to the 5th 
district on the left bank. Its population has grown by only 17% between 
1870—1975. First of all organs of government, direction centers of banking 
and finance, of wholesale trade, central institutions of scientific and cul
tural life are placed here.

Of course these functions are not limited to the area of this one district, 
they have stepped over its borders to all directions. At the same time the 
residential characteristics of the internal core have not been fully ended, 
though its population is on the decline since 1960. Residential density of 
population in the City of Budapest is 18 200 persons/km2, 65% of its 
population is gainfully employed, while the density of workingplaees is 
38 000/km2. Some 22 000 persons leave the City daily, and over 100 000 
arrive there for the purpose of work. The shopping center of the district, 
developed to a limited degree attracts hundreds of thousands more people 
to the area.

The number of working places here exceeds threefold the number of 
locally residing, gainfully employed population. Nine tenths of the working 
places belong to the tertiary sector.

2. The mixed zone, with places of residence and employment, includes 
the districts of the number 1 — 3, and of 6 through 14. The population of this 
belt has increased by 479% between 1870—1975. Within the zone the right 
bank population has increased at a faster rate than the left bank. This internal 
belt concentrates 720 thousand working places, one-third of them in major 
industrial units. Two-thirds of Budapest industry are situated here. Resi
dential density of population of the zone is 5737/km2, 55% of the popula
tion is gainfully employed, density of working places is 3240/km2. The 
fact that the number of the locally residing and gainfully employed and 
that of the local working places are nearly identical: 720 thousand and 
739 thousand respectively indicates the zone to be one with places of 
employment and of residence. Working places and workers do not however, 
meet within the zone: some 490 thousand workers arrive and 470 thousand 
leave the zone for the purpose of work. That the increase of population 
has been very limited since 1960 proves the decrease of significance of 
this zone as residence.
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3. The outer belt with places of residence and employment includes the 
districts incorporated into the capital in 1950. I t is primarily a residential 
area, and this is also indicated by the fact that its population has increased 
more than 24 times between 1870—1975. I t is an important zone of em
ployment, too. Half of its 230 thousand working places are in major indus
trial units, one-third of Budapest manufacturing industry is found here. 
Residential density of population is 2400/km2, 50% of the population is 
gainfully employed, density of working places is 780/km2. The major part 
of the zone is dominated by family houses with gardens, it is the favorite 
residential belt of blue-collar workers and employees. Almost 80% of homes 
is personal property.

The agglomeration belt includes 144 settlements, including 4 towns. 
The inner belt with considerable ties with the central city and the as yet 
little transformed outer zone are isolated on the basis of the intensity and 
characteristics of connections developed with the capital as a concentra
tion of working places and as an industrial center and on that of the degree 
changes brought about subsequently.

1. The inner agglomeration belt includes 61 settlements with an area 
of 1610 km2, and where the average density of pupulation is 300/km2. 
The proportion of active wage-earners is 45%, and at least 55 — 60% of 
them commutes daily to their working places in Budapest. Three-fifths 
of all commuters to the capital come from this zone. The proportion of 
those employed in agriculture is 11%, the density of local working places 
is 76/km2. The transformation of the settlements of the agglomeration belt 
began by the pulling effect of the central city on the workers of the once 
agricultural settlements with its working places of industry and service, 
with the consequent transformation of the employment structure of the 
population at a rapid pace. Industrialization between 1950—1970 has 
quickly depleted the local labour reserves in agriculture, and stopped the 
decline of population in the settlements by employment through commut
ing. With the introduction of the administrative regulation of settling 
in Budapest these settlements have even attracted newcomers with their 
good transport facilities. New settlers became dominant in the once ag
rarian villages, agrarian features of these settlements faded, and their 
transformation into satellite towns began.

I t is characteristic of the rate of this development, that the population 
of the internal zone has increased 5 and a half times between 1870— 1975 
and this process indicates an ever rising trend. A considerable proportion 
of the settlement were given new', urban apartment blocks, while agricul
ture is definitely changing more and more to provide for the city (hothouse 
vegetable growing, flower gardening, orchards, livestock fattening farms 
etc.).

2. Over 80 settlements are included in the outer agglomeration belt, 
with an area of 2961 km2 and an average density of population of 114/km2. 
Some 41% of the population is actively employed, 30 — 40% of them com
mutes to the central city for work daily. Nearly two-fifths of those commut
ing to Budapest comes from settlements of the outer belt. These settle-
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ments have retained much more of their agrarian characteristics, 24% 
of those employed still subsist on agriculture. The proportion of new sett
lers here is still insignificant, the restratification of the autochton popula
tion is under way. I t  is also characterized by the large number of those 
working in transportation branches. The increase of population here was 
118% between 1870-1975 -  well surpassing that of other areas of the country

Though only one-third of the wage-earners of the outer agglomeration 
belt are attracted to working places in Budapest, but tighter links to other 
commuting centers have also not been formed from these settlements. 
The employing role of agriculture is also important, on the other hand 
industrial plants of significant size have been built in this belt during the 
past two decades. This location of industry that involved the inner agglo
meration belt, has aimed first of all at the loosening of the Budapest con
centration. These new centers of industry are, however, placed to close 
to Budapest and did not end the expansion of the central agglomeration 
but united with it, further increased it with an outer ring of employment.

Beyond the outer agglomeration belt the attraction of Budapest 
keeps on fading, and the gravitational field of regional centers situated 
an a 60 km-radius are starts to prevail gradually.

E) A few characteristic features of the Budapest agglomeration
1. The agglomeration has developed outside from the center. The 

population of the satellite towns did not, however, move out from the 
central city, but migrated these from agrarian areas of the country i.e. 
from outside. This has basically determined the social structure of the 
settlement on the way of becoming satellite towns. Migration outside from 
the center has only developed north of the capital in the zone along the 
river Danube, and towards the settlements of the hills sorrounding the 
capital from the west — these areas having recreational functions as well. 
This phenomenon is primarily characteristic of white-collar workers.

2. The development of the agglomeration zone has been taking 
shape in the form of rings in the internal belt next to the capital, its deve
lopment changes to a radial form with growing distance along the 11 
railroad lines, the 4 suburban train lines and the 10 bus lines operating 
with a great number of vehicles. The transformation of the village-type 
settlements around the industrial centers developed in the agglomeration 
belt is again reinforced in the ring-like form.

3. 60% of the commuters into the capital starts from within a radius 
of 25 kms, and despite this, their average time of travelling is not less than 
60 minutes. Time taken for travelling increases with the growing distance 
from Budapest to such a rate, that calculated for the entire tributary 
area, it is over 2 hours. 55% of the nearly 1/4 million commuters uses 
trains, 10% suburban trains, 28% takes buses, while some 7% drives 
his own car.

4. To decrease the commuting distance those settling in the tributary 
area of Budapest are concentrated primarily in the inner belt. 88% of the 
increase of population in these settlements comes from migration and only
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12% from natural population growth. The fast expansion of population 
sets a heavy burden on housing conditions despite the acceleration of 
apartment building. Apartment-sharing has become widespread and this 
has resulted in undesirable crowded ness at places.

The proportion of apartments in personal property keeps on rising 
with growing distance from the city core of Budapest and it is almost the 
exclusive form of property in the agglomeration belt.
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Fig. 1. E ducational level of th e  populat ion over 24 years, 1970. N um ber of years of completed
cycles:

8-year grade school; 3-year vocational training school; 4-year high school; 4-year university;
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Fig. 2. W hite-collar workers as a  percentage of com m uters, 1970
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Fig. 3. Incom m uters as a  percentage of wage-earners working a t the settlem ent. The areas 
o f squares are proportional to  th e  num ber of wage-earners working a t the settlem ent.

1 = central city; 2 =  inner commuting belt; 3 =  outer commuting belt
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Fig. 4. Proportion of apartm ent-sharers (co-tenants) from th e  residential population, 1970.

4  ANNALES — Sectio Geographica — Tomus X III-X IV .
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Fig. 5. S tructure  and extension o f the B udapest agglom eration, 1970 
1 = city; 2 = working-place and residential belt; '6  = residential and working-place belt; 4 — inner 

commuting belt; 5 = outer commuting belt with surrounding cities and their commuting belts
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Fig. 6. Decrease o f gainfu lly  occupied employees in agriculture below 20% 
1 =  before 1941; 2 = before 1960; 3 = before 1970
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Fig. 7. One hour com m uting tim e distance 
1 = 1940; 2 =  1976
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РЕЗЮМЕ
БУДАПЕШТСКАЯ АГЛОМЕРАЦИЯ

Единственная крупная агломерация Венгрии сформировалась вокруг Буда
пешта. Это уникальное явление в венгерской сети населенных пунктов сложилось 
под влиянием специфических исторических, политических и географических фак-

Современная территория столицы составляет 525 км2, а её население в 1975 
году достигло 2 071000 человек. Зона влияния города (агломерационный пояс) 
охватывает территорию 4 571 000 км2, на которой проживает 891 000 человек. Хотя 
территория занимаемая агломерацией не превышает 5,5% площади страны в ней 
проживает 27% населения Венгрии.

В агломерации выделяются две основные составные части: центральный город 
и агломерационный пояс. В свою очередь, центральный город делится на три части: 
ядро города, с большим количеством мест приложения труда, зона производственно
жилых кварталов окружающая ядро и, наконец, зона главным образом жилых 
кварталов. Во внутреннем ядре города количество работающих (9/10 которых занято 
в третичном секторе) в 3 раза превышает количество постоянно живущего здесь 
населения. Во второй, производственно-жилой зоне, число мест приложения труда 
почти равно количеству активного, работающего населения, здесь проживающего. 
Все же и в этой зоне отмечаются маятниковые миграции: полмиллиона работающих 
ежедневно ездит из этого пояса на работу в центр столицы и примерно столько же 
приезжает сюда на работу из других зон.

Во внешней, жилой-производственной зоне, количество проживающего здесь 
самодеятельного населения на 1/3 больше, чем количество имеющихся здесь мест 
приложения труда.

В агломерационном поясе, в свою очередь, выделяются внутренняя и внешняя 
зоны. Из внутренней зоны (61 населенный п ункт) —55-60%  работающих ездит на 
работу в Будапешт, а из внешней зоны (83 населенных пункта), в которой важную 
роль ещё играет сельское хозяйство, на работу в столицу ездит только 30 -40%  
работающих.

Рост количества населения отмечается из центра к периферии агломерации. 
60% участующих и трудовых маятниковых миграциях приезжает с территории 
расположенной не далее 25 км. от города, все же время, затрачиваемое на поездки’ 
составляет в среднем 60 м инут.
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1/a. The town of Vác -  one of the satellite settlements of the agglo
meration around the capital -  is located at the edge of the Pest Plain, 
on the Pest side of the Danube, right after its sudden meander to the south, 
within the framework of the narrow alluvium of the river and the Naszály 
Hill, while opposittoit, on the other side is Szentendre Island to the west, 
and the Pilis mountains.

At this point, four main geographic regions meet, the Northern 
Mountains, the part of the Great Plain between the Danube and the Tisza 
rivers, and the Gödöllő hills that create a transition between the other two 
and the fourth main region, the mountain range of Transdanubia separated 
from it by the Danube.

If the town’s natural sorroundings are regarded as a plot for man’s 
social activities, and the region is evaluated to see whether it is suitable 
for this purpose, the problem has to be approached from two aspects. 
On one hand, all the geographic factors that motivate the settlement's 
simple and only local significance must be analysed, that ensure the mini
mum conditions for human existance. On the other hand -  in their rela
tionship with its broader surroundings -  all the facilities that promote the 
creation of the more compound central position and role of the settlement in 
its later development and strengthening from among the other settlements 
must also be grasped. 1 he mutual relationship of nature and society must 
be examined on the basis of whether, from the point of view of the human 
society utilizing them — the role of a given natural surrounding — and 
mainly of certain elements of it — they have an extremely changing value 
historically. Certain natural facilities will continue to reserve their signi
ficance, while others partly or totally lose it. Again others only deserve 
attention at a later — more developed — stage of social development.

1/b. When at a certain geographic p o in t-in  any phase of social deve
lopment -  a smaller or bigger number of people or'group of people create 
a permanent human settlement, really the same process goes on and is repeat
ed: the given point offers favourable conditions to one or another form 
of social existance, but eventually it can have more basic functions as



well. The human settlement is elicited on this background. Quite naturally, 
in the different phases of social development, different facilities of the 
natural surroundings always play a role. Inasociety that had just developed 
to an agricultural level, the ideal place for a settlement was on the rich 
soils that were easy to cultivate. Parallel with the appearance of more 
developed societies, further elements of the natural surrounding received 
importance. The role of the Danube valley and the-river itself gained 
increased importance. The Danube as a major trading route in long dis
tance trade, became increasingly significant. Although these circumstances 
did not result in an outstanding role for settlements located in the area 
of the present day town, they did indeed represent a major contribution 
to making Vác a continuously inhabited area — for short or long intervals 
of time — even before the appearance of the Magyars.

However, the sparse and insufficient historic traces enable us to draw 
the conclusion that some of the settlements in the area succeeded in acquir
ing a certain importance before the Hungarian conquest, by which it 
gained a more outstanding role than the other settlements. Following the 
Hungarian conquest, the town was considered suitable for the settlement 
of a bishopric, the basic headstone of the early Hungarian feudal state 
organisation —so it became the diocese of a bishop. The town -  as the pre
vailing centre for the development of the social distribution of manpower — 
is an ancient historic phenomenon, and, as a historic category, is bound 
to accord with the laws of social-economic changes. However, its inner
most gist has remained unchanged: the ability to develop some facility, 
the importance and role of which soon grows bigger than that of the 
requirement of the given settlement, and through the possession and prac
tice of which, a determined hierarchy shapes itself between the town and 
its geographic background. The content , the historic date of its occurrence, 
and the size of the background under its influence were determined by 
the requirement arising from social-economic development and the condi
tions that were brought to life by the same process. However, the geo
graphic location of the role elicited by the social requirements, and the 
potentiality of one settlement over the other similarly developed ones to 
satisfy requirements, is determined by the location of the given settlement 
in the natural and economic surroundings.

In the knowledge of the conditions of Hungarian society that had 
reached the phase of primary settlements, the supposition is probable that 
in the case of Vác, similarly to the parallel selection of other settlements 
that were organised into “regional centres’ , not local factors, but factors 
of macro regional importance dominated: the size of the territory occupied 
by the Hungarians and the location of the settling regions. During the 
time of the formation of the state, Vác was located in the centre region, 
where a few settlements — not very far from each other (Esztergom, Szé
kesfehérvár and Veszprém) -  divided among themselves the major roles 
at the same time or successively. A similarly detrimental factor could have 
been in the settling of the “system of institutions”, the preliminary settle
ment conditions that were inherited by the Hungarians from the Slavonic
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people who lived on the territory before the conquest and after that co
existed with the Hungarians.

1/c. Vác of the Middle Ages — utilizing both the local and regional 
privileges of its geographic location — had different roles. On one hand, 
the distribution of manpower among the agricultural functions of the 
surrounding area and the handicraftsmanship of the town concentrated 
there, and on the other hand, it many times became the mediator in the
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Fig. 1. x he grow th o f Vac
1 = old castle; 2 — built-up area at the beginning of 18th century; 3 = built-up area a t the end of 
18th century; 4 =  built-up area at the end of 19 th century; 5 =  built-up area in 1940; 0 = built-up 

area in 1970; 7 = industrial areas; 8 = railways; 9 = main roads; 10 boundary of Vác



trade of goods from other countries. When its function was mentioned for 
the first time it extended to only a small area. The settlement system of 
the pre—industrial, agricultural societies was primarily dominated by 
relatively great number, but small, central settlements having only a 
smaller gravitational area — due to the underdeveloped stage of transport 
and limited volume of goods production. The gravitational area of Vác 
was further limited by the sparsely populated mountain region, and, on 
the other hand, the town itself was engaged in significant agricultural 
activity, which meant that there was only a restricted market for the 
agricultural produce of the surrounding area. The other functions provided 
by the town, in the sphere of mediating in a broader distribution of labour 
through its geographic location, were much more significant. Vác was locat
ed along the so called “marketline”, at tlie meeting belt of two regions 
leading two different economic life, the Northern Mountain Region and 
the Great Plain, at the exit of the roads coming down from the mountains 
to the plain. However, these roads not only ensured an exchange of goods 
between the two parts of the country, but, at the same time, they played 
a major role in linking up the middle of the country, the capital and the 
mining towns of the mountain region as well. And the road running along 
the left bank of the Danube, not to mention the river itself, directly connect
ed Vác to the international road network. Its significance was also under
lined by the fact that with its port on the river, and the road linking the 
market town with the strip between the Great Plain and the mountain 
region, at the foot of the mountains, on an area safe from floods, was the 
shortest route to the Danube. .Since much of the Great Plain turned into 
a muddy marshland during most of the year, the transport en route for 
Transylvania was mainly concentrated on the above mentioned road. 
These market towns collected and passed on agricultural produce — partly 
towards the Danube — from large areas, including the wheat and wine 
that were so po popular in the German towns. Vác became an important 
transit station in this trade, as the goods were then transported on the 
boats which started from there.

The traffic on the ferries — via Szentendre Island — soon took shape, 
but remained of only local importance, and did not have an outstanding 
role in transport between the Great Plain and Transdanubia. The huge 
masses of the Pilis mountain forced those using the Szentendre ferry to 
make a big roundabout way, giving it a formidable shortcoming compared 
to the ferries at Megyer and Pest.

However, Vác remained a significant key-town in the Hungarian 
network of towns — being in the focus of main transport arteries — up 
to the time of the Turkish occupation. During the period of the Turkish 
occupation — due to its geographic location — Vác became a major link 
in the line of castles on the edge of the occupied territories from the north, 
while retaining its role as a trading centre, and, what is more, it remained 
an important gateway for the trade with Austria. From the time of the 
dislodgement of the Turks, up to the beginning of the 18th century, the 
continuity of the rather depopulated and ruined town was ensured as an
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unimportant agricultural settlement, only by the favourable facilities 
of its soil. Vác lost all its central functions. However, during the normalis
ation of economic life, the reorganisation of the production of goods and 
trade was once again activated by the town’s favourable location, primarily 
with the help of the freshly settled German and Greek traders. As a trading 
town, it regained all its functions as a regional and international trading 
centre, and developed in a relatively balanced manner for the next two 
hundred years. The route leading through the town towards the west, 
again became important both in domestic and international trade. As a 
result, the first railway line of the country was built from Pest to Vác 
in 1846, and was soon expanded to Vienna. The period of railway building, 
however, that followed the era of the compromise of 1867, brought along 
the total destruction of the mediatory role of a number of regional centres 
— among them Vác — which had flourished up to then and the total re
arrangement of spacial relations in the area. Budapest in the southern 
neighbourhood underwent a rapid development and became a leading city, 
and utilized every benefit of the central industrialisation and railway system, 
gradually taking over all the central functions from the town of Vác, which 
was too near to the capital. The earlier steady growth in the number of 
inhabitants declined. The facilities deriving from its geographic location 
had lost their value, and were overshadowed by the capital, which threw 
Vác back within the hierarchy of towns, and permanently placed it in 
the category of small towns. At the same time, a heavy loss occurred in 
the agricultural sources of Vác, the phylloxera disease spread in the his
toric vine-yards of the area and reduced the stocks to one third their former 
number. However, the decades of railway construction at the same time 
opened up a new phase in the industrialisation of Hungary. From the 
1890s, until the outbreak of the First World War, the number of the indus
trial workers rose each year by 3 — 5 per cent. And, while the ever growing 
capital, with its near proximity, hindered the growth of Vác, the same 
proximity, in the most rapid development of industrialisation opened up 
the possibility for a quantitative development for the small town. The 
skilled labour force — that was trained through highly developed handi- 
craftship — and the nearness of the capital that required vast supplies of 
manpower, turned Vác into an attractive place for the manufacturing 
industry, and by providing inexpensive sites and tax facilities, Vác tried 
to encourage the settlement of industrial units there.

Simultaneously with the development of modern industry, there 
was a consumption of ever increasing quantities of new raw materials. 
The presence of such resources ensured the conditions for the rapid and 
significant creation of concentrations in heavy industry everywhere. 
The research for new natural resources also led to wide spread surveys in 
the region of Vác. In the first half of the 20th century, the resources under 
the town promised good results. Geologists first found layers of brown 
coal and later bauxite. In both cases, however, it soon turned out that 
the quantity and quality of these resources are not too economic. 
Despite this, coal production amounting to a few thousand tons a year
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was carried out for some decades. Fifty years had to pass before new 
natural resources were found near the town that resulted in the settling of a 
branch of heavy industry of state importance, during the phase of socialist 
industrialisation. The basis for the construction of the Danube Cement 
Works was the layers of lime stone, marly clay and clay, that for a long 
time had been considered useless and worthless. In addition to the local 
resources, the location of Vác near to the Danube also played a major 
role in this development, particularly as the Danube Cement Works meant 
close cooperation with the the Danube Steel Works, for the mutual deli
very of lime stone and dross. The decades of the socialist industrialisation 
that began in 1949, opened up a new phase in the development of the town 
of Vác. The overshadowing impact of Budapest gradually declined, and 
the facilities deriving from the proximity to the capital changed in a posi
tive manner. As result of the endeavours to relocate the concentrated 
industry in Budapest, in its early phase, some industrial units, that had 
cooperation links with other units in Budapest, were moved to the marginal 
settlements of the agglomeration, including in a high portion to Vác. Some 
totally new industries (the Cement Works and Tungsram unit) were set up, 
and some of the old units were enlarged or modified into modern production 
units. The construction of the new enterprises, and the building of the 
necessary houses for the workers led to the development of a quite signi
ficant construction and building industry, which was followed bv the rapid
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Fig. 2. G rowth o f population  and o f houses, 1670 — 1975

development of services. As a result, Vác became the centre of many large 
or medium-size companies and factories. The new constructions — that are 
enlarged in large scale and intensive cooperation with the capital and other 
major industrial centres — once again gave Vác a role of state importance 
in the regional distribution of manpower industry. This process naturally 
led to a totally different development in the life of not only the town, but 
also its surrounding area.

1/d. The development of the town’s inhabitants truly reflects the 
changing predominance of its historic and geographic facilities. The period 
between 1840 and 1880 was characterised by extremely slow or stagnating
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Fig. 3. Changes o f the professional structure  o f the  gainfully  occupied population o f Véc,
1853-1970

--- on the basis of census data 
2 = on the basis of calculation

development. The negative effects of the period between the two world 
wars could also be seen, since the growth of the number of inhabitants 
completely ceased between 1910 and 1920, and from 1940 to 1949. A steady 
and rapid growth in the number of inhabitants was discernible from 1720 
to 1750, following the dislodgement of the Turks, and in the period between 
the two world wars from 1920 to 1940. Two most outstanding phases in 
the development of Hungarian industry had a major impact on the deve
lopment of Vác. The first rapid increase in the town’s inhabitants occurred 
between 1880 and 1910, while during the decades of socialist industrialis
ation, between 1949 and 1975, the increase in the inhabitants of Vác 
could be described as revolutionary. Alongside the increase in inhabitants, 
the number of the dwellings also increased. Simultaneously with the 
quantitative growth of its inhabitants — which in fact cannot be separated 
from the increase and intensification of the town’s functions — it also 
underwent a qualitative change. The process itself and its trend can be 
followed in the occupational regrouping of manpower. In the 19th century 
— between 1820 and 1880 — Vác had about 11,000 to 13,000 inhabitants, 
and was definitely a town with an agricultural character, and in essence, 
with its handicrafts it was rather different from the towns on the Great 
Plain of a similar size. The largest portion of the inhabitants was employed 
in agriculture, but the ratio of craftsmen was about one third of the total 
labour force. Due to the relatively quick changes, the industrial character



of the town developed in the last two decades of the 19th century. In the 
period between the turn of the century and the first World War, more than 
the half of the labor force was employed in industry, but agriculture still 
remained a major source of employment.

Nearly one third of those employed in industry were craftsmen and 
the size of factories also ranged on a large scale: from units employing 8 to 
10 people to factories with 1,300 workers. The forthcoming decades were 
also devoted to a strengthening of industry. Up to the beginning of the 
Second World War, the share of the employees in industry rose to more 
than 60 per cent and this figure further increased after the liberation (1945) 
as a result of further location of industry. At the same time, the number 
of those engaged in agriculture dropped to a mere 6 (ter cent, a real “urba- 
nistie” rate. Regarding only the ratios, the change in the occupational 
regrouping would seem to be less revolutionary in the last decades, for 
example between 1949 and 1970 the ratio of employees industry increased 
by only 3 per cent, (from 64 to 67 per cent). However, during the same deca
des the inhabitants of Vác increased by more than 50 per cent; and the 
number of industrial workplaces amounted to 17,000, and the number of 
private craftsmen decreased to only 160 persons. These were the years 
that really turned Vác into a real industrial town.

During the past century, the administrative territory also underwent 
certain modifications with altering sign. In comparison to the slight terri
torial increase before the First World War, the town’s territory decreased 
by 800 hectares after the war. In the early 1960s, the town’s territory 
increased by more than 1,200 hectares, which it gained from the village 
of Kosd. This border ax-ea, largely forests, increased the territory of Vác by 
20 per cent. As a result of this extra territory, and the speed and character
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Fiy. 4. Changes in th e  land  utilization of V&c’s territo ry , 1895 — 1966
1 = ploughland; 2 = garden, orchards; 3 = vineyard; 4 = meadow; b  —  pasture; t> = forest;

7 = built-up area



of the industrialising, the utilization and cultivational structure of 
the 7,260 hectares underwent a significant change. Due to the creation of 
new industrial units and the growth of urban areas, the built-up areavS rose 
most rapidly. Although to a lesser extent, there was a significant increase 
in garden and orchard areas, and — due to the newly gained forests —the 
wooded area also suddenly expanded. In a similar way to other parts of 
the country, the industrial and urban areas gained predominance with 
acquisition of arable land and secondly of meadow and pasture areas. Thus, 
compared to the 1930s, by the mid 1960s, rather less than two thirds of 
the former arable land remained intact.

1/e. A geographic approach and analysis of the town’s activities could 
not be limited to its administrative territory. As the economic and social 
focus of development, a town was always closely linked with its gravitation
al area, and its geographic background. x\ settlement becomes a town — 
and a town acquires importance through the size of the surroundings it 
influences, and the character and intensity of its organic links with its 
surroundings. The development phases of the town of Vác were also been 
motivated by the role it played through its central functions, that is, the 
activity it exercised on its surroundings. Following the development of the 
central functions of the town, their expansion had several effects on the 
activities of the town itself. On one hand, the size of its immediate geogra
phic surroundings changed, and, on the other hand, the character of the 
links of the town to the surrounding area became more complex and more 
intensive. The utilisation of the internal territories of the town in the dif
ferent phases of historic development were also characterised by the defin
itive spatial arrangement of functions. In the early phase of the territorial 
arrangement of manpower — that concluded in the last third of the 19th 
century — the role of Vác as a town was limited to the concentration of 
craftsmanship and a place for trading. Trade among the town dwellers 
themselves and trade with the inhabitants of the surrounding area were 
carried out at the weekly markets, and its function as a trading centre for 
larger areas was controlled by the rythrn of the fairs held a few times each 
year. From among the central functions, the craftsmanship and ma
nufactures were not concentrated to functionally separable smaller 
centres or strips in their location, but spread all through the town in the 
houses. Only the trading functions, the regularly repeated acts of t rading 
were located to certain points in the town, at the market places. In the 
second phase — that concluded with the end of the First World War — 
together with the wave of industrialisation, a number of small and medium 
size industrial units were settled in the town. These were also located spo
radically in the town, but, according to their space-consuming character 
— they were mainly located away from the centre of the town, alongside the 
railway line from the western direction. Simultaneously with the develop
ment of industrialisation and railway transport, the earlier role of Vác 
as a trading centre totally diminished. As a result, the size of the signifi
cantly reduced gravitational area was determined by the trading links 
between the town and the surrounding area, and the slowly developing
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Fig. 5. Functional land  use o f Vác
1 = closed residential district; 2 = new built residential district; 3 = centre; 4 = residential areas 
with green spaces; 5 =  industrial areas; 0 = green spaces; 7 = built-up areas of neighbouring villages;
6  =  orchards, vineyard; 9 = arable land; 10 = meadow; 11 =  boundary of town; 12 =  railways;

13= main roads

flow of labour from the neighbouring villages. The third phase lasted to 
the end of the Second World War. I t was characterised on one hand by 
the upswing in large scale industry, and, on the other hand, by the deve
lopment of the reasonable functional division of the urban area, namely, 
the separation of the industrial and dwelling regions began. In contrast 
to the development towards the Danube — for the first time the town



spread further than the railway line — and the Deákváros site was laid 
out with its parks. Due to industrialisation, there was a large increase in the 
pace of commuting from the neighbouring villages to the workplaces in the 
town, and this process, together with its trade, cultural and administrational 
links, brought the town into more intensive contact with its gravitational 
area. The fourth phase in the development of Vác was started by socialist 
industrialisation, which during three decades transformed it into a well 
developed industrial town. It doubled its built-up areas and the new housing 
areas extended along the full length of the railway line. Simultaneously 
the zones of different functions more definitely separated from each other. 
The central housing district, mainly consisting of several-storey buildings 
— is located in the embrace of the Danube and the motorway more or less 
running alongside it. A modern, continually increasing housing site with 
many storey buildings is attached to this, in a south-east direction. In 
the centre of the inner-town, around the main square, and in the axis of 
the road that leads to the railway, the heart of the town took shape, and 
its core includes the administrative, trade and other service institutions. 
The ever increasing housing estate of Vác, with gardens on a large area, 
is located between the Budapest —Szob railway line and the slopes of Na
szály Hill, where some cultural and health institutions — requiring larger 
territories — are located. Most of the industrial units have been settled 
in a concentrated form, outside the housing areas. The oldest industrial 
zone of the town is closely situated alongside the west side of the railway 
line, while the industrial projects were built outside the town, partly 
on the bank of the Danube, and partly along the railway and the motorway, 
creating continuous zones. The intensive industrialisation, naturally, not 
only resulted in the growth of the town, but created a totally new basis in 
the relations between the town and its surroundings. As a result of this 
process, in which the towns acted as a catalyst — including the town of 
Vác — in the industrial development, the more or less undisturbed social 
isolation of the villages dissolved, and economic autarchy was completed 
during the past 25 years, on a nation-wide level, just as in the region of 
Vác. The intensity of the process was speeded up by the parallel socialist 
reorganisation of agriculture. The historic change simultaneously occurring 
in the spheres of towns and villages mobilised a significant labour force. 
The strengthening industry provided inexpensive and effective equipment 
for agriculture, and the manpower liberated this way was immediately 
absorbed by industry. The number of local workplaces doubled in the town 
of Vác between 1949 and 1970 — while the service industries also under
went a significant development, and the number of industrial workplaces 
have nearly trebled. During the same period the inhabitants of the town 
increased by 35 per cent, and one sixth of this derived from a natural 
increase, and the remainder from the migrational differences. During 
these two decades, more than 10,000 people migrated to the town, most 
of them from the younger age groups. Due to this, and the mobilisation 
of new, local resources of manpower during the past 20 years, the inhabi
tants of working age increased at double the speed of the total inhabitants.

5  ANNALES — Sectio G eographica — Tom us X I I I —X IV .
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However, the ever increasing need for more manpower could not be ful
filled from local resources. The missing labour force was supplied from the 
settlements surrounding the town. The industrial workers of the neigh
bouring villages commute daily between their homes and their workplaces. 
Within this process, Vác linked the surrounding agricultural settlements at 
a rapid speed and more intensively. The widening relations, primarily deve
loped as an issue of the increased concentration of the workplaces settled 
in the town. The development of industry in Vác can only partly lie regard
ed as autochthon, because of the further development of industrial branch
es that settled earlier or were newly based on the local resources of man
power. Vác did not develop in competition with Budapest, and independently
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Fig. 7. Comm uting tim e distance, 1975

from it, but on the contrary, the town could increase its importance as a 
town and industrial centre right through the capital. In the first place, 
the industry of Vác could develop due to the closeness of the capital’s 
agglomeration, its developing organic cooperational links, with the industry 
of the agglomeration, and due to its efforts aimed at the industrially over
burdened capital, and the loosening of Budapest’s industrial concentration. 
In the early phase of decentralisation, the zone of small towns around the 
capital cushioned the first wave of new industrial settlements, setting out 
of capital. Esztergom, Szászhalombatta, Cegléd and Gödöllő played a simi
lar role to that of Vác. So the “small agglomeration” that took shape 
around Vác is, respectively, an organic part or element of the industrial



and population concentration that embraces the capital. However, the 
industry in Vác, within the central industrial zone undoubtedly developed 
at extremely rapid speed. Naturally, its location on the bank of the Danube, 
and its natural resources — for example, the settlement of the cement 
works — played a major role in this. Alongside the increase in industrial 
workplaces, the significance of the town’s other central functions also 
expanded. In addition to the administrative links, Vác increased its gravi
tational area with its services in the field of transport, trade, culture and 
health. The dominance of Vác’s central functions became evident after 
1960. The life of some of the neighbouring settlements became totally 
dependent on Vác, more than half of the labour force being employed in 
workplaces in Vác. In the next zone of Vác’s gravitational area, another 
ten settlements are included, along the north-east to south-west axis. The 
villages ot these two internal zones — 30-50 percent of their manpower wor
king in Vác -  can be regarded as dormitory settlements of Vác, where the pro
cess of suburbanisation has already started. The population has gradually 
been rearranged, and the settlements which earlier mainly had an agricul- 
tural character have tended to change their occupational structure to that 
of an industrial settlement. There are two more essential factors in which 
these settlements differ from the neighbouring villages or from Hun-

1960 1970
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Fig. 0. Comm uters to  tow n as a  percentage o f wage-earners residing a t th e  neighbouring
settlem ents, 1960 and 1970
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Employee
size-class

Number of industrial units and 
their employes

Construction units and their 
employes

Empl.
number

Establish
ments %

Empl.
number

Establish
ments %

2 0 0 0 -2 5 0 0 2 420 i 16,6 __ __ ___

1500-2000 6 844 4 46,9 — — —
1000-1500 1 079 1 7,4 1041 i 46,1
5 0 0 -1 0 0 0 3 554 5 24,4 742 i 32,9
2 5 0 -  500 — — — 401 i 17,8
1 0 0 -  250 446 3 3,1 — — —

under 100 238 3 1,6 72 i 3,2

A lto g e th e r 14 581 17 100,0 2 256 4 100,0

Tlie division of industrial units, construction and service industrial
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garian settlements with an agricultural character. While the number of 
inhabitants in the agrucultural-type settlements shows a decreasing ten
dency, the process in the above mentioned settlements — in a similar 
manner to other settlements with an industrial character — is continually 
increasing. As a result of higher educational standards in industry and the 
service industries, the educational standards in these settlements — the 
number of years spent on studies per head — is also more favourable in 
comparison to that of an agricultural settlement. Those employed in 
industry and the service industries, not only became more educated, but, 
at the same time, more mobile. Their incomes grew — and although the so 
called double-occupation is still very widespread, that is, a large percentage

30 737
38 683

N um ber o f local w orkplaces 23 897

14,718
2,157
1.710
1,587
1,086
2,642

15 951
14 107
9 790
1 844

The num ber o f w orkplaces in  th e  ra tio  o f ac tive ly ..................................
149,8

T h e  d iv is io n  o f  w o r k p la c e s  a n d  w o r k in g  f o r c e  in  V á c ,  1 9 7 5



units in Vác on the basis of the num ber of those employed, 1975

GEOGRAPHIC OUTLINE OF THE TOWN OF VÁC 6 g

T rading un its  and 
th e ir  s ta f f

T ransport units 
and  th e ir  s ta f f

Service industria l units 
and  the ir s ta f f

H ealth  in s titu tio n s  
and  th e ir  s ta f f

Em pl.
num ber E stab l. 0/

/0
Em pl.

num ber E stabl. %
Em pl.

num ber E stab l. %
Em pl.

num ber E stab l. %

— — — — _ _ _ _ _
— — — — — — — — _ _

1 0 9 0 i 3 8 ,7 — — — _ _ _
1 0 5 8 2 3 7 ,6 7 0 0 1 3 7 ,1 81 3 1 5 6 ,3 9 8 4 i 8 8 ,3

— — — 811 2 4 2 ,9 3 0 5 1 2 1 ,1 _
3 5 8 3 12 ,3 3 7 7 2 2 0 ,0 281 2 1 9 ,4 118 i 1 0 ,6
321 6 1 1 ,4 — — 0 ,0 4 0 2 3 ,2 12 i Ú

2  8 1 5 12 1 0 0 ,0 1 8 8 8 5 1 0 0 ,0 1445 6 1 0 0 ,0 1 1 14 3 1 0 0 ,0

of the population are also engaged in agricultural production — their 
needs have also become adapted and their daily consumption tends to be 
similar to that of urban dwellers. The impact"of Vac, however, extends 
further than this, along the Danube and Ipoly rivers and the No. 2 interna
tional motorway, in this outer zone 13 to 22 per cent of the local inhabi
tants are employed in Vac. The town has a relatively weak effect in southern 
direction, since the working inhabitants of these settlements are mainly 
absorbed by the capital. The extension of Vac’s gravitational area was also 
promoted by the favourable public transport facilities. Most of the daily 
commuters can get from their homes to their workplaces in less than 30 
minutes, and irrespective of a slight number of exceptions, the travelling 
time from the farthest place doesn’t  exceed 60 minutes.

Gravitation of Vac’s educational institutions, 1975

6 ranima r schools Secondary 
technical schools

Vocational 
training schools

N um ber of schools............................................... 2 4 i
N um ber of s tu d e n ts .......................................... 934 1441 534
From  them  local re s id e n ts ............................... 417 381 174
From  them  village re s id e n ts ........................... 335 700 318
Living in d o rm ito ry .......................................... 173 336 40
Village residents ren ting  r o o m ...................... 9 18 2

B)

Gravitational area of the Vác hospital, 1975

N um ber o f p a tien ts  ........................................
From  them  local residents .............................
From  th e  village re s id e n ts ...............................

17,542
7,016

10,526
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The changes in the occupational structure of the working population (% ), 1900-1970

Yra r A gricultural Industrial Services, o ther

e m p lo y e e s

3 0 40 24
1 9 1 0  ............................................. 2 4 4 9 27

1 9 3 0  ............................................. 15 ? 7 2 8
194 9  ............................................. 12 04 24

1 9 7 0  ............................................. 6 07 27

Tlic form ation of Vac’s territory and utilisation of territory, 1895-1960

Y ear 181)5 1913 1935 1962 1900 1978

Full te rrito ry  
ha

0878 7903 0050 7331 7334 7:Ш

F r o m  t h i s  ( % )

a r a b l e  l a n d  ...................... 5 2 .7 5 0 .4 5 5 .0 3 3 .2 2 9 .9 2 7 .4

o r c h a r d s  a n d  g a r d e n s 1.6 1.1 2 .0 8 .3 10.0 10 .7

v i n e y a r d s ............................ 4 .5 0 .9 5 .1 3 .0 4 .0 4 .8

m e a d o w s  ............................ 4 .4 4 .3 3 .0 2 .7 3 .0 2 .3

p a s t u r e s ............................... 7 .3 0.0 0 .8 4 .0 2 .2 1.7

f o r e s t s  .................................. 2 7 .7 1 9 .9 15 .5 2 7 .2 2 8 .0 2 8 .0

b u i l t - u p  a r e a .................... 1 .8 10 .8 1 1 .4 2 1 .0 2 2 .3 25 .1

РЕЗЮМЕ
ГОРОД-САТЕЛЛИТ СТОЛИЧНОЙ АГЛОМЕРАЦИИ-ВАЦ

Город Вац расположен в 30-ти километрах к северу от Будапешта, на окраине 
внутреннего миграционного пояса его агломерации. Имея длительное историческое 
прошлое, поселение играло важную роль центрального места уже в период обретения 
венграми родины, а в настоящее время в с т у п и л о  в  период нового расцвета, благодаря 
децентрализации промышленности столицы. В периодсоциалистической индустриали
зации 1949- 1970 годов его население увеличилось на 50% и, вследствии перенесения 
сюда крупных предприятий, город превратился в развитый промышленный центр. 
Интенсивная индустриализация способствовала созданию связей нового типа между го
родом п окрестностями: количество мест приложения труда в городе, увеличившись 
в  2  раза, притянуло рабочую с и л у , высвободившуюся из сельского хозяйства при
городных сел. Сложившаяся вокруг города микро-агломерация органически влилась 
в окружающую с т о л и ц у  промышленную и поселенческую концентрацию. Из трех 
соседних с Вацом сел -  50%, а из 10-ти других -  30 -  50% их самодеятельного населения 
ездит ежедневно на работу в город. В этой зоне внутренних миграций отмечается 
процесс формирования пригородов, и, наряду с ростом размеров вышеобозначенных 
сел, в структуре их самодеятельного населения начинают преобладать занятые в 
промышленности.
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1 . An outline of historic and territorial development of the city.
1 lie origin of Cracow has been favoured by its advantageous geogra

phical situtation. The essential features of Cracow’s situation are its nodal, 
bridge and defensive conditions of the Wawel Hill providing the geogra
phical base of the city’s origin. (Bromek, 1969).

In the IXth century there already existed a ducal stronghold on Wawel 
and in the X1'1 century also an adjoining borough. In the XIth century 
Cracow becomes the capital of Poland. In the XIth and X IIth centuries 
there were growing north of Wawel, on a dry pleistocene alluvial fan, 
merchant-craft settlements. Out of them as early as in the X IIIth century a 
town emerges. In 1257 owing to a location act the settlement was given 
formal town right and privileges. The XIVth and XVth centuries were the 
time of quick development of town functions and its territorial expansion.
I he functions of the capital, in addition to the far-reaching trade and an 
exuberant growth of handicraft brought about the foundation beyond 
Cracow s walls of the new towns of Kazimierz and Kleparz as well as a few 
suburbs. The XVIth century was a period of Cracow’s splendour. The urban 
set covered at that time 3 sq.km and reckoned 30 000 inhabitants. In the 
XVIIth and XVIIIth centuries Cracow suffered from economic decline due 
to the loss of its capital function and because of wars. Its economic ani
mation started at the end of the XV IIIth century. The settlement aggregate 
of Cracow was joined together to form a city covering 6 sq.km.

In the middle of the XIXth century, under the Austrian rule, Cracow 
was changed into a strong fortress. The encircling of the city with a belt 
of fortifications restrained its spatial growth and brought about the inten
sification of building grounds within its boundaries. At the end of the XIXth 
century there started rapid economic development with a share of industry. 
Nevertheless, the main function of the XIXth century Cracow was its 
cultural-scientific function as a capital for the Polish lands.

Despite difficulties there were growing suburbs situated within the 
fortress belt and those outside it. This was the reason for the incorporation 
of adjoining parishes. By 1916 Cracow’s boundaries covered an area of 
47 sq.km. The number of its inhabitants increased to 165 000.



In the inter-war period takes place the management of the districts 
incorporated. Tn the eastern and southern districts industry is being located 
while in the western ones house-building develops. Quickly becomes peopled 
the belt surrounding city’s boundaries. As a result in 1941 takes place 
another ring extension of the city’s area to 165 sq.km.

After World War 11 the most important town-forming function becomes 
industry. Tn 1949 was started the construction of a metallurgical works 
in a distance of some 12 km east of Cracow’s centre. In connection with the 
growth of the industrial and residential settlements ol Nowa Huta, 
many new villages were included in the city (1951), thus increasing its 
territory to 230 sq. km. The final extension was performed in 1973, mainly 
in the south of the city, enlarging its area to 320 sq.km.

Till the mid- XIXth century Cracow developed along its meridional 
axis directed towards the ford across the Vistula. For the next century the 
city expanded according to a concentric-radial set while nowadays it 
grows in the parallel direction.
2. Functional structure and development trends

Up to the Second World War Cracow was mainly a centre of education, 
science, art, and place of historical monuments. Its industrial functions 
lagged far behind service, trade, educational, cultural, tourist functions. 
Historical tradition was the dominant force. During the postwar period, 
however, significant changes in Cracow’s economic structure took place. 
In 1931 the number of people employed in industry and construction was 
equal to 32,6% of the total number of people employed in Cracow. 
In 1950 it was already 44,2% and in 1970-57% . Cracow became 
a large industrial centre and a huge construction site. The number of people 
employed in industry and handicraft went up from 30 000 in 1938 to 
140 000 in 1975. The population of the city doubled during the period 
1938 — 1965 from 260000 to 520 000. Cracow ranked third among Polish 
cities in regard to the number of population (713 000 in 1977), after War
saw (1 470 000) and Lodz (820 000). Those facts and figures point to the 
dynamic development of Cracow during the postwar period. Xo other 
city in Poland, with the exception Warsaw, did undergo such dynamic 
development. Industry was the driving force of Cracow’s growth, and 
today it is one of the most important functions of the city. '1 his however 
does not mean that Cracow lost its traditional functions. It is the country’s 
second cultural and scientific centre and one of Europe’s major tourist 
centres.

The development of Cracow after the Second World W ar was the function 
of its industrial development. If we take the percentage of people employed 
in industry as an index of industrialization, it would mean that the indus
trialization level of Cracow went up from 10% to over 21% during the 
years 1938 -  1970 (Fig. 1.). The rapid industrialization as it is widely known, 
has been a characteristic feature of the postwar Poland. While, however, 
the index of industrial growth (measured according to production value) 
during 1950— 1970 was equal to 760 for the country as a whole, it amounted
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to 2100 in the case of Warsaw, 1300 for Cracow, 795 for Wroclaw, 733 for 
Poznan and 440 for Lodz. The postwar industrialization of Cracow was 
much faster than that of other Polish cities (except Warsaw) and it was 
twice faster than the national average.

The main component in the industrialization of Cracow was the Lenin 
Steel Works, the biggest industrial investment in People’s Poland. Out of 
its more than ten locations considered the one near Cracow was selected 
due to such factors as: proximity of Silesian coal, the presence of the Upper 
Silesia-Cracow-Przemysl-USSR railway line through which coal and iron 
ore are supplied and large reserves of manpower in the nearest hinterland. 
Apart from that Cracow’s scientific institutions, particularly the Mining 
and Metallurgical Academy could provide qualified personnel and research 
facilities. The proximity of large city and the cultural centre was also an 
important factor from the point of view of the social adaptation of mig
rants to urban conditions of living and work. In 1946—1960 migrations 
to Cracow amounted to 100 000 persons, out of which 60% came from 
rural areas.

In 1977 the Lenin Steel Works produced 6,7 milion tons of steel, 38% 
of the national total. Over 35 000 people are now employed in the still 
expanding Works. Thus the Lenin Steel Works became the dominant ele
ment of Cracow’s industrial structure. Its share in total industrial employ
ment is equal to 26% and in value of industrial production — 48%.

Apart from the steel works about 20 large and 50 smaller industrial 
plants were construced in Cracow since 1945. A number of already existing
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Fig 1. THE GROWTH OF POPULATION AND INDUSTRY IN CRACOW (1938-1977)



factories were expanded. As a result Cracow became one of the biggest 
industrial centres in Poland, ranking after Upper-Silesia, Warsaw and 
Lodz.

Table 1.
B ranch structure changes in Cracow’s industry, 1938— 1975
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Industria l branches
E m ploym ent (%) Location index*

1938 1975 1938 1975

E n e r g y ..................................................... 3 ,3 4 ,8 0 ,3 0 ,4
M e t a l l u r g y ............................................. — 2 5 ,0 — 4 ,5
M e ta l  a n d  m a c h i n e r y .................... 2 3 ,5 10,7 1,4 0 ,7
E l e c t r i c a l  e n g in e e r in g  ................. 7 ,7 7 ,0 3 ,5 1,2
C h e m ic a l  ................................................ 1 0 ,0 0 ,3 1,4 1,3
M in e r a l  ..................................................... 5 ,5 0 ,4 0 ,5 1,1
W o o d  ........................................................ 2 ,0 1,4 0 ,3 0 ,3
P a p e r  ........................................................ 4 ,5 1,3 2 ,0 1,1
P r i n t i n g ................................................... 0 ,3 3 ,0 3 ,5 3 ,3
T e x t i l e ..................................................... 1 ,0 1,3 0,1 0,1
A p p a r e l  ................................................... 0,1 4 ,0 3 ,0 1,1
L e a t h e r  ................................................... 4 ,3 4,1 2 ,7 1,3
F o o d ........................................................... 2 3 ,0 0 ,8 2 ,2 0 ,0
O t h e r  b r a n c h e s .................................. 0 ,7 1,7 0 ,0 0 ,7
T o t a l  ........................................................ 1 0 0 ,0 1 0 0 ,0 X X

wnere:
K x/K  — per cent o f em ploym ent w ithin a  given industrial branch to to ta l 

em ploym ent in Cracow’s industry,
Px/P  — the  respective quotient for th e  country as a  whole.

The industrial structure of Cracow has been also subject to major 
change (Table 1). Before the Second World War machinery and electrical 
engineering (31,2% employed), food processing (23,0%) and chemical 
industry (10%) were dominating. The metallurgy, which was added to the 
three traditional branches, became today the dominant one. According to the 
location index which reflects industrial specialization, Cracow is a signi
ficant metallurgical (4,5) and printing centre (3,3). (Tab. 1.) It also specializes 
in chemical, electrical engineering and leather industries. According to the 
principles of contemporary industrial structure a decline in the machinery 
and electrotechnical industries (1,4 to 0,7 and 3,5 to 1,2) is a negative 
phenomenon. I t was caused by the fact that priority was given to steel 
industry, while other branches were relatively neglected.

Source: S tatistical Yearbooks o f the C entral S tatistical Office and the calculations 
made by  the author.

* Location index was calculated according to  the following formula:



In comparison with Wroclaw and Poznan, cities similar to Cracow in 
size and function, Cracow’s machinery and electrical engineering industry 
accounts for a small percentage of its industry, only 26,7%. In Poznan, 
Wroclaw and Warsaw the above mentioned percentage is accordingly 
51,5%, 54,8% and 55.3 %. The situation in Lodz is similar to that in Cra
cow. That is why the contribution of the so-called “new branch
es” (machinery, electrical engineering, chemical) to industry as a whole is 
equal to 66% and 64% in Poznan and Wroclaw whereas in Cracow only 
36%. Cracow on the other hand is a bigger university and industrial research 
centre. In 1970 the number of employed in such specialized research in
stitutions in Cracow was equal to 16,000. In Poznan it was equal to 11,000 
and in Wroclaw to 13,000. In this respect Cracow ranks third in the country, 
after Warsaw and the voivodship of Katowice. In accordance, various 
processing (rather than primary) industries should be developed in Cracow, 
especially those requiring close links with scientific and research institu
tions. However, Cracow’s scientific potential is to a higher degree connected 
with non-local, rather than with the local industry.

From the viewpoint of both genesis and structure, present urban- 
industrial centres can be divided into two groups (Kortus, 1968, 1969):

1. Centres based on local mineral resources; these include mining and 
industrial towns in districts rich in coal, iron ore and oil deposits, or less 
frequently towns based on hydropower, [n such towns industry was as a 
rule the primary phenomenon, and the town itself a secondary one. In 
cases where towns already existed, their structure and functions changed 
completely under the influence of mining and industry.

2. Old historical cities (lacking as a rule mineral resources) in which 
the development of industry was a secondary phenomenon, often adjusted 
to their tradition and historical functions.

Primary industries are typical of the centres belonging to group 1, 
while cities belonging to group 2 are characterized mostly by manufac
turing industries.

The structure and the character of industrial centres of the second 
type can, however, be modified by the proximity or discovery of industrial 
raw materials, and they, in turn, may induce the expansion in a given 
city of some primary industry based on such resources.

Cracow with its industry is an example of such a city. Application of 
salt as the raw material for the chemical industry and the proximity of the 
coal-mining and metallurgical base of Upper Silesia have enabled Cracow 
to develop its basic chemical industry (sodium products, fertilizers), its 
machine-building and metal industry, which consumes vast amounts of 
metal, and also its metallurgical and building materials industry. This 
city as an industrial centre lies half way between historical centres with 
a predominant manufacturing industry and the young mining and indust
rial centres in which basic industry prevails. Its situation on the peri
pheries of the Upper Silesian Coal Basin was a decisive factor of such a struc
ture (Fig. 2).
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During the period of the country’s intensive industrialization after 
the Second World War, Cracow as a peripherial industrial centre of that 
type, acquired a number of industrial investments which the Upper-Sile- 
sian Industrial District was unable to accomodate. The location of steel and 
aluminium works in Cracow and its satellite centre, Skawina was a con
crete example ofa policy of passive deglomeration in regard to the Upper- 
Silesian Industrial District. (According to a former plan the steel works were 
to be loacated near Gliwiee and the aluminium works in Jaworzno, both 
within the Upper Silesian agglomeration).
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FIG.2. C R AC O W  U R B A N - IN D U S T R IA L  AG G LO M ER ATIO N

The scientific and cultural functions are following those of industry as 
far as the number of employees is concerned while bearing the first place 
among the non-productive (service) functions (tab. 2). At the same time 
they constitute the oldest functions, called to life by the foundation, in 
1364, of the Jagiellonian University, and they play a prominent role both 
in the city’s functional structure and on the national scale, with Cracow 
taking the second position only after Warsaw. A strong development of 
higher education (11 schools at the university level with 68 000 students 
in 1977) has stimulated the growth of scientific institutions, affiliated to the 
Polish Academy of Sciences as well as numerous industrial research centres. 
With the post-war development of industry and construction Cracow 
became an important scientific and research centre meeting the needs
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Table 2.
Cracow —functional structure (1977)

Branches o f economy 
(excluding p riva te  sector)

Em ploym ent s tru c tu re
%

In d u s try  ................................................................................................ 3G ,0
C o n s tru c tio n .......................................................................................... 19,8
A griculture and f o r e s t r y ................................................................... 1 ,0
T ransporta tion  ..................................................................................... 7 ,0
T rade ...................................................................................................... 9 ,0
E ducation , science, c u l t u r e ............................................................... 1 2 ,7
O thers (health  service, adm inistra tion , e t c . ) ............................. 1 4 ,5
T o ta l ....................................................................................................... 1 0 0 ,0

Source: Statistical Yearbook of Cracow 1978.

of southern Poland’s coal mining and other industries. The territorial 
range of Cracow’s influence as a centre of university education, the science 
and cultural functions encompasses entire Southern Poland.

Another function of Cracow on a supra-regional, national and to a 
large extent international scale is its function as a tourist centre. The 
tourist movement to Cracow which in the inter-war period stood at 
about 80 000 persons per year, has passed presently the 4 000 000 persons 
per year mark. Foreign tourists constitute about 12% of the total number 
of visitors.

The following elements make Cracow a major tourist attraction:
— numerous and well preserved historical and art monuments;
— widely known cultural institutions, especially museums containing 

valuable and varied collections;
— the proximity to such tourist centres as the National Park of 

Ojcow, the Wieliezka Salt Mine and the Oswi^cim (Auschwitz) 
Museum of Martvrology;

— a convenient location from the transportation point of view.
There are 713 historical monuments in Cracow, both secular and sacral 

— a record number in comparison to other Polish cities. Out of Poland’s 
52 monuments graded in the “0 ” group, that is monuments of the highest 
artistical and historical value on an international scale, Cracow has 11, 
outnumbering by far Poland’s remaining regions and cities.

Finally, Cracow’s transportation function is also one of supra-regional 
importance. Its railroad junction, the airport and partly its highway 
junctions are of national importance. The expansion of city’s economy and 
population has caused a substantial increase of transportation demand. 
A new complex of railroad terminals has been established in the eastern 
part of the city to handle the transportation needs of the Lenin Steel 
Works. I t  is connected by a new by-way with the Upper—Silesia — 
Przemv^l —railroad by-passing the city. The total transport volume was



47 million tons in 1977 (the in-coming tonnage was 31 million tons). In 
this aspect Cracow is ahead of Poland’s other railroad junctions, with the 
exception of course, of Upper-Silesia. About 70% of Cracow’s goods 
transportation is connected with the Lenin Steel Works.
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f i g  3 THE BRANCH PLANTS OF CRACOW'S INDUSTRY (1973).

Intrarégional flows (within the Cracow voivodship) account for about 
15% of total tonnage handled, while interregional flows (to other voivod- 
ships) account for 60% (in this Katowice voivodship for about 30%) and 
flow to and from abroad — for about 25%. These proportions confirm 
the existence of strong economic linkages of Cracow on the national 
and international scale.

About half of Cracow’s railroad and bus passenger trips are attributed 
to home-to-work commutation. The large labour deficit due to the constant 
development of industry and construction makes this kind of commutation 
necessary with 60 thousand (in 1976) persons travelling daily there and 
back. After Warsaw, it is the highest number of commuters within a single 
city in Poland.

The ranges of this commutation in the Western (up to Krzeszowice) 
and Eastern (up to Bochnia) directions clearly demarcate Cracow’s sphere 
of influence from that of Upper-Silesia and Tarnow. In the Southern and 
Northern directions Cracow’s commutation ranges are fairly small, and 
in the South most of the commutation is headed in the direction of Skawina 
and Wieliczka.



Within Cracow’s close vicinity there exist several small industrial 
centres which might be called “industrial satellites” (Wieliczka, Ska- 
wina, Niepolomice, Zabierzow and others). Like in Cracow, the industrial 
growth of these towns is mainly a post-war phenomenon. Skawina, where 
in 1954 Poland’s first aluminium smelter was erected and later a big power 
station (570 MW), has developed the most. Wieliczka on the other hand 
gradually ceases to be Cracow’s industrial satellite. Its salt mine is nearly 
exhausted, thus Cracow’s soda plant takes its brine from the more distant 
Bochnia. Wieliczka’s historic mine is presently mainly a tourist attraction 
as well as a health resort (an anti-asthmatic sanatorium). However, as a 
town Wieliczka is still Cracow’s satellite since over G000 persons (40% of 
the total population) commute daily from there to Cracow.

We should bear in mind that in the near future Cracow’s strong and 
vigorous industry will cause the establishment and development of further 
industrial centres in its vicinity. For a few years now we may observe in 
Cracow — as in other large industrial centres — difficulties in the further 
development of industry due to labour shortages, a deficit of water and so 
on. One of the ways of overcoming these difficulties is the establishment of 
branches of Cracow’s larger industrial plants in the surrounding areas 
where labour force is still available, that is mainly in the east and in the 
south. In 19(58 there was established in Bochnia a branch of the Lenin 
Steel Works. In the next years branches of other factories were established. 
rIhe city authorities encourage other large industrial plants which meet 
growth thresholds within the city to establish branches in smaller towns 
and other places. This is undoubtedly the right kind of policy since it is 
in accord with the deglomeration policy of Cracow’s industry as well 
as with the policy of stimulating economic expansion in less developed 
areas (Fig. 3).

rLhe spatial growth of the agglomeration of Cracow is headed in the 
Western (I rzebinia) and Eastern (Bochnia — Tarnow) directions along 
important transport lines: the Upper-Silesia — Cracow -  Rzeszow -  Prze- 
my61 electric railroad and highway and the natural gas pipeline. The 
Eastern direction of expansion must be regarded as proper and it is sti
mulated by appropriate locational decisions — in places like Bochnia, 
Brzesko and others. The same cannot be said about the Western direction 
where the growth should be stopped. The area situated between Cracow 
and the Upper-Silesian Industrial District is especially attractive for 
industrial development due to the already existing technical infrastruc
ture (transport, energy and other lines) as well as a possibility of coopera
tion with both the industries of L pper-Silesia and Cracow. But an integ
ration of the Cracow agglomeration of over 700 000 inhabitants with that 
of Upper-Silesia with its over 2 million population should not be allowed. 
Such an occurrence would worsen the bioclimatic, health and sanitary 
conditions in that area. The Cracow voivodship aims at preserving the 
biological protective zone between Cracow and Upper-Silesia, that is, 
dgricultural and forest areas which are industrialized only to a very small 
aegree. The future joining of the Upper-Silesian and Cracow aggiomera-
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tions is unavoidable but the connecting area should be as narrow as pos
sible — in other words — only along the transport routes.

The spatial development of the agglomeration core—Cracow —will 
head beyond the city’s present administrative boundaries. All the vacant 
land between Nowa Huta and old Cracow as well as at the outskirts of 
the city’s present territory will soon be used up. The city’s future develop
ment in the Eastern direction is closed by the Lenin Steel Works, while 
development in the Northern direction is not advisable because of valuable 
soils there. In the Western direction the terrain is partly unsuitable for 
construction, and on the other hand, it is partly occupied by attractive 
recreation areas, which should be protected. Thus, there remains only the 
Southern direction which is designated for the city’s urban development. 
The present satellite-towns of Skawina and Wieliczka will be incorporated 
into the city.

Cracow of the nineteen nineties will be a city of about 900 000 inha
bitants, in which a dominant role will be played by industry. The leading pla
ce in carrying out that function will be taken by the combine of the Lenin 
Steel Works to be extended its production ability 9—10 min tons of steel 
per year.

The satisfaction of needs with respect to housing will take place 
mainly within the extension of the already existing estates, in addition 
to realization of new ones. The role of Cracow, the oldest and second largest 
centre of science and higher education in the country will keep on growing.

The future dynamic development of motor transport to be brought 
about mainly by the increase of the number of passenger cars (1977 
— 75 per 1000 inhabitants, 1985—200 per 1000 inhabitants) will lead to 
radical changes of the network of road communication. There will be con
tinued the circular-radial set of road communication represented by a 
complex of express thoroughfares and circular streets. The main means 
of mass communication will be a modernized tramway which will be supple
mented by a network of bus lines.

The dynamic growth of the city will create a necessity to rebuild 
the nonmonumental buildings and revalue the ancient part of the Old 
Town, and to create a New Service Centre for the city. In the vicinity of 
the Old Town, which will become cultural and touristic centre of Cracow, 
there is designed the New Centre, on the area of the present railway station 
Krakow GhSwny (on the area of 104 hectares) to be completed in 2005.

The character of changes determined in the perspective plan of the 
city’s spatial management will tend to create such spatial structures 
owing to which Cracow will become a more functional modern city orga
nism, in which in the best way will be carried out the perspective functions 
of the city as an important centre of industry, administration and econo
mic life, of science, higher education and culture, as well as of an important 
centre of inland and foreign tourism.
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РЕЗЮМЕ

ЭКОНОМИЧЕСКАЯ СТРУКТУРА И НАПРАВЛЕНИЯ 
РАЗВИТИЯ КРАКОВА

В статье прослеживается общественно-экономическое развитие города с мо
мента основания до наших дней. Благоприятное географическое положение и поли
тическая роль рано выдвинули Краков среди других польских городов. С момента 
основания местного университета в XIV веке в области образования и науки город 
опережала только Варшава. Обилие архитектурных памятников, а также туристи
ческое достопримечательности окружения города сделали его значительным цент
ром туризма. Промышленность играла подчинённую роль вплоть до освобождения 
страны и была в основном перерабатывающей. В процессе социалистической индуст
риализации и прежде всего с пуском постоянно развивающегося металлургического 
комбината имени Ленина Краков приобрал индустриальный характер, но теперь 
уже преобладают исходные отрасли промышленности. Это частично отрицательное 
явление, так как на базе научной жизни города можно было бы создан, развитое 
машиностроение. Краковская агломерация расширяется в направлении запад-восток 
в соответствии с расположением основных линий транспортной и энергетической 
инфраструктуры. Срастание краковской и верхне-силезской агломераций по сооб
ражениям охраны окружающей среды постараются не допустить. Расширение са
мого города по существу распространяется только на нынешнюю административную 
территорию Кракова (320 км2) и лишь в южном направлении есть возможность для 
увеличения его теперешней территории. К 2000 году прогнозная численность населе
ния Кракова должна составить около 900 тысяч человек.

6  ANNALES -  Sectio GeoRraphiea — Tom us X I I I —X IV .
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1. Results of former studies of the wind climate of Budapest

Deeper and deeper knowledge is needed about the processes going 
on in the boundary layer of the atmosphere, that has been brought in 
the centre of scientific interest through the needs of practice (e. g. activities 
in regional development and environment protection). The protection and 
planned improvement of the atmospheric environment in towns and cities 
urges in Hungary first of all an intensive knowledge of Budapest’s climate 
since one fifth of the population and one third of the country’s industry is, 
concentrated there. In the research of the different climatic elements a 
special attention must be devoted to the wind, the major factor in the trans
mission of the polluting materials, and one of the basic components of the 
theimal comfort. Despite of all these, relatively' few are the number of 
studies dealing with the wind in the Hungarian capital. The monograph 
discussing the climate of Budapest (Próbáld, 1974) discusses in detail the 
energy balance, the phenomenon of heat island and the distribution 
of precipitation, while it dedicates only a short summary to the airflow 
patterns of the city, about which our knowledge can not be considered as 
satisfactory, neither from the point of view of science, nor from that of 
practical requirements.

It is a generally known fact, that the data about distribution of sur
face wind are often only of meso- or microclimatic validity (Bacsó, 1959). 
Since until the establishment of the Observatory in Pestlőrinc (1953), the 
only anemograph “characterizing the city” was operating in the headquar
ters of the Meteorological Institute in Kitaibel Pál Street, all the handbooks 
describing Budapest’s climate of winds rely on the data given by that sta
tion (Réthly, 1947, Bacsó 1958). The first serious attempt for characterizing 
the regionally very different airflow conditions was Bacsó’s (1959), in his 
book on the climate of Hungary, by using the data for thirty years of 8 
climate registering stations in Budapest. He disclosed the frequency distri
bution of wind courses, thus illustrating the significant divergencies caused 
by the physiography and the urban structure within a relatively small 
area. He pointed out, however, that through the primitive observations 
with wind vanes the series of data provided by the 8 stations can only give
6 *



“poor and imperfect characterization” of the wind climate of the city area.
The climate of Budapest is very difficult first of all because of its 

location on the edge of two main geographic regions; the orographic effect 
of the Buda Hills and the chain of hills surrounding the Pest plain deter
mine the climate of the capital. On the other hand, one must reckon with 
the emergence of an “urban-type circulation’ directed towards the centre of 
the densely built up areas. To discover the local circulation caused by the heat 
island, Péczely (1962) carried out an investigation by using wind registrars 
from 1955 -  58 at the Pestlőrinc andKitaibel Pál Street abservatories. Péczely 
concluded that the frequencies of wind directions at the two stations differ 
from each other a great deal, with the effect of both the urban circulation 
and the mountain and valley breeze being reflected in it. Péczely also pub
lished data on the annual and daily changes of the frequency of the regional 
circulation caused by the urban heat island.

During the 1960s, as a result of the temporary upswing of the urban 
climatological research, Fuess-type wind registering instruments were 
set up first on Madách Square and in Gyáli Street (1964), then in the Zoo 
and on the Citadel on Gellert Hill (1967). So together with the registering 
stations set up earlier (Szabadság Hill, Kitaibel Pál Street, Pestlőrinc 
Observatory, Ferihegy, Budaörs), the number of stations equipped with 
wind-registering instrument grew to 10. First elaboration of registrates 
for the first - very short -  period was done by Gajzágó (1967). A later 
study by Bán and Gajzágó (1974) revealed the annual distribution of the 
frequency of wind courses, decided from daily data at the observatories 
of Pestlőrinc, Madách square and Gyáli Street. The study also disclosed 
very valuable facts about the regional differences of the windspeed. Accord
ing" to the Bán and Gajzágó report, the surface wind changes its direction 
clockwise in untroubled anticyclonal weather during the day, and there 
is a certain phase-shift between the different stations, which sometimes r̂e
sults in an airflow pattern converging towards the centre of the city. “In 
the case of Budapest we can not speak about a regularly occurring urban 
tennie wind. . . The city’s heat island may at most only strengthen the 
mountain and valley breeze at certain places.” This is the summary sta
tement of the study by Bán and Gajzágó, reflecting a view significantly 
different from that of Péczely.
2. A new approach to the mesoclimatic characterization of the wind- climate: 
the typology of stream fields

The material published so far on the wind climate of Budapest - 
despite of the happy increase in the number of wind registering instru
ments — have left a number of unsolved problems, and was unable to 
satisfy the basic data requirements of diffusion climatology. This induced 
the present study, aimed to describe the city’s wind climate from a totally 
new approach. Our method may be used for revealing the diffusion clima
tological characteristics at other areas of similar size and physiography, 
too. The essence of the method is the classification of the wind fields and 
the determination of the climatic-statistic characteristics of the types. As

84 p jto iiA U ) v .



far as we know the only study somewhat similar to the present one is that 
by Szepesi and his colleagues (1974), having set up 6 wind registering in
struments in the city of Pécs in order to satisfy the informational require
ments of their transmission model. The data acquired in this way have 
been registered on a map, with airflow patterns classified into 29 types. 
Similar method has been adopted in this paper in order to characterize 
the wind climate of a larger area of more complicated physiography and 
supplied with more wind registering instruments. This made it necessary to 
elaborate the method to very small details and, in many aspects, to develop 
it further.

The main targets of the study and the considerations founding them 
are as follows:
2.1. The air pollution of our settlements, on an ever higher degree derives 
from surface and regional sources; the surface wind field is the major trans
mission factor in the micro- and mesoscale pollution processes. In order to 
take the adequate steps for the decrease of the emission, and for the prepa
ration of the decisions concerning regional and city planning, it is necessary 
to characterize the atmospheric environmental conditions of transmission 
in detail, in a form usable as the input of computer model. First of all the 
frequency distribution of wind at any point (grid square) of the surveyed 
area must be known; this, however, on areas being influenced by physio
graphic factors can not be determined by interpolation from even the data 
provided by stations very close to each other. The only way to solve the 
problem seems to be creating a typology of surface wind patterns. Knowing 
the frequency of the different types, the frequency of the individual wind 
courses in the usual division of 16 directions could be given for any point 
of the area under survey.
2.2. For regions being under orographic influence the frequent -  though 
to a certain extent regular and classifiable — spatial change of airflow 
is characteristic. Wind fields must be classified into more or less steadv- 
state types with trajectories, representing those lines along which dispersion 
of the pollutions originated from surface or regional sources is taking place 
with a def inite frequency.
2.3. The mass of data used for the preparation of present study was limited 
-  because of the great time requirements of the work -  to a period of one 
year. However, the frequency of wind courses can differ a great deal in 
individual years from the average climatically characteristic to a long period 
of time. It is obvious that conditions to gain appropriate, climatologically 
valid data about the types of wind fields and about wind course frequencies 
had to be created. In order to solve the problem. Pestlőrinc Observatory, 
having a long range of data, has been included in the classifying of wind 
fields. \\ e established the relation of the individual types with the wind 
courses occurring in Pestlőrinc. The procedure -  in our opinion -  can be 
successfully applied in the quite frequent case when for the preparation of 
a decision of regional planning or industrial location, the wind climate 
of the regions considered must be characterized by field measurements
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of not more than one year while anemograph (lata of a long series are 
available at a distance from the spot only.
3. The types of surf are wind fields in Budapest
3.1. The process of classification

The basis for the classification of surface wind fields was provided 
in form of maps by the Air Quality Department of Central Institute for 
Physics of Atmosphere. Each map represented a certain hour of the year 
1 not). The data put on the map originated from the following wind regi
stering stations: Pestlőrinc Observatory, Kitaibel Pál Street, Szabadság- 
Hill Astronomical Observatory, Citadel on Gellert Hill, Budaörs Airport, 
Óbuda, Madách Square, Zoo. Gyáli Street (Institute for Public Hygiene). 
The data coming from the network of 9 anemographs were completed by 
the wind-vane data of the climate stations of Rákospalota and Nagytétény 
in the hours of observations (Figure 1.).

sfi PR O IiíI.I) I'.

Fig. 1. The anem ograph station  network used for the purpose of th is study. -  The 
surface wind field of th is seldom occurring typo is due to  the h ea t island effect.

1 = Szabadsághegy, 2 = K itaibel P á l S treet. 3 =  Ó buda, 1= G ellérthegy, 5= M adácli Square. 0 =  A llatkert (Zoo).
7 = Gyáli S treet. « » P es tlő rin c . 11 =  Rákospalota. The stations o f Iiudaörs and  N agytétény in the S\V of the 

c ity  do not appear on the m ap . The do tted  area  represent« the  highest p a rt o f the  Buda Hills.

The approximately 8700 map sheets were systematically arranged 
according to the wind courses registered first of all at Pestlőrinc. It seemed 
expedient to choose this observatory with a long range of data as the basis 
of classification, because presumably this observatory ensures relatively 
the best representation of undisturbed large-scale airflow pattern within



the boundaries of the capital. Further on we drew the wind field charac
teristic for each hour on the sheets. During the process we mainly depended 
on the wind-vanes of the stations with attempts to take the orographic 
relations into consideration. The next step was to classify the rough types 
by selecting the most frequently occurring airflow patterns. Then we assort
ed the whole series of maps in a way that the actual wind fields of the 
maps should show the closest possible similarity to the type they were 
ordered to. The similarity between the real and the typical wind fields 
has been controlled on a sample containing 16 per cent of the entire 
material (the map sheets of February and August). The results obtained 
have been utilized in shaping by some corrections the best fitting final 
types of airflow patterns.
3.2. The representativity of the types of wind fields

As the final stage of the work, based on parallel wind observations-a so 
to say microsinoptic method -  36 different types of the wind fields in Buda
pest have been established (see maps in the appendix). Into these types 
91 per cent of the hours of 1969 could be classified. The ratio of the non- 
classifiable hours were almost the same both in the winter and summer half 
years (October-March 9,4%; April-September 8,6%). The wind field 
is more or less irregular and therefore non-classifiable in case of a front 
passing through the capital. Another fraction of the non-classifiable cases 
belong to weather types without any large scale airflow; this category in
cluded all the calm hours in Pestlőrinc. The proportion of the non-classifiable 
cases according to the “macro-scale” wind direction in Pestlőrinc can be 
obtained from Uible 1: it is the lowest when N and NNYY winds prevail 
(3,7 and 3,4 per cent of the hours), while it is the highest in the category 
of WSYV and SVV winds (16,5 and 16,0 per cent respectively).

I he proportion of the non-classifiable cases could have been reduced 
by increasing the number of types in the classification, but, as a result, 
the practical usability of the method would be decreased. Therefore, the 
repetitious cases, showing similar wind field were not regarded as separate 
types, if their frequency of occurrence did not surpass 0,5%. Neither seemed 
it desirable to hold down the proportion of the non-classifiable cases by 
allowing the range of scatter of the wind directions to widen within the 
categories.

The mean wind directions characteristic for the different types ob
served at the stations are included in table 2. Generally, the mean wind 
direction represents the most frequent wind direction within the category 
of a given type. In those cases, where according to the witness of the 16 
per cent sample a wind direction different from the mean appears to be 
more frequent, this wind direction is then also included in the table.

The real wind directions disperse around the wind direction denoted 
by the given type for the individual stations. Itisaquestion of high import
ance how accurately the types reflect the real wind direction of the given 
hour, with a special regard to the possibility of committing mistakes du
ring the process of classification. The comparison of the real and the clas-
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Relative frequency of the non-classifiable cases 
( in  p e r c e n t  o f  t h e  t o t a l  num ber o f
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sified wind field was carried out by using the map sheets of the months 
February and August, for 7 stations (Szabadság Hill, Kitaibel Pál Street, 
Óbuda, Gellert Hill, Madách Square, Gyáli Street and Pestlőrinc). As 
evident from the sample the divergence between the real and the “typi
cal” wind direction surpasses an angle of ±  22,5 degree only in 13,6 per cent 
of the cases. Naturally, this figure changes from place to place and from 
type to type (see table 3). The wind directions least fitting into the frame 
of types are those of Óbuda, a station being strongly influenced by the 
Hármashatár Hill and the Solymár Valley. The strongest divergence of the 
real and “typical” wind courses can be experienced in the types charac
terized by light wind and consequently by strong local influences (table 4).
3.3. The frequency of occurrence of the wind field types

The frequency of the occurrence of the wind field types ranges within 
fairly broad limits. The question rises how the probability (P) of occurrence 
of the types on the long run can be conducted on the basis of the frequencies 
(F) determined from the material of one single year. The difference of F 
and P can be attributed to two factors: a) the frequency distribution of 
large-scale wind directions of the examined year may differ from the 
climatological average distribution; b) the occurence of the wind field 
types within those hours characterized by a given macro-scale wind direc
tion may not coincide with the average of a long period.

Since the number of wind field types occurring within the frame of a 
certain macro-scale wind direction is not high, and their frequency or 
proportion of occurrence must be mostly determined by the constant oro
graphic factor, it can be assumed, that at high aggregational level of data, 
e.g. when examining yearly frequencies and the ones for 6 months, the 
a)  source of error is more significant. This type of error can be eliminated 
by utilizing the series of data provided by a reference station with long 
observation period (Pestlőrinc Observatory).

First of all the frequency distribution of wind fields belonging to the 
wind direction has been determined for the whole year of 1969, as well as 
for the winter and summer half year. On this basis the approximative 
climatological probability of occurrence of a certain type can be given in 
the following way:



Table 1.
according to macro-scale wind directions (1969)
h o u r s  o f  t h e  g iv e n  w in d  d i r e c t i o n )
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where /,■ is the frequency of the occurrence of the type related to the total 
number of hours with prevailing large-scale wind direction i; whereas Pi 
represents the probability of occurrence of the i wind direction according 
to a long series of observations.

The wind course frequency distribution in Pestlőrinc for the year 
1969 can be compared with the average frequency for the decade between 
1968 and 1977 (table 5), determined from the data published in the year
books of OMSZ (National Meteorological Service). The latter data derive 
from observations in every third hour. The annual and seasonal probability 
of occurrence of the wind field types in Budapest, calculated with the 
above mentioned method, are listed on the figures in the appendix.

The highest probability (13,1 per cent of all the hours) is exhibited 
by type 1; in case of large-scale NW and NNW winds this is the most 
frequent situation. The divergence arising in North-Pest as a result of the 
effect of Hármashatár Hill on the surface wind field is a prominent feature 
of this type and supposedly is also characteristic to several other westerly- 
directed types of smaller probability (types 2, 3 and 4), a fact being ob
viously correlated with the spatial minimum of precipitation in the region 
of North-Pest (Berkes, 1947, Bacsó, 1958, Próbáld, 1974).

Very high is the probability of occurrence of wind field type 15 (9,2 
per cent), connected to large-scale SE and ESE winds; that of type 17 (7,3 
per cent), characterized by easterlies and a slight divergence caused by 
the Buda Hills; and of type 35 (5,2 per cent), being in most cases linked 
with N winds.
3.4. Local circulations as reflected in the types of wind fields

Among the types of the surface wind fields relatively small is the 
frequency of those being strongly influenced by local factors — mountain 
and valley breeze or urban circulation. The urban circulation elicited by 
the urban heat island exhibits airflow pattern converging towards the centre 
of densely built-up areas. But, in the case of Budapest, the modifying 
effect of the orography and the mountain and valley breeze make it rather 
difficult to give an evidence for this much-discussed urban circulation.

Péczely (1962) regarded the emergence of urban circulation for being 
proved for those hours, when in Buda (Kitaibel Pál Street), a wind from the 
WSW-NNW sector prevails, at the same time, however, an ESE-SSE flow 
could be observed in Pestlőrinc. From the above determined types of the
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surface wind field types 13 and 18 correspond to the criteria adopted by 
Péczely, with the cumulative probability of their occurrence (3,5 per 
cent) being roughly the same as the figure given in his paper. The sum
mer peak also underlines the reality of Péczely’s calculations. Since the 
urban heat island developes the most strongly in the evening, the urban cir
culation can be strengthened by the flow of cold air through the Buda 
valleys and slopes, that is by night effect of mountain and valley breeze. 
The map of the more frequent type 13 shows the determining role of the 
urban circulation, while the less frequent type 18 is likely to be domina
ted by the mountain and valley breeze.

There are several other types besides the two above mentioned, where 
the map of wind fields shows definite convergence above the city. In most 
of the cases this convergence is the result of the modifying and diverting 
effect of the Buda Hills (types 4, 8 and 10). However, it is noteworthy, 
that in the case of ENE and NE macro-scale winds the strong convergence 
pointing to the city centre is also frequent (types 19 and 23). These stream- 
field types are mostly due to the night branch of the mountain and valley 
breeze, since they occur quite regularly during summer nights, with the 
breeze being also supported by the urban heat island. The strong divergence 
that shapes itself along the peak region of the Buda Hills without the signi
ficant convergence to be experienced in the centre of the city, is unam
biguously a result of the downward flow of cold air during the night (types 
29 and 33).

I t is remarkable, however, that there is no single circulation type where 
either the daytime branch of the valley and mountain breeze or the urban 
circulation could assert itself against macro-scale winds blowing from the 
NW sector. Among our original, preliminary types there was one, where 
in spite of the NW winds of the Buda stations and Pestlőrinc, in a strip 
encircling the city core on the eastern side airflow towards the centre could 
be registered (fig. 1). This type of airflow pattern occurring mostly in 
summer clearly reflects the effect of the city heat island, but because of 
the low rate of its occurrence (only 0,34 per cent of all the hours) and the 
strong fluctuation of the wind courses belonging to it, we did not regard 
it as worth counting among the final types, consequently it has been in
cluded into the non-classifiable cases.

On the basis of the wind-field typology, the following statements can 
be made about the local air circulation:

a) Several stream-field types can be separated where the impact of 
the local circulations can be observed. Their collective probability of occur
rence amounts to 11 per cent of all hours, and they occur most frequently 
during summer nights.

b) In the above mentioned position types, the joint effect of the night 
branch of the mountain and valley breeze and the urban heat island is 
reflected. In the case of the airflow converging towards the centre during 
the day — the predominant role of the urban heat island effect beco
mes obvious. More frequently the cold air flowing down along the valleys 
modifies the pattern of circulation.
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Frequency distribution of the difference (,1 x ) between tlie real and
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Type num ber
*

2 3 4 5 6 7 8 9 10 11 12 13 14 15 10 17 18

|z l x |  = s 2 2 ,5 °  . . . 92 8 8 87 86 92 87 83 71 91 75 8 0 8 8 54 8 5 87 84 85 c i
|z l x |  > 2 2 , 5 °  . .  . 6 8 9 11 7 8 7 18 7 18 13 9 19 11 4 7 10 15
|z l x |  > 4 5 ° ____ 2 4 4 3 i 5 10 11 2 7 7 3 27 4 9 9 5 2 4

c)  The daytime branch of the mountain and valley breeze, partially 
set off also bv the heat island circulation, can almost never develop against 
the generally strong winds blowing from the NW sector. Rarely though, 
but there is evidence that the urban circulation takes shape on smaller 
or larger areas even in weather types with prevailing north-westerlies.

d) The situations displaying the characteristics of local circulations 
can be described as having weak, uncertain air motions, therefore their 
classification is rather difficidt, which is also reflected in the relatively 
strong scattering of their wind courses (table 4.).
3.5. The frequency distribution of wind courses according to the stream-field 
typology

Through knowing the probability of occurrence of the different types 
of surface wind fields, it becomes possible to estimate the frequency distri
bution of the wind courses on the area under discussion — in this case 
Budapest — , to any point or grid square of it. The method is based on the 
great similarity of the real wind courses and the ones denoted by the given 
type (table 3). As it has been mentioned above, the real wônd courses dis
perse in a relatively narrow interval around the average wind course that 
can be spotted from the map of any occurring type. The normality of the 
distribution of wind directions has been checked by the yf test. According 
to the entire material, the variance of the real wind courses around the 
type wind direction can be approximated by a normal distribution of 
paramétrés Al =  O, a = 20° (a was estimated on the basis of the empiric 
frequencies belonging to the± 11,25° interval limits). The functions of the 
normal distribution characterized by the above paramétrés — as well 
as the empiric frequencies are given in table 8.

Taking advantage of the theoretical distribution, the actual distribution 
of wind directions can be given to any angle of airflow, read from the map of 
the type. If the degree taken from the map differs from the main wind 
direction by x, then the function values of a normal distribution with a 
mean value of M = x instead of M = 0, are serving as a basis to deter
mine the real wind course distribution. Since the accuracy of reading off 
the type wind course is limited, practically at most the distribution belong
ing to x  = 11,25°, representing the middle strip (5,6°—11,8°) of the inter
val of two main wind courses, e. g. N and NNE can be regarded as necessary 
to be used on occassions (table 6). For the sake of simplicity, the extreme
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the type-indicated wind directions in percent (average of 7 stations)

Typo mim bor 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

|/lx |= s2 2 ,5 °  . . 71 93 87 90 81 85 84 91 80 90 91 84 82 87 91 89 89 93
1 A x \ =- 22,5° . . 16 4 8 9 11 13 14 9 12 10 6 11 8 10 7 10 9 7
\A x \ > 4 5 ° ___ 13 3 5 1 8 2 2 0 8 0 3 5 10 3 2 1 2 0

Table 3.

categories oi the distribution can be practically disregarded. It seems to 
be sufficient to apply a division rounded off to 30 — 40 — 30 per cent and 
10 —40 —50 per cent, and this way to divide the total probability share 
of any type among three major wind directions.

Reading off the wind courses with an accuracy of±11,25° only, the 
real probability of occurrence (Px) of any .r wind direction at a H  place can 
be given as follows:

where P ;- is the summed probability of occurrence of those types with X  
mean wind direction belonging to II  place; while P, denotes the probability 
types indicating a wind direction of X  — 22,5°, and P k. the probability 
of those indicating wind direction of X  + 22,5°, respectively.

Table 4.
Frequency distribution of the difference (Ax )  between the real and the type-indicated wind 

directions in percent (average of 36 types)

Relative frequency of wind directions in Pestlőrinc (in percent, disregarding calm hours)
A: 1969 B: 1968-1977

Station:
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Table 6.
Frequency distribution of the difference between the type-indicated and the real wind

direction (% )
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Intervals of 
difference Empirical values

Normal 
distribution 

(6= 20°, M = 0)

Practically 
applied distri

bution for M = 0

Normal 
distribution 

(G = 20°, 
M= 11,25°)

Practically
applied

distribution for 
M= 11,25°

A <  - 3 3 , 7 0 ° 6 ,8 4 ,6 1 ,4
- 3 3 , 7 5 - 1 1 , 2 5 ° 2 1 ,5 2 4 ,1 3 0 1 1 ,8 10
- 1 1 , 2 5 - 1 1 , 2 5 ° 4 3 ,4 4 2 ,6 4 0 3 6 ,9 4 0

1 1 , 2 5 ° - 3 3 , 7 5 ° 2 1 ,5 2 4 ,1 3 0 3 6 ,9 5 0
A >  3 3 ,7 5 °  . . 6 ,8 4 ,6 - 1 3 ,0 -
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Table 8.
Frequency distribution of wind directions a t Pestlőrinc (1968 — 1977) w ithout calm  hours;

A =  calculated values, B =  real values

The above detailed method enables to estimate the frequency distri
bution of winds for areas under orographic influence more precisely than 
it could be done by extrapolating the data of any nearby station. To prove 
this, we present the distribution of wind directions determined from ane
mograph registrates, as well as from the type frequencies for Madách 
Square and Gellert Hill, for the two months (February and August 1969)

Table 7.
Frequency distribution of wind directions (February and August 1909)

A =  c a l c u l a t e d  v a l u e s ,  B  =  r e a l  v a l u e s



analysed in the control sample. These two stations were selected because 
though they are only at 1,4 air-kilometre distance from each other, there 
is more than 110 metres difference between the altitude of the two places. 
The very different orographic conditions lead to wind frequencies strongly 
divergent from each other. According to table 7, there is 16 per cent diffe
rence between the calculated and the real wind course distribution on Gel
lert Hill, and 18 per cent on Madách Square, compared to the 48 per cent 
difference that could be resulted from the method of extrapolation. Howe
ver, it is noteworthy, that because of the fault of the anemograph, the 
wind course data were missing from 9 per cent of all hours on Gellert Hill 
and from 8 per cent of all hours on Madách Square, while the distribution 
of types was only given for the full months; therefore the inaccuracy of 
the wind course distribution accepted to be “real” may distort the result.

For the further checking of the method elaborated to determine the 
wind course frequencies, on the basis of the type wind courses and the 
known probability of the types’ appearance we determined the frequency 
distribution of winds for Pestlőrinc, and then we compared it with the real 
distribution for the 1968-1977 years established from data of the year
books of the National Meteorological Service (table 8). The 10 per'cent 
difference between the distributions calculated in two different ways, is 
less than that between data gained for the same station from a certain 
year and from a whole decade (table 5). This is a quite convincing illustra
tion to the usefulness of the method. The material of the tables 2 and the 
data published in the appendix maps allows us to calculate the wind frequency 
distribution for any station in Budapest for the decade 1968—1977, and 
by applying the attached maps of types and the figures of type frequency, 
the process can be carried out, if needed, to any point of the capital.
4. The effect of the city on wind speed

Parallel with the elaboration of the method for the calculation of 
wind frequencies we also examined the essential problem, how the wind 
speed changes on the territory of the capital. It is well known from the 
studies of Bán and Gajzágó (1974), that the average wind speed is 3 per cent 
less in Gyáli Street (Institute for Public Hygiene) and 16 per cent less on 
Madách Square than in Pestlőrinc. According to the authors of the study, 
this decrease is mostly due to the effect of the Buda Hills. Furthermore, 
in the above mentioned study of Bán and Gajzágó the first attempt to 
examine the differences of wind speed between Madách Square and Pest
lőrinc in a breakdown according to directions was also carried out.

However, it is obvious, that the decrease of wind speed in the centre 
of the city must also depend on the basic wind speed observed above natu
ral surfaces. To determine the extent of the effect the data of anemographs 
from January and July 1968, have been examined, and in the case of high 
wind speeds — where it was necessary — further two months of winter and 
summer have also been involved in the survey. The speed data of Gyáli 
Street and Madách Square have been divided into 8 groups, according to 
the wind direction registered at Pestlőrinc. The grouping was done in a
7 ANNALES — Sectio Geographica — Tomus X III — XIV.
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way that the secondary wind courses were joined to the main wind couress 
counterclockwise. The second step was to classify the figures belonging to 
each wind direction into intervals of 0,5 m/s, on the basis of the speed 
experienced at Pestlőrinc. Subsequently, for each group the mean values 
of wind speed have been calculated for the stations Madách Square and 
Gyáli Street. On the modification of the wind speeds the following sum
mary statements can be made:

a) Above the surface of the built-up areas of the city the slow streams 
are not weakened but strengthened. The weakening effect of the city, 
depending on the course of the wind, only starts to dominate after surpas
sing the critical value of 1,5—3,5 m/s.

This phenomenon was also experienced in some other cities. In his 
work on the climate of London, Chandler (1965) gives the following expla
nation: weak currents over natural surfaces are combined with insignificant 
turbulent mixing, whereas the increased mechanical turbulence over the 
city is combined with stronger exchange of momentum, therefore it results 
in the increase of windspeed near the surface. In the case of stronger winds, 
on the contrary, the role of the friction caused by the rougher city surface 
becomes dominant. In our opinion, it must be added to Chandler’s reaso
ning that the roof level of the city, that is the basis for the anemographs, 
from the point of view of the airflow is not totally equivalent with the 
ground level, and the airflows going on in the space of the streets also can 
have a role in the more vivid airflows occurring above roof level in nearly 
calm weather.

b) The speed of the N, N W and NE winds decreases only slightly above 
the city as compared to that of Pestlőrinc. Besides the stronger turbulence 
of these winds, this fact may be due — at least in the case of N and NW 
winds — to the Pestlőrinc observatory being also effected by the city. 
The strongest decrease in wind speed is characteristic for the E wind 
direction.

c) The probably slight daily and seasonal differences in the decrease 
of wind speed could not be demonstrated from the realtively small sample.

From the point of view of wind speeds Madách Square can be regarded 
as characteristic to the centre of the city, while Gyáli Street represents the 
transitional area around the city core. The mean wind speeds belonging to 
the different wind directions registered at Pestlőrinc have already been 
published (Bán and Gajzágó 1974). Thus, it has been rendered possible 
to determine the mean speed belonging to any wind direction — an es
sential figure from the point of view of the conditions of transmission — 
for practically any point of the flat Pest side of the Hungarian capital.

*

The author wishes to express his thanks to the members of the Air 
Quality Research Department of the Central Institute for Physics of 
Atmosphere, who inspired and made it possible to carry out the research 
summarized in this paper.
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Fig. 2 — 7. Types of surface wind field and frequency of the ir occurrence in  per cent 
of the to ta l hour in tervals. W  =  w inter halfyear, S =  sum m er halfyear, Y  =  year.
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РЕЗЮМЕ

ТИПЫ ПРИЗЕМНОГО НОЛЯ ТЕЧЕНИЙ В БУДАПЕШТЕ

В ветровом климате Будапешта отмечаются территориальные различия в 
зависимости от рельефа и застройки. Автор обработал данные 9-ти ветромеров го
рода за 1969 год, на основании которых были составлены почасовые карты для оп
ределения микросиноптических типов приземного поля течений.

Картина течений в ряде типов ясно отражает как городскую, так и горно- 
долинную циркуляцию.

Знание частоты повторяемости 36 выделенных типов дает возможность опре
делить распределение частоты направления ветра, относящееся j< любой точке или 
квадрату сетки города, которое имеет значение для мероприятий, направленных на 
защиту воздушной среды. Применение метода типизации может быть эффективным и 
в диффузиозно-клима гологическом описании территорий, находящихся под влиянием 
рельефа.
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Tlie demarcation of catchment areas of surface streams is relatively 
easy to define. There are time honoured methods to be applied. In most 
cases surface features indicate the border especially when dividing ridges 
are well marked or bedrock is impermeable.

This task is not so easy when streams are partly fed by infiltrating 
water from permeable rocks or either diverging or bifurcating streams be
long to the investigated area. Still there are proper engineering methods 
for such cases.

The problem is much more complicated in t he case of subsurface karst- 
hydrological systems. The cavities of karst springs or karst streams situated 
below the surface are difficult to access. They are very often hidden and 
the area which is easy to be surveyed by cartograhical methods is only a 
small part of the karst outcrop. Tlie usage of fluorescent dye tracers takes 
a long time, is very expensive, is not always effective and might cause en
vironmental problems. The determination of subsurface water systems is 
further impeded when one karst water reservoir supplies more individual 
subsurface streams. Without knowing the borders of karstwater systems, 
estimation of karstwater supply, circulation and the effect of human im
pact would be uncertain. Recently the study of human impact has become 
a very important part of the protection of environment. The protection of 
caves is possible only with the full knowledge and determination of the 
catchment area.

As there is no general method to be applied in any particular case 
the most appropriate one must be chosen after the investigation of the 
catchment area.

The Aggtelek karst area, well known for drip-stone caves in the 
north-east of Hungary, is not an individual karst area but a continuous 
part of the Slovakian karst. The largest cave is the Aggtelek or Baradla 
cave, a part of which (Domica branch) stretches over the border bet
ween the two countries.

We investigated the Hungarian part of the catchment area of the ca
vity system only, because the Domica part can be studied separately.



According to our present kowledge the Baradla cavity system is 23 
kilometers long and can be considered to be a subsurface stream system. 
The segments having permanent streams are in fact subsurface river beds 
and other parts with solution tunnels widening during flooding are inter
mittent river beds. This latter gives way to the development of a lower 
cave. Some tunnels of the cave are continuations of surface dry vallevs in 
front of swallow-holes.

As most of the swallow-holes (ponors or streamsinks can be found 
at the border of open and half covered or open and covered karst areas, 
non karst territories belong to the catchment area of the cave as well.

I he Baradla cave represents an individual karsthydological system. 
No traces of any link between the Baradla and any other cave of the Agg
telek region have been found so far.

In general the water system of homogenous karst areas is a commu
nicative system just like communicating vessels, but experience shows 
that individual cavity systems can develop without the presence of im
permeable rock wedging. The development of lithoclases into cavities and 
whole cavity systems is affected by many factors (quality of rock, strati
graphy, structure, surface features, hydrography etc.).

The formation of individual or partly individual cavity systems wi
thin one block of rock is possible. Furthermore, segments of the cavities 
can be filled in temporarily or permanently.

The investigation of the Baradla cave can only be possible bearing 
in mind the above introduction.

1 he karsthydrological system, as it is strictly three-dimensional, 
must be considered as a block of catchment area from the point of view 
of water supply of the drainage area. In this way the surface catchment 
area is only one part but by no means the most important part of the block’s 
water supply. ,

W ater infiltrating into karst rocks but not reaching great depth co
mes from surface runoff. Thus all modification in cavity formation is due 
to the changes in water quality from any interference from the surface.
I herefore the determination of the catchment areas of caves, owing to 
their large size and importance, is an essential part of the study in these 
areas.

I t is surprising that the catchment area of this long explored cave 
has not been thoroughly investigated. In 1831 Imre Vass published a re
view on the phenomena of the catchment area but no detailed work could 
be carried out for a hundred years.

The reasons are the following:
1. Data about the cave was scarce.
2. There was no map of proper scale.

A survey of G. Stömpl (1923 — 27) did not touch upon the character
istics of the cat chment area.
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E. Dudich (1931) published exact but only occasional observations 
about the water in the area. According to him the swallow-hole at the Aggtelek 
entrance of the Baradla cave is fed by rainwater temporarily only and water 
gathers in the baulks of Bagolyvágás and Fekete-tó. He also points out 
that there are at least 6 or 7 places where water can get into the cave. He 
states that exogene contacts are uncertain.

S. Jaskó in his hydrological survey doesn’t  deal with the surface catch
ment area.

The very first thorough study on the catchment area from the point 
of view of karstology and speleology was published by H. Kessler (1938). 
He noticed that a large part of the catchment area was covered by per
meable gravelled clay. The total extent of the catchment area, a part of 
which belongs to.Slovakia, is 36.19 sq. kilometres in which 13streamsinks have 
13 individual subdrainage basins. According to him the drainage tributary 
arms of the cave are on the right of the main tunnel (in his opinion the 
Büdöstó Domica tunnel is part of the main tunnel) because the southern 
slopes of the hills drain the water to the lowlands without an outlet and 
through sinkholes the water is introduced into the tributary tunnels on 
the right. His identification of the ties between the cave tunnels and the 
swallow-holes has proved to be reliable with the exception of the Szárhegy 
streamsink which feeds the Béke cave.

Later on L. Jakues dealt with the connection between the catchment 
area and water outlet of the cave stream (1951, 1956, 1963...) He proved 
that at present there is no connection between the Béke and Baradla 
cave. He presumed that the Róka cave is fed by the Bábalyuk streamsink 
and also determined the catchment area of the Béke cave. In this way 
the direct connection between the Szárhegy swallow-holes and Béke 
cave was clear.

Determining the boundary of the catchment area by surface morpho
logy he states, that “the boundary of catchment areas in non karst areas 
is clearly indicated by the surface dividing ridge”. He has made some fur
ther statements of vital importance.

“The cave streams of the Aggtelek area are fed by the water of two 
different type of catchment areas. The permanent and basic discharge 
comes from descending water (A type)”. “The amount of B type water which 
comes from non karst areas, fluctuates in the water outlet”. In this way 
he made a distinction between karst and non karst surfaces in the catch
ment area. He saw that non karst surfaces are covered by impermeable 
clay. The average altitude of dividing ridges in these areas is 375 
metres. According to his meaurements 4.5 sq. kilometres of non karst 
catchment area belong to the main tunnel (Domica) which is smaller than 
the area outlined by Kessler. Jakues took the non karst surfaces into con
sideration only and took away 70 per cent as the catchment of Bábalyuk, 
the water of which is not discharged into the main tunnel. Jakues found 
that the non karst catchment area of Retekág is about 0.8 sq. kilometre. 
Rainwater seeps under the karst into the Jósva valley from the 21 sq. kilo
metre plateau, covered by Pannonian deposits.
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L. Jakucs found strong correlation between the average width of the 
erosion tunnels (Mb) and the index number of non karst catchment areas 
(Tv). The mb indicates the width of tunnels per sq. metre of the catchment

n o  ZAMBCL.

“If  the equation is correct today, it had to be correct in the past as 
well”. I.e. “if we measure the width of a tunnel in higher profiles we can 
determine the size of the earlier catchment area”. Investigations of Jakucs 
indicate that the slight widening of tunnel profiles refers to a certain en
largement of the catchment area, probably as a result of the valley deve
lopment.

In our investigations we determined the extension of surface catch
ment area by maps and local field work. In the case of karst, map work 
in itself is not satisfactory because the boundary of the catchment area 
is not clear and there are almost horizontal plateaus on the non karst areas, 
which also belong to the investigated territories. Dividing ridges can be 
drawn bv local observation during rainfall only.

The dividing ridge thus determined surrounds areas which are very 
different in hydrologic and hydraulic properties. Some areas definitely 
drain towards the Baradla cave but the direction of drainage in other 
areas is not certain.

The surface runoff of the mapped catchment area outside Hungary is 
by no means drained by the Baradla system and there is no use taking that 
area into consideration. On the other hand not all seepage water reaches 
the Baradla cave. The boundary of the theoretically determined catchment 
area in Hungary is different from that of Kessler’s.

To determine the boundary on Pliocene gravelled clay is relatively 
easy. East of the border the dividing ridge meanders at an altitude of 357 — 
377 metres. The ridge passes between the plains of Hármashatár, Hideg- 
vízoldal, Rozsnyói-úti-bérc and Bagoly vágás. The average length of a 
meander curve is 0.5 kilometre. Thus the catchment area of the cave is 
separated from the catchment area of Szuha patak, Trizs patak and 
Csörgős patak. Further on the direction of the boundary of the catch
ment area turns to the southeast, separating Fekete völgy in the north 
from the Imola streamsink’s and the Fekete stream’s catchment area. 
At the top of Kerekerdő the altitude of the boundary decreases (353 met
res) and then turns north again at an altitude of 375 metres. The boun
dary in its total length connects areas which are temporarily without an 
outiét (Nemecsek kaszálója, Konkolyos, Nádas tó) but during heavy 
rainfall the surface runoff diverges in two directions. At the foot of Szo- 
mor-hegy there is a row of dolines where the boundary reaches a half 
covered karst area and from there on the direction of runoff is difficult to 
determine. There are open and half covered karst areas.

Water infiltrates through the dolines from the northern side of the 
hill and geomorphology and stratigraphy show that water is probably



collected by the lower tunnels of the Baradla cave. All water from the 
northern slopes of Szarhegy goes to the Hidegvolgy row of dolines and 
its infiltration into the Baradla cave has already been proved. I t  is also 
clearly indicated by the former swallow-hole at the Vorosto entrance of 
the cave. The flow of infiltrating water into the dolines at Vorostd is not 
certain. Probably it is distributed between the Baradla and Beke cave. In 
this case there is subsurface bifurcation.

The surface runoff above the Josvafo end of the cave directly flows 
into Farkastorok-volgy (Josva patak) and partly Kecsd-volgy (Kecso- 
patak). The northern boundary of the catchment area passes along the open 
karst area. At Somosteto it reaches an altitude of 438 metres then turns 
to the west and meanders until the Baradla top which is higher than 391 
metres.

The Baradla valley is cut by the boundary of the catchment area at 
the dividing ridge of the row of dolines in the valley. This means that the 
direction of runoff is marked to the north but not to the south. Probably 
water infiltrates to the south and that part of the valley also belongs to the 
catchment area of the Baradla cave. Further on the southeastern slope of 
Poronyateto belongs to the catchment area of the valley within Hungary.

According to our studies the outlined catchment area of the Baradla 
cave can be divided into 16 sub-drainage basins. The determination of 
surface catchment areas in karst areas is different from that of non-karst’s. 
This is because karst areas very often direct surface runoff into depressions 
that do not have permanent surface swallow-holes. But at the same time 
if these areas are connected with the water systems of cavities they be
come part of subsurface water systems. To prove these connections di
rectly is very difficult even with the use of fluorescent dye tracers. In our 
present study we have relied on the results of previous water dying and 
other methods of investigation.

We have set up four categories of sub-drainage basins in the catchment 
area:

A. ) Drainage basins of open and half covered karst areas.
I. A group of the drainage basins belongs to the water system of 

the Baradla cave.
II. A group of the drainage basins which probably belongs to the 

Baradla water system but the connection has not been proved.
B. ) Drainage basins on covered karst areas. Karst blocks are deep

and sunk along tectonic faults. The area is covered by a thick layer 
of Pliocene gravelled clay or coarse grained sand deposits. Valleys 
are dry, in some places terraced. Surface streams can be observed 
as far as the edge of the open karst area, where water disappears 
through active swallow-holes. The swallow-holes can be open or 
filled in with permeable deposits. A great amount of flint gets into 
the caves through these sinkholes and this is significant in forming 
the tunnels.
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C.) A part of the sub-drainage basins is complex, because they are partly 
on covered karst areas and on the other hand the southern slopes 
and valleys of open and half covered karst areas also discharge 
water in their direction. In both cases these complex areas collect 
surface runoff and the water disappears in one common swallow- 
hole.

Bearing in mind the above mentioned, the 16 sub-drainage basins in 
the Baradla catchment area can be characterized as it follows:

No 1. The drainage hasin of Csernai-tó swallow-hole: The smaller part of 
the whole basin belongs to Hungary. Most of the area is covered karst, 
the valleys are normal, the hills flattened. The average relief energy is 
about 60 metres. The swallow-hole (which was obstructed earlier but is 
active at present) collects water and conducts it to the cave but the tun
nels are not known. A considerable amount of water comes from the 
direction of Pányi-völgy, but the Slovakian part of the area is only partly 
karstic and so the area would rather belong to category C.

No 2. is a complex C category sub-drainage basin, which conducts 
water from the “Baradla front” in the south-west and Keresztfamegi baulk 
in the south-east into the Acheron streamsink. During heavy rainfall the 
area forms one basin with the sub-drainage basin No 4. Morphologically 
there is only an 1.2 metres high ridge between the two basins. When water 
outlet is at its peak a large amount of water from basin No 4. reaches the 
Acheron swallow-hole. The surroundings of the swallow-hole has been ar
tificially filled and in consequence of this there is no deposition in the shaft. 
The northern middle part of the basin is open karst, but very little water 
comes from there.

No 3. belongs to category A/I. Water from the southern part of the 
Baradla valley, the eastern part of Poronyateto and western part of the 
Baradla ridge infiltrates towards the Baradla cave or is directly conducted 
to the Rubikon tunnel. The swallow-hole is not separated by a high eleva
tion on the surface from the Acheron and Csernai tavi swallow-holes. The 
water of the catchment area partly reaches the upper and partly the lower 
tunnels of the cave.

No 4. is the largest basin of the cave’s catchment area. The network 
of valleys is normal, the surface undulation is well proportioned with 
hillocks in the north and hills of covered karst areas in the south. Water 
gets into the Bábalyuk sinkhole from Hollófészek-völgy in the south-west and 
Feketetó-völgy in the south-east. Relief energy is not significant but the 
Pannon surface is well proportioned. The “plateaus” in between the val
leys are not steep and surface runoff is bad. There are intermittent lakes and 
muddy areas (Kardos-tó, Kender-tó etc.). The water and gravelled deposit 
forming the main tunnels of the cave, comes from this basin. The valleys 
are mostly dry and waterflow in the riverbeds is strictly limited to the 
period of rain and the following 48 hours. Most frequently water disap
pears in the narrow Bábalyuk sinkhole but in case of heavy rainfall over-
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The w ater catchm ent area of B aradla Cave. 1. B oundary between Czechoslovakia and 
H ungary 2. B oundary o f the catchm ent area 3. B oundary o f sub-catchm ent area 4. S e tt
lem ent 5. R oad 6. Cave tunnel 7. Doline-lake 8. Doline 9. The B aradla catchm ent area 
which developed on open and half-covered karst areas 10. The catchm ent area probably 
belonging to  the B aradla w ater system , which has developed on open and half-covered karst 
areas 11. C atchm ent area on covered karst 12. The catchm ent area which developed partly  

on open, partly  on covered karst areas



flows into the neighbouring holes, through basin No 2. According to some 
hypothesis the Bábalyuk sinkhole might conduct water to Róka cave, but 
more likely to the lower tunnels of the Baradla cave. In this latter case 
Bábalyuk hole proves a subsurface decapitation. South of the southern 
boundary of the catchment area several gullies are to be found in the upper 
parts of the valleys. The development of valleys to the north prove the 
shifting of the boundary of the catchment area to the north. Presumably 
the extent of the catchment area is gradually decreasing. In the east 
sub-drainage basin No 4. is contiguous with the valley system of Nagy
völgy, which belongs to the catchment area of Béke cave.

No 5. The area in the south is typical covered karst which gradually 
turns into a half covered karst area. Surface runoff from the half covered 
karst area (Almás-völgy) meets the water of the dry valley of Konkolyos 
baulk at its deepest point. Relief energy is low, less than 45 metres. At the 
edge of the open karst area Kisravaszlyuk and Nagyravaszlyuk swallow- 
holes collect the water in a deep gully, while the largest tributary of 
the cave (Retekág) joins them. On the surface of this sub-drainage basin 
the extent of flint is fairly large (in other places it is usually covered by 
Pleistocene clay) and a lot of water gets into the cave through the shafts. 
Thus the widening of tunnels is fast.

No 6. is a small, well demarcated basin. The karst area is covered by 
flint and clay. The size of the sub-drainage basin does not indicate the mea
sures of Törökmecsetág tunnel, which is behind Zomborlyuk swallow- 
hole — a classically developed ponor.

No 7., 8. Water on this open and half covered karst area collects in 
five separate dolines. Owing to the stratigraphy and position of the basin, 
water is probably conducted into the Baradla cave. The drainage basin of 
Aggteleki-tó must have been linked with one of the tributary tunnels of 
Törökmecset, that is why we have separated catchment area No 8.

No 11., 13. Both sub-drainage basins are half covered karst areas with 
many dolines. There are no open holes in the dolines, thus seepage water 
reaches the Baradla system (probably the lower cave) but the existence 
of some link with Béke cave must not be left aside. The dolines and slop
es of catchment area No 11. are covered by a thick layer of clay. The sur
face was probably a covered karst area in the near past. The water in 
sub-drainage basin No 13. must have been collected by the former swallow- 
hole near the Vöröstó entrance.

No 9., 10., 12., 14. are very small sub-drainage basins. Each of them 
has only one or two dolines and the water infiltration into the Baradla 
cave is only supposed. The fact, that no hydrological connection can be 
observed towards Kecsó'-völgy, seems to be an indirect proof.

No 15., 16. sub-drainage basins are open and half covered karst areas 
with a lot of dolines. The water is separately collected by the dolines. 
Further way of water flow or infiltration is not well known. These complex 
basins with dolines can have connection with the water system of Béke 
cave. If the sink-holes in the suri’oundings of Vörös-tó conduct water 
into the Béke cave, an odd situation can be observed. Namely, the water
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from the surface above a cave (which is the Baradla cave in our case) is 
conducted into an other cave. The only explanation of the curious pheno
menon is that two separate cavity systems are too near to each other.

The present determination of the extent of the Baradla catchment 
area is far more accurate than the earlier ones. According to our measure
ments by planimetre, the extent of the catchment area and sub-drainage 
basins is as follows:
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Sub-drainage basin Category E x ten t (sq.kni)

No 1...................... B 0.7242
No 2....................... c 2.1028
No 3....................... A /I 0.9207
No 4 ....................... B 7.0645
No 5....................... c 1.5591
No 6 ............................ B 0.2831
No 7 ....................... A /I 0.8587
No 8 ............................ A /I 0.2070
No 9....................... A /II 0.1056
No 10....................... A /II 0.0938
N o 11....................... A /I 0.9721
No 12....................... A /II 0.2443
No 13....................... A /I 0.7170
No 14............................ A /II 0.0607
No 1 5 ............................ A /II 0.4813
No 16...................... A /II 0.5119

T o ta l theoretical 
ex ten t o f th e  ca tch 
m en t area  o f th e  
B arad la  cave in
H ungary  ...........  16.9068 sq .km

Total extent of the catchment area with regard to the set up categories 
(A /I - I I , B, C):

A. ) Catchment of open karst areas 5.1731 sq.km
I. Water conducted into the

Baradla system 3.6755 sq.km
II. Water probably conducted into the

Baradla system 1.4976 sq.km
B. ) Catchment of covered karst areas 8.0718 sq.km
C. ) Catchment of open and half covered karst areas 3.6619 sq.km

Total 16.9068 sq.km

A detailed determination of the catchment area of the Baradla cave 
provides an opportunity for us to carry out karst hydrological estimations, 
we can outline the area to be protected and we can draw conclusions to the 
further geomorphological evolution of the surface.

On the southern boundary of sub-drainage basin No 4. several gullies 
are rapidly being formed. This indicates the uplift of the surface and thus the



catchment area of Retek-ág and some other tunnels is growing. This 
morphological deduction fits in well with the statements of L.Jakucs (1956).

The uplift of this part of the watershed is proved by L. Bendeffy, pu
rely from the data showing the changes of altitudes of the trigonometry 
network system within ten years. According to his measurements a strip 
on the south of the catchment area is rising by 0.05 millimetre per year 
and the southern part of the open karst area by 0.067 mm quicker than 
the area with swallow-holes between the two stripes. The growin<r diffe
rence in altitude increases the water discharge into the shafts.
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РЕЗЮМЕ

ВОДОСБОРНАЯ ПЛОЩАДЬ ПЕЩЕРЫ БАРАДЛА НА ТЕРРИТОРИИ
ВЕНГРИИ

По имеющимся сведениям аггтелекская пещера Барадла предотавдяет собой 
самостоятельную карсто-гидрографическую систему. Точное выделение границ 
поверхностной водосборной площади пещеры было произведено частично на осно
вании рельефаи частично на основе карсто-гидрографических наблюдений. Поверх
ностная водосборная площадь включает большей частью территорию, покрытую 
толстым слоем некарстовых отложений, меньшая же её часть полупокрыта отло
жениями или же представлена открытым карстом. В соответствии с этим водосбор
ная площадь пещеры может быть разделена на такие части: 1. открытокарстовая,
2. покрытокарстовая и 3. полупокрытокарстовая. Такое разделение водосборной 
площади на части даёт возможность произведения карсто-гидрографических расчётов, 
сделать выводы по пещерной генетике и но истории её развития, а также выделить 
зону по охране пещеры на поверхности земли.
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FACTEURS ET MÉTHODES DE TÉLÉDÉTECTION DANS 
L’AMÉNAGEMENT FORESTIER

par
GYULA GÁBRIS

Chaire de Géographie Physique, U niversité Roland Eötvös, B udapest, Hongrie 
Arrivée: 31. 12. 1970.

L aménagement est l’ensemble des opérations qui ont pour but de 
iéglementer 1 exploitation d une forêt, quelque soit l’objectif visé, dans la 
mesure du possible. L ’aménagement proprem ent d it est constitué des opé
rations préliminaires e t des opérations essentielles.

1. Les opérations préliminaires consistent à définir le milieu écolo
gique et économique dans lequel la forêt évolue e t écoule ses produits.

1.1. Inform ations générales de la forêt.
1.1.1. Renseignements physiques:

a) topographie, limites;
b)  climat général e t local;
c)  sol (géologie et pédologie);
d)  peuplements actuels selon le type et l’âge;
e)  associations phytosociologiques.

1.1.2. Renseignements économiques:
a)  propriété, histoire e t renseignements administratifs;
b)  revenu net de la forêt depuis une dizaine d ’années;
c)  produits, débouchés, conditions d ’exploitation:
d)  infrastructure (maisons, pépinières, chemins d ’exploitation, 

piste de débardage);
e)  divers: chasse, récréation et tourisme, etc.

1.2. Parcellaire.

C’est une division de la forêt en portions homogènes quant aux facteurs 
de production: sol, climat, essences avec une fixation de leurs limites sures 
e t stables par des chemins, coupe-feu, ruisseau etc.

2. Les opérations essentielles consistent à déterm iner la nature  l’em
placement e t la quotité des coupes annuelles c’est-à-dire fixer le mode de 
traitem ent e t le règlement de la forêt.



De ces opérations pour la géographie ne peut avoir d’autre devoire que 
de servir la plupart des solutions signalées sous les points 1.1. et 1.2.; par 
conséquent élaborer la mise en valeur géographique, établir des tableau 
statistiques et dessiner des cartes thématiques. En vue de ces dernières 
la télédétection, comme méthode moderne, peut servir pour une meilleure 
solution des inventaires, notamment pour la définition cartographique 
plus précise de la condition de foret et pour la base de 1 amelioration de la 
forêt.

Les expériences de télédétection ci-après ont pour but d envisager des 
possibilités théoriques puis pratiques de l’utilisation des différentes filtres 
types Kodak Wrattens en vue de l’amélioration de l’interprétation des 
photo-aériennes prises par l’appareil simple non métrique, à partir de l'al
titude basse (environ 300-500 m) sur l’émulsion infrarouge fausse-cou- 
leur.
Des furteurs intervenant dans Venregistrement des photographie aériennes

d'un objet répétai
La planche schématisée n°l permet d’integrer des facteurs principaux 

du mécanisme de l’enregistrement d’une photographie aérienne sur la végé
tation. É tant donné à l’occasion des expérimentations de photographie 
une certain type de caméra (Nikomat), de l’émulsion (Kodak EK-IR) et 
du processus de développement, on doit concentrer l'attention sur les chan
gements du rayonnement électromagnétique depuis l’émission du soleil 
jusq’à la captation par l’appareil photographique ou bien de l’émulsion. 
D’innombrables publications traitent cet itinaire que nous n’aborderons 
que de manière récapitulative et un peu plus en visant le but principal, 
notamment l’utilisation et le choix des différents filtres Kodak Wrattens, 
considérant comme un des meilleurs utils pour l’aide de l’interprétation 
des espèces de la couverture végétale. Les divers facteurs seront envisagés 
très brièvement et surtout au point de vue de leurs influences, quelles soient 
qualitatives ou bien quantitatives aux variations de 1 intensité du spectre.

La modification qualitative provoque les variations interzonales de 
la répartition des bandes spectrales, c’est-à-dire c’est le caractère général de 
la courbe de réflectance (ou de transmittance ou d’absorption) qui varie. 
Tandis que la modification quantitative se manifeste soit globalement dans 
toutes les bandes, soit se concernant sur une ou quelques bandes mais selon 
le trend symptomatique de la courbe donc ni le caractère général, ni -  par 
example -  les positions spectrales des maxima ou minima ne se changent,

A. Le rayonnement solaire.
Le soleil émet un rayonnement que l’on peut donsidérer comme stable 

dans le temps (1, i)4±0,Ô(5 cal/cm2/min).
A.l. La composition spectrale du rayonnement solaire comporte des 

radiation dans l’ultra-violet, dans le visible et dans l’infra-rouge, mais dans 
une intensité inégale d’onde par d’onde selon des bandes distinctes (fig. 1-).

A.2. L’atmosphère terrestre modifie ce rayonnement selon différentes 
mesures dans les bandes spectrales données surtout deux façon: par diffu
sion et par absorption.
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Fig. 1. Courbe spectrale de la  d istribution  énergétique du rayonnem ent constitué p a r la lum i
ère solaire avan t traversée de l ’atm osphère (d’après Ch. Fabry).

Facteurs externes 2°
Tableau n°I.

»Schéma des facteurs intervenant dans l’enregistrement des photographies 
aériennes d’un objet végétal.



La distribution spectrale de l’énergie de la radiation sur la surface de 
la Terre (au niveau de la mer) indiquée sur la figure n°2 est conséquence 
qualitative des points A.l. et A.2. Ainsi la réflectance spectrale d’un objet, 
dans ce cas d’une plante, est arrêtée en premier ressort par la qualité de la 
radiation joignante.
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Fig. 2. R ayonnem ent spectral de la  lum ière directe du  soleil avan t e t après la  transition  de 
l’atm osphère de la  Terre. Les bandes pointillées indiquent l ’absorption de l ’atmosphè-

re. Le soleil au zénith
1 -  courbe do l'irradiation solaire en dehors de l’atmosphère; 2 -  courbe de l ’irradiation solaire au 

niveau de la mer; 2 — courbe du corps noire (5900°K) (d’après S. L. Valley 1905).

A. 3. La variation saisonnière et diurne de l’angle des rayons solaires 
influe l’intensité de la réflectance aussi — combinée avec les données mété
orologiques, phénologique etc. -  mais une manière plus complexe. D’une 
part quantitativement selon l’éclairement total reçu par le sol (fig. 3.) 
d ’a u tre  part qualitativement selon la répartition spectrale (fig. 4.). Son im
portance se manifeste lors de la définition de vol convenable d’effectuer une 
couverture exploitable. Si on définit les paramètre de pris de vue plus 
rigoureusement on peut plus ou moins éliminer ces variations.

B. Caractéristiques internes du végétal.
L’objet, dans ce cas le végétal, peut être considéré comme un récep

teur-émetteur dans le visible et dans le proche-infrarouge. Les propriétés 
spectrales de la réflectance-émittance de la plante dépendent d’une vari
été large des caractéristiques internes du végétal. Les plus importantes de 
celles sont les suivantes:

B.l. Les particularités de la feuilles examinées ci-dessous sont consi
dérées comme les responsables les plus importantes [tour les caractéristi
ques de la courbe de réflectance.
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Fig. 3. V a r i a t i o n  d e  l 'é c l a i r e m e n t  r e ç u  p a r  le  s o l ,  e x p r im é  e n  l u x ,  s o u s  f o r m e  lo g a r i tm i q u e ,  
e n  f o n c t io n  d e  l a  h a u t e u r  d u  s o le i l  a u  d e s s u s  d e  l ’h o r iz o n ,  e x p r im é e  e n  d e g r é s  

1 — la lumière diffusée p a r l’atm osphère; 2 — la  lum ière venue d irectem ent du soleil; 3 — la to ta lité  
de ces deux lumières (d’après G. C. Brock)

Fig. 4. R épartition  spectrale de la  lumière au sol en fonction de la  hau teu r du  soleil (d’après
Ch. Maurain)

1 — hauteur du soleil =  66°; 2 — hauteur du soleil =  30°; 3 — hauteur du soleil =  20°. T — rayonne
ment total; S — rayonnement solaire; C — rayonnement de ciel.

B. 1.1. La morphologie et la structure de la feuille sont les principals 
facteurs dans la formation de la courbe de réflectance au point de vue des 
généralités mais des spécialités aussi. La figure n°5 montre la structure 
généralisée d’une feuille de dycotylée, et la réflection, l’absorption et la 
transmission respectivement des diverses couches. La partie la plus impor
tante de la feuille au point de vue de l’allure à l’égard de rayonnement so
laire est le parenchyme.



122 GÀBRISGY.

Fig. 5. La structure  d ’une feuille et ses caractéristiques optiques (H. N. Colwell, 1969)

B. 1.1.a. Le parenchyme palissadique contient la majorité des pigments, 
qui sont responsables pour les caractéristiques spectrales dans le visible. 
Les différentes sortes des pigments absorbent et réfléchissent la radiation 
à la manière différente selon des bandes électromagnétiques (fig. 6. et 7). 
L’absorption est généralement forte dans le bleu (440 nm) et dans le rouge 
(660 nm), tandis que dans le vert (550 nm) l’absorption diminue, ainsi la 
réflectance atteint 10 — 20%.

Fig. (i. Courbes d ’absorption de chlorophylle a  e t chlorophylle b en fonction de la longueur
d ’onde (R. N. Colwell, 1969)
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Fig. 7. A bsorption spectrale de quelques pigm ents végétales (D. M. Gates, 1970)
1 — chlorophylle; 2 — protochlorophylle; 3 — carotène; 4 — luteln (xantophylle)

L’intervention des pigments provoque un changement spectral quali
tatif, résultant de la modification fondamentale dans la nature de rayon
nement réfléchi. É tant donné l’adaptation semblable à l’égard la distri
bution spectrale du rayonnement solaire pour toutes les plantes qui utilisent 
cette radiation, on peut parler de courbe généralisée de réflectance, qui 
n’exclue pas de sensibles différences selon les végétaux. Cependant la ré
partition de contenue globale et celle de pourcentage des pigments varie 
sinon d’espèce par d’espece mais du moins d’unité systématique par d ’unité 
systématique. C’est-à-dire les caractères spécifiques ou unitaires des 
courbes de réflectance peuvent déterminer dans le visible du spectre.

Fig. 8. Réflectance, transm ittance et absorptance spectrales (D. M. Gates, 1970). A — Po- 
pulus deltoïdes; B  — Nerium oleander 

1 — absorption; 2 -  réflexion (la face supérieure); 3 — transmission.



B. 1.1.b. La structure des tissus et en particulier le rôle des membranes 
cellulaires et du parenchyme spongieux ont comme effet surtout un chan
gement de la réflectance dans le proche-infrarouge, causant une augmen
tation très élevée dans la bande de 750 — 1300 nm. De même que la struc
ture des tissus a des caractères généraux et aussi des caractères individuels, 
les modifications qualitatives de la courbe de réflectance sont à la fois gé
nérales et spécifiques dans cette bande également (fig. 8.)

B .l.l.c. Unepartiede la radiation se réfléchit directement sur la surface 
de la feuille sans y pénétrer. Cette réflectance dépend de la nature super
ficielle de la feuille qui est

— soit couverte par une couche p.e. cireuse:
— soit pubescente ou bien lisse (fig. 9.);

et aboutit aux variations spectrales quantitatives.
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Fig. 9. Changement de la  réflectance to ta le  d ’une feuille pubescente ( 1 ) après avoire supprimé 
les poils (2) d ’après H . W. G ausm an e t Cardenas, 1968

Fig. 10. Réflectance to tale  pig. 11. Evolution de la réflectance de Pi nus ponderosa
de la face supérieure (l)^et en fonction de l’ancienneté de l’a ttaque  p a r le  coléoptère
la  coton (V. I. Myres, 1970) D endroctonus (F. P . W eber e t F . C. Polcyn, 1971)

face inférieure (2) d ’une , . „ .. . . . .  v1 — sam; 2 — attaque rccente; J  — arbre mortfeuille de



B .l.l.d. Étant donné une structure dissymétrique des feuilles de la 
majorité des angiospermes, la réflectance de la face supérieure et celle 
d’inférieure d’une feuille est diverse quantitativement (fig. 10.).

En examinant les effets de chaquns des propriétés d’une feuille men
tionnées ci-devant on peut constater au point de vue de photointerprétation 
deux caractères bien séparés. Il y a certaine similitude et différence aussi 
selon les caractéristiques de la courbe spectrale de réflectance, qui cor
respond aux caractères généraux et spéciaux des végétaux, en autorisant 
à déterminer les propriétés des espèces (ou des unités systématiques). En 
outre ces variations qualitatives existent des variations quantitatives selon 
les caractères tout a fait individuels du végétal.

B.1.2. L’état physiologique de la plante joue un rôle primordial dans 
la réflectance et l’absorption du rayonnement. Selon le type de la maladie 
on peut constater des symptômes différentes:

— décoloration des feuilles à cause de disparition ou altération des 
pigments;

— modification de la teneur en eau entraînant des changements de 
structure ou variation de température par blocage de l’évaporation 
par les stomates;

— changements des propriétés optiques des feuilles par la présence 
— en surface — d’un mycélium;

— viellissement précocces d’organes chlorophylliens;
— défoliation dans le cas d’attaques d’insectes phytophagues,

qui peuvent se transformer dans la modification de la composition spec
trale du rayonnement réfléchi sur la plante malade. C’est la base physique 
la détection d’une population souffrante. Selon plusieure courbe de réflec
tance on peut distinguer une phase initiale de maladie avec des légers 
changements quantitatifs et une phase terminale avec les forts change
ments qualitatifs (surtout dans le visible) à cause du vieillissement pré
maturé des feuilles (fig. 11, 12 et 13).
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Fig. 12. Caractéristiques de réflectance d ’une feuille saine e t m alade en fonction de progres
sion de l’affection (R. N. Colwell, 1979)

1 — avant de l’affection; 2 — affection récente; 3 — affection depuis longtemps
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Fùj. 13. Courbes de réflectance généralisées
D'une feuille verte normale (1) d’une feuille affectée avec un changement dans la bande infrarouge 
(2); d’une feuille jaune, après une période de maladie clironique (3); e t enfin une feuille morte 
brunâtre (D. M. Gates, 1970, II. W. Gausman 1977, Z. Kalensky et D. A. Wilson 1975, G. Hil- 

debrandt 1976, R. V. Coltvell 1956).

Par contre l’interprétation de la défoliation des arbres est extrême
ment difficile dans certain cas, parce que la réponse spectrale enregistrée 
par l’émulsion est supprimée par celle du sol nu ou plutôt herbacé.

B. 1.3. La réflectance spectrale d’une feuille change selon son stade de 
développement. Ce changement est bien exprimé surtout au debout et à 
la fin de la période végétative quand les feiulles ne sont pas encore ou déjà 
bien développées; ainsi l’effet spectral des pigments manque de la courbe 
(fig. 14 et 15). Mais pendant la longue époque de maturité il n’y a pas de 
variation significative. Tandis que p.e. la modification de couleur des 
plantes économiques à l’époque de mûrissement sert la base de l’interpré. 
tation pour le but agraire.

B.2. Une contradiction profonde a été constatée entre les résultats des 
spectro-radiométriques mesurés en laboratoire et ceux mesurés sur terrain. 
Plusieurs faits causent cette différence.

B.2.1. L’intensité de réfléchissement d’une seule feuille — exclusive
ment dans la bande de l’infra-rouge — diffère celle de plusieurs comme 
c’était déjà constaté par les mesures en laboratiore (fig. 16 et 17). Ces diffé
rences ont un caractère quantitatif.

H 2 2. La composition spectrale de réflectance constatée en laboratoire 
n’est pas conforme avec celle de terrain parce que n’importe quelle légère 
modification du port das feuilles peut provoquer — sans aucune variation 
de leurs propriétés optiques — une modification quantitative dans le spectre 
selon les points B.1.1. et B .l.l.d.
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Fig. 14. Changem ents saisonnier de la  réflectance spectrale selon le stade de développem ent 
d ’une feuille de Quercus alba. A — avril-m ai; B — Juin-novem bre (D. M. Gates

1970)

B.2.3. La troisième source des écarts est que dans le laboratoire des 
mesures ont été effectuer par une lumière artificielles monochromatique, 
c’est-à-dire les résultats étaient aussi distincts dans le spectre réfléchi que 
celui diffère de la lumière solaire (fig. 18).
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Fig. 17. Réflexion diffuse des feuilles de 
coton superposées d ’une à  six (V. M. 

Myres 1970)

Fig. 16. Réflection (A) e t transm ission (B) des feuilles de soya superposées (J. T . Woolley
1971)

1 — une feuille; 2 — 4 feuilles; 3 — 10 feuilles

Fig. 15. Réflectance de la  face supérieure des feuilles de coton en fontrion de l’âge (H. W.
G ausm an e t al. 1969)

1 —2 jours; 2 — S jours; 3 — 7 jours; 4 — 9 jours; 5 —12 jours
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Fig. 18. Comparaison entre l’énergie (le réflectance d ’une feuille de coton, mesurée sur le 
te rrain  p a r un spectroradiom ètre (1) e t la  réflectance to ta le , m esurée en laboratioire p a r un 

spectrophotom ètredetype D K  —2A (2) d ’après V. I. Myres 1970

B. 3. Le phénomène de défoliation déjà signalé dans le point B. 1.2. 
nous montre plus généralement que la plante à étudier doit couvrir au 
moins 40 — 60% du sol afin que la réponse spectrale enregistrée soit signifi
cative. En-dessous de ces valeurs le réfléchissement du sol est prépondéran
te, ou bien cause une «bruit» dont le signal devient ininterprétable. Ainsi 
la densité et la continuité de la couverture végétale jouent un rôle intéres
sant dans la télédétection forestière.

C. Facteurs externes.
On va examiner quelques parmi des facteurs nombreux qui causent 

des changements dans le spectre réfléchi par la feuille.
C.l. Les condition climatiques jouent un rôle important surtout dans
— la fréquence des situation météorologiques représentatives qui 

influance de prise de vue (voir encore A. 1.);
— la modification exprimée par l’effet de l’humidité (voir C.3.);
— la manifestation transformée sur les caractéristiques internes du 

végétal en raison de l’adaptation.

C.2. Les condition pédologiques produisent de l’effet sur la végétation 
qui se révèle dans les processus physiologiques.

C.2.1. L’insuffisance des matériaux nutritifs peut provoquer des symp
tômes aussi nombreux que celui des maladies mais les modifications sont 
plus légères, en indiquant toujours un écart de la norme. On peut constater 
les différentes modifications de la courbe de réflectance selon l’insuffisance 
du calcium, du fer, du magnésium, du zinc, du phosphore, du potassium 
etc. L’un des plus important des matériaux nutritifs est de l’azote. La di
minution de la concentration de l’azote dans la solution nutritive occasionne 
une décroissance du contenu de chlorophylle et un accroissement du con
tenu d eau dans les feuilles à cause de modification de la structure de mé- 
sophvlle affectant la transpiration et aussi la température. On peut détec
ter les changements de la réflectance spectrale dans le visible et dans le

9  ANNALES — Sectio Geographica — Tomus XIII —XIV.



proche infra-rouge aussi et ces changements sont quantitatifs selon la figure 
19. La détection de déficience des m atériaux nutritifs a grand intérêt 
su rtou t dans l ’agronomie.

J30 GABB1S GY.

Fig. 19. L’effet de la  déficience de l ’azote sur la  réflectance diffuse des feuilles du pim ent
doux (V. I. Myres 1970)

1 — faible; 2 — moyen: 3 — sévère

Fig. 20. La réflectance spectrale des feuilles de coton en fonction du contenu de chloride de la 
solution nutritive (J. R. Thom as e t al. 1966)

1 — 1325 ppm  CI; 2 -  3776 ppm  Cl.

0.2.2. La forte salinité du sol produit de l’effet destructif sur les plan
tes, qui montrent une tolérance variable à l’égarde. La chloride — l’anion 
le plus important et le plus fréquent -  règle l’absorption de l’eau, ainsi 
l’influence de salinité montre des caractère semblable avec celle de l’hu
midité. Selon la figure n°20 l’accroissement du contenu de chloride du sol 
provoque des variation quantitatives sur la courbe de réflectance. L’in
térêt de la détection du salinité du sol est intéressant en premier lieu sur les 
territories desséchés et irrigués.

C.2.3. Les effects de minéralisation a été examinés par l’addition 
d ’énorme quantité des minéraux provoquant quelque fois des variation d ra
matiques dans la vitalité e t le développement des plantes. Les modifications 
costatées dans la réflectance de la bande spectrale verte étaient en relation



avec la chlorose et dans la bande infra-rouge avec frondaison, c’est-à-dire 
la densité des feuilles (mal développées à cause d’un déclin de vitalité). 
Mais le caractère des courbes, autrement dit la particularité globale de la 
réflectance spectrale ne se change pas. La modification selon le contenu 
minéral du sol et celui du végétal est plutôt quantitative que qualitative 
(fig. 21 et 22).
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Fig. 21. La courbe de réflectance anorm ale (2) du  sapin rouge (Pinus silvestris) est la  consé
quence du sol minéralisé (cuivre e t molybdène) d ’après E . Yost e t S. W enderoth

1971

Fig. 22. L a courbe de réflectance anorm ale (2) de baum ier (Abies balsam ea) est la  coséquence 
du sol minéralisé (cuivre e t molybdène), d ’après E . Yost e t S. W enderoth 1971.

9 *



Cependant la proportion des différents éléments minéraux des plantes 
se ratache d’abord à la structure géologique de l’écorce terrestre -  à la 
roche-mère — et ensuite à la mobilisation de ces éléments ou bien à l’ex
ploitabilité par les plantes. Cette dernière est en connection surtout avec 
le climat et toutes les deux nous conduisent à la biogéochimie, à la nouvelle 
branche de géographie physique dont la télédétection est aussi largement 
utilisable.

C.3. L’absorption et le contenu de l’eau de la plante sont influencés 
par plusieurs factors indépendant — par example l’humidité du sol, la tem
pérature de l’air, la radiation du soleil, les maladies etc. — mais tous peu
vent se manifester à la môme manière quantitative sur la courbe de réflec
tance (fig. 23). Les écarts de l’étalon sont constatés dans le visible et dans 
l’infra-rouge aussi, mais l’anomalie la plus caractéristique se trouve dans la 
bande rouge du spectre visible.
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Fig. 23 Reflexion e t transm ission diffuse des feuilles de coton selon l’hum idité du sol (V. I.
Myres 1970)

D. Le rayonnement réfléchi traverse l’atmosphère de nouveau avant 
d’être capté par l’appareil photographique et l’émulsion. L’interaction de 
l’atmosphère se manifeste p.e. dans la diffusion de la lumière (fig. 24), 
ainsi dans la diminution des contrastes. En comparant des clichés pris sur 
terre et ceux de l’avion, on doit constater que les teintes de photographies 
à terre sont assez différentes de celles des clichés aériennes surtout pour 
l’émulsion infra-rouge couleur. Par cette cause la il semble désirable d’in
troduire la notion de la réflectance de la couronne (ou toit végétal) proposée 
par les chercheurs russes (fig. 25) et déterminer la composition spectrale 
des espèces à partir de l’avion.
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Fig. 24. Influence de l ’a ltitude de l ’avion sur la  diffusion atm osphérique. La courbe inférieure 
représente la répartition  spectrale de la  lum inance du terrain  pour un  avion volan t au dessus 
d une zone forestière, à une a ltitude de 100 m ètres, La courbe supérieure représente le même 
terrain , vue de 2000 m . La partie  hachurée est l’apport parasite  de lum ière diffusée quand

l’a ltitude passe de 100 m à 2000 m

Fig. 25. Les courbes de réflectance spectrale des arbres caractéristiques dans les forêts boré
ales e t sur les zones arides. La ligne continue m arque la  réflectance de la couronne, la  ligne 

tiretée m arque la réflectance de feuille (N. G. K harin  1973)
1 -  Pinus silvestris; 2 -  Picea excelsa; 3 -  Larix sibirica; 4 -  Betula alba; 5 -  Populus tremula;
6 1 opulus balsaimfera; 7 — Haloxylon ammodendron; 8 — Haloxylon persicum; 9 — Ephcdra

strobilacea.
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Fig. 26. Los courbes typiques de la  réflectance spectrale des p lan tes
] -  conifères ü ’icea excelsa); 2 -  feuillus (Populus tremula); 3 -  halophytes (Oypsophylla scricea;) 
4 -  psammophvtes (Haloxylon perslcum); 5 -  plantes île coussin (Nanophyton erinaceuni) 

d’après N. G. Kharin 1973; 6 -  succulents (Opuntia gaseliana) d’apres D. M. Gates 190a.

Conclusions et propositions
Les recherches américaines visées de trouver une clef mathématique 

absolute utilisant le maximum de paramètres déjà mentionnés semblent 
être éloigner de la solution réelle. Surtout que les variations intraspécifi- 
ques paraissent fortes par rapport aux variations interspécifiques. «Il 
n’existe pas de relation directe simple entre les caractéristiques spectro- 
photométriques de l’objet photographié et celles des colorants formés lors 
du développement des couches sensibles» (Tarkington 1959). Mais «dans 
le domaine de la détection aérienne ceci n’est guère gênant, parce que ce 
(pie l’on cherche surtout c’est la mise en évidence de différences de den
sité» (Ch. Rosetti 1969) et la couleur. Qu’est ce qui reste comme solution ?

1. L’utilisation des méthodes classiques de la photointerprétation
— la forme et l’ombre, la teinte ou la couleur, la taille des éléments, 

l’aspect de l’image, les condition édaphiques etc.
— avec les matériaux plus nouveau (l’émulsion couleur, infra-rouge 

couleur).
2. L’exploitation plus poussée des différences dans la réponse carac

téristique sur l’émulsion et en même temps l’élimination des effets acces
soires et troublants. Ayant à notre disposition des données

— de la sensibilité des couches de l’émulsion;
— de la pourcentage de transmittance des filtres Wratten;
— des courbes de réflectance spectrale des plantes, il est possible 

— avec les méthodes graphiques ou numériques — de déterminer 
le filtre qui concentre sur la bande spectrale où les différences entre 
des espèces examinées se manifestent spécialement.



Les variations cjualitatives des courbes de réflectance des diverses 
plantes (fig. 26) servent de la base de choix des filtres, tandis que dans les 
cas des variations quantitatives la bande déterminés par le précurseur 
reste intéressante au cours de l’étude. La population normale apparaît com
me le fondements de la spécification des filtres. Ainsi les changements 
quantitatifs qui indiquent l’écart de n’importe quelle cause de la norme, 
servent de la détermination des anomalies. L’étude des anomalies nous con
duise à 1 exploitation des prise de vues dans les différents domaines de géo
graphie (l’étude des conditions pédologiques, hydriques, microclimati
ques, écologiques, de morphologie dynamique et de géographie de paysage). 
Naturellement le choix de filtre varie selon des espèces visées de séparer 
des autres sur la territoire examinée. II est évident aussi, que les circon
stances rigoureusement déterminées de prise de vue mentionnées sur les 
points A; B. 1.3; C.l.a. sont indispensables en vue de la valeur plus générale 
des expériences.

La méthode proposée par J. Riom (1978) pour but de la télédétection 
phytosanitaire notamment la sélection chromatique des trois couches sen
sibles de l’image déjà prise est semblable selon l’objectif. En utilisant des 
filtres déterminés (p.e. WR. 4713, WR. 61 et WR, 29), chacun des trois 
images réproduites de cliché original contient l’information d’une couche 
du film infra-rouge couleur. «Si la ’signature spectrale’ de la maladie est 
enregistrée sur une seule couche, l’image par cette méthode est ’déparasité’ 
des informations inutiles contenues dans les deux autres» (Riom). Il est 
facile d’apercevoir que l’utilisation des filtres à l’occassion de prise de vue 
pour concentrer la réponse de l’émulsion sur la bande jugée le plus carac
téristique au point de vue des différences des plantes étudiées apporte me
illeurs résultats.

Cette nouvelle approche de déterm ination doit ê tre  naturellem ent liée 
les méthodes classiques ci-mentionnées de la photo-interprétation de la 
végétation.

Tm  méthode utilisée pour le choix des filtres
Pour la séparation plus poussée par l’émulsion des différentes plantes 

il faut une fois comparer leurs courbes de réflectance en déterm inant les 
zones spectrales ou celles-ci m ontrent les écarts les plus grands. Ensuite il 
faut concentrer la sensibilité des couches de 1 émulsion à l’aide des filtres 
sur cette bande en élim inant -  s ’il est possible — ou en réduisant l’effet 
des autres bandes du spectre réfléchi. On peut joindre les résultats approxi
matifs en superposant les données de la transmission des filtres, des sensi
bilités des émulsions e t des propriétés de réflectance des plantes dessinées 
sur les calques quadrillés semilogaritmiques en même échelle. Pour un meil
leur aboutissement on doit calculer d ’onde par d ’onde les données muné- 
riques de la sensibilité des couches des émulsion selon la transm ittance des 
dives filtres types Kodak W ratten. En com parant ces résultats avec les 
éléments de réflectance des plantes le choix du filtre le plus convenable est 
résolu. La solution plus dém onstrative consiste à tracer des courbes selon 
les tableaux calculés, puis à les comparer en superposant.
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Il est bien évident que cette méthode est utilisable non seulement dans 
le cas de la détection de la végétation mais une manière plus large dans le 
cas des autres objets également si on possède les courbes de réflectance de 
ceux-là.
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РЕЗЮМЕ
ФАКТОРЫ И МЕТОДЫ ИНТЕРПРЕТАЦИИ АЭРОФОТОСНИМКОВ ДЛЯ 

ЦЕЛЕЙ ЛЕСНОГО ХОЗЯЙСТВА
Автор у з у в э л  изменения характера электромагнитных волн от источника излу

чения до камерыи в интересах того, чтобы стало возможным установить те теорети
ческие, а затем и практические возможности, которые м о г у т  у л у ч ш и т ь  дешифриро
вание аэрофотоснимков, отснятых с небольшой высоты простых неметричетких 
камер и фильтров Кодак Враттен на инфракрасные фальшивоцветные пленки Ис
следуя влияние важнейших факторов, а также их причину автор различает коли
чественные и качественные изменения. Качественные изменения означают сдвиги 
между зонами полосы спектра, другими словами происходит изменение общего ха
рактера отражаемой кривой. В то же время количественные изменения не изменяют 
оригинальный ход кривой независимо от того проявляются ли эти изменения гло
бально или же концентрируются только на о д н у  и л и  несколько полос спектра. Та
ким образом не изменяется ни общий характер кривой, ни спектральное место мак
симумов или М И Н И М У М О В .

Вместо использования общепринятого шифра на математической основе автор 
предлагает: I) Использование классических методов (форма, тень, оттенок лил цвет 
и т. п.) с помощью новых материалов, 2) В интересах дальнейшего использования 
различий в характере отражения и в то же время для лучшего устранения сопря
женных и мешеящих влиянии с помощью графических или численных методов в за
висимости от территории и изучаемого объекта необходимо применение таких цве- 
тофильтров, которые обеспечивают концентрацию на ту п о л о с у  спектра, где изу
чаемые различия особенно велики.

Свойства средней популяции определяют выбор фильтров и количественные 
отклонения от нор,мы по любой причине служат для установления аномалий и их 
причин. Изучение аномалий приводит к дешифрированию снимков с различных то
чек зрения (почвенные, гидрологические, мнкроклиматологическис, экологические, 
геоморфологические и т.п. у с л о в и я )

Естественно этот ,метод пригоден не только для интерпретации раститель
ности, но и  в  более широких масштабах и в случае любых других объектов, если 
.мы знаем крнвуо их отраждния.
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In  the past decade plenty of d a ta  available helped the scientists to  
draw  more accurate conclusions, referring to karst morphology. Y et, in  
nine cases out of ten morphological processes are explained by deduction 
draw n from the observation of the developed forms. The description of m ea
surem ents in recent formations of karst is only occasional and long term  
m onitoring is scarce in literature.

Methods of chemistry, physics, geology and other branches of sciences 
greatly contribute to the revelation of new aspects, dealing with the gene
tics of karst. B ut in most cases morphological observation needs special 
methods to  be developed which provide us with the possibility of moni
toring in the site of the investigation. The application of laboratory analysis 
is difficult to carry out in the  field and d a ta  thus gained are not objective.

While I  was observing the development of karst form ations I  worked 
out some methods on theoretical and experimental basis. None of these 
methods take a  lot of money and the results achieved are accurate enough.

My observations in which I  applied new field-work m ethods concern 
the revelation of the form ation of dolines, the process of solution in rock 
and all processes related to  them.

The investigated area was chosen by bearing in mind th a t the results 
should be accurate enough and th a t  the area should represent a tem perate 
zone karst area. In  this way all d a ta  gained can be applied to  any similar 
phenomenon and generalization can be made. In  the  following I  give a 
detailed description of three methods to  be applied in field-work.

I. Registration of downflow and percolation on the slopes of dolines

The investigated area, just like any o thero fthe  same kind in tem perate 
zone or semi-tropical areas, is mostly covered by a thin layer of clay which 
belongs to the terra  rossa soil group. In some places the layer of red clay is 
replaced by open rock outcrops or other soils (black forest soil of karst 
areas), but in general it  is a covered or half covered karst area. The slopes 
of the several number of dolines are covered by a thin, while the  bottom  by



a thick layer of clay (2 — 20 metres). The survey of the recent development 
of dolines can not be carried out without observing the flow of water in the 
catchment area of the dolines, which are the slopes themselves. We can 
neither neglect the erosional and corrosional effect of water. To study all 
these 1 have chosen an area clearly representing the features of half cover
ed karst areas.

The most important respects of choosing the area were as follows:
1. The structure of rock on the slopes should correlate with the general 

petrological state of karst rocks.
2. The thickness and composition of deposits and soil on the karst 

should be the average.
3. The inclination of slopes should be an average but segments of 

different slope angles must alterate.
4. The area to be surveyed should be one, well demarcated hydrolo

gical unit.
5. The ecology of the area and the surroundings should not be distur

bed and no anthropogene impact can be tolerated.
6. The equipment used during the observation should be set up with

out any basic interference in the water system of the area. The 
area should be accessible by the observer under any weather 
condition.

The selection of the right doline needed an earlier survey of more 
than a hundred dolines. The following parameters had to be examined:

a) Amount, distribution and intensity of precipitation.
b) Surface water runoff and deposits taken hold of.
c) The quantity of infiltrating water towards the deepest point of 

the doline and the average carbonate solution capacity of the in
filtrating water, which was determined by taking samples from the 
water.

The structure, registrating runoff and infiltrating water, was built mostly 
from natural materials and 1 tried not to disturb the natural surroundings.

The investigated area was a 646 sq. metre western slope of a doline 
(Fig. 1). The upper border of the slope was a sharp ridge between two doli
nes while the boundaries on both sides were clearly marked by karr rocks 
rising high above the surface, preventing the inflow of water from the 
neighbouring areas. The boundary at the bottom was artificially determined 
right along a line where the thin layer of clay on the slope mingles with 
the thick layer of clay on the bottom of the doline.

In this line a ditch was dug as deep as the limestone bedrock (Fig.2). 
The 28.3 metre long ditch revealed the layers of the soil and clay deposits.
I took samples of the soil and the structure was never disturbed. The exa
mination of the soil samples took place in laboratory.

The site of the ditch was determined by the examination of several 
preliminary hole drillings (Fig. 3). The soil dug out of the ditch was tempo-
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Fig. 1. The investigated area
1. Slope of doline 2. D itch w ith  pipe duct (a) and  with drain pipe (b) S. Shelter

F i g .  2 .  L o n g itu d in a l p ro file  o f  th e  d itc h  
a )  Bottom of doline b )  Terra rossa sediment c )  Soli d )  Surface with vegetation

rarily  piled up far from the investigated area. The ditch was dug to  catch and 
conduct downward filtering water in the soil of the slopes into a tank. The 
outer wall of the ditch was covered by PVC, the edge of which was turned in 
order to  lead infiltrating w ater back on the bedrock. At the bend of the 
PVC sheet a closely perforated drain pipe was pu t in a ballast (flint-gravel- 
sand) bedding to  catch and drain the  infiltrating water. This bedding pre
vents the choking of perforations in the drain pipe. At the  deepest point



of the ditch a forking of PVC drain pipe conducts water into the tank. 
Above the ballast the ditch was filled in with the original soil, taking care 
of the  right order and compactness of layers.
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F i g .  3 .

1. Slope of the rock 2. Thin layer of deposits and soil 3. Downflow of infiltrating water 4. Precipitation 
5. Surface runoff and erosion of deposits 6. Bottom of doline 7. Ditch 8. Tank No 1. 9. Tank No 2. 

10. Registration equipment 11. Registration equipment (ombrograph) 12. Thick layer of clay

On the top of the ditch a pipe duct collected the surface runoff. The 
pipe duct was covered from above, so that the direct rainfall should not 
add up to the amount of water of the surface runoff. On the side of the slo
pe the pipe duct was connected with the soil in the level of the original 
surface and thus gave way to the drainage of water into the second tank. 
(Fig. 4).

The tanks were put in a 2 by 3 metres covered shelter, which is in the 
thick layer of clay in the bottom of the doline. The shelter is timbered.
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Fig. 4. Cross section of th e  d itch
1. Limestone 2. Infiltrating water 3. Deposit filled back 4. Drain pipe 5. Ballast 0. Pipe duct 7. PVC-

cover

In each tank there is a sensitive equipment registering the level of wa
ter in the tank. The colledted water can be let out by a tap but in case 
the tank fills up too quickly, it is emptied automatically though a self
discharging siphon. The registration is continuous. The drain pipes leading 
into the tanks are also supplied with a water sampling unit.

The tanks are big enough to receive the water of a heavy rainfall 
without being emptied.

Erosional deposits collect partly in the pipe duct and partly in the 
tank. Soil and terra rossa layers (black forest soil and humuous terra rossa) 
vary to a large extent. Their structural characteristics (Table 1), water 
absorption capacity and permeability (Table 2) indicate that the speed of 
water percolation differs from site to site on the slope.

The figures of permeability by layers show that there is hardly any 
infiltration in areas where there is no humuous soil, thus runoff is heavy. 
In other places rainfall of high intensity is also absorbed by the rock and 
downward seepage is heavy. I t  is particularly true where the thick hu
muous layer is on a thick layer of red clay. In the first case the rock of the



Table 7.

S t r u c t u r a l  c h a r a c t e r i s t i c s  o f  t h e  d e p o s i t s  in  t h e  i n v e s t ig a te d  a r e a
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Number Specific
gravity

V olume 
of soil 

without 
pores 

per cent

Total pore 
volume

Volume
weight

Speed of 
absorption 
capacity 

20 mm/hour

Permeability
mm/hour

1 a 1,93 43,0 57,0 0,832 2" > 1500

2 a 1,3 58,0 42,0 0,76 3" >1500

3 a 2,25 57,8 42,2 1,29 18'37" 71

4 a 1,66 62,0 38,0 1,03 — 805

5 a 2,05 56,8 43,1 1,16 3h 36'57" im perm eability

6 b 2,77 47,11 52,89 1,30 54'12" im perm eability

6 a 1,89 70,40 29,60 1,33 — 400

6 b 2,10 62,7 37,25 1,33 23' 37

7 a 2,05 66,9 33,01 1,37 — 86

7 b 2,39 59,3 40,7 1,41 10'24" 93

8 a 2,00 61,9 38,1 1,24 2 '43" 363

8 b 2,34 60,1 39,9 1,41 21 '9" 85

9 a 2,76 50,1 49,9 1,38 36'40" 45

9 b 2,49 52,2 47,8 1,30 27 '8" 68

10 a 2,13 60,0 40,0 1,27 - 620

11 a 2,4 55,7 44,3 1,32 5'51" 169

12 a 1,37 81,9 18,1 1,12 8" 1063

12 b 1,90 53,0 47,0 1,01 — 540

13 a 2,47 59,2 40,8 1,16 5" 1324

14 a 1,68 59,0 41,0 0,99 3" > 1500

15 a 1,69 52,5 47,8 0,89 2" > 1500
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slope is not a t all solved, in the second it is strongly solved, while in the 
th ird  we can expect a  modest corrosion of the rock. After a while these 
changes can contribute to the morphological changes of the slope. The data  
obtained also helps to plan the dimensions of the m easuring system.

II. Quantitative analysis of karr-development

An increasing number of typical karr formations is known from the 
various climatic zones. The pertaining studies reveal much about the fac
tors of karr development, there are, however, but few measurement data 
characterizing the growth process of karr grooves. The analyses to be pre
sented in the following have served two objectives:

1. To obtain data about the speed of contemporary karr development 
by means of systematic measurement for several years of the solution of 
the sides of the karr furrow.

2. To study the role of humic soil at the bottom of the karr groove in 
karr development.

In order to achieve these objectives the measuring spot was selected 
on a well soluble Triassic limestone rock surface with karrs, evolved on 
the steep (60%) slope of northward exposition of a deep doline. From the 
edge of the doline, in the direction of the slope there extended a pair of 
parallel karr furrows, each more than three meters long and well developed 
within the temperate climatic conditions. This site has proved adequate 
for carrying out the analyses. The measuring device was prepared so as to 
collect the whole amount of precipitation dripping on the sides of the karr 
furrows, and to detect its dissolved carbonate content and lime-agressivity 
by means of quantitative analysis. It was essential to ensure that no amount 
of water would get into the karr furrow from other surfaces, and thus 
the dissolved lime-content would origin from the solution of the sides of the 
karr furrow only. This condition was provided owing to the fact that the 
pair of karrs selected for measurement strated from the top of the slope, 
at the edge of the dolina. The furrows had V shape in cross-section, i.e. 
grew narrow towards the bottom, they ran in parallel, and their length 
was about the same, which yielded possibilities for comparison.

For collecting the water flowing on the sides, the bottom of the fur
rows (where their width was less than 3 cm) was filled with concrete in 
accordance with the slope, their lower end was closed down by means of a 
concrete barrier. Thus a channel was achieved in both furrows, which led 
the water flowing on the sides of the karr to the barrier, from where it 
flew through a filter and an undergroud PVC conduit into plastic samp
lers andaPV C  tank of appropriate capacity to receive the total water 
quantity, all placed in the collecting spacesunk in the slope. In order to avoid 
that the water flowing on the sides of the karr solve, by means of its re
maining agressivity, from the material of the concrete surface, this latter 
was covered with synthetic resin. The applied synthetic resin of two com
ponents and of mesh structure had been selected after several years’ ex
periments. Before its application the bottom of the karr furrow and the
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concrete channel had been cleaned with wire brush and treated with HC1 
solution. On the surface thus prepared the synthetic resin held fast, and no 
repairing was needed for about three years. As the preliminary experiments 
had proved in advance, the water maintained its natural chemical featu
res while flowing on the synthetic resin cover into the closed collecting
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Fig. 5. The surface ex ten t o f th e  w alls o f the two inverstigatecl k arr channels. Scale 1:10
I. Karr filled in with deposits in the original order of layers of soil 

II. Karr without soil



system. By means of underground channeling, collecting and storing it 
was possible to collect precipitation and melting snow in winter too, 
without trouble.

In  the course of these preparations the original condition of the rock 
surfaces with karrs, moss and lichen cover rem ained in tact.

For defining the rate of solution per surface unit it was necessary to 
measure the extension of the side surfaces of the furrows. In view of the 
roughness of surfaces this measurement was made by means of detailed 
mapping (Fig. 5.), and by the application of a smooth layer of material 
disposable without trace.

In  one of the parallel furrows the humic soil taken out before filling 
the bottom  with concrete was reposited. Thus in this furrow the flowing 
w ater underwent chemical change while filtering through the soil a t the 
bottom . In  the other furrow the solution power of water was identical w ith 
its overground, natural solution power. The difference in the lime aggres- 
sivity of waters flowing from both furrows indicates the role of soil in lime 
solution (Fig. 6.).

SOME METHODS TO OBSERVE KARST CORROSION J47

Fig. 6. The two k a rr  channels and th e  gauging equipm ent
a )  concrete basement b )  synthetic resin cover c j  soil filled back d j  concrete bar to catch the water 

e )  filter I )  PVC-pipe g )  water sampling unit h )  lank

10*



III. Analysis of the solution of rock surfaces

Water flowing from well delimited rock surfaces of definite size can 
be collected and examined. For this purpose it is essential to build a water 
collecting device so as to ensure that the original solution process and the 
quantity and composition of flowing water are not changed.

1. Measuring method of the solution of cliffs
Two cliffs of measurable size, standing side by side were selected ac

cording to the above mentioned aspects. At their lower end the cliffs were 
engirdled by concrete collecting ditches with synthetic resin cover. The 
total amount of water solving the surface of cliffs flew into the ditch, and 
from there, through a filter and underground conduit into a sampler and 
tank placed in an underground closet with door on the top. The first cliff 
(no. I.) yielded data about lime solution, whereas the other (no. II.), where 
the original soil surrounding the cliff was reposited in the concrete ditch 
about the chemical changes of water filtering through the soil.
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F i g .  7 .  T w o lim esto n e  co lum ns w ith  d itch es 
I —II. Bock columns a )  ditch b )  synthetic resin cover cj soil filled hack d )  PVC-pipe e )  tank

2. Measuring method of the solution of flat rock surfaces
Water flowing from the delimited flat surface of a solitary rock was 

collected in a concrete trough with synthetic resin cover, sunk in the soil 
at the foot of the rock. From there it flew into a tank. The whole collect
ing device was covered thus ensuring that the collecting system recei
ved the water flowing from and corroding the rock surface only. (Fig. 8.)

In case of all the three methods elaborated for the analysis of carst 
corrosion and carst infiltration processes the following aspects of obser
vation were applied:

a) Observation is a continuous process within regular periods for 
several years.



b) The regular series of measurements are carried out weekly, but in 
the periods of maximum precipitation and snow melting extra 
measurements may be carried out.

c) Water samples are analyzed partly on the spot (pH value, tem
perature, dissolved carbonate content, C02 content), and partly 
in laboratory (pC02, organic material content, Fe, Mg, Mn, Cl, S 
content, microelements).

SOME METHODS TO OBSERVE KARST CORROSION I4 9

Fig. 8. Concrete canal
a) solved rock surface b) concrete canal c) synthetic resin d) PVC-pipee) tank
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РЕЗЮМЕ

НЕКОТОРЫЕ МЕТОДЫ НАБЛЮДЕНИЙ КАРСТОВОЙ КОРРОЗИИ 
КАРСТОВОГО ПРОСАЧИВАНИЯ

В интересах того, чтобы теоретические выводы карстоморфогенетического ха
рактера в большей степени основывались на применении количественных методов 
исследований, срочной задачей является осуществление систематических наблюде
ний и регистрация современных процессов развития карста. Постоянное изучение 
развития некоторых форм карста требует разработки специальных методов наблю
дений. По отношению к применяемым методам наблюдений выдвигается требование, 
чтобы посредством их стало возможным дифференцированное измерение влияния 
важных факторов в развитии форм карста и чтобы используемая методика не иска
жала параметры отдельных процессов. На основании результатов многолетнего 
экспериментального применения ряда методов наблюдений способ измерений, раз
работанный для трёх различных форм карста (долины, каррового канала и оголённой 
скальной поверхности), можно считать приемлемым для проведения систематических 
измерений.

I. Измерение просачиваемости, поверхностного стока и эрозии склона долины.
Измеряемая территория может быть таким склоном долины, свойства которой

отражают общие характерные черты территории. Важным условием является то, 
чтобы почвы и склоновые отложения, покрывающие измеряемую территорию, не 
имели гидрологической связи с соседними участками склона. На границе склона и 
дна долины сооружена траншея, выложенная поливинилхлоридной плёнкой, кото
рая накапливает воду, просаливаемую через склоновые отложения и эта вода затем 
через дренажную трубу отводится в приёмный бак, где прибор регистрирует уровень 
просачиваемости. Поверхностный сток по склону долины и увлекаемые при этом 
отложения накапливаются в специальном приёмнике, сооружённом над траншеей, 
откуда затем отводятся в другой подземный регистрационный бак. Система обору
дована также прибором для взятия проб воды и омбрографом.

II. Измерение степени растворимости боковых стен каррового канала: В н и з у  
отобранных для измерений карровых борозд крупного размера с помёщыо бетона 
сооружается специальный канал, стенки которого покрываются полиэфирной синте
тической смолой. Вода, растворяющая боковые стенки карровой борозды, через этот 
канал попадает в подземный приёмный бак, где производится отбор проб воды. В ка
нал второй карровой борозды, которая параллельна первой и сооружена подобным 
образом, есть возможность поместить прежнюю п о г в у  и таким образом стекающая 
вниз вода, просачиваясь через почву, после соответствующих анализов отражает те 
гидрохимические изменения, которые произошли в почве.

III. Измерение растворимости оголённых скальных поверхностей: В низу 
склона точно измеренной скальной поверхности на уровне почвы сооружается 
покрытый синтетической смолой бетонный жолоб, который накапливает стекающую 
воду. В дальнейшем вода попадает в закрытый приёмник и не подвергается даль
нейшим химическим изменениям.

В изложенных методах измерений общим является то, что они требуют ежене
дельных наблюдений, являются простыми и дёшёво осуществимыми и не означают 
отрицательное вмешательство в те процессы, которые мы хотим измерить.

¡5 0  '  ZAMBOL.
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The country th a t was first in constructing atomic power stations in 
large num bers was G reat Britain.

Following the Soviet Union, the second country to install an atomic 
power station for the purpose of producing electric energy was Britain, 
where the Calder Hall atomic plant was put into operation at the town of 
the same name in 1956 (Fig. 1.). This atomic plant, built as a gas-cooled 
magnox type station, generated 4 X 55 MW* capacity by its full completion 
in 1959. This power plant is situated on the western shore of Britain and on 
the same latitude as that of the northern tip of the Isle of Man. This nuclear 
plant (Type MK —I) also supplies technological steam to the Windscale 
Nuclear Research Institute built a little north of here.

Two years later (in 1958) this was followed by the Chapel Cross Atomic 
Plant near the town of Annan, at the mouth of a stream with the same na
me, in the south of Scotland, some 70 km north of Calder Hall, furnished 
by four similar units in its full completion. To prove their good productiv
ity some 3 thousand million kW-hours of electric energy is generated year
ly in these two plants.

These power plants operate on carbon dioxide gas-cooled, graphite- 
m oderated reactors, by heating elements made of natural uranium  placed 
in grilled-surface magnesium alloy casings. The name “ m agnox” originates 
from this. No equipm ent is needed therefore to  enrich uranium  for their 
operation. Thus the British nuclear energy programme was able to run 
independently from the United States, and enabled the production of a 
certain am ount of plutonium for military purposes. Production of p luto
nium in gas-cooled reactors is faster than in atomic plants of the water- 
water type. »Some 500 — 600 kg of plutonium can be produced yearly in a 
1000 MW capacity gas-cooled reactor (non-existent in reality), while ou t
put in a water-cooled reactor of similar size is about 300 kg.

* N uclear reactors m ay be defined by their capacity  o f generated heat. 3 0 -3 4 %  of 
it  is transform ed into electric energy by the electric blocks (turbines, generators). F o r th e  sa 
ke of sim plicity and c larity  electric capacities, th u t m ay bo connected to  reactors, are given as 
,, reactor capacities” in this study.
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Figure 1. Location o f nuclear power p lan ts and  o ther works connected w ith  nuclear industry
in th e  U nited Kingdom.

I. Working nuclear plants: 1 -  (’aider Hath 2 -- Chape! Cross; 3 =  Berkeley; 4 ■ - Bradwell; o
. llunterston; 0 -  Trawsfynydd: 7 = Oldbury; 8 = tlinkley Point; 9 = Dungeness; 10 = Sizewell;

11 = Wyifa; 12 = Hartlepool; 13 =  Heysham; 14 = Windscale; 10 — Winfrith; 10 =  Dounreay.
II. Nuclear plants under construction: 1 = Torness. III. Uranium enrichment plant: 1 =  Capenhurst 
IV. Production of uranium metal: 1 - Springfield». V. Manufacture of hetaing elements: 1 =  Spring- 
fields. VI. Reprocessing plants: 1 =  Windscale; 2 =  llounreay; 3 = Capenhurst. Military plant:

1 =  Aldermaston.
The category’ “ working nuclear plants” (on figures 1 — 7) also include those planned for completion

by the end of 1980.

The installation of these two plants was followed by a short interval 
for acquiring some operating experience that was to be put into use in 
later development works. From 19(52 on production of reactor blocks of 
the same type, capacities now standing around 150 MW, began on a mass 
scale. Among these are included the reactor blocks of the Berkeley Atomic- 
Plant (2X 16" MW) near Gloucester, at the mouth of the Severn, completed 
in 1962, and the reactor blocks of the Bradwell Atomic Plant (2X 187 MW) 
a little to the north of the Thames estuary. The town of Bradwell lies on 
the southern shore of Blackwater Bay. Two more reactor blocks of this 
kind were built during 1964— 1965 in the town of West Kilbride, Scotland, 
as the first units of the Hunterston Atomic Plant (2X 180 MW). They are 
located on the coast, slightly southwest of Glasgow.



From 1965 on unit capacities were increased significantly: a total of 
10 gas-cooled reactor blocks of 250 — 300 MW each were built between 
1965— 1967. They are: Trawsfynydd Atomic Plant (2X292 MW), on the 
northeastern part of Wales, in the vicinity of a northern inlet of Cardigan 
Bay, named Tremadoc, on the shore of a lake with the same name. Oldbury 
Atomic Plant, slightly south of Berkeley Atomic Plant, in the Severn es
tuary (2X317 MW). Hinkley Point Atomic Plant, southwest of Bristol in 
Bay of Bristol, at the town of Somerset (2X332 MW). Dungeness Atomic 
Plant, in the southeastern part of England, some 30 km south of Dover 
on the coast (2X288 MW), near the town of the same name. Sizewell 
Atomic Plant, is southeastern England, about 40 km northeast of the town 
of Ipswich on the coast, next to the small town of the same name (2x325 
MW).

Several years had passed until the setting up of the new reactor fam
ily and the years 1968— 1971 saw no new atomic power station put into 
service. From 1972, however, unit capacity has again been doubled and the 
installation of AGR-type atomic plants equipped with 590 — 625 MW re
actor blocks was started. 12 such reactor blocks have been constructed so 
far or are under construction. First to be completed was (1972) Wylfa Ato
mic Plant, in the northeastern part of Wales, on the island of Anglesey, 
(2X590 MW) but due to the risk of steel corrosion, it is operating at a 
lower temperature than had been originally planned, and supplies a total 
capacity of 900 MW, which was followed by the expansion of Hunterston 
and Hinkley Point plants in 1976 — 1977 (both are AGR-type and repre
sent 2X625 MW capacity). After these work has started on the construct
ion of the AGR-type Hartlepool Atomic Plant (2X625 MW) which is ex
pected to be fully operational by 1980 — 81. The two AGR-type units of 
625 MW capacity each of Dungeness B Atomic Plant (expansion) are plan
ned for completion by 1979 — 80. The AGR-type reactor blocks of Hey- 
sham Atomic Power Plant (also with 2X625 MW capacity) are planned to 
be installed near the town of the same name, a little to the south of Calder 
Hall Atomic Plant, in 1980 — 81.

Despite the forced pace of construction Britain lost her place as leader 
in installed nuclear plant capacity, for in 1972 January built-in capacity 
was 6091 MW in Britain, wile 10 040 MW in the United States. At the same 
time Britain’s nuclear industry has lost its hope of selling atomic plants 
abroad because gas-cooled reactors are unable to compete with those of 
water-water type in the phase of primary investment. This is a very serious 
loss for the branch of Britain’s machine industry that specialize in the con
struction of gas-cooled atomic plants.

Efforts have been made to lessen or even put an end to this disadvan
tage and a determined attempt was made to improve the MK —I gas-cool
ed base reactor from different standpoints. I t was enabled to replace fuel 
during running, and due to the crystallization of fuel the use of U 02 as 
heating material was taken up. Moreover, planning of new, competitive 
reactor-tvpes has been encouraged.
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A 33 MW electric capacity AGR-type (Advanced Gas-cooled Reactor) 
unit was put into operation (mark MK—I I)  in the Windscale Research 
Institute as early as 1962, whose fuel was slightly enriched (1.5—1.7%) 
U 02. Temperature of gas released from the reactor was raised to about 
550 °C as against 410 °C of the MK —I type, consequently improving po
wer engineering efficiency for the plant (from about 30% to about 40%).

This direction of research lias led to the construction of a HTGR or 
“Dragon” type reactor in the Winfrieth Experimental Institute in 1964. 
Increased outcoming gas temperature for this reactor type was again the 
aim here, and it was constructed with the combined effort of scientists from 
several European capitalist countries. Essentially it uses rather expensive 
helium as cooling gas, while boron carbide (B4C) serves as moderator. The 
7 .MW electric capacity reactor runs on uranium carbide (UC2) concentrated 
to 93% and on thorium carbide (ThC2) as fuel. Temperature of the outcom
ing gas is 750 °C.

The 100 MW reactor labelled SGHWR and completed in the Win- 
frith Experimental Site in 1967 represents an entirely new direction. It 
uses UOo as fuel concentrated to 2.28%, is cooled by light, water, w'hile 
heavy water serves as moderator. This pioneer reactor indicates the ne
cessity of replacing gas-cooled reactors by more modern ones.

The experiments themselves cited above show the somewhat uncon
centrated and uncertain state of development directions in Britain; a reac
tor type, able to compete with those of other countries and suitable for 
economical mass production has yet to be developed from the present ther
mal types. Construction programmes for atomic power stations have been 
altered several times. In the meantime production of plutonium for military 
purposes has also lost its original significance, as big-power position has 
from the mid-fifties been connected to ownership of hydrogen bomb and 
carrier rockets. In the field of developing these rockets with all their requi
sites Britain cannot compete with the Soviet Union and the United States, 
who have larger economic potentials.

In the second half of the 1970s the construction of atomic power plants 
has suffered a setback. The last development programme to be accepted by 
the British Government was in 1974, which called for the construction of 
SGHWR-type atomic plants. No orders were issued, however, and instead 
construction was later started on six AGR-type gas-cooled atomic power' 
stations (with reactors) on the sites already mentioned. Construction of 
4 new AGR-type reactor blocks was decided on in 1978, and work has al
ready started in the Heysham Atomic Plant (Blocks Nos. 3. & 4.) and on a 
new site near Torness, in the vicinity of Dunbar, in SE Scotland.

For all these Britain will continue to lose her leading position in nuc
lear energetics. By 1990 some 20 000 MW nuclear plant capacity is planned 
for installation.

The United Kingdom is also a  pioneer in the building of fast neutron 
reactors. The first “D F R ”-mark, 15 MW breeder reactor was installed way 
back in 1959 in the Dounreay Experim ental In stitu te  in Northern Scot
land, whose aim was to gain operation experience needed for bigger breeder
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reactors. The DFR breeder reactor was shut for good in 1978. Based on the
se a new “PFR” type, 250 MW breeder reactor was installed on the same 
site in 1975. Cooling material in a PFR is liquid sodium metal, while enrich
ed uranium-plutonium dioxide is used as fuel. The latter serves the pur
pose of achieving experience for constructing large capacity breeder reac
tors suitable for serial production. A growing number of articles appearing 
in British technical journals express the view that in Britain concentration 
of development resources should be limited to the breeder reactor.

Examining the development of British nuclear plant construction on a 
time scale one may distinguish periods l-esembling world trends, with im
portant differences and specialities. Thus atomic energetics in that country 
so far may be given four periods:

— From 1956 through 1964 development was very rapid, buttressed 
by heavy state subsidies, and in the hope that British industry 
will take the lead in this new field, becoming the prime contractor 
in the construction of atomic power plants in other countries 
through the development of an economical and safe atomic plant 
type.

— During the period 1965— 1972 it became clear, that with the un
satisfactory efficiency of the programme, especially considering 
the especially low fossil fuel prices of the time, the atomic plant 
construction programme could only be carried on by considerable 
amounts of further state subsidy. It became increasingly clear that 
the gas-cooled reator type developed in the United Kingdom can
not compete with the light-water types manufactured in the Uni
ted States, although private companies constructing nuclear plants 
have also invested heavily in the development and building of 
plants which totals some 1500 million £.

— In the years between 1973— 1978 nuclear plants already running 
became economical due to the high prices of conventional energy 
sources, but despite further development results and experiments 
all hopes in the competitiveness of gas-cooled reactors seem to 
lack foundation. With the now developed types British nuclear in
dustry is in crisis, and they have turned to the use of slightly en
riched uranium for the sake of greater operation safety and for 
gaining greater heat density. Part of the consumed uranium is 
enriched in the Soviet Union. No satisfactory long-term 
programme for further development has emerged so 'far but even 
official views now being expressed do not exclude the possibility 
of the use of light-water reactors. Due to the lack of new long-term 
plans the construction pace of nuclear power stations has kept slow
ing down in the 1970s, which may well have been caused by in
creased domestic petroleum and gas production, too, besides the 
reasons outlined above. 52 million tons of petroleum and 49 thou
sand million cu metres of natural gas were produced from below 
the North Sea in 1978.
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The sole promising development a t  present appears to  be the breeder 
reactor. The use of gas-eooled reactors with even higher tem peratures of 
outcoming gas would only be justified if  atomic energy were used for gai
ning technological heat a t  the same time. This practice, however, is yet to 
achieve worldwide recognition.

After sharp initial rises the development curve of British nuclear po
wer industry took a more level course in the 1970s, at the same time when 
it gained new momentum in other advanced industrial states, like the United 
States, the German Federal Republic, France and Japan, in the second 
half of the ’70s. Consequently — unless urgent steps for development are 
taken — British atomic energetics, initially taking the lead in this field, 
is hound to suffer its eclipse in the coming years. On the basis of its rela
tively early start and the significant nuclear plant capacity Britain still held 
second place, after the United States, in the output of electric energy that 
had been generated in its nuclear plants since the 1950s, by the end of 1979 
(some 460 thousand million kW-hours).

B ritain’s atomic plants are all situated  along the island’s coast, ensur
ing the possibility of cold w atersupply  for cooling — a factor of outstand
ing im portance in the p lan t’s economical operation. A part from th a t con
crete location is also influenced by the proxim ity of cities, industrial con
suming centres and by certain aspects of regional development (e.g. deve
lopment in Scotland). In  view of the large densities of economy and popu
lation and of the given plant capacities, location of consumers is not a de
cisive factor. In selecting a site much more consideration is given to remote 
areas where heat pollution of future plants would not affect the population.

Britain is a leading world power in nuclear industry research works. 
During W orld W ar I I  a num ber of British nuclear scientists were working 
in the U nited States. Construction of nuclear plants was preceded by the 
setting up of research institutes w ith big staffs. The largest research cen
tres perform producing, planning etc. functions as well.

One of the research centres was established at Harwell, where the first 
small, graphite-moderated reactor was completed as early as 1947, and a 
bigger (1.5 MW) research reactor named “Vero” was put into operation a 
year later at the same place, where the moderator was a graphite rod, with 
air taking the duty of coolant. Natural uranium was used as fuel here. 
Again here in 1956 the slightly larger “Dido” reactor was set up with heavy 
water both as moderator and cooling agent, whose heating elements were 
enriched to 80% in U ^ . The following year a 6 MW reactor named “Pluto” 
was completed on similar functional principles to Dido’s. With the research 
reactors of Harwell scientists aim at experimentally working out new fuel 
and heating element types, as well as at the production of isotopes (for in
dustrial and medical purposes). A laboratory was also set up for the study 
of spent heating materials. The most important duty of the research centre, 
however, lies in the planning and constant improvement of reactor-sys
tems generating electric energy. Apart from this they also specialize in the 
modernization of various particle accelerator types, and in the damage caus
ed by radiation to the protecting shell of reactors. They also work out
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new elements of heating materials; other im portant sections carry out ex
perim ents for creating a sea water desalinizing device (fresh-water appara
tus), and those for the recovery of uranium  from sea water. O ther applied 
research is also being carried on in Harwell; among others preservation and 
sterilization of foods by gamma rays, im provem ent of mechanical and elec
trical properties of various m aterials through irradiation by accelerators 
etc.

About 5500 persons work in the institute, with some 900 research en
gineers among them . This also serves to  throw light on the size and signi
ficance of this research centre.

The second great nuclear research centre has grown up a t W infrith, in 
Southern England. Its  prim ary aim  is also the development of various re
actor systems, evaluation of the  running of the reactors from the view
point of economics and reactor physics, and the developm ent of nuclear 
technology and instruments. The first “SG HW R” (Steam generating heavy 
w ater reactor) and “Dragon” reactors were constructed here.

The third large nuclear research centre has come into being at Doun- 
reay, in the north of Scotland. Early research here was also concentrated 
on the development of thermal reactors. A reactor, marked ’DMTR’, 
was put into service in 1958, with heavy water as cooling agent and mode
rator, and with the aim of putting reactor materials to trial. Fuel is con
centrated to 93%, while the casing of fuel is made of uranium-aluminium 
alloy.

A big reprocessing p lan t was also installed in Dounreay processing 
spent heating elements of both therm al and breeder reactors. From  the 
viewpoint o f science D ounreay’s significance stands first of all in the above- 
mentioned fast-neutron breeder reactors, constructed and p u t into service 
here.

A part from these three research institutes, numerous other larger and 
smaller ones have emerged with special research fields. Among them  the 
reprocessing plant a t Windscale (the largest in Britain) is outstanding, whe
re spent heating elements of magnox, water-water and high-tem perature 
reactors are being reprocessed. This reprocessing plant, built in 1952 and 
expanded in 1964, also receives for reprocessing spent heating elements 
from  atomic power stations of Canada, Japan , Ita ly  and other capitalist 
countries. The site has also got a section th a t separates plutonium . Spent 
heating elements from Japan  and Ita ly  are transported  here by special 
ships. Some 1500 tons of fuel (calculated to  1% concentration) is repro
cessed annually in this plant. Final product of the  p lant is UOs, as well as 
plutonium  metal. There is also a reprocessing p lan t in Capenhurst, and an 
experimental laboratory in Amersham. In  addition to  those described 
above m ajor research institutes have been set up a t Risley and Culcheth 
(both places specialize in the study of m aterials used in reactors), while a 
heating element factory is working in Springfield. A small uranium  separat
ing p lan t (gas diffusion) has been established a t Capenhurst. Beyond these 
the atomic plants a t Calder Hall and Chapel Cross are double-purpose fa
cilities: they produce both electric energy and plutonium . The nuclear arms
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plant, the connected laboratories and experimental reactor are being run 
independently in the town of Aldermaston.

France was also among the first to use nuclear energy for peaceful 
purposes, although it was a few years late in starting its research and build
ing the first commercial atomic plants compared to e.g. the United King
dom and the Soviet Union. Nuclear research is on a very high level in the 
country. To achieve the aim of a nuclear arms industry based on its own 
resources and independent of the United States, early development of gas- 
cooled reactors fueled by natural uranium was promoted in France as well. 
This graphite-moderated reactor type, cooled by carbon dioxide, and which 
is different from the one developed by Britain only in its details of techno
logical solutions, is still considered an independent French construction. 
Although important uranium deposits in France already became known 
in 1945, the possibility of building expensive uranium enrichment plants 
was then out of question.

France’s first nuclear research institute at Fontenay-aux-Roses was 
founded in 1946 in connection with the discovery and opening of the coun
try ’s uranium deposits in the years 1945— 1952. Research was first concen
trated on uranium chemistry, ranging from the primary enrichment of 
uranium to the production of heating elements. Research activity was 
later expanded to include other chemical experiments, e.g. separation of 
plutonium, study of irradiated materials and chemistry of liquid metal 
coolants. The institute’s first small-capacity experimental reactor of heavy 
water — heavy water type (series mark E L —1), with natural uranium 
heating elements, was installed at the end of 1948. More smaller reactors 
followed named Triton and Minerva, with experiments of reactor physics 
having been performed in them. And by the mid-fifties France completed 
her plant turning out metal uranium at Le Bouchet.

In 1951 a new nuclear physics research institute began operating in 
Saclay, a south-western suburb of Paris, which was to become the centre 
of basic research in the country. The small experimental heavy water — 
heavy water type reactor marked EL — 2 was put on stream here in 1952, 
which was followed by EL —3, a 15 MW reactor of the same type in 1957. 
The latter uses uranium-molybdenum alloy as fuel, enriched to 1.35 per 
cent. Later two small experimental reactors, named Ulysse and Osiris were 
put into service in the institute. The facility at Saclay has developed into 
France’s largest nuclear research institute, performing the complete cycle 
of basic research. Large cyclotron and synchrotron accelerator’s are being 
operated in the institute. A separate department specializes in the con
struction of nuclear powered ship engines. The optical department of the 
institute is also famous: “Mirabel”, Europe’s largest particle-photograph
ing instrument was constructed here.

A new nuclear research centre was started in 1956 at Grenoble, where 
two experimental reactors, named “Melusine” and “Siloe” have been instal
led since. Numerous laboratories may be found in this institute, performing 
basic and applied research. They also do studies on irradiated materials 
and produce isotopes as well. A new research reactor was built in 1971,
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co-operating with scientists of the German Federal Republic from the 
outset.

To signify the extension of the atomic energy programme, a new nuclear 
research centre was built at Cadarache in 1963, whose chief duty is to 
work out new reactor types (mostly fast neutron ones fueled by plutoni
um). Apart from this its main duties include the building of nuclear po
wered ship engines, experiments on and construction of heating elements 
for atomic reactors, production of clean beryllium compounds, de-activi- 
zation of liquid materials of medium radioactivity, reclamation of radio
active wastes and application of radioactive isotopes in agriculture. Suc
cessful experiments have been performed in the research centre on the de
velopment of fast neutron reactors. The breeder reactor named Rapsodie, 
with its initial capacity of 20 MW (later expanded to 24 MW), was installed 
as an experimental facility in 1967. Its capacity was eventually increased 
to 40 MW. Its heating material is made up of U02 and Pu02, blended with 
ceramics, and concentrated first to 60%, later to 85%. Liquid sodium ser
ves as coolant. Following the completion of the first succesful fast neutron 
reactor, decision was made in 1968 to construct a new, larger breeder re
actor.

Several smaller thermal and fast neutron experimental reactors have 
been built at Cadarache. They include Cabri (light water), Cesar, Marius, 
Masurca and Hormonie (the last two are fast neutron reactors) and the re
actor Peggy. Apart from these two, reactors for ship engines have also been 
constructed; they are named “Asur” and “Rat”. Some larger-capacity re
actors have also been built besides those listed above, like the 35 MW 
Pégase. The institute has acquired various types of accelerators and co
operates with the German Federal Republic in experiments on helium- 
cooled fast neutron reactors. Cadarache is situated on the river Durance, 
slightly north-east of Marseille.

In this country the first practical steps toward building atomic power 
plants were taken in 1952—1957. In 1956 the first, 5 MW experimental 
reactor, marked “GE — 1” was built entirely on France’s own resources, a 
graphite moderated, gas-cooled model, fueled by natural uranium. This was 
followed (also in Marcoule) by the 40 MW reactor marked GE — 2 in 1959, 
and by the one marked GE —3 in 1960, also of 40 MW capacity, and simi
lar to GE —1. They are double-purpose reactors: they produce both elec
tric energy and plutonium. GE —2 was the first commercial reactor in the 
country; with its completion France has entered the ranks of countries 
operating nuclear plants (Fig. 2). Being provided by several laboratories 
Marcoule should also be considered a research site. Marcoule is in southern 
France, on the river Cèze, a small tributary of the Rhone, some 100 km 
north-west of Marseille.

Following the completion of the experimental reactor G — 1 large-scale 
reactor-development works were started in France and — as it was already 
seen above — a total of 13 different experimental reactors have been con
structed in the various research institutes. In 1960 a small capacity gas dif
fusion plant was built in Pierrelatte to ensure the supply to the reactors
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Figure 2. Location o f nuclear power p lan ts and o ther works connected w ith nuclear industry 
in France, Belgium and Luxembourg

F r a m e .  I. Uranium ore deposits: 1 = La Crouzille (three different mines, they are: Fanay, Brugeaud, 
Margnac); 2 -  Grury (Monts du Morvan); 3 = Saint-Priest. La Prugne (Monts du Forez); 4=  Pon- 
tivy (Bretagne); 5 = La Chapelle, Largeau; ti = Vendée (Gatine Heights); 7=  Saint Pierre (Central);
8 -  Saint Ilippolyte; 9 = Lodève. II. Working nuclear plants: 1 = Marcoule; 2 = Chinon; 3 = 
Chooz; 4 - Brennilis; & = St. Laurent; 6 = Bugey; 7 Fessenheim; 8 =  Dainpierre; 9 = Tricastin;
10 = Gravelines; 11 Phénix (Marcoule); 12 — Cadarache (experimental). III. Nuclear plants 
under construction: 1 = Le Blayais; 2 = Paluel; 3 = Cruas; 4 =  Cattenom: 0 = Flamanville; t> =
= Xogent-sur-Seine; 7 = Le Pellerin; 8 =  Belleville: 9 = St. Maurice; 10 = Malville (Super Phénix).
IV. Uranium enrichment plants: 1 = Pierrelatte; 2 -  Eurodif. V. Uranium metal producing plants:
1 = Malvési; 2 = Le Bouchet. VI. Manufacture of heating elements: I Romans; 2 = Annecy;
3 = Bonncuil-sur-Mame; 4 - Corbeville; 5 = Bouchet; 0 — Chalon-sur-Saone; 7 -  Chedde. VII. 
Reprocessing plants: 1 = Marcoule. 2 Le Hague. VIII. Production of uranium concrete: 1 —

= L’Ecarpierc; 2 = Guegnon; 3 = Bessines; 4 =  Bols-Noirs; 5=  Le Bouchet.
B e l g i u m .  II. Working nuclear plants: 1 — ïihange; 2 = Doel; 3 = Mol (experimental). V. Production 
of uranium metal: 1 = Olen. VI. Manufacture of heating elements: 1 = Herstal; 2 = Olen; 3 = Mol.

Reprocessing plant: 1 = Olen.
L u x e m b o u r g . III. Nuclear plant under construction: 1 =  Remerschen.

running on enriched uranium. The Pierrelatte uranium enrichment plant 
serves mainly military purposes. Serial construction of nuclear plants was 
started after experiences at Marcoule had been taken into account.

The first to be built was “Chinon”, a 70 MW commercial plant marked 
ED F— 1 near the town of this name. It was followed by the reactor marked 
EDF — 2 (with 240 MW capacity) also at Chinon in 1965, and the 500 MW 
reactor block marked EDF —3 in 1967. Chinon is situated in central France 
in the triangle at the confluence of the rivers Loire and Creuse, on the bank 
of the latter. The first large-capacity graphite-moderated, gas-cooled nuc-



lear plants of this country were installed here. The obsolete EDF — 1 plant 
was recently closed for good. Extension of the Chinon Atomic Plant by two 
pressurized water reactors of 905 MW each is planned for 1981 -  1982.

At almost the same time with these the first pressurized water reactor 
(325 MW ) was completed in 1966, as a joint venture of France and Belgium, 
at Ghooz, near the small town of G ivet, on the river Maas, on French terri
tory (Chooz SENA). Output of the station, built near the border of the two 
country as a common investment, is diverted on a 1/3 - 2/3 basis into the 
Belgian and French electric grid.

The next nuclear plant in line (marked E L -4 )  was built on the fields 
of the village of Brennilis, with a capacity of 80 MW (Monts d’Arrée Ato
mic Plant). The plant, completed in 1970, is moderated by heavy water, 
uses CO, as coolant and U.Æ5 (enriched to 1.4 -  1.65%) as fuel. Enrichment is 
being carried out at the Pierrelatte plant, whose construction was complet
ed in 1967.

Construction of gas-cooled reactors was continued at Saint Laurent 
des Eaux, on the river Loire, with the 500 and 530 MW reactor blocks of the 
Saint Laurent Atomic Plant, completed in 1969 and 1971 respectively. The 
site of the plant is located some 25 km SW of Orleans.

The last major gas-cooled nuclear plant (Bugey -  1) was built in central 
Fiance with a capacity of 560 MW, on the right bank of the river Rhone, 
at Saint Vulbas, some 20 km NE of Lyon.

Experiences gained during the operation of gas-cooled reactors were 
not favourable, especially considering the economy of the nuclear plants. 
Similarly to those explained above in connection with British nuclear plants 
these atomic plants were not economical, considering the low fossil fuel 
prices prior to the oil price increases of 1973. Cost of primary investment of 
light water nuclear plants already being operated in other countries was 
only half of that of the gas-cooled plants, when calculated to similar capacity.

Accordingly, France has revised its nuclear energy programme, and 
on the basis of various decisions adopted in 1969 -1970, it has turned to 
the better-proved pressurized water type nuclear plants developed by the 
United States. Their design and construction was carried out in co-operation 
with the U.S. The mixed company “Framatome” was founded with the 
participation of the Westinghouse firm and with the aim of building nuclear 
plants. The majority of the subsequent numerous atomic plants were built 
by this company.

The explosion of energy prices in 1973 has accelerated the new atomic 
plant construction programme that had already started, and from 1975 on 
large capacity pressurized water reactor blocks, based on the new concept, 
have been installed in large numbers. In 1975 the first such reactor block of 
900 MW capacity was put into service in the Fessenheim Atomic Plant on 
the French -  West German border on the left bank of the Rhine, east of 
Mulhouse. The second 900 MW unit was connected into the grid in 1977. 
The French are bent on building additional pressurized water reactors of 
900 and 1300 MW capacity. Since 1978 90% of the net increase in electric 
energy production in France have originated from nuclear plants. The
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Bugey Atomic Plant was expanded by four such units of 900 MW each in 
1978^1979 (Bugey 2 — 5). Construction has started on additional large 
pressurized water power plants in this series. Work on the first reactor of 
the Paluel Atomic Plant, a seawater cooled model with a planned capacity 
of 2X 1300 MW, was started in 1977 NE of the Seine estuary, on the coast 
near the town of Fecamp. The first block is expected to be operational by 
1983. The Tricastin plant, being built slightly north of Marcoule Atomic 
Plant, with an eventual capacity of 4X900 MW, is already generating 
energy at the order of 3X900 MW from 1979. The fourth unit was put into 
service in 1980. Tricastin, built at the village of Trois Chateaux, will also 
supply energy to the neighbouring “Eurodif” enrichment plant. The sea
water cooled Le Blayais Atomic Plant, with its planned capacity of 
4X900 MW, at the mouth of the river Garonne in the vicinity of Bordeaux, 
will have its first two units completed in 1981, and plans to have its two 
additional blocks operational by 1982 and 1983 respectively. The Dampier- 
re-en-Burey Atomic Plant (planned capacity: 4X900 MW), located on the 
river Loire slightly SE of Orléans, generated electricity by its first two 
units in 1979. The other two will be completed in 1980 — 1981. The sea-wat
er cooled Gravelines Atomic Plant, which is planned to contribute 4X900 
MW capacity to the national grid, had its first two units completed in 1979. 
The two blocks of the second stage of this plant, situated close to the north
ernmost point of the country on the coast between Calais and Dunquer- 
que, will be operational in 1980. The Flamanville Atomic Plant is also un
der construction on the coast of the English Channel near Cherbourg, in 
Normandy, with two pressurized water reactors of 1300 MW capacity each. 
Deadline for completion is set for 1984 — 1985. Expansion of the Saint Lau
rent is also planned to be carried out by two pressurized water reactors 
of 925 MW capacity each, with their expected installation in 1980 and 1981 
respectively. Completion of the 4 X 900 MW, pressurized water Cruas Ato
mic Plant is expected by 1983 -  1984. It is located slightly east of Marcoule 
in the vicinity of the Tricastin Atomic Plant. Of the future locations of 
additional nuclear plants already announced construction on the following 
sites will already start in the mid-’80s: Cattenom 1 -  2, on the river Moselle 
near Metz; Nogent-sur-Seine 1 — 2, on the river of the same name, south
east of Paris; Le Pellerin, on the Atlantic coast south of the Loire estuary; 
Golfech, on the river Garonne, north of Toulouse; and finally St. Maurice, 
in the Rhone Valley, south of Lyon. These plants will largely exhaust the 
fresh-water cooling capacity of French rivers and additional larger nuclear 
plants will be located on the coasts of the Atlantic Ocean and the Mediter
ranean.

Apart from the nuclear plant construction programme outlined above 
and which supplies a significant share of France’s electric energy produc
tion (nearly 17% in 1978), the country performs important research and 
development activities to work out fast breeder and other reactors. Within 
the framework of this programme Phénix, the first fast neutron reactor 
block, with a capacity of 250 MW, was built and installed in the Marcoule 
Atomic Plant in 1973. Experiences gained in the running of Rapsodie breed-
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er reactor at Cadarache were utilized during the construction. Phénix 
also uses U02 and Pu02 as fuel enriched to 17 and 28% respectively. On the 
basis of experience acquired during the operation of Phénix plans have 
been drawn up for the 1200 MW Super Phénix. Completion of Super Phénix 
is planned for 1983. This puts France to the second place after the Soviet 
Union in the development of fast breeder reactors. Design of Super Phénix 
is a joint venture of several European firms: EDF of France, Italy’s ENEL 
and West Germany’s RWE. French experts also regard fast neutron reac
tors as the basic nuclear plant type to be applied in the near future. The 
next stage in research and development will be the plant Hyper Phénix. 
This fast neutron nuclear facility is envisaged for construction at Chalon- 
sur-Saône, on the river Saône.

Following the termination of the construction of gas-cooled reactors 
French industry has effectively turned to the manufacture and installation 
of pressurized water nuclear plants, employing to some extent the tech
nology of the United States. W ith its conversion to operating atomic plants 
running on enriched uranium France’s independence in supplying fuel to 
its nuclear plants has come to an end, as the Pierrelatte plant works chiefly 
for military orders and has only limited capacity. This was the reason for 
the urgent construction of a new uranium enrichment plant. On France’s 
initiative a new gas diffusion plant with French technology is being built 
on French soil by several countries on the following capital sharing basis: 
France: 57.5%, Italy: 22.5%, Spain and Belgium: 10% each. According to 
plans the first unit of this plant — “Eurodif” — will start production in 
1980 with one third capacity. The enrichment plant is expected to run on 
full capacity by 1990, until then France will send its needed uranium for 
enrichment to the United States and the Soviet Union.

According to plans released France’s nuclear plant construction prog
ramme is a very ambitious one. It calls for the installation of 120 thousand 
MW nuclear plant capacity until the turn ofthe millennium,ofwhich 30-40 
thousand MW would be generated by fast neutron reactors. Thus in a rath
er short time nuclear energy has got to hold a dominant share in France’s 
electric energy production. The setting up of an adequate uranium industry 
is a precondition for this large-scale programme. Larger uranium deposits 
available for French use are shown in the following table, showing deposits 
in France and those secured in long-term production contracts with various 
African countries.

The deposits of uranium ore in t he African countries (see table, next page) 
were explored by French equipment and experts, and France has also built 
large-capacity mines in two of the countries. In 1978 uranium mined in 
France and Niger was 2200 t each, while in Gabon it was 1200 t. Ofthe sites 
mentioned above production in Niger may be increased to 4 -  9000 t/year; 
in Gabon the aim is to keep the present level of mining, while in France 
itself output may be raised to 3 -3 .5  thousand tons/year.

Following primary uranium enrichment five large concentrating plants 
produce uranium oxide. They are: Bessines, L’Ecarpiere, Bois-Noirs, 
Gueugnon, and Le Bouchet.

i l *
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France 60 200 t** African countries*** 78 000 1
from this: from this:

Forez and Gabon 20 000 t
Morvan Hills 7 000 1 (0.21)* Niger 50 000 t
La Crouzille 17 000 t  (0.20)* Central African
Vendee 8 000 t (0.19)* Republic 8 000 t
Largeau 12 000 t
Pontivv
(Bretagne) 1 200 t  (0.54)*
Saint Pierre
(Central Massif) 15 000 t (0.29)*

* uranium content
** positive findings and scarcely explored deposits combined

*** deposits o f contracted areas only

Two other plants turn out uranium metal: the one at Le Bouchet 
(cap.: 800 t/vear) and the other at Malvesi (Cap.: 1500 t/year).

The sites producing heating elements are: Annecy, Romans, Le Bou
chet, Chcdde, Chalon, and Corbeville.

Having turned to light water reactors it was now necessary for France 
to shift to the production of U 02 heating elements. A new plant had to be 
biuilt at Pierrelatte to produce the new fuel enriched to 3 —4%, where en
richment sections of low (to 2%), medium (to 6 — 10%), high (to 25 — 30%) 
and very high degree (to 90%) had already been working.

Among other plants the Marcoule reprocessing and plutonium separa
tion plant is significant that processes spent heating elements of local gas- 
cooled reactors. Spent heating elements from other gas-cooled, light-wa
ter, fast-neutron and other reactors are transported by rail to Normandy, 
to the la Hague peninsula slightly north-west of Cherbourg, on whose tip 
a reprocessing and plutonium separating plant is run by the French state. 
The plant processes 900 tons of spent uranium as its yearly capacity. Dur
ing routine work — like in other reprocessing plants — neptunium^ 
cesium137 and strontium90 are also obtained as by-products. The plant was 
expanded in 1976 and was adapted to reprocess U02 spent fuels as well. 
Capacity of the new plant is about 1400 t/year.

The German Federal Republic had not been permitted to decide its 
own nuclear policy following World War II. It had been doubtful for a 
long time whet her the country would be allowed to join the ranks of those 
that used atomic energy for peaceful purposes in the near future. The go
vernment of the country began to subsidize nuclear research in 1956, 
while some industrial firms had already started nuclear research for peace
ful purposes somewhat earlier. From this position of disadvantage the 
federal government has organized several new institutes for nuclear re
search, whose task -  like that of the laboratories of private firms — was to 
come close to and catch up with countries leading in atomic energetics in 
the foreseeable future.
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The government of the German Federal Republic (GFR) founded 
two large state nuclear research institutes at Karlsruhe and Jiilich in 1957 
that have stood out from among the state nuclear research institutes to our 
days.

I he remarkably well equipped Karlsruhe research centre consists of 
12 institutes whose field of work practically embraces the full cycle of basic 
and applied research pertaining to nuclear power plants. The research 
workers dispose of 8 different reactors (for thermal and fast neutron re
search), among them a larger commercial-experimental reactor (marked 
MZFR). Besides these a cyclotron of 50 million electron volts capacity, and 
a 40 ton/year capacity experimental reprocessing device operate in the 
institute. Among the activities of the institute research on fast neutron 
reactors, separation of isotopes, and development of heating element pro
duction are worth mentioning. They also do research on the chemical and 
physical processes brought about by nuclear radiation in living orga
nisms.

The similarly large Jiilich research centre has 18 research institutes 
that also comprise the major fields of basic and applied research. A special 
task of the Jiilich research institute is to develop an MHD generator with 
the help of plasma physics and the generated heat of atomic reactors. For 
this purpose a special reactor has been built in which critical state of mat
ter was successfully achieved as far back as 1971. Applied medical, botanic
al, zoological, agricultural and microbiological research is also being car
ried on in the institute. Three experimental reactors are operated in the 
Jiilich institute: a 5 MW sunk basin type, a 15 MW heavy water model, 
and a 15 MW high-temperature, gas-cooled reactor (AVR). The latter runs 
on globular heating elements, and in 1975 outcoming temperature of 950°C 
was achieved. This institute also disposes of a large-capacity isochronal 
cyclotron and a linear accelerator.

1 he basic tasks of the Karlsruhe and Jiilich institutes are the develop
ment of nuclear plant reactors, the working out of technologies, instruments, 
materials needed for these reactors, and environmental research.

The Nuclear Research Institute set up in West Berlin in 1957 is mostly 
financed by the federal government. I t was formed from the chair of Nuc
lear Chemistry of the Technical University. The institute, which is smaller 
and has a limited programme compared to the two other institutes, was gi
ven an experimental reactor in 1958. A Van de Graaf accelerator was also 
installed here.

Among the larger nuclear research institutes the Max Planck Physics 
Institute, set up at Garching in 1960, has a place. Parallel to this the Sci
entific Research Centre on Radiation was founded in Neugerberg, also in 
tlie vicinity of Munich. I his latter research institute also included in its 
programme the study of topical questions of environmental pollution in 
1970.

A new research institute was organized in Darmstadt in the late 1960s 
that runs a heavy ion accelerating device. The “Desy” Electron-Synchro
tron Institute was set up as an independent establishment near Hamburg,
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where Europe’s largest-capacity electron synchrotron was constructed. 
The positron-electron tandem accelerator “PETRA” is also working here.

A large institute has been founded as an independent unit of the Justus 
Liebig University of Giessen, named Radioactive Research Centre on Ra
diation. A fairly wide range of basic and applied research on nuclear physics 
is being performed in the institute. The work of scient ists is also helped by a 
cobalt gun, a large-capacity linear accelerator, twin ion accelerators and a 
neutron generator in this well-equipped research establishment.

The state nuclear research institute established at Geesthacht, slightly 
south-east of Hamburg, has the same rank as have the Karlsruhe and Jü 
lich research facilities, and its chief aim is the design and building of ato
mic reactors that power ocean-going vessels. Reactors of both light water 
(water-water), and high-temperature, gas-cooled types are being built at 
the research site. Among the activities of the institute the design and con
struction of sea-water desalinizing devices using heat generated by atomic 
reactors, and the recovery of various minerals found in sea-water are im
portant. Six reactors of various types work in the institute; among these 
three have 5, 15 and 25 MW capacities respectively. The Geesthacht re
search site has various other equipment necessary for its research duties.

In the GFR the Max Planck Society has six further important rese
arch sites, entirely or in part doing research in atomic physics. They are as 
follows: Institute of Nuclear Physics (Heidelberg), Institute of Physics and 
Astrophysics (Munich), Institute of Biophysics (Frankfurt an Main), Che
mical Institute (Mainz), Metallurgical Research Institute (Stuttgart), Coal 
Analysing Institute (Mülheim).

The federal government and the provincial governments of the GFR 
have spent some 20 thousand million marks for the setting up and main
tenance of the described research establishments between 1956—1979, 
which sum again shows the efforts made for closing up with the leading 
countries.

Like in other countries important nuclear physics research is being car
ried on in the technical universities of the Federal Republic and on the sci
ence faculties of others. Apart from the above institutes research on nucle
ar physics is also being performed in some 35 university department labora
tory teams, mainly under contract with industrial firms. Some of these re
search ventures are of considerable size.

The picture thus drawn would not be complete if we didn’t  give an 
outline on the activities of the Federal Republic’s major companies on 
nuclear physics research as in a number of cases the research laboratories 
of the great private enterprisses are larger than the biggest government 
research centres. Some 5 thousand scientists are employed near 
Frankfurt am Main at the AEG reactor research and development 
centre, but less than 3500 in the Karlsruhe institute. The Siemens firm 
maintains two large research laboratories: one at its headquarters in Er
langen, the other in the town of Garching. The firm Brown Boveri — with 
its largest steam turbine construction site at Mannheim — has set up its 
scientific experimental laboratory at Heidelberg, where research is con-

166 _______________________AXTA1. Z._______________________ _______________



centrated at the direct transformation of atomic energy into electric energy 
The “Uranerzbergbau” enterprise runs a well-equipped laboratory in Bonn, 
where problems of production and processing of uranium are dealt with. 
No official figures are available on the financing expenditures of these 
private enterprises, but some West German sources put them on the same 
level as that of the state subsidies. To these should be added the research 
investments of foreign (mainly US) firms into West Germany which are 
not covered by reliable data.

The creation of this large research network has had its results: the GFR 
has achieved world standard in the field of nuclear energetics and now 
even has leading position in some areas.

Jn the initial stage of the construction of commercial reactors foreign 
companies have also participated besides those of the Federal Republic, 
chiefly from the United States. The first small reactor of Hi MW capacity 
(named YAK) was completed near the settlement of Kahl, on the river 
Main, in 1962. (Fig. 3.) This reactor is of the boiling water type, with 
pressurized cooling water. Light water serves both as moderator'and cool
ant. It uses UO, enriched to 2.3% as fuel. Construction of this nuclear 
plant has been carried out by the American General Electric and the West 
German AEG companies as prime contractors. In this period the atomic 
plant constructing firms of the GFR (mostly major well-known enter
prises and their subsidiaries) have bought a lot of licences in the United 
Kingdom, France and the Unites States. This has significantly shortened 
the time from start of research to the building of reactors, and repetition 
of mistakes usual with beginners was possible to avoid. The ’60s saw the 
construction of commercial thermal reactors of varied type and of chieflv 
smaller size, with the purpose of selecting suitable types for serial pro
duction and of gaining further experience. The boiling water type, 25 MW 
capacity atomic plant, marked HDR and built in the nearby village of 
Grosswelzheim, was meanwhile closed for ever.

The second commercial-experimental atomic plant (marked MZFR), 
with a. capacity of 58 MW, was completed at Leopoldshafen, near Karls
ruhe, in 1966. The reactor is of the heavy water type, uses !).,() as mode
rator and pressurized light water as coolant. Its fuel is non-enriched U 02.

The third commercial-experimental nuclear plant (marked KRB) 
was put into service at the settlement of Gundremmingen, some 30 km 
north-east of Ulm on the river Danube, at the end of 1966. Its reactor is 
of the boiling water tape; cooling water is pressurized. It has an electric 
capacity of 250 MW. Both moderator and coolant is light water, while 
its fuel is slightly enriched U02. Prime contractors for this construction 
were the firms that had built the reactor at Kahl.

The fourth commercial-experimental atomic plant (Marked AVR) 
was installed at Jiilich in 1967. It is a gas-cooled, high-temperature nuclear 
plant of 15 MW capacity, with globular heating elements. This reactor 
was planned and built by the firms Brown Boveri and Kruppreaktorbau.

The fifth commercial-experimental atomic power plant (marked 
KWL) was completed at Lingen on the river Ems, near the starting ¡>oint
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of the Mittelland Canal, in 1968. This 250 MW reactor is of the boiling 
water type with steam superheated by oil burning. U02 enriched to 2.4% 
is used here as fuel. The reactor has a capacity of 216 MW including oil 
burning.

The sixth commercial-experimental nuclear plant (marked KWO) 
was built at Obrigheim on the river Neckar, east of Heidelberg, near the 
town of Mosbach. This pressurized water reactor of 340 MW capacity is 
fuelled by UO, enriched to 2.5-3.1% . The plant reached its planned 
capacity in 1970. The Siemens firm has been prime contractor in this 
venture.

168 __ANTAI, Z . ___________________________________________

Figure 3. Location o f nuclear p lan ts and o ther works connected w ith nuclear industry  in the 
G erm an Federal Republic and th e  N etherlands

O t 'H .  X. Working nuclear plants: 1 = Kahl VAK; 2 = Leopoldshafen; Gundremmingen; 4 =  JüUch;
5 = langen; (i = Obrigheim; 7 =  Stade; 8 = Würgassen; 9 = N iederaichbach (Isar); 10 = Biblis;
11 Brunsbüttel; 12 = Philippsburg; 13 -  Neckarwestheim; 14 =  Unterweser; 15 = Mülheim 
Kärlich; 10= Uentrop-Schmehausen (THTIÍ); 17 = Krümmel: 18 = Grafenrhcinfeld. II. Nuclear 
plants under construction: I = Wyhi; 2 - Grohnde; 3 = Brokdorf; 4 - Kalkar; u — liatnm.
0 =  Borken* 7 = Pleinting. Ill- Uranium einrichment plant: Karlsruhe (experimental). IV. Cranium 
ore deposit:'1 - Ellweilcr. V. Reprocessing plants: 1 = Karlsruhe (experimental); 2 = Frankfurt 
am Main (under construction). VI. Manufacture of heating elements: 1 =  lianau; 2 Wolfgang.

VII. Production of uranium metal: 1 = Wolfgang.
T h e  N e t h e r l a n d s .  I. Working nuclear plants: 1 =  Dodewaard; ‘2 =  Borssele. III. Uranium enrich

ment plant’ 1 = Almelo.



The seventh commercial-experimental reactor of 20 MW capacity 
(marked K N K —1) was put into operation with special technological 
solutions at Leopoldshafen, in 1971. The reactor used sodium for thermal 
extraction; zirconium hydride (ZrH) served as moderator. Its fuel was 
U 02 enriched to 6.8%. This nuclear plant was shut in 1974, rebuilt into 
a fast reactor cooled by sodium in 1975, and was put into service under 
the code-name KNK —2 in 1977.

The eighth and ninth commercial-experimental atomic plants were 
completed in 1972, near the town of Stade at the estuary section of the 
river Elbe, and at the small town of Wiirgassen, south-west of Hannover 
on the river Weser. The 660 MW Stade Atomic Plant (marked KKS) is 
of the pressurized water type, while the 670 MW capacity Wiirgassen 
Atomic Plant is powered by a boiling water reactor. Both reactors are 
fueled by U02; their degree of enrichment are 3% and 2.6% respectively.

The tenth commercial-experimental atomic plant (marked KKN) 
— built at Niederaichbach on the river Isar — first generated electricity 
in 1973. This 100 MW gas-cooled reactor is of the heavy water type (its 
moderator is heavy water). Its fuel is 1.15% enriched uranium.

With these reactors listed above the study of thermal reactor types 
in the Federal Republic — for the purpose of selecting the best suited 
types — has come to a close. Certainly water-water type reactors (boiling 
water and pressurized water) have proved to be the best, consequently 
the large commercial reactors afterwards were constructed solely on this 
pattern. Following that large-scale nuclear plant construction in the GFR 
has begun in full force.

Both boiling water and pressurized water reactors have been built 
from the outset. Looking back one may establish the trend that early 
construction of mostly boiling water reactors was later replaced by the 
building of pressurized water models as the dominating type. Light water 
commercial reactors, built in the GFR, represent three development levels, 
excluding the Karlsruhe (YAK) and other experimental facilities.

The first development level is represented by the Gundremmingen, 
Lingen and Obrigheim Atomic Plants, installed between 1966 — 1969, 
with capacities ranging between 250 — 340 MW.

The next development level is marked by the installation in 1972 of 
the Stade and Wiirgassen nuclear plants with capacities of 660 and 670 MW 
respectively.

From 1974 on some truly large-capacity reactors have been put into 
operation, representing the third development level. The year 1974 saw 
the completion of two big atomic plants. One of them, coded RW — 1 
(also called Biblis—1), was built with a capacity of 1204 MW between 
Ludwigshafen and Frankfurt, on the Rhine north of Worms. This reactor 
is of the pressurized water type. Another atomic plant (marked KKB), 
equipped by a boiling water reactor with a capacity of 805 MW, was 
put into service near the town of Brunsbuttel, not far from the starting 
point of the Nord-Ostsee Canal, at the end of the Elbe estuary.
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The Neckarwestheim Atomic Plant (marked GKN) on the river 
Neckar was completed in the following year, in 1975. It has a pressurized 
water reactor of 885 MW capacity. The 1300 MW pressurized water reactor 
“Biblis —2” was connected on the national grid in 1977.

The Unterweser Atomic Plant was installed at the town of Norden
ham, on the Weser estuary to the North Sea, in 1978. This pressurized 
water plant has a capacity of 1300 MW. The same year witnessed the 
completion of the nuclear plant “K P K —1”, with its 900 MW capacity 
boiling water reactor, near the town of Philippsburg, on the Rhine slightly 
north of Mannheim.

The following nuclear plants are under construction: Krümmel 
(marked KKK), cap.: 1300 MW, boiling wazer; Grafenrheinfeld (KKG), 
cap.: 1300 MW, pressurized water; Mülheim-Kärlich (Koblenz Nord), cap: 
1300 MW, pressurized water; Uentrop (THTR), cap: 300 MW, high-tem
perature, gas-cooled. Completion of the last four atomic plants is expected 
for 1980 after considerable delay (regarding the original plans). With the 
completion of these constructions the Federal Republic will have a total 
built-in nuclear plant capacity of about 12 800 MW by 1980, and this 
will put it to the 4th place among capitalist countries. The building of the 
reactor THTR near the settlement of Uentrop-Schmehausen, on the north
eastern edge of the Ruhr Region, is remarkable. Besides its favourable 
conversion efficiency, its sparing of the environment, which is even better 
compared to the water-water type reactors, will facilitate the spread of 
this reactor type.

The nuclear plant programme of the GFR will continue in the first 
half of the ’80s chiefly by expanding existing plants. Blocks No. 2. and 3. 
at Gundremmingen are set for installation with boiling water reactors of 
1300 MW capacity each by 1981 — 1982. The 1300 MW pressurized water 
reactor of Philippsburg —2 is planned for completion by 1982. The press
urized water reactors of Biblis —3 (1300 MW) and Neckarwestheim —2 
(855 MW) should generate electricity by 1983 and 1984 respectively. 
Construction of Isar — 2 (Ohu) with a 900 MW boiling water reactor is set 
for completion by 1985. Apart from these several new atomic plants are 
expected to supply additional energy, among them: Grohnde, cap.: 1300 
MW, pressurized water, in 1982; Wyhl, Brokdorf and Hamm Atomic 
Plants, cap.: 1300 MW each, pressurized water, in 1983; and the fast 
neutron reactor of the Kalkar Atomic Plant, cap.: 327 MW, also in 1983. 
They are planned to be followed by the nuclear plants Neupotz, Vahnum, 
Pleinting and Borken through the end of 1986.

Dutch, Belgian and Luxemburgian firms will also take part in the 
building of the Kalkar fast reactor. The firm “Belganuklear” will manu
facture heating elements, while the Na/H2() steam generator and the 
sodium pumps will be the responsibility of the Dutch firm “Niratom”. 
The Federal Republic will continue to rely on foreign help in future de
velopment and construction of large capacity fast neutron reactors. Con
struction of its first large-capacity fast neutron reactor is planned in
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France, while the second (with a capacity of around 1000 MW) is expected 
to be installed in the GFR, both with French cooperation.

Earlier forecasts in the Federal Republic had envisaged dynamic 
growth for the ’80s, but according to later plans the pace of development 
will decline, and nuclear plant capacity will thus reach about 25 — 27 thous
and MW by 1985.

Looking at the present situation the heating material mined in the GFR 
is not sufficient and the country has to buy some two-thirds of its consumed 
U 02 abroad. There are some uranium deposits in north-eastern Bavariain the 
Oberpfälzer Wald and in the province of Rheinland-Pfalz (Rhineland-Palati- 
nate). Deposits of the latter occurrence are put at afew thousandtons, and mi
ning of the ore is going on. There is a smaller occurrence in the Schwarzwald 
(Black Forest). In this situation uranium mining firms of the Federal Repub
lic, namely the “Uranerzbergbau Gesellschaft” and the “Urangesellschaft”, 
with headquarters at Bonn and Frankfurt am Main respectively, buy 
uranium ore for stockpiles in France, Canada and elsewhere. The federal 
government also backs financially the activities of these firms abroad, that 
are directed at acquiring prospecting and mining rights and at purchasing 
shares of foreign mining companies and uranium enrichment plants. The 
enterprise “Urangesellschaft” holds 10% of the shares of the Niger mining 
and enrichment company “Somair”, while the firm “Uranerzbergbau” 
participates in Canadian mining. Since 1974 the GFR has been receiving 
150 tons of U3()8 a year from the Republic of Niger, and this will be doubled 
in the future. Uranium supply coming from Canadian production, how
ever, is more substantial.

Heating element factories of the Federal Republic almost entirely 
satisfy domestic demands. Two such great works have been constructed: 
one of them at the town of Hanau, the other at eloseby Wolfgang. These 
works are managed by the firms “Kernreaktorteile” and “ Reak tor brenn - 
elemente”*. Plutonium heating elements for the fast neutron atomic plants 
are manufactured by the Alkem* Company. Zirconium pipes for the heat
ing elements are produced by the following firms: “VDM” (Duisburg), 
“SUT” (Sprendlingen) and MRW (Düsseldorf). Sprendlingen is situated at 
the southern fringes of Frankfurt am Main.

At present the GFR does not have its own uranium enrichment faci
lities; enrichment for the country’s plants is performed chiefly in the United 
States and, to a lesser degree, in the Soviet Union. Effective research is 
being carried on, however, for the construction of such plants. In 1970 
three countries: the United Kingdom, the Netherlands and the GFR signed 
a contract for the establishment of ’Urenco’, a joint company that builds 
common experimental ultracentrifugal enrichment works at Capenhurst 
(Britain), Almelo (The Netherlands), and Gronau (GFR). The experiment
al plants will be built on these three sites for the purpose of gaining expe
rience and creating suitable prototypes. By 1982 output of the Capenhurst 
and Almelo works will have reached 400 t/year and 600 t/year respectively,

* subsidiaries of Siemens
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while the Gronau plant will produce 400 t/year from 1985 on. Almelo had 
its first enrichment unit installed back in 1974. The centrifugal equipment 
was produced by the West German firm MAN, that had already designed 
and constructed generations of centrifugals. The Karlsruhe research insti
tute has worked out a further method of uranium separation, namely the 
sprinkler method, and an experimental device was also created there.

At present reprocessing of spent heating elements is done at the only 
existing, small capacity Karlsruhe plant. Spent heating elements are there
fore shipped to the United States, Britain and Belgium for reprocessing. 
To construct a reprocessing plant of commercial size in the country a joint 
enterprise (URG) was established at Frankfurt am Main, with French and 
British participation. The plant will carry out reprocessing for all three 
countries, and has a planned capacity to process 1500 t/year of oxide 
heating elements.

Nuclear plant construction companies of the Federal Republic also 
work on orders from abroad. The first such venture was completed in 
Argentina in 1968, where a 340 MW, PHWR type nuclear plant (with 
D20  moderator and pressurized light water coolant) was built at the town 
of Atucha, somewhat north-west of Buenos Aires on the southern river 
arm of the Paraná delta.

The second nuclear plant built by West German firms was a 477 MW 
capacity pressurized water reactor. It is situated at the town of Borssele, 
in the Netherlands.

The Austrian boiling w ater type atomic plant, which is still uncomp
leted as a result of the negative outcome of the referendum, has also been 
built by W est German firms.

Amid fierce international competition (by American and Swedish 
companies) KW U has won the tender for the construction of the 960 MW 
pressurized water Gossgen Atomic P lant in Switzerland. West German 
firms have also held talks on nuclear plants to  be built in other countries, 
like Iran , Brazil, the People’s Republic of China etc. These examples 
dem onstrate the efforts of W est German industry to gain international 
positions in this new branch of economy.

On the basis of constructions carried out up to the present we may 
give a short summary of the types of nuclear plants the major companies 
have specialized in. The Siemens firm has specialized in the construction 
of pressurized water and heavy water atomic plants. The firm AEG Tele- 
funken (headquarters in Frankfurt am Main) did so in boiling water 
reactors. Brown Boveri builds high-temperature, gas-cooled reactors 
jointly with the firm Kruppreaktorbau. Interatom (headquarters in Bens- 
berg) has specialized in sodium-cooled (both thermal and fast neutron) 
reactors and in those for ship engines. Recently this enterprise has been 
working busily on the creation of an MHD-generator power plant (plasma- 
plant) connected to a nuclear plant. 60% of the company’s shares are held 
by Siemens, while 20% by the firm Demag.

The firm  Kraftwerkunion (headquarters on Miilheim) an der Ruhr 
supplies equipment to  both pressurized water, boiling water and heavy
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water reactor types. At present this company produces the world’s largest 
nuclear reactors in terms of capacity. Since January 1st, 1977, the shares 
of this enterprise have been owned 100% by the firm Siemens. KWU’s 
reactor and turbine constructing plants are located in the town of Miilheim 
itself.

Apart from those listed above the following firms have specialized in 
the supply of certain types of nuclear plant equipment: West (headquarters 
in Frankfurt am Main), Gutehoffnungshiitte (headq.: Sterkrade), Demag 
(headq.: Duisburg), and Krupp (headq.: Essen).

When looking at the map of the Federal Republic one may state the 
fact that the country now has a fairly dense pattern of nuclear plants. 
Their greatest concentration, however, is found along the Rhine and on 
the Elise estuary. Intentional location of nuclear plants in the south of 
the country, along the rivers Danube, Isar and Rhine, may be perceived, 
for the purpose of easing the area’s shortage in primary energy sources. 
Although the network of nuclear plants is rather dense, proximity of 
cities and other large consuming centres clearly have had significant 
impact on the decisions on locating the plants. In such conditions finding 
suitable sites for new plants in the GFR is not an easy task. Consequently 
the idea has been raised that would locate nuclear plants on artificial 
islands in the North Sea. As a matter of fact, at present construction of 
some of the new plants is carried out in heavily populated, built-up areas. 
An increasingly large share of future electric energy needs of the advanced 
West German industry will have to be provided by nuclear plants. In 
selecting the location of plants the danger of radiation is practically out 
of question; the reason why these water-cooled stations are built still a little 
farther from populated areas is that the thermal pollution of the environ
ment (air and water) should not affect the population.

Spain was generally regarded as an industrially backward, slowly 
developing country until the early 1960s. However, during the 1960s 
rapid industrialization started to take place in the country and, for one 
thing, it now produces more than 11 million tons of steel each year. Deve
lopment of industry has rapidly increased the demand for energy, but 
apart from the country’s small coal deposits and its hydroelectric poten
tial of limited importance it does not possess significant sources of energy. 
The major part of the country’s energy needs has to be met by imported 
petroleum (60 million t/year).

I t  seemed therefore expedient for the country to  s ta r t  a  nuclear plant 
construction programme in order to  meet the rapidly growing dem and for 
electric energy. Spain essentially also voted in favour of the  two nuclear 
p lant types developed by the United States.

Similarly to other countries a small capacity atomic plant was installed 
at first, primarily for the purpose of gaining experience. This power plant, 
named José Cabrera (Fig. 4.), was put to service with a pressurized water 
reactor of 153 MW capacity, near the village of Almonacid de Zorita, on 
the river Tajo, in 1969. The small capacity did not raise any special demands
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on location, fox* it uses a m oderate am ount of cooling water. The plant was 
built somewhat to  the north-east of Madrid.
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Figure 4. Location o f nuclear p lan ts ami o ther works connected w ith nuclear industry in
Spain and Portugal

S p a i n .  I. Working nuclear plants: 1 = Jose Cabrera; 2 = Santa Maria de Garonna: 3 = Vandellos;
4 = Almaraz; 0 - Lemoniz; 6 ■ Asco; 7 = Conferentes. IX. Nuclear plants under construction:
X -  Trillo; 2 = Valdecaballeros; 3 = Sayago; 4 = Santillan; 5 = Cabo Cope; 8 = Regodola. III. 
Uranium ore deposits: 1 =  Andujar; 2 = Caceres; 3 = Zaragoza; 4 = Ciudad Rodrigo. IV. In d u c 
tion of uranium oxide: X = Andujar; 2=  Ciudad Rodrigo. P o r tu < m l. III. Uranium ore deposit: 1 =

=  Urgeiri«a. IV. Production of uranium oxide: 1 =  Urgcirica.

The second Spanish atomic plant, called Santa Maria de Garonna, was 
constructed with a capacity of 440 MW near the town of Burgos, on the 
river Arlanzon. It was installed with a boiling water reactor in 1971.

The following year saw the completion of the third nuclear plant, 
named Vandellos, which had been built in French—Spanish co-operation. 
This plant is different from other Spanish nuclear plants, for it was con
structed with a French made gas-cooled reactor. Its capacity is 480 MW. 
It is located near the village of Hospitalet del Infante, slightly south of 
Tarragona, on the coast of the Mediterranean. Plans call for its expansion 
by two pressurized water reactors of 1000 MW capacity each, of which the 
first is expected to be completed by 1982.

The fourth, tru ly  large-capacity Spanish nuclear plant, called Al
maraz, was put to service with a 930 MW pressurized water reactor, in 1979. 
The site of the power plant is north of the town of Caseres, on a dammed 
river branch of the Tajo, close to  the Portuguese frontier. Completion of 
the similar second block is planned for 1980.



The Lemoniz Atomic Plant, located on the fringes of the small town 
of Arminza, near Bilbao, will also run with two pressurized water reactors 
of 930 MW capacity each. The first block was completed in 1979, while 
the second is expected to be installed in 1981. The Aseo power plant has 
been built on the same design, with two pressurized water reactors of 930 
MW capacity each, between Barcelona and Tarragona on the Mediterra
nean coast. I t has been supplying electricity since 1979.

In addition to those listed above Spain has several plants under con
struction.

The Cofrentes Atomic Plant, planned for completion in 1980, was 
built with a boiling water reactor of 974 MW capacity near Valencia, on 
the Mediterranean coast.

The Sayago Atomic Plant is under construction with a 1000 MW pres
surized water reactor, on the shores of the reservoir created by damming 
the river Duero, near the town of Zamora (at the village of Moral de Saya
go), close to the Portuguese border. Its completion is expected for 1986. 
Another atomic plant, named Trillo, is being built east of Madrid, near a 
reservoir of the the Tajo, with pressurized water reactors of 2X 1000 MW 
capacity. Completion of the first block is expected for 1982. The Valdeca- 
balleros Atomic Plant is under construction with two boiling water reac
tors of 1000 MW capacity each, east of the town of Badajoz, on the shores 
of a reservoir on the Guadiana river. Their expected dates for completion 
are 1981 and 1983 respectively.

Beyond these, construction of the atomic plant “Santillan”, near the 
village of San Vicente, west of Bilbao on the coast of the Bay of Vizcaya, 
and of another one named ’’Cabo Cope” , south-west of Cartagena on the 
Mediterranean coast are also planned (with boiling water reactors of 1000 
and 930 MW capacities respectively). The latest site for the location of 
a new plant is at Regodola, where a pressurized water nuclear plant of 
around 1100 MW capacity is envisaged.

With its built-in nuclear plant capacity of roughly 6500 MW and an 
additional 6000 MW under construction Spain holds a fair place among 
nations applying nuclear technology. This has been achieved by the con
centration of resources and by selecting the most suitable types. Supposing 
an unbroken development Spain, with its nuclear energy output, for some 
time may take a place near the top in the rank of countries with high nuc
lear plant capacities.

Italy joined the ranks of countries operating nuclear plants at the ra
ther early date of 1963. In that year its first atomic plant, named “Latina”, 
was installed with assistance from British firms. The plant was built with 
a gas-cooled (magnox) reactor of 160 MW capacity, near the town of Lati
na, south of Rome, close to the Tyrrhenian sea-coast. The second plant in 
line started to generate electricity also near the coast in 1964, but with a 
boiling water reactor of 160 MW capacity. This atomic plant, named 
“Garigliano”, is situated on the stream of the same name, on the fringes 
of the small town of Sessa Aurunca. The power plant was built with the 
American General Electric Company taking part. The third nuclear plant,
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equipped with a 257 MW pressurized water reactor, was built with assis
tance from the American firm Westinghouse. The facility, called “Trino 
Vercellese”, was constructed near the town of Vereelli, on the river Sesia.

For the purpose of manufacturing some of the equipment of the said 
nuclear plants Italian industry has bought several licences.

Apart from hydroelectric power, and disregarding the small deposits 
of natural gas, Italy does not actually possess domestic reserves of energy 
sources. Two-thirds of the country’s production of electric energy comes 
from imported petroleum, which now runs at some 180 million t/year. 
Consequently its early participation in harnessing nuclear energy was justi
fied indeed. Apart from already exist ing hydroelectie power plants and therm
al power stations burning imported oil, even at this time only nuclear 
power plants seemed economically capable of supplying the growing 
amounts of electric energy demanded by the advanced Italian industry. 
The Italian atomic plant construction programme has started accordingly, 
on a wide base.

After a promising start, however, construction of Italian nuclear plants 
came to a halt, which was to last for about 10 years. This break was prob
ably caused by the extremely low world market prices of petroleum, last
ing up to 1973. The first large-capacity atomic plant, named Caorso, was 
installed as late as 1975, with a 822 MW boiling water reactor, east of Milan, 
on the river Po, between the towns of Piacenza and Cremona.

Meanwhile a decision was passed that called for the future develop
ment of Italian nuclear plants by the const ruction of pressurized water and 
boiling water reactors of 950 and 980 MW capacities respectively. Con
struction on the nuclear plant powered by two pressurized water reactors 
of 950 MW capacity each was started, with the participation of the West
inghouse firm, near the settlement of Montalto di Castro, at the mouth 
of the stream Fiora, north-west of Rome on the Mediterranean coast. Com
pletion of the power plant is expected for 1984. Work on the other facility, 
the Termoli Atomic Plant, eventually equipped by two boiling water 
reactors of 980 MW capacity each, began with the participation of the 
General Electric firm, near the small town of Termoli, south-east of Pescara 
on the Adriatic coast. Much equipment for these plants was supplied by 
the Italian industry producing under licences.

Italian use of the British gas-cooled reactor type was abandoned ear
lier. The start of building experimental reactors of its own design should be 
seen as one sign of ending Italy’s dependence on American licences. Such a 
nuclear plant is e.g. the one, named Cirene, under construction slightly south 
of Latina, which is powered by a natural uranium fueled, heavy water mo
derated reactor of 40 MW capacity, and cooled by a mixture of light water 
and steam.

Among heavy water moderated, larger-capacity experimental reac
tors the 8 MW ESSOR, run by the nuclear research institute at the town 
of Ispra on Lake Maggiore, should be included. The Ispra research institute 
runs a total of 5 experimental reactors.
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Figure 5. Location o f nuclear p lan ts and o ther works connected w ith nuclear industry  in
I ta ly

I. Working nuclear plants: 1 =Latlna; 2 =  Garigliano; 3 =  Trlno Vercellese: 4 = Caorso; 5 = 
Ispra (experimental). II. Nuclear plants under construction: 1 = Montalto di Castro: 3=  Clrene 

(Latina); 3 = Termoli (Molise). IV'. Uranium ore deposits: 1 =  Novazl (Clusone near Rergamo);
2 =  Vittorio (near Viterbo)- 3 =  Trento. III. Production of uranium oxide: 1 = Novazl. VI. Pro
duction of uranium metal: I =  Milan. V. Manufacture of heating elements: 1 = Saluggia. VII 

Reprocessing plant (experimental): 1 =  Saluggia.

Apart from the already mentioned Ispra institute, Italy has an im
pressive network of nuclear research institutes. The institute, founded in 
the town of Frascati, some 20 — 25 km south-east of Rome, was created with 
the aim of basic research. Another large institute for applied reactor re
search was established in the small town of Casaccia, at a similar distance, 
to the north-west of Rome, where 6 experimental reactors of different func
tions are worked on. One of the reactors serves the purpose of fast reactor 
research. Activities of the Bologna computer centre are also connected with 
these reactor research works. Two smaller research reactors also work in 
the outskirts of Bologna. In addition to these two larger research institutes 
have also been set up, that do actual production as well. A heating element 
manufacture-assembly plant has been built at Saluggia for the purpose 
of assembling the elements shipped by the Westinghouse firm. For the time 
being the plant manufactures heating elements of chiefly experimental
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r eactors (uranium m etal and ceramics heating elements etc.), while to  a 
lesser extent, it also works for pressurized water reactors. An experimental 
p lan t has also been set up here to  reprocess spent heating elements. This 
institu te  also specializes in developing a nuclear powered ship engine and 
in fast neutron reactor experiments. Prelim inary experiments connected 
with the operational running of the Cirene reactor were also performed he
re. In  Milan a special laboratory group lias been formed with the participa
tion of numerous large firms, where production of heavy water, enrichment 
of uranium  and construction of reactors are carried on. Plans for the Cirene 
reactor have also been worked out here. The long-term aim of the construc
tion of the la tte r reactor is to  end the country’s reliance on imported en
riched uranium .

Plans have surfaced on the setting up of a plant by a possible Ameri
can—Italian joint company that would manufacture heating elements for 
boiling water reactors. For the same purpose another British—Italian 
joint enterprise is planned for the reactors fueled by natural uranium. Con
sidering all these it should be clear, that Italy is interested in the construc
tion of the uranium enrichment plant “Eurodif”, which is being planned by 
several advanced European capitalist countries. At the same time the 
country gives high priority for the domestic research on the separation of 
uranium. Two research ultracentrifugal types are operated in Florence, 
and research is also directed on the development of highly productive dif
fusion membranes. Until the country’s enrichment plant is completed, en
riched uranium for its reactors will be bought chiefly from the United Sta
tes and, to a lesser degree, from the Soviet Union. Under the agreement, 
signed in the Soviet Union in 1973, Italy will receive from the Soviet Union 
enriched uranium for the manufacture of heating elements, between 
1975-83.

A look a t the spatial pa tte rn  of Ita lian  research institutes will confirm 
a t once the concentration of locations around centres of learning, univer
sities and sites of big companies. Spatial distribution of nuclear power 
plants, on the other hand, reflect the special features of the Italian  energy 
system. During the present period atomic plants were constructed in the 
economically advanced northern p a rt of the country, as well as in the vi
cinity of larger central Ita lian  industrial agglomerations.

Among Italian companies that have participated in the development 
of the country’s nuclear industry the firm “Breda” is outstanding: its im
portant engineering works in the town of Sesto San Giovanni manufacture 
main components of pressurized water and other reactors. Based on li
cence purchases Italian machine industry is now capable of turning out the 
full cycle of nuclear plant ecjuipment almost independently. Most of its 
production capacity is working for export orders into the GFR.

Italy’s uranium reserves, considering high-grade ores, stand at the ra
ther modest figure of 1000 tons. Uranium deposits, that are exploitable at 
higher costs, however, are approximately 30 000 tons. The best quality 
ores are found near Bergamo, where a small uranium enrichment plant 
was also set up. Apart from these there are positive thorium findings in
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Calabria, with relatively high ore concentration, and there are some low- 
grade thorium deposits in the province of Lazio, too. The latter region has a 
promising site for mining north of the settlement of Vitterio, with deposits 
of U30g put at about 10 000 tons. Most of the described deposits consist 
of low-grade ores; mining stands at 150 t/year with actual work going on 
only near Bergamo. In these conditions the country is forced, even at 
present, to import significant amounts of uranium from Canada, France 
etc. To improve the supply of uranium Italian firms contribute financially 
to prospecting and exploiting by Canadian and American firms. Bi-lateral 
agreements with Somalia and Gambia for uranium prospecting on their 
territories also aim at guaranteed uranium supply. Italv has also concluded 
an agreement with the Republic of Niger, through'the French-Niger 
company, for mining uranium ore.

Although after its relatively early start, which was followed by a 
10 year halt, Italy launched its nuclear programme in the 1970s, it will be 
hard put to make up for its lag, compared to countries following more 
consequent nuclear policies.

Among western European countries Híveden has developed an impres
sive nuclear technological base, and it now ranks first in this respect in the 
group of the Scandinavian countries. The extensive application of nuclear 
power in Sweden may be traced to the almost complete utilization of ist 
hydroelectric resources, and its lack of any other energy sources (apart 
from very little coal deposits and production). To satisfy demands, consi
derable amounts of electric energy were imported in the early ’70s, mainly 
from Norway. Existence of the advanced Swedish industry was a factor of 
advantage for the construction of nuclear plants. Sweden'is the only capi
talist country, that was able to construct light-water, boiling-water reac
tors very much on its own resources, with the purchase of very few Ameri
can licences.

The first Swedish nuclear plant, named “Ogesta”, was put to service 
in the outskirts of Stockholm with an electric capacity of 12 MW, in 1964. 
“Ogesta” was one of those rare types of plants that had three cycles: pro
duction of heat (first cycle), twofold utilization of hot water, with part 
of it driving the turbines in the vaporizer by its steam (second cycle), and 
the rest used as communal hot water(third cycle). Heavy water served both 
as moderator and coolant. The basic function of the power station was 
communal heat supply; its total heat generating output reached 80 MW. 
The nuclear plant has proved the safety of reactors to the population both 
inside and outside the plant area. Because the plant, that had been wor
king since 1963, was technologically obsolete, operated at a high cost and 
was unable to supply all hot water needs of the surrounding residential 
area, it has been dismantled and its marketable components sold. (During 
a study tour of Sweden by a group of geography undergraduates from the 
Roland Eötvös University of Budapest, in 1966, the students had the 
opportunity to learn the functions and location of the “Ogesta” reactor.)

The first large nuclear plant, with a boiling water reactor, was installed 
in 1971 near the town of Oskarshamn (“O skarsham n-I”), and the reac
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tor reached its 460 MW capacity in 1972 (Fig. 6.). The power plant was lo
cated a t the Kalmar-sund strait, on the Baltic sea-coast, in the south-eas
tern part of the country, at almost the same latitude with the northern 
tip of the island of Gland. Equipment was supplied by the Swedish firm 
“Asea-atom”. The first reactor was followed by the installation of a 600 MW 
boiling water reactor two years later, at the same site (Oskarshamn — IT). 
Uranium for these two plants was bought in France and enriched in the 
United States. These nuclear plants were constructed with virtually no 
foreign help, consequently they may be regarded as Swedish national de
signs. The boiling water reactor of “Oskarshamn—II I ”, with a capacity 
of 110 MW, is envisaged for completion by 1984.
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Figure G. Location o f nuclear p lan ts and o ther works connected w ith nuclear industry in the
Scandinavian countries

S w e d e n .  I. Uranium ore deposits: 1 =  BUlingen; 2 = Evarntorp. II. Working nuclear plants: 1 =
= Oskarsliamn; 2 = Itinglials; 8 = BarscbSck; 4 = Forsmark (Estahammcr); 5 = Marviken (expe

rimental). l i t .  Production of uranium oxide: 1 =  ltanstad; 2 = Kvarntorp. IV. Manufacture of 
heating elements: 1 =  VSsterAs.

F i n l a n d .  I Uranium ore deposit: 1 = Eno. II. Working nuclear plants:' 1 = Loviisa; 2 = 
Olkiluoto. Nuclear plant under construction: 1 = Helsinki. N o r w u ! / .  II. Working nuclear plants:

1 = Oslo (experimental); 2 =  Hatden (experimental).

The next step was the installation of the first unit of the Ringhals 
Atomic Plant in 1973, with a boiling water reactor of 780 MW capacity, 
also with components manufactured by the firm “Asea-atom”. Fuel for 
this reactor has been supplied by the heating element factory of the firm 
“Asea-atom”, built in the town of Vasteras. The power plant is located near 
Varberg, at the Kattegat Sound on the south-western coast of Sweden. 
At present the Ringhals plant is Sweden’s largest nuclear power station, 
where a 860 MW pressurized water reactor has since been built, which was 
followed by two reactor blocks of the same type, each with 900 MW ca
pacity, in 1974 and 1978 -  1979 respectively. Equipment for the last three 
reactors have been supplied by the firm Westinghouse.

Construction of the Barseback Atomic Plant, named after a small 
nearby settlement, was simultaneous with that of the Ringhals nuclear



facility. This plant was located 20 km to the north of Malmö on the Öre
sund coast, near the town of Löddeköpinge, and has two Swedish-made 
reactor blocks of 580 MW capacity each. The blocks have been generating 
electricity since 1975 and 1978 respectively.

Depending on the favourable outcome of the referendum planned for 
March, 1980, the first two units of Forsmark, the next large Swedish nuc
lear plant, is expected to be installed in 1980, with boiling water reactors 
of 2X900 MW capacity. The plant is located near the settlement of Es- 
tahammar, north of Uppsala, at an inlet of the Baltic Sea. Installation of 
the third unit, named Forsmark — 3, is planned for 1984.

The Marviken Atomic Plant was built between 1965- 1970, with heavy 
water serving both as moderator and coolant. Due to unsatisfactory eco
nomical indices, this nuclear plant of 140 MW electric capacity was finally 
built for experimental purposes. Its site is on the southern side of the ca
nal mouth draining Lake Vattern, at the Baltic coast. Sweden has some 
5500 MW built-in nuclear plant capacity in 1980. According to earlier 
plans capacity was to have been raised to 9400 MW by 1985, with a further 
ambitious nuclear plant construction programme up to 1990.

After the fall of the social democratic government in 1976 construction 
pace of nuclear plants was slowed down, and was eventually planned to 
stop altogether. This plan was later abandoned, and because of problems 
in energy supply, coalition partners of the anti-nucler Centrum Party have 
even broken the alliance in this question with their decision to back fur
ther construction of nuclear plants.

Sweden ranks near the top among countries with outstanding deposits 
of uranium, which is a favourable condition for its long-term nuclear prog
ramme. Huge reserves were found in the country in the vicinity of Kvarn- 
torp and Biliingen, in Cambrian bituminous shale ¡formation, — although 
with few exceptions they are of very low grade. Uranium content of 
the bituminous shale is very low: 0.023%, (mean value) i.e. one ton of ore 
holds 230 grammes of uranium. Uranium content of better quality ores 
hardly exceed 0.03%, and these reserves amount to about 150 000 tons 
around Biliingen. Total uranium content of lower grade ore deposits is 
several times higher, some sources put it at around 1 million tons.

For the purpose of directing the development of Sweden’s nuclear in
dustry, the state company “AB Atomenergi” had been established with 
wide powers, that set up a small-capacitv (5 -10  t/year) experimental 
uranium oxide producing plant at Kvarntorp (Nerke province), in 1953. 
Uranium ore mined aruond Biliingen in modest quantities is enriched in 
the small town of Ranstad, where the company later (in 1965) built a new' 
uranium oxide plant of 120 t/year capacity. Output of uranium ore mined 
at Biliingen is about 15 000 t/year, which means that domestic production 
can only supply a fraction of the demand of Swedish nuclear plants. At 
present prices purchase of uranium in the USA, France etc. is seen econo
mically more sensible than mining domestic ores of very low grades.

Industrial investments into nuclear energetics and the major part of 
scientific research are mostly financed and carried out by the mixed com-
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pany “ Asea-atom” (50% of its stocks are held by the state, while the other half 
isowned bySweden’s largest electrical engineering firm “Asea”.)“Asea-atom” 
has created an entire plant-complex in the town of Vasteras (100 km west 
of Stockholm) for the manufacture of all kinds of nuclear plant equipment. 
Thanks to its plants in the country “Asea-atom” has gained monopoly over 
the manufacture of heating elements for reactors in Sweden. The plants at 
Vasteras also produce radioactive sources of electricity (up to 1 kW), and 
a large number of laboratories are performing research. Also participating 
in the construction of nuclear plants on the basis of orders by "Asea-atom” 
are ’’Axel Jonson grupp” by supplying special steel, “Stal—Laval turbin 
AB” by undertaking deliveries of turbines, among a number of other firms. 
In addition to these several American -Swedish mixed companies have been 
founded for taking part in nuclear plant programmes.

The state firm “AB Atomenergi” has developed the centre of Swedish 
nuclear research in the small town of Studsvik, for the purpose of basic 
and applied research. Among the constructed experimental reactors the 
50 MW R —2 is suitable for operation simulation of pressurized water, as 
well as boiling water reactors. Since the mid-’GOs Sweden has been co
operating with Britain in the development of fast neutron breeder reactors. 
Similar co-operation has been established later with American and West 
German firms. Construction in Sweden of an experimental fast neutron 
reactor is planned for the mid-’80s.

One of the characteristic features of Swedish nuclear plant construc
tion is that some of the reactors are built immediately next to large towns 
to supply them electric energy and communal heat.

Switzerland’s conditions greatly resemble those of Sweden. Apart from 
its impressive hydroelectric capacity the industrially advanced small 
country disposes of no other source of energy. On the other hand the ad
vanced industry and the highly electrified Swiss households need rapidly 
increasing amounts of electric energy. Hydroelectric reserves of the country 
have now largely been put to use. Consequently Switzerland has planned 
to generate its additional required electric energy in nuclear plants. The 
country has also alternately built American-developed boiling water and 
pressurized water reactors, following the failure of the 10.5 MW experi
mental Lucens Atomic Plant of its own design, that was installed back 
in 1968. The small town of Lucens is situated in the valley of the Broye 
river, north-east of Lausanne. The reactor of the plant was moderated by 
heavy water, while gas served as coolant. In 1969 it broke down and re
pair did not seem worth the trouble. At a time, when light water reactors 
were working well in western and socialist countries, further costly experi
ments were pointless.

The first nuclear plant to be installed in Switzerland was Beznau -1 , 
with a pressurized water reactor of 365 MW capacity (Fig. 7.). The plant 
was expanded by an identical reactor block in 1973. The Beznau nuclear 
facility was located near the small town of Doetingen in northern Switzer
land.
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Simultaneous with the building of the second block of the Beznau 
power station was the construction and installation in 1971 of the Miihle- 
berg Atomic Plant, with a boiling water reactor of 320 MW capacity, 
slightly to the west of Bern on the river Aare. Miihleberg lies about 20 kin 
west of Bern, near a dam on the river Aare.
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Figure 7. Location o f nuclear p lan ts  in  Sw itzerland
1' W'r’,;.ai"f,.T lrir 1 7 B,ozmu!:2  = Mühleberg; 3 =  GOsgen (DSniken, in Solothurn Canton); 4 — Leibstadt. II. Nuclear plants under construction: 1 = Kaiseraugst; 2 =  Graben (on the river 

Aare in Hern Canton). P. = France. L. = Liechtenstein. G. = Geneva.

Employment of large blocks in Switzerland started in 1979. The year 
also witnessed the installation of the 960 MW pressurized water reactor of 
the Gosgen Atomic Plant near the small town of Daniken, on the river Aare. 
Construction of the 955 MW boiling water reactor block of the Leibstadt 
Atomic Plant has reached an advanced stage. This power station is being 
built jointly with West German firms, on the Rhine, at the mouth of the 
river Aare, in northern Switzerland. Following its completion, which is 
planned for 1981, 20% of the plant’s generated electricity will be trans
mitted to the GFR in return for her share in the investment.

Authorization and construction of other, earlier planned nuclear plants 
are making very slow progress. Completion of the Kaiseraugst and Graben 
Atomic Plants is expected for the mid-’80s. Considering the size of the 
country, the nuclear plant programme to be carried out until 1980 is 
itself remarkable.

I he execution of the important Swiss nuclear plant programme has 
also been preceded by the setting up of an extensive scientific background.
I he Swiss federal government has been supporting nuclear research since 
1946. The Federal Reactor Research Institute was founded in the settle
ment of Vurenlingen in 1955. This nuclear reserch institute has become 
the largest in Switzerland, with several experimental reactors (among them 
the 30 MW Dicrit ). Apart from the construction of thermal reactors, 
research is centred on building fast neutron reactors of different types 
(liquid sodium and helium cooling systems). The institute also turns out 
radioactive isotopes, and performs experiments on the production of heat-



ing elements, as well as on the reprocessing of spent heating elements. 
The Swiss Nuclear Research Institute was founded in neighbouring Willin- 
gen in 1967, where a large-capacity proton accelerator is working. A num
ber of practical questions are being studied at Swiss universities, too. The 
universities of Zurich and Neuohatel possess Van de Graaf accelerators, 
while the University of Bern also has an experimental reactor. The univer
sities of Fribourg and Lausanne also carry on extensive research program
mes.

The Federal Atomic Energy Commission was established as a govern
mental organ in 1958 to supervise the development of nuclear energetics. 
Swiss production of major nuclear equipment was established in a fairly 
short time, based mostly on American licences; several types of equipment 
are even manufactured for the United Kingdom and France. Better- 
known manufacturing firms include Brown Boveri, Sulzer (in Winterthur), 
Georg Fischer, Seca (produces robots that load and unload heating ele
ments).

Uranium ore in Switzerland so far was only found in bituminous coals 
around the village of Blanbach. All uranium and heating elements con
sumed in Switzerland are purchasedfrom abroad (USA, France), while on the 
reprocessing of spent heating elements an agreement has been signed with 
Britain. Establishment of heating element manufacturing facilities in the 
country is expected for the early ’80s.

Among the Benelux countries construction of nuclear plants was start
ed. first in the Netherlands. In as early as 1969 the Dodewaard Atomic 
Plant was completed with a boiling water reactor of 55 MW capacity, at 
the village of the same name, some 15 km west of the town of Nijmegen 
on the Rhine. Installation of the second nuclear plant has also taken place 
in Holland. The Borssele Atomic Plant has been built with a 477 MW pres
surized water reactor, near the small town of the same names, slightly east 
of the town of Vlissingen, at the Schelde estuary (on the north bank of the 
Wester Schelde river branch) (Fig. 3.). But this has marked the beginning 
of a long break in the Dutch nuclear plant construction programme. The 
discovered and heavily exploited natural gas deposits have solved the 
energy problem of this small country in the 1970s. Production of natural 
gas has now begun to decline and the Netherlands may some day resume 
generating electricity in new atomic plants.

Belgium has joined the countries operating nuclear plants later. The 
920 MW pressurized water reactor of the Tihange Atomic Plant, built in 
French -  Belgian co-operation near the town of Namur, south-west of Liege 
on the river Maas, has been working at full capacity since 1978. In the same 
year the first 410 MW reactor block of the same (pressurized water) type 
was put to use in the Doel Atomic Plant, some 35 km west of Antwerpen 
on the Gent Canal. The Doel power station has since been expanded by 
another 410 MW reactor of the same type. In addition, both power plants 
will be enlarged by one pressurized water reactor block of 900 MW capa
city each, now under construction (expected completion date of the two 
blocks: 1980). This will put Belgium into a position among countries ope
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rating large nuclear plants, and a significant share of the generated elec
tricity will be taken over by nuclear plants from once-famous Belgian coal 
(whose mining involves steadily growing costs). Beyond those listed above 
an experimental reactor of 11 MW capacity is being operated in the town 
of Mol, 40 km east of Antwerpen. The Tihange — 3 and Doel — 4 nuclear 
plants, now under construction, are expected to be completed by 1983 
with blocks of 1000 MW capacity each.

The largest nuclear plant of the Benelux states is planned to be built 
in the south-eastern part of the smallest country: Luxembourg. The Re- 
merschen nuclear plant, with its 1300 MW pressurized water reactor, is 
envisaged for completion by the mid-1980s on the Luxembourgian—West 
German border, near the river Mosel (Fig. 2.).

It should be noted, that construct ion of nuclear plants of such immen
se unit capacity in these small countries (Switzerland, Belgium, and es
pecially Luxembourg) is only feasible because the joint operation of the 
western European high-tension grid system offers the possibility of build
ing international reserves, besides mutual assistance.

Capacity of the 1300 MW reactor block of Remerschen nuclear plant 
exceeds that of Luxembourg’s entire capacity needs. During its operation a 
significant share of the generated electricity will have to be supplied to the 
neighbouring countries. On the other hand, should the power plant be forc
ed to stop running either intentionally, or due to some defect, the small 
country will then have to satisfy its demand by electric energy supplies 
from neighbouring countries. Joint operation of the high-tension grid 
system thus has a decisive influence on the economy of nuclear plants.

Finland has special position among countries constructing and opera
ting nuclear plants. So far two atomic plants have been equipped by reac
tor blocks. The point of interest lies in the fact that one of them (Loviisa) 
has been built with two (440 MW cap. each) pressurized water reactors of 
the Novovoronezh type, while the other (Olkiluoto Atomic Plant) will run 
by two Swedish-made boiling water reactors of 660 MW capacity each, 
built on American design. The Loviisa Atomic Plant was constructed near 
the town of Loviisa, some 50 km from Helsinki on the shore of the Gulf of 
Finland, while the Olkiluoto Atomic Plant is located on a small island of 
the same name, somewhat to the north of the town of Rauma, close to the 
shore of the Gulf of Bothnia, in south-western Finland. (Fig. 6.) The blocks 
of the Loviisa Atomic Plant, supplied by the Soviet Union, were put to 
service earlier (in 1976 and 1978 respectively), while those of the Olkiluoto 
nuclear plant were planned for completion in 1978 — 1980. Future plans 
include the installation of a 1000 MW nuclear plant near Helsinki (bv 
1985).

Noru-uy has built two small experimental reactors in Oslo and Halden 
(Fig. 6.). The latter is of the heavy water type.

In Austria the Tullnerfeld Atomic Plant was built near the village of 
Zwentendorf on the Tullner Feld, west of Vienna on the bank of the Danu
be. This nuclear plant was equipped with a boiling water reactor of 692 
MW capacity. Construction and installation of the plant was hotly deba-
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ted in public in Austria. The socialist government held a referendum on 
November 5, 1978 on the installation of the then almost complété nuclear 
fac.ility. The referendum was won by oppenents of the plant by a slight 
margin. The outcome of the referendum was undoubtedly influenced by 
political considérations that went bevond questions of generating electri- 
city by nuclear plants and their judgements of safety. Austria’s économie 
interests are totally incompatible with the resuit of the referendum, and a 
number of signs suggest that demand will force the country to complété the 
nuclear plant and put it to work.

РЕЗЮМЕ

АТОМНАЯ ЭНЕРГЕТИКА ЕВРОПЕЙСКИХ КАПИТАЛИСТИГЕСКИХ СТРАН

В статье кратко рассматривается развитие атомной энергетики европейских 
капиталистических стран, а также применение атомной энергии. Особенно выдел
яется роль Великобритании, Франции, ФРГ и Швеции. В этих странах была создана 
мощная научно-исследовательская база по развитию атомной энергетики, находя
щаяся в руках государства и частных предприятий. С одной стороны —это сделало 
возможным разработку собственных типов реакторов, с другой -  способствовало быст
рому вводу в строй экономично функционирующих атомных электростанций, раз
работанных в других зарубежных странах. В перечисленных выше странах развитая 
промышленность, а также недостаток первичных энергоносителей благоприятство
вали распространению атомной энергетики. В целом ряде западно-европейских стран 
атомных электростанций уже и ныне приходится 15-28%  общего производства 
электроэнергии.

Великобритания и Франция в пятидесятых и в шестидесятых годах использо
вались реакторы собственной разработки, в которых замедлителем был графит, а 
теплоносителем углекислый газ. Вследствие этого обе страны стали независимы от 
.мощностей по обогащению урана в США, так как реакторы с применением углекислого 
газа в качестве теплоносителя могут исползовать и природный (необогащенный) 
уран. В то же время реакторы с газов!,гм теплоносителем по экономичности уступали 
разработанным в США водо-водяным реакторам (так называемого кипящего типа, 
а также с водой под давлением). Франция уже раньше сделала для себя соответствую
щие выводы и в начале семидесятых годов перешла на использование разработанных 
американцами реакторов с водой под давлением и кипящих. Великобритания и в 
семидесятых годах продолжала у с и л и я  по повышению конкурентоспособности реак
торов с газовым теплоносителем, но по всей вероятности в ближайшем будущем также 
перейдёт на использование типов реакторов зарубежной разработки.

Остальные европейские капиталистические страны за исключением Швеции 
строили атомные электростанции, закупленные за рубежом, или же начали произ
водство оборудования для атомных электростанций по иностранным лицензиям. 
Швеция проявила большую самостоятельность в разработке реакторов кипящего 
типа, а реакторы с водой под давлением также покупала за рубежом. К середине 
семидесятых годов ФРГ удалось наверстать отставание в области развития атомной 
энергетики'ввиду более позднего старта. Ныне западно-германская промышленность 
способна выпускать комплектное оборудование для атомных электростанций с 
реакторами кипящего типа, а также с водой подавлением.

Великобритания до 1970 года по установленной мощности атомных электро
станций занимала ведущее место в мирово,м масштабе, но уже в последующем году её 
опередили США, а затем и ФРГ, Франция и СССР. В 1980 году планируемая установ
ленная мощность атомных электростанций должна составить (в млн. квт.) в Велико
британии-И ,8, во Ф ранц ии-14,5, в Ф Р Г - 12,0., в Испании-6 ,5 , в Швеции- 5,0. Как 
видим и в Испании, и в Швеции также была осуществлена значительная программа 
строительства атомных электростанций.
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Наряду с термическими реакторами в Великобритании, Франции, ФРГ и 
Швеции большое внимание уделяется разработке реакторов на быстрых нейтронах. 
В Великобритании и Франции действует по одному реактору на быстрых нейтронах 
мощностью по 250 тысяч квт. каждый. В ФРГ строится подобный реактор мощностью 
300 тысяч квт. Ещё больший реактор на быстрых нейтронах мощностью 1,2 млн. квт. 
находится в стадии проектирования совместными усилиями Франции, ФРГ и Италии. 
Этот реактор будет установлен на атомной электростанции «Супер Феникс» в Крейс 
Малвилле во Франции, которая по планам должна быть пущена в первой половине 
восьмидесятых годов. В интересах более рационального использования запасов 
урана начиная со второй половины восьмидесятых годов ожидается распространение 
атомных электростанций с реакторами на быстрых нейтронах и в других странах 
Западной Европы.

Всё больший по масштабам, но правда более медленный по темпам чем это 
планировалось раньше, размах осуществления программ строительства атомных 
электростанций в Западной Европе выдвинул на первый план решение проблемы 
обогащения урана, а также извлечения всё ещё значительного количества урана из 
выгоревших тепловыделяющих элементов (твэлов). Последняя операция осущест
вляется на специальных заводах по переработке облученного топлива. До сих пор 
предприятия по обогащению урана были построены в Великобритании, Франции и 
Голландии (опытная установка действует и в ФРГ). Во Франции в процессе строитель
ства находится новое мощное предприятие по обогащению урана «Евродиф» при 
финансовой поддержке Италии, Испании, ФРГ и Бельгии. Заводы по переработке 
твэлов были построены в Великобритании, Франции, и Бельгии. Подобный, но ещё 
больший по мощности завод строится в ФРГ.

В машиностроении западно-европейских стран сложилось значительное сотруд
ничество и разделение труда в отношении производства оборудования для атомных 
электростанций, а также вспомогательных устройств.

Из западно-европейских стран только Франция располагает значительными и 
экономично разрабатываемыми запасами урановых руд. В Швеции известны большие 
запасы урановых руд, но содержание урана в руде весьма низкое. Поэтому Швеция 
свои потребности в уране пока что удовлетворяет за счёт импорта. Вследствие не
хватки урана значителен его импорт, а также большую роль играет финансовое и 
научно-техническое участие европейских капиталистических стран в разработке 
зарубежных месторождений урана.

В ряде плотнонаселённых западноевропейских стран немалую проблему озна
чает выбор подходящих площадок для строительства атомных электростанций, хотя 
последние загрязняют окружающую среду только за счёт сброса тёплой воды тем
пературой около 30°С. На атомных электростанциях в качестве охлаждающей воды 
можно использовать и солёную морскую воду, что благоприятно для их размещения 
в странах и в отдельных районах стран с засушиливым климатом. Дело в том, что 
важнейшим фактором размещения атомных электростанций является наличие ох
лаждающей воды.
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The urbanisation th a t goes on in countries w ith differing social sys
tems and on a different level of economic development is one of the most 
characteristic phenomena of our age. Many difficult problems are raised 
by the accelerating process of urbanisation, which can be solved only by 
ensuring in a complex way interdisciplinarity and jo int efforts by the rep
resentatives of a num ber of branches of science. A m ajor role among these 
is played by population and urban geography.

At the present time, the urban processes and the  research of problems 
linked with this have a significant role in the geographic literature of the 
different countries. However, such research is hindered by the circumstance 
th a t with regard to the definition of the concept of urbanisation, the requir
ed homogeneity is far from being complete; it is given different notions by 
different authors. Undoubtedly, the placing of an equal sign between 
urbanisation, and the growth and development of towns, and the increase 
in the ratio of city dwellers would mean the oversimplification of the prob
lem. For it  is obvious th a t  the above mentioned elements, although un
doubtedly essential, are only particular character of the progress of urbani
sation. The concept which regards urbanisation as an independent historic 
process th a t determines the development of society is also unacceptable. 
All the more so, as urbanisation is prim arily a product, a result of economic 
social development; th a t  is urbanisation m ust be regarded as a  condition 
and a t the same tim e a result of social development.

There is agreement with the opinion of those authors who regard pre
sent day urbanisation as a  historic process th a t is closely linked with the 
development of the productive forces and social relations. This process is 
linked with extensive social economic changes both in towns and villages 
th a t result in the mass dissemination of the urban way of life, the develop
m ent of services, mass communications, transport, industrialised agricul
ture and modern production.

The development of urbanisation can be divided into two parts.
The first phase is characterised by the growth of towns, the deve

lopment in the urban system, also resulting in the growth in the ratio  of



town-dwellers, and a concentration of branches of non-agricultural pro
duction in towns. A large proportion of a  country’s population becomes 
concentrated in cities, and their role in the country’s life acquires major 
significance . This phase in the development of urbanisation is regarded as 
extensive.

In  the second phase the role of the intensive factors of urbanisation 
com estothe centre of interest. As a result, the industrial, cultural, scien
tific and service achievements of the urban centres gradually effect the enti
re settlem ent system of the country, and encompass the whole of society.

The two phases of urbanisation m entioned earlier are well definiated, 
not only in time, but also in space. They can also appear simultaneously 
on the territo ry  of a country. This circumstance is particularly relevant 
in the case of the socialist countries in Sout-East Europe, where faster pace 
economic development s ta rted  only in the period after the Second World 
W ar. In  the more developed regions of these countries — where urban 
settlem ents appeared long ago — urban development realises in intensive 
forms. Simultaneously, in other parts of the country, regions can or 
do exist on a lower level of economic development, where the town system 
is not too dense and an urban way of life does not have long past. On these 
territories, the extensive forms of urbanisation become dom inant. This 
can be the reason why in quite a num ber of countries, m ajor regional diffe
rences appear in the level of urbanisation.

This study is an a ttem p t to  analyze the peculiarities in the realisation 
of the process of urbanisation in three socialist countries in South-East 
Europe (Bulgaria, Yugoslavia and Romania). Naturally, the aim was not 
to  give a total and complex analysis of the urbanisation process in the three 
countries mentioned, the sole target was to  analyze the network develop
m ent of the towns in these countries on the basis of developments in the 
past ten years, and to  describe the essential changes in this, and underline 
the tendencies th a t emerge in the urbanisation process in t he administration- 
al regions. Since d a ta  providing information about the occupation struc
ture of the rural population are missing from statistical publications, it 
was not possible to  trace the phenomena linked with the urbanisation of 
these areas.

In the above mentioned three countries, the regional examination of 
urbanisation — because of the character of the statistical da ta  available — 
can only be approached on the level of adm inistrative units. However, an 
international comparison becomes extremely difficult when it is considered 
th a t a significant difference can be observed between the adm inistrative 
units of individual countries, both in the size of the territo ry  and the num 
ber of the population.

An examination of urbanisation, and a review of the differences in 
the level of urbanisation w ithin one country is extremely timely in the case 
of the socialist South-East European countries. In  the present stage of 
their development — when the further completion of the regional organisa
tion of production is of key im portance — it is absolutely indispensable to 
take into consideration the changes occurring in the entire system of sett-
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lements. These changes are closely connected with economic, primarily 
industrial development, the increased concentration of industrial produc
tion and changes in its location, the increased mechanisation of agriculture 
and, as a result, the gradual sliift of manpower from agriculture in these 
countries. Among the socialist countries of Europe, Albania, Bulgaria, 
Yugoslavia and Romania embarked on a socialist path of development 
on the lowest stage of industrial and urban development. Their common 
characteristic was a relatively low ratio of the urban population in compari
son to the total population (in 1954 the proportion of the urban population 
in Bulgaria was 27.5%; in Romania 24.7%; and in Yugoslavia 21.7%). 
This phenomenon in these countries can be explained by the agricultural 
type of the economy, the sparse network of towns, the low number of cities 
and by the fact that a high number of the urban population was also employ
ed in agriculture, which reflects the agricultural character of the above 
mentioned towns.

The increase in the urban population in these countries started at the 
beginning of the 1950s. The foundations of this process were laid by socia
list industrialisation, the concentration of production, the heavy industria
lisation of agriculture and the release of manpower from agriculture, among 
other factoi's. As a result of the economic and social changes during the 
relatively short period of the building of socialism in the countries under 
examination, the motives of urbanisation and also its forms have changed. 
This is the reason why the two phases in the development of urbanisation 
can be evaluated in this case.

In the first phase of building socialism, the fundamental impulse of 
the development of urbanisation was the industrialisation of the towns. 
The rapid development of industry required an increase in the industrial 
labour force, which it gained not only from the towns but also from the rural 
regions, thus increasing the influx of the population into industrial centres. 
This process, naturally, resulted in the rapid development of urban sett
lements.

Industrial objects were not only built in existing towns, but also in 
rural settlements, where some of the conditions necessary for settling in
dustry were present, such as sufficient manpower, natural resources or 
adequate transport requirements, etc.

These settlements, simultaneously, became gravitational centres for 
the external labour force. At a certain level of development, one or two 
of these settlements gained the status of a town, and the settlements lo
cated in the vicinity of towns merged with individual towns.

As a third major source of the increase in the urban population, a 
relatively rare phenomenon must be mentioned, and that is — in the case 
of densely populated areas — the construction of significant industrial ob
jects carried out on “empty ground”. Houses and amenities for ser
vicing facilities were built at a rapid pace around such projects, creating 
the core of a new town.

The examination of the data for the socialist countries in South-East 
Europe confirms that the increase in the number of urban population
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was primarily ensured by the influx of the population from rural areas into 
the towns, together with the fact that some of these settlements received 
the status of a town.

T a b le  1.

U r b a n  p o p u la t i o n  in  1 9 5 0  a n d  1 9 6 5

1 9 2  KARCEVA V.

Country

Urban population in thousands Actual Increase of urban population between 
1950 and 1965 in thousands

1950 1965 altogether
population that migrated to a 

town and as a result of 
administrative changes

B ulgaria . . . . 1995 3822 1827 1615
Y ugoslavia . 2556' 52662 27103 2391
R om ania . .  . 4029 63 634 2334 1379

in 1948 3 between 1948 and 1901
in 1901 4 in I960

In the examined period, the numerical increase of the urban popula
tion can be explained partly by the higher natural increase of the immigrat
ed rural population to the towns and partly by the administrative changes 
that transformed a part of the rural population into urban inhabitants.

As can be seen from the above figures, the number of urban population 
doubled in Yugoslavia and Bulgaria; for in this period the migration of the 
rural population to the towns and the rural settlements that developed in
to towns occurred at a much faster pace than in Romania.

In the period between 1948 and 1965, the number of towns rose by 
the formation of new towns by 32 in Romania, while in Bulgaria, from 1946 
to 1965 the number of new towns was 70.

From the mid-1960s, the urbanisation of the examined countries 
reached a new phase. From that time on, in addition to the extensive fac
tors of development, the importance of the intensive factors rose signifi
cantly, and an urban way of life started to spread among the rural popula
tion. This process, although indirectly, is well reflected by the figures con
cerning an increase in the ratio of the employment in the non-agricultural 
branches.

T a b le  2.

T h e  r e l a t i o n s h ip  b e tw e e n  u r b a n i s a t i o n  a n d  th e  c h a n g e  in  e m p lo y m e n t  s t r u c t u r e

Country

The ratio of the urban population in % The ratio of those employed in the 
non-agricultural sectors in %

1950 1974 1950 1974

B u lg a r ia .............. 27.5 58 18* 68
Y ugoslavia . . . . 21.7 38.6 33.2 55.5
R om ania ...........
l in 1948 2 in 1973

25.2 42.7 25.7 482
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From the second table it can be seen that the labour force employed 
in the non-agricultural sectors significantly surpassed the ratio of the ur
ban population. This confirms the way in which urbanisation gained 
ground in the rural regions. However, in the period of development under 
examination, the extensive type of urbanisation also continues. The net
work of towns is gradually becoming denser, and its development continues 
to be very dynamic. The formation of new towns also continues to be a 
major factor in the growth and increasing density of the network of towns. 
In the present phase of urbanisation, the qualification of rural settlements 
into towns is indicated not only through their industrialisation, but also 
by the acceleration in the development of the services in them. As a result, 
the given settlements gain a central role in the life of the surrounding areas. 
For example, in Yugoslavia — due to certain administrative changes — 
the number of towns rose by 158 within ten years, in Romania by 58, and 
in Bulgaria by 39. In the expansion of the new town system, the tendency 
of a more even spread of urban settlements is also expressed.

In Bulgaria, most of the new towns were created along the important 
railway line between Sofia and Varna, in the valley of the river Marica and 
in the region of the Rila and Rodope mountains.

In Romania, the new towns are rather dispersed, still about 50 per cent 
of them are to be found in the central and western regions of the country. 
The new towns primarily increased the number of small towns, and the 
urbanisational effect on the rural settlements was very low.

The network of towns in the period under examination not only deve
loped from a quantitative, but also from a qualitative point of view; the 
concentration of the population in large cities continued and the medium 
size towns also underwent intensive development (see Tables 3. and 4.).

J9 4  KABCEVA V.

T a b le  5.

The role of large cities in the countries under exam ination

Country N um ber

P opulation
1.000

capita

R atio  o u t of 
urban population

R atio  ou t of the 
population of 
the  country

o f cities w ith over 100.000 inhab itan ts

B u l g a r i a  . . . . 7 2 ,0 5 2 ,1 9 1 4 0 .5 2 3 .5
Y u g o s l a v ia  . 9 2 ,5 9 7 ,2 9 8 3 2 .8 12 .6
R o m a n i a  . . . 15 9 ,9 8 1 ,1 8 0 4 8 .9 2 3 .5

T a b le  5 . co n i.

Territory I T otal population Urban population
(km 2) o f the  country of the country

per large cities

B u lg a r i a  . . . . 1 8 ,4 8 5 1 ,4 1 9 ,1 4 7 8 4 3 ,5 7 3
Y u g o s l a v i a  . 2 8 ,4 2 2 2 ,2 7 8 ,2 7 9 8 7 9 ,9 4 7

R o m a n i a  . . . 1 6 ,9 6 4 1 1 ,4 6 2 ,1  IS 64 1 ,3 5 1



This growth can primarily be explained by the advantages deriving 
from the economic and social position of the bigger towns. The above men
tioned advantages have an especially strong influence in the present phase 
of urbanisation, characterised by the regional concentration of economic 
activities. As a result, the big cities appear as the “carriers” of present day 
urbanisation.

From the point of view of the network of cities, Romania takes the 
lead in front of both Yugoslavia and Bulgaria. The number of cities 
rose from 4 to 15 between 1948 and the middle of 1970s. This circumstance 
undoubtedly confirms the large scale concentration of production and 
inhabitants, since nearly half of the urban population is concentrated in 
these large cities. Simultaneously with the increase of the inhabitants in 
the large cities, the importance of Bucharest decreased: in 1930 67.8% 
of the urban population, while in 1973 only 39.6% of the urban population 
lived in the capital. In addition, naturally, the number of inhabitants in 
the capital also increased, and from among the capitals of the countries 
in the study, Bucharest is the only one having more than one and a half 
million residents.

The development of cit ies in Yugoslavia lagged behind that in Romania 
and Bulgaria. This can be explained by the fact that many rural settle
ments were transformed into towns, which accompanied the regional dé
concentration of the economic activities, and halted the migration of the 
local labour force to the bigger cities. The proportion of inhabitants in large 
cities rose only by 1.3% between 1961 and 1971. (This figure was 31.5% in 
1965 and 32.8% in 1971.)

The trend of concentration of industry and inhabitants — charac
terising the present phase of urbanisation — is effected in the South-East 
European socialist countries in the form of agglomerations on different 
levels of development . This kind of change in the urban system was the most 
spectacularin Romania, whereat present there are 17 urban agglomerations, 
the most significant being Bucharest (1.7 million) and Ploesti (900,000). 
Another six agglomerations are listed as having between 300,000 
and 400,000 inhabitants: Brasov, Sibiu, Hunedoara, Petroseni, Galati-Brai- 
la, Tirgu Mures and Médias. Their common characteristic is that in each 
city the centre is highly developed, and the satellite towns are relatively 
underdeveloped.

In Bulgaria, the formation of agglomerations arose from the dominance 
of centripetal tendencies in the organisation of urban settlements and 
the increased gravitation of big towns. In the period between 1948 and 
1970, the number of rural inhabitants migrating to towns exceeded one and 
a half million, and half of them went to large cities. Therefore, an agglo
meration of 1.5 million was formed around Sofia, to which in addition to 
Pernik 7 other smaller towns also joined. A similar phenomenon can be 
observed in the case of the agglomerations of Varna, Plovdiv, Veliko Tar- 
novo and Gorno-Orjahoviea.

In Yugoslavia, the formation of agglomerations was promoted to a 
lesser extent, due to the much weaker concentration of the population and
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the dispersed character of the pattern of settlements. Therefore, in this 
respect, Yugoslavia lagged behind Bulgaria and Romania. However, it 
must be mentioned that the formation of agglomerations has already start
ed in Yugoslavia, around Belgrade, Zagreb and other large cities. Six 
smaller satellites have been formed around Zagreb, functioning as dor
mitory towns for the manpower employed in Zagreb.

The regional analysis of the urbanisational process occurring in the 
countries under examination was carried out by determining the urbanisa
tional level of the administrative units. Keeping in mind tlie complicated 
and manysided character of the process of urbanisation, a complex system 
of indiceswas used.

The raditional index of the urbanisational level is the proportion of 
urban poptulation within the total number of population. Concerning the ra
tio of ui-ban population, in all three countries this can be evaluated as me
dium size, despite of the fact that in Bulgaria the ratio of urban popu
lation (in 1975 58%), was higher than in Romania (in 1974 42.7%), and in 
Yugoslavia (in 1971 88.0%). Although in all three countries tremendous 
efforts have been and are being made to balance the existing differences in 
the economic developxxxent of the administrative units, there are still es
sential differences among them. For example, in Romania the ratio of ur
ban population per county ranges between 18.9% (in Bistrica-Nasaud 
county) and 70.3% (Hunedoara county); in Bulgaria between 25% (Kard- 
jali okrag) and 71% (Gabrovo); in the Republics of Yugoslavia between 
26.9% (Kosovo) and 48.8% (in Vojvodina). These figures, among others, con
firm the fact that in Romania the urban population is strongly polarised. On 
oneof the poles the industrially developed Hunedoara, Brasov, Sibiu, Pra- 
hova, Constanta and Cluj counties can be found, where the urban populat ion 
consists of about half of the total population, while on the other pole there 
are the underdeveloped B istrica-N asaud—Salai, Botosani, Olt, Buzau, 
Vaslui and Vrancea counties, where the ratio of the urban population has 
not yet reached 25%.

The counties of Bulgaria (okrag) do not show a major divergence 
from eacli other in respect of the proportion of urban population. From 
among the 28 administrative units of the country, the ratio of the urban 
population surpasses 50% in 16, and is under 27% solely in Kardjali 
county. In essence, the larger portion of the urban population can be obsei-v- 
ed in the counties with a higher level of industrial development, but thei'e 
are examples where industry is only developed to a medium level (Kjusten- 
dil, Sumen), and the ratio of the urban population is still over 50%.

From among the three countries under examination, the proportion 
of urban population is the smallest in Yugoslavia: it is everywhere under 
50%. This low proportion can be explained by the low level of development 
of big and medium size towns, and with the dominance of small towns 
having under 10,000 inhabitants. In the first place, this is the explanation 
for the phenomenon that the highest proportion of urban population can 
be found in the Vojvodina, where the network of big and medium size towns 
is highly developed, and not in Slovenia, where the industrial development
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Fuj. 1. Share o f th e  u rban  populatian; the percentage tla ta  stem from different years during
th e  seventies

1 =  under 20",„ 2 = 20.1-30%, 3 = 30.1-40%. 4 =  40.1-50%. 5 = 00.1-80%. 0 = over 60%,

is on a much higher level, and still 40% of the urban population live in 
small towns.

1 he simple examination of the proportion of urban population already 
makes the differences of urban development of administrative units ob
vious. However, this single index is insufficient itself — even in the case 
of countries that are close to each other from the point of view of social- 
economic development -  for the determination of urbanisation levels.

In any administrative unit of a country, the high proportion of urban 
population can bo ensured by the existence of a certain number of large 
cities, or in the case of a developed town system, the low number of the ru
ral population. Consequently, in determining the level of urbanisation, in 
addition to taking into consideration the index concerning the ratio of ur
ban population, the character of the town system and the distribution of 
the urban population among the settlements of different size must also 
be taken into consideration. I t becomes clear from what has been mention
ed above that in addition it is extremely important to take into consider
ation the absence or presence of cities, the “carriers” of modern urbanisa
tion.



In a number of cases, the presence of a large city in a region where 
otherwise the ratio of urban population is low —creates the conditions that 
favourably influence the urbanisation level of the area. This phenomenon 
is never revealed in any official statistical data. In examining this effect 
of large towns, the formula elaborated by Eduardo Arriaga1 gives a rela- 
tivelv 'rood approach:
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where U is the urbanisation level of j  region 
Cj is the population of i town 
P is the population of j  region.

It is well known that the main carriers of the process of urbanisation 
are the big towns. The squaring in the formula emphasizes the significance 
of the bigger towns.

The examination of the urbanisation level of administrative units 
with the formula of E. Arriaga places emphasis on those administrative- 
units, where the urban population is concentrated in large cities. It is 
not by mere chance that according to the calculations carried out on the 
basis of the Arriaga-formula in Romania, beside Brasov county (1) Iasi, 
Galati, Timisoara and Braila counties have highest urbanisation level 
where the proportion of the urban population is under 50%.

The calculations carried out on the urbanisation level of the three 
South-East European socialist countries on the basis of the Arriaga-for- 
mula led to the following conclusion: the biggest differences in urbanisa
tion level could be detected in Yugoslavia, where the difference in the 
urbanisation level of the Croatian Republic is 62 times higher than in 
Crna Cora. In Romania the difference rose to 30 and in Bulgaria to 25.

On the basis of the facts above mentioned it can be concluded that al
though the Arriaga-formula represents a significant step forward in deter
mining the urbanisation level, still — as it takes only the big towns into 
consideration, or rather disregards the town system as a whole, it cannot 
be regarded as sufficient in itself. Since it is obvious that the presence of a 
large town cannot solely represent the urbanisation level of a region, the
refore, the general development level of the network of towns cannot be 
disregarded.

In examining the differences in the urbanisation level, the formulae 
for the urban system proposed by I.V. Zorin and I.V. Kancebovskaia3 
were used in the following:



where C, is the inhabitants of i. town
C\ is the inhabitants of the region’s biggest town 
Pj is the total population of the region.

On the basis of the results gained through the application of the for
mulae, the biggest differences from the point of view of the development of 
the network of towns could be detected among the counties of Romania. 
For example, the index of difference in the level of urbanisation in the town 
system in Hunedoara county was 88 times bigger than in Braila county. 
This can be explained by the fact that in Braila county there are only two 
towns. On the contrary, in Yugoslavia the index of the difference in the 
level of urbanisation is only 20 times bigger in the county of Vojvodina 
compared to that of Crna Gora, and in Bulgaria the maximum difference 
between the various regions is only 21 times bigger in Rtara Zagora than 
in Kardjali.

There is no doubt that both formulae introduced and applied in the 
present study help to reveal certain characteristics of urbanisation levels, 
however, they proved to be insufficient in revealing the regional peculiarities 
of the urbanisâtional level, since these disregard the degree of supply of 
towns in the given region.

Starting from this consequence, the size of the region under examina
tion must necessarily be taken into consideration, or rather the territorial 
coefficient of these. The supply of towns of the administrationa! units can 
be determined if the urbanisai ional index elaborated by E. Arriaga is mul
tiplied bv the regional coefficient of the “j ” administrative unit.

Tj  = U] K], where Kj  is the regional coefficient of “̂ ’’administration- 
aï unit.

The calculations of this were carried out in the following way:
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In this formula <S' is the country’s territory
Sj  is the territory of the administrative unit 
Iisj is the proportion of j  administrative unit out of the 

country’s territory.

It is obvious that in the case of similar facilities, the smaller the terri
tory of the administrative unit, the higher is its urbanisation level. There
fore, in examining the urbanisational levels the K s coefficient was used, 
which is inversely proportional to Rsj. The indices calculated on the basis of 
this formula most adequately emphasize the urbanisation level of those 
smaller administrative units where large town or towns can be found. In 
the calculations carried out on the basis of the above introduced formula, 
the results confirm that with regard to the supply of administrative units 
in large towns, the differences are the biggest in Yugoslavia, where the 
difference in this context in the case of Vojvodina is 35 times bigger than



The indices calculated on the basis of the above formula show a 65 
times difference in Romania, 32 times difference in Bulgaria and in Yugo
slavia a mere 21 times difference. This refers to the fact that the supply 
in the town system is most uneven in the administrative units of Romania.

Each of the above indices characterise a different aspect of urbanisa
tion. However, the multifarious process of urbanisation demands—in order 
to be able to make accurate judgement of the urbanisation level of the 
administrative units — the combination of these indices.

For this reason, a score system was elaborated to evaluate the urba
nisation level of the administrative units, in which a definite number of 
points were awarded to each administrative unit for its ratio of urban po
pulation, and for their indices calculated on the basis of the Arriaga formula 
and the three formulae by Zorin — Kancebovskaia.

Fig. 2. U rbanisation level o f th e  adm inistrative un its based on the comprehensive index
(during th e  sixties)

1 =  Lowest level o f urbanisation, 2 =  Low, 3 =  Medium, 4 =  Strong, 5 -- H ighest.

in Bosnia —Hercegovina. In the indices characterising the counties of Ro
mania, the difference is 26 times bigger and in the counties (okrags) of Bul
garia this amounts to 24.

Further on, the T ■ index was also calculated, indicating the supply in 
the net work of towns in a given administrative unit:
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On the basis of the summary of the above introduced indices, the ad
ministrative units of the three socialist countries were divided into five 
groups, according to their urbanisational level, namely:

1. the highest urbanisation level
2. strongly urbanised level
3. medium urbanised level
4. low urbanisation level
5. very low urbanisation level.
In order to gain a picture of the development trends of the urbanisation 

level, the indices of the urbanisation levels of the 1960s were compared to 
the corresponding indices of the 1970s.

The results reflect the fact that although the increase in the levels of 
urbanisation is obvious in all three countries, it is most dynamic in Bul
garia. In Bulgaria, in the period between 1965 and 1975, the number of 
administrative units belonging to the low and very low urbanisation level 
decreased from 16 to 6. and parallel with this, the number of “okrags” 
in the highest and strongly urbanised level categories rose from 4 to 11.
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Fig. 3. U rbanization level o f the adm inistrative units based on th e  comprehensive index
(during the seventies)

1 =  Lowest level of urbanization, 2 =  Low, 3 =  Medium, 4 =  Strong. 5 =  H ighest.



In Romania, in the period between 1966 and 1974, the number of ad
ministrative units in the low and very low categories dropped to 16 from 
19, while the units with the highest and strongly developed urbanisation 
level rose from 8 to 13.

In Yugoslavia, taking into consideration the data of 1961, only Voj
vodina and Slovenia could be described as having a highly developed ur
banisation level. In the following ten years, the Republics of Croatia and 
Serbia also developed to that stage of urbanisational development.*

In each of the countries under examination, the highest level of urba
nisation development is represented by the administrative units with a 
high level of industrial development. In Bulgaria and Romania, these regions 
are located in the central areas, while in Yugoslavia it is the North-North
east part of the country.
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Fig. 4. Types of the u rban  netw ork according to  the  size (during the sixties)
I. Urban network predominated by large cities (over 100 000 inhabitants)

1. large cities, eombinated with small and middle-size towns,
2. large cities, escorted by few and undeveloped towns.
3. large cities, eombinated with small towns.

II Urban network predominated by middle-size towns (20- 100 000 inhabitants)
4. middle-size towns escorted by few and undeveloped towns.
5. middle-size towns, eombinated with small towns.

* Lacking o ther, more appropriate d a ta , in the case of Yugoslavia th e  exam ination 
was carried out by regarding the Republics as adm inistrative units, therefore, the network 
o f these towns cannot be compared to  those o f the o ther two countries, where th e  counties 
were taken  as units.



In all three countries, the increasing speed of the urbanisation pro
cess can be observed that started in the 1970s, on the coastal areas of the 
Black Sea and the Adriatic.

A strong influence on the urbanisation level of development of the 
big and medium size towns can also be detected beside that effect on the 
development of the network of towns in the administrative units. (See map 
enclosed).

The rise in the urbanisation level with units in the low category can 
be partly explained by the development in the town system. This process, 
carried out in reality, proves that both the extensive and intensive forms 
of the development of the urbanisation level are important is the South- 
East European socialist countries under the present examination.
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РЕЗЮМЕ
НЕКОТОРЫЕ ЧЕРТЫ УРБАНИЗАЦИИ В СОЦИАЛИСТИЧЕСКИХ 

СТРАНАХ ЮГО-ВОСТОЧНОЙ ЕВРОПЫ

В развитии урбанизации трёх социалистических стран юго-восточной Европы 
отмечаются две стадии. Первая-связана с периодом социалистической индустриали
зации, которая вызвала массовый перелив сельского населения в города и увеличение 
числа городских поселении в результате образования новых городов. В этой стадии 
доминируют экстенсивные формы развития урбанизации. С начала 70-х годов, наряду 
с сохранением экстенсивных форм, появляются и интенсивные (распространение 
городского образа жизни на сельские поселения, формирование городских агломера
ций и групповых форм расселения, н.т.д.). Эти формы развития урбанизации су
ществуют не только во времени, но и в пространстве, на что косвенно указывает 
различие в уровнях урбанизации административно-территориальных единиц иссле
дуемых стран.

Уровень урбанизации этих единиц измерялся для середины 60-х и 70-х годов с 
помощью комплексного индекса, в состав которого входит: доля городского населе
ния, коэффициент урбанизации Э. Арриага и формулы предложенные для измерения 
уровня урбанизации И. В. Зориным и И. В. Канцебовской.

Сводка вышеперечисленных показателей, характеризующих уровень урбани
зации административно-территориальных единиц, позволила объединить последние 
в 5 групп.

При общей тенденции повышения уровня урбанизации во всех трех странах, 
она проявляется наиболее динамично в Болгарии. Самым высоким уровнем урба
низации характеризуются те административные единицы, в которых развита сеть 
крупных и средних городов. Интенсивно развивается урбанизация и в приморских 
районах всех трех социалистических стран.

Повышение уровня урбанизации слабоурбанизированных территорий проис
ходит не только за счет укрепления и развития уже существующих городов, но и 
благодаря преобразованию сельских населенных пунктов в городские.
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The statistical indices of regional concentration indicating the diffe
rences of regional development levels (regional dispersion, various indices 
of disproportion or concentration, entropy etc.) when used for geographical 
analysis have the major shortcoming that although they indicate the quan
tity of regional disproportion, and although a comparison at two points 
in time can establish the degree of convergence or differentiation, they do 
not provide explicit information on the spatial structure of a given pheno
menon or the spatial direction of changes occurring. Clearly, a very vivid 
picture of spatial change can be made by plotting the comparative time 
data, but accurate measurements cannot be made merely by visual evalua
tion, and so it has become necessary to apply new methods. In the unific
ation of the two approaches the statistical analysis of quantitative relations 
and the visual representation of the spatial structure by plotting on a 
map — analogies taken over from physics can be of great help in geography. 
One of them is the calculation of gravitational centres, which can be used to 
describe spatial demographic and economic processes.
Calculation of center of gravity

The co-ordinates of the center of gravity of a planar system consist
ing of n points, if the location of the points is given in the system and every 
point has a “weight”, can be calculated as the weighted arithmetical mean 
of the co-ordinates of the points:

where x and y are the two co-ordinates of the gravity centre; xi and yi are 
the co-ordinates of the points and/,, indicates the weighting of each point.

Any spatial unit can be described in terms of the above model, be it a 
spatial distribution of a country's population, in which the points on the map 
correspond to settlements and the number of inhabitants corresponds to



the weight. By calculating the centre of population gravity we arrive at 
the mean value for spatial distribution. Examination of the location and 
shift over time of this point can produce most interesting conclusions.

The co-ordinates of the points are arrived at from the longitude and 
latitude of the centres of the settlements or by adlibdrawingofanewortho
graphic system of co-ordinates. The system of co-ordinates can be arrang
ed in a number of different ways. Generally the origin of the system is 
placed in the left hand corner of the map, so that all co-ordinates will have 
a positive value. In the case of Hungary the ideal is to place the origin in 
the centre of Budapest, so that the signs of the co-ordinates of the calculat
ed centres of gravity immediately show their geographic relationship 
with the capital.

It is not necessary to represent every single settlement on the map as a 
separate point when the calculations are required to provide only general 
guidelines. In such cases the entire population of a regional unit can be 
shown as a concentration in the calculated demographic centre of gravity 
of the region or randomly in the administrative centre of the region: fewer 
points can provide equally good results.

Published examples of the application of the centre of gravity method 
are found primarily in connection with demographic processes. Of Hunga
rian studies ones that stand out are L. Bene’s (1961) where the method 
was used to analyse domestic demographic development.* This was also 
used by É. Ruttkay (1976) in her examination of the Ajka industrial region 
and as a methodological technique of regional planning in Kulcsár (1972). 
The aim of the present study is to verify that the method can also be 
applied to examination of regional economic development as well as in the 
surveys mentioned above which are primarily demographic.

If we use the production value or the national income produced at the 
basic points (settlements) as the weighting, rather than the number of in
habitants, the result is an economic centre of gravity, which will clearly 
be different from the location of the demographic centre of gravity.

For the calculation we have used the 1:2,000,000 scale map of the 
European socialist countries. The origin of the system of co-ordinates is Buda
pest. All the other basic points, i.e. the centres of the administrative areas 
of the given countries (county: megye,Bezirk, voivodship, kraj, judet, ok
rug) have been referred to. The system of co-ordinates has been taken 
on NS — EW axes, one unit corresponding to approximately 80 km (50 sta
tute miles). The number of inhabitants and the production value of the gi
ven administrative area have been used for the weighting. Cities being se-

* The demographic centre o f gravity  of H ungary has in th is century shifted approxi
m ately along a line between Budapest and Nagykőrös, in a  SE —NW  direction, gradually 
approaching the  capital: the  la test d a ta  places it some 30 — 35 km (c:20 sta tu te  miles) from 
Budapest, N E of Dabas. This does no t coincide w ith the geographical centre o f the country, 
which is SE o f the demographic centre o f gravity , in the village o f Pusztavacs, Pest County. 
The m otion o f the demographic centre o f gravity  reflects synthetically  the pull effect o f the 
capital and th e  central chain o f hills o f th e  population, and the relative depopulation of the 
country’s Great P lain, prim arily  a result o f em igration from th e  area.
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parate adm inistrational units, such as Budapest, Prague, Bratislava, Bu
charest, Sofia, Warsaw, Wroclaw, Poznan, Lodz and Cracow are included 
within the regional units of which they are neighbours.

The location and movement of the centres of gravity
First of all let us look at the location of the demographic and industrial 

production gravity centres in each country, using data from the mid- 
1970s. The centres of gravity were located in relation with bigger cities 
(see illustration). In the GDR the two centres of gravity are located near 
Leipzig, in Poland near Lodz, in Czechoslovakia near Brno, in Hungary near 
Budapest, in Bulgaria near Gabrovo, and in Romania near Brasov. The 
position of the demographic and industrial centres of gravity in relation to 
the geographical centres is always revealing in terms of regional population

ECONOMIC AND DEMOGRAPHIC CENTRES 207

Country Number of 
basic points Period

Measure of shift of the centre
of gravity

Distance 
between the 
demographic 

and industrial 
centres of 

gravityDemographic Industrial

in units of the system of co-ordinates 
(1 unit = 80 km)

GDR 15 1950 -1976 0.04 0.17
1950 — — 0.33
1976 - - 0.19

Poland 17 1950 -1970 0.12 0.41
1950 — — 0.89
1970 - - 0.42

Czechoslovakia 10 1961 -1976 0.10 0.28
1961 — — 0.37
1976 - - 0.20

H ungary 19 1960-1975 0.04 0.09
1960 — — 0.29
1975 - - 0.17

Rom ania 39 1965 -1974 0.04 0.17
1965 — — 0.19
1974 - - 0.26

B ulgaria 27 1960-1973 0.04 0.21
1960 — — 0.36
1973 - - 0.15

Table:
Source: The calculations of the au thor on the basis o f official published statistics. The 

industrial centre ofg rav ity  is calculated on th e  basis o f regional distribution of gross industrial 
production, except in  H ungary, where the values o f corrected national income o f industrial 
origin are used for countries, based on a work o f B arta  (1977). The direction o f the move
ments and centres ofg rav ity  in relation to  each o ther cun be seen on the figure.



THE MOVEMENT OF DEMOGRAPHIC AND INDUSTRIAL CENTRES OF GRAVITY 
IN THE EUROPEAN CMEA COUNTRIES
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distribution. In the case of the GDR and Poland the fact that the two cen
tres of gravity are RE of the respective geographical centres indicates a 
southerly concentration of economic activity. The situation is very similar 
in Romania as well, whereas in Hungary, the demographic centre of gra
vity is N, and the industrial one NE of the geographical centre, reflecting a 
concentration of productive forces and population diagonally along the 
central chain of hills. In Bulgaria the demographic and indsutrial prepon
derance of the western part of the country results in demographic and in
dustrial centres of gravity SW of the geographical centre of the country. 
If we also measure the distance from the geographical centre, in the countries 
(GDR and Poland) where the densely populated and developed areas create 
a big, continuous, but not centrally located zone in the country, larger dis
tances can be found. In all the countries except Czechoslovakia, the indus
trial centre of gravity is at a greater distance from the geometric centre 
than is the demographic centre of gravity, showing that regional dispro
portions are greater in industry than in the density of population.
The shift of the gravity centres

Regional redistribution of the population and regional changes in 
share of industrial production can be traced through the shifts of the cent
res of gravity. The scale of gravity centre shift can be seen in the table. 
If we compare the demographic and industrial centres of gravity in each 
country, in each case the shift of the demographic centre of gravity is much 
less than that of the industrial centre of gravity. A relatively bigger shift 
of the centres of gravity can only be seen in the Polish demographic centre 
of gravity, to the .NE, and in the Czechoslovak centre of gravity, towards 
the SE. In the case of Poland this can be related to the great migration of 
the population as a result of the changes in the borders after World War 
IT, and in Czechoslovakia it results from the greater growth rate of the 
population in the Slovak areas. While longer period is necessary for signi
ficant changes to be observable in the demographic map, the relatively 
more mobile nature of production means and investments result in a bigger 
shift in the industrial centres of gravity. (A similar conclusion was drawn 
by Hunke (1969) from his calculations for the Federal Republic of Ger
many.) Since the periods under discussion differ in each country, the shifts 
of the industrial centres of gravity can only be compared directly by di
viding the total shift value for the period by the number of years, to give 
an assumed annual value. According to this the greatest shift occurred in 
the industrial centre of gravity of Poland (NE) followed by Czechoslovakia 
(SE), Bulgaria (NE), Romania (SE), the GDR (NE), and last of all Hungary, 
where the shift of the industrial centre of gravity was the slightest, in a 
south-easterly direction. Since the size of the countries under discussion 
differs, the scale of shift is scarcely comparable, so no further details of the 
problem will be discussed in the present study. But obviously, in each 
country the direction of the shift of the industrial gravity centre contains an 
easterly element. This phenomenon can first of all be explained by the in
tensive cooperation with, and raw material and energy imports from the
1 4  ANNALES — Sectio Geographica — Tomus X I I I —XIV.
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Soviet Union, upon which new towns, petrochemical complexes and me
tallurgical centres have been sited, such as Schwedt, Plock, Leninvaros, 
Burgas, Eisenhuttenstadt, Kosice, Galati. This easterly shift of the indus
trial centre of gravity deriving from economic changes happily coincides 
with the dynamic development of what were earlier underdeveloped agri
cultural areas, such as Slovakia, the Hungarian Great Plain, SE —Romania 
and the Bulgarian Coast, In parallel with these regional economic processes, 
it is worth noting that the economic and industrial centres of gravity of the 
USSR are also shifting towards the east, as a result of the development of 
the areas beyond the Urals.

The distance between the demographic and industrial centres of gra
vity can be regarded as the index of existing regional disproportions in in
dustrial development. In the countries under discussion (except Romania) 
the two centres of gravity have been converging, which shows an evening 
out of regional industrial development. In Poland and Bulgaria the distance 
had shortened by more than 50% by the end of the period surveyed. The 
next largest convergences have been in the GDR and Czechoslovakia, while 
in Hungary the convergence has been smaller. The lessening of the distance 
between the two gravity centres has occurred in two ways. In one group 
of countries both main points have shifted in essentially the same direc
tion, with the industrial centre of gravity gradually gaining upon the de
mographic centre of gravity (GDR, Czechoslovakia). In another group 
(Hungary, Bulgaria and to an extent. Poland) the two centres of gravity 
have shifted in opposite directions and thus converged. In  Romania a mar
ked SE shift of the industrial gravity centre in the period under survey 
has brought it further from the demographic gravity centre, which remain
ed almost static. This illustrates the gradual lagging behind of the NE 
of the country in terms of industrial development* *
Some practical applications of the gravity centre system

Above we have presented the theoretical use of the gravity centre 
method. We now consider the practical applications of the method in the 
regional planning.

Logically the position of the centre of population gravity can be taken 
into account in industrial location decisions. This was the case when the 
site of the new capital of Brasilia was determined; it was built in the vicin
ity of the country’s demographic centre of gravity. The Australian capital, 
Canberra, is located approximately halfway between Melbourne and Syd
ney. In Hungary, the method was recently taken into account in siting the 
Solt Transmitter Station: that it should be built near the demographic 
centre of gravity was a major consideration. In these cases the mathema
tical character in the calculation of the centre of gravity is essential that **

** F u rth e r details are here no t given, bu t from the position o f the gravity  centres of 
investm ent calculated on the basis of the regional investm ent ratios, it can clearly be conclud
ed th a t the two tendencies mentioned — easterly  shift and evening out — will continue 
in the fu ture in the countries discussed in th e  paper.

2 1 0 HEMES NAGY J.



the square of the total of its weighted distances from the basic points is 
less than the square of the total measured from any other point. The 
position of the object or town sited near the centre of gravity from the 
point of view of accessibility approaches the optimal (in the case of a radio 
transmitter the conditions of reception), with regard to the whole country.

The position of the demographic centre of gravity can also direct the 
choice of Iocat ion on less than national scale. The demographic centre of gra
vity of Budapest was not far from the geometric centre of the city before 
1045, near the Great Boulevard. By now it has moved towards the Eastern 
Railway Station, because of the rapid increase of the population on the 
outskirts, as a result of the 1950 boundary changes. The position of the de
mographic centre of gravity (on a town or district level) is also worth con
sidering when a new service project (shopping centre, post office, citv coun
cil, railway station etc.) is built for the residents. The final decision is of 
course determined by several other important factors as well, and it fre
quently happens that a theoretically ideal location has practical draw
backs.

I he economic centre of gravity can likewise be used in regional plan
ning, primarily in the theoretical preparations for locating a new industrial 
unit, Knowing the location of the gravity centre can be very useful in siting 
a warehouse to supply more than one industrial unit, an agricultural т а т ь  
facturing plant (e.g. a canning factory), a foundry or a chemical works. 
But in these cases it is expedient to use transport distances weighted by 
the costs of transport and not merely straight-line distances, because these 
may differ accordingly to the goods involved. In such cases the location of 
the emissive points should be determined in the “space of cost ”, taking into 
account transportation routes and costs.

Naturally the gravity centres method can be of great assistance in 
examining an economic or social phenomenon that can be localized into 
legions, and its application is not limited to the examples mentioned above. 
The method introduced above is also suitable, in a simplified form, for use 
in the practical high school geography curriculum, all the more so since the 
concept of gravity centres is already a part of school curriculum for mathe
matics and physics.
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РЕЗЮМЕ

ЭКОНОМИЧЕСКИЕ И ДЕМОГРАФИЧЕСКИЕ ЦЕНТРЫ ТЯЖЕСТИ В 
ЕВРОПЕЙСКИХ СТРАНАХ, ЧЛЕНАХ СЭВ-А

Метод вычисления центра тяжести география заимствовала от физики. И с п о л ь 
з у я  этот .метод, автор анализирует особенности территориального экономического 
развития европейских социалистических стран, членов СЭВ-а. Результаты расчетов 
показывают, что во всех странах, центр тяжести промышленного производства 
перемещается на восток. Можно утверждать, что центр тяжести промышленного 
производства перемешается быстрее, чем центр тяжести населения. За исключением 
Р у м ы н и и , центр тяжести промышленного производства и населения сблизились, 
что подтвеждает тенденцию территориального выравнивания промышленной раз
витости. Методом «центра тяжести* можно пользоваться при территориальном плани
ровании, а также в процессе теоретической подготовки решений о размещении.

2i2  NEMES NAGY J.
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Among 1 lie European socialist countries the German Democratic 
Republic, Czechoslovakia and Poland are the most important, industrially 
most developed countries, which have the longest historical past. These 
countries have priorities to the first three places in the line of the socialist 
countries, by reason of the industry’s share within the structure of employ
ment and of the outstanding part they play in the production of national 
income.

After the Second World War, in the developing period following re- 
const i notion, these countries, according to the favourable starting level, 
showed a slower development, than that of the southern countries.

spite of this, because of the changes in the structure of economy and 
industry (which is characteristic generally for the socialist countries), they 
preserved their position with the further strenghtening of their economic 
potentialities and industrial development. In the first f ive-vear plan sever
al difficulties came to the surface in the different countries. For example 
in the German Democratic Republic the lack of metallurgy urged the 
changes in the industrial structure. There was a need for a higher speed of 
development in Poland, because of the greater war losses, and the less fa
vourable starting level.

Today all the three countries are medium-developed, industry-type 
ones. Then economic stage of development (on the basis of per capita na
tional income) is followed by their industrial development, too (German 
Democratic Republic, Czechoslovakia, Poland). Heavy industry stands 
high above within industry, in proportion to development in these coun
tries.

I he table very well demonstrates the pushing forward of heavy indus- 
tty  in I oland, though its rising in the GDR is the most conspicuous. The 
growing of heavy industry s percentage in Poland is taking place mainly 
at the expense of light industry, and at that of the light and food industry in 
Czechoslovakia, more or less in the same proportion. From the decrease 
of the difference between the highest and lowest values in the examined 
period the conclusion can be drawn that the industrial structure of these



1. table
The form ation of industrial structure

(according to  th e  employees in industry)
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Branches Year GDR Czechoslovakia Poland

The difference 
between the 
highest and 

lowest values

h e a v y
in d u s tr y

1960 69.1 6 1.6 5 7 .4 1 1 .7

1974 6 9.7 6 3 .1 60.7 9.0

lig h t
in d u s tr y

19(50 23.6 2 9 .7 30.7 7.1

19 7 4 2 3 .1 29.0 28 .1 5 .9

fo o d
in d u s tr y

1960 7.3 8.7 1 1 .9 4.6

1974 7 .9 1 1 .2 4.0

three countries draw closer to each other and it manifests itseii mainly in 
the closing up of Polish heavy industry. The weight of food industry in 
the GDR and Czechoslovakia and that of the light industry in Czecho
slovakia and Poland is about of the same value.

There are great territorial differences in all countries that appear in 
the industrial development of certain regions. The historic characteristics, 
the divergent features of industrialization and the dissimilarity of the 
mineral resources and other physical conditions lead to the formation of 
special, territorial divergencies in each of the countries. In Poland and in 
the CD It the southern territories are more developed and in the north only 
the two capitals rise out as islands from their outskirts. In the GDR Ros
tock could less develop before the Second World War, in the shade of Ham
burg. Rostock’s background is less developed, even today than the voivod- 
ship around the Polish seaport, Gdansk. In Czechoslovakia the western part 
of the country and within the Czech and Moravian countries the northern 
part are more developed. We used the complex index* suggested by the 
Yugoslavian geographer S. Zuljic, for the measurement of industrial de
velopment. This index makes possible the geographic approximation of 
regional development by the comparing of industrial values to territory 
and population (1. figure). The industrially developed belts extending from 
W to E and SW to NE string the connected territories of the neighbouring 
countries.

a + b
* I = --------- , where

c + d
a =  is the share of th e  region from the employees in industry  (%) 
b — is the share of the region from the industry’s production values (%) 
c =  is the share of the region from the country’s area (%) 
d = is the share o f th e  region from the country’s population  (%)
/  =  industrial developm ent level
I f /  is larger th an  1, the region’s industry  is more developed th an  the country’s average. 

Otherwise it is less developed th an  the average. We have placed the regions o f the three 
countries into five groups o f developm ent, according to th e  values o f/.
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fig u re  1. Industria l developm ent level
I = 0.« underdeveloped, 2 = 0.6-0.9 less developed, 2=  0.9-1 .2  medium developed, 4 = 1.2-1.5 

developed, 5 = 1.5 outstandingly developed

The population density and the settlement pattern of these countries 
are more or less the same in structure.

I he north-south differences of population density in the GDR derive 
from the formerly heavily different economic characteristics of certain parts 
of the country.

The population density in the north -  in the realm of the former large 
estates -  does not reach even the 100 persons per km2, while in the south
ern regions it surpasses this value many times, because of the early in
dustrialization of this territory.

After the Liberation agricultural character shrunk to merely three 
regions in the northern territories, due to the industrialization. In the midd
le of the country the mixed agricultural-industrial character is dominant. 
Passing from the south to the north the belt of industrial-type regions wi
dens. More and more regions become industrial-agricultural or industry- 
type ones, by their development. These changes of type more or less re
duce the territorial differences of population density.

The Czechoslovakian west-east and the Czech north-south differences 
similarly decrease although they are well perceptible even today.Poland’s 
heavy industry region in the south, being of great importance in Europe, 
is still highly conspicuous.



The degree of urbanization is more outstanding in the industrially de
veloped regions in all the three countries, although there are some special 
characteristics (special differences) in the urban network. These are the smal
ler type urban sett lements in overweigh in the GDR and in Czechoslovakia. 
The small number of cities ( in GDR 13, in Czechoslovakia G) over a hundred 
thousand population are concentrated in the south of the GDR, while in 
Czechoslovakia they are more evenly scattered. This latter situation can 
be explained not only by the more moderate concentrat ion of the Czechoslo
vakian industry, but by the country’s former division (Czech, Moravian 
countries, Slovakia) and its present federal republican structure, too. 
The more increased development of Slovakia after the Liberation makes 
its effect undoubtedly.

The big settlements are characteristic for the urban pattern of Poland 
and most of them are located in the south, in Upper-Silesia. h rom among 
the European socialist, countries the agglomeration process is the most 
advanced in Upper-Silesia. For example the industry belt of the Kato
wice agglomeration represents only 2 percent of Poland’s area, while it 
gives 10 percent of the country’s population, 1/5 of the industrial employees 
and value of production, and 1/4 of the fixed capital investments.
Territorial concentration

Regional differences of industry are summarized in the territorial- 
concent rational indexes.* These indexes can be successfully applied in case 
of countries similar to each other from the point oi view of territorial and 
industrial development. They can be used for the analysis of regional in
dustrial inequalities, for the explanation of similarities and differences 
among the countries.

The dynamics of territorial concentration can be shown in the follow
ing table by the help of comparing the distribution of population and in
dustrial employees.

2. laJile
T h e  te rr ito r ia l d iffe re n c e s  o f  in d u s tr ia liza tio n
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1960 11)70 1 1975 
I

P o l a n d ............................... 24.7 19.0 15.1
G D R .................................. 14.3 12.8 1 11.1

13.7 9.6 8.2

/v =  is th e  measure of concentration
A j and Bj =  are the percentage share of th e  regions, counted from th e  national to ta l 

of th e  tw o compared quantities 
n  — num ber o f regions

* For th e  calculation of concentration index P. S. F lorence’s m ethod was used in all
cases:



3. labte
T h e  te rr ito r ia l c o n c e n tr a tio n  o f  th e  in d u s tr y  ( 1 9 7 2 )

INDUSTRIAL -  GEOGRAPHICAE DEVELOPMENT PROBLEMS 217

G D It Poland Czechoslovakia’

t o t a l  i n d u s t r y 33 30 27

h e a v y  i n d u s t r y 33 37 35

e n e g e t i c s 54 57 53

m e t a l l u r g y 48 67 e i

c h e m ic a l  in d . 45 31 31

e n g in e e r in g 30 31 26

l i g h t  i n d u s t r y 49 35 25

t e x t i l e 68 46 40

g la s s  a n d  c e r a m ic s
37**

29 52

l e a t h e r ,  s h o e s 30 46

fo o d  i n d u s t r y 21 22 27

* da ta  valid for the 1960s
** l i g h t  i n d u s t r y  w i t h o u t  t h e  t e x t i l e  i n d u s t r y

The gradual decreasing of territorial differences inside the country is 
characteristic for all the three countries. The differences among the coun
tries with the approaching of concentration indexes to each other are 
also decreasing.

Further on we will examine the concentration of industry, of certain 
industry groups and of some stressed branches, by comparing the distri
bution of industrial production and the area among the regions.

The concentration indexes, up to now, well reflect the lower level 
concentration of Czechoslovakian industry. This can be explained partly 
by the lack of such an outstanding industry-complexum like the Polish 
Upper-Silesia and partly by the relatively minor lag of some Czechoslo
vakian industrially under-developed territories. The smaller territorial 
concentration of Czechoslovakian industry is in connection with the more 
scattered territorial settling of raw materials and sources of energy. Al
though the Ostrava—Karvina-basin dominates the Czechoslovakian coal 
mining, beside it there are some smaller occurences, too. In Poland the 
Upper-Silesian basin is leading not only with its coal-mining, but with 
the production of manufacturing industry sectors, too, placed on top of 
them (with electric energy, metallurgy, heavy engineering, chemical in
dustry). The GDR’s two lignite basins have a greater importance in the 
country’s lignite mining and in the related electric power generation and 
chemical industry, than that of the Most and Sokolov basins in Czecho
slovakia. We have to remark that in spite of this situation, the formerly



mentioned branches based on raw-materials and sources of energy (like 
fuel industry, metallurgy) are the most concentrated branches of the Cze
choslovakian industry.

Heavy industry’s territorial concentration in the highest in Poland, 
due to the concentration of fuel industry and metallurgy. The territorial 
concentration of Czechoslovakian fuel industry and metallurgy — in spite 
of the more moderate resources of hard coal — does not fall far behind from 
Poland’s appropriate values. The reason for it is the existing considerable 
amount of lignite resources and the operation of the complete vertical me
tallurgical manufacturing plants, based on hard coal. Heavy industry’s 
territorial concentration is the lowest in the GDR, perhaps because of me
tallurgy’s more scattered location, compared to the other two countries. 
The GDR is poor in the metallurgical-technological raw materials, conse
quently its manufacturing capacity for producing pig iron is very narrow. 
So mainly the half-vertical steel plants are in majority in the country, 
partly because of their orientation on imported pig iron, and on the con
sumer’s market (engineering) that guarantees the raw material (scrap-metal), 
too. As there are no sensible differences of concentration of fuel industry, 
the concentration of heavy industry can be increased only by other heavy 
industry branches. Although the territorial concentration of chemical 
industry — also based on fuel — is the highest in the GDR, from among 
the three countries, it does not reach, in spite of this, the extent of the 
Czechoslovakian and Polish metallurgical concentration.

Engineering is the most uniformly distributed branch of heavy indus
try. ’I’he concentrational values of German and Polish engineering, compar
ecí to the area, are almost equal. Only the Czechoslovakian one seems to 
be less concentrated. But Czechoslovakia, as regards the concentration in
dexes gained from the comparing of population to the engineering pro
duction, precede the GDR and Poland. (Czechoslovakia 21.2; Poland 18.4; 
GDR 10.5). The reason for this is that the main producing regions of Cze
choslovakian engineering (Prague, Plzen, Brno and their surroundings) 
are not the country’s most populated regions. But the centres of engineer
ing in the GDR and Boland are located in the southern regions, possessing 
the maximal population density.

The territorial concentration of light industry is the highest in the GDR, 
from among the three countries (49) with the textile industry being there 
the most concentrated branch of the industry (68). Similarly, the Polish 
textile industry is the most concentrated branch of that country’s light 
industry. The textile manufacturing regions of these two countries are 
outstanding even on European level (Karl-Marx-Stadt, Lodz). Tn Czecho
slovakia the glass and ceramics industry is the most concentrated branch, 
adapting itself to the fuel, raw material supply’s location (Sudetes, Erz
gebirge). In Poland and to some extent also in the GDR, the glass and ce
ramics industry are oriented to the consumer’s market, and they appear 
in almost all the bigger towns or in their outskirts. The leather and shoes 
industry in Czechoslovakia also stand out from the values of the adequate 
industry branches of the examined countries (Gottwaldov and Partizáns-
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ke — B ata Works) with their concentration values surpassing even that 
of the textile industry.

Food industry is the only one th a t is spread most evenly among the 
regions in all countries. The territorial concentration of food processing is 
the highest in Czechoslovakia from among the three countries. Its  value is 
equivalent to  the average figure characteristic for the whole Czechoslovaki
an industry. This greater concentration is the result of the effects of the 
country’s three agricultural regions on the location of food processing in
dustry.

Territorial equalization process
On the basis of the industry-developing policies of the past years great 

efforts have been made for the changing of the industry’s historically ill- 
proportioned territorial structure. This can be solved only by the more in
creased developing of industrially underdeveloped regions. The territorial 
pattern  of investments and the regional differences of industrial develop
ment process (2. figure) reflect a territorial equalization process th a t is due to  
the increased eastern orientation of foreign trade, too. The latter involves 
industrialization a t the eastern border of the countries for the reception of 
the heavy-industrial raw m aterials from the Soviet Union. This process can 
be noticed not only in Poland and Czechoslovakia, but in the case of the 
Frankfurt region (Schwedt), of the W arsawian voivodship (Plock) and of 
W est-Slovakia (Bratislava), developing on im ported petroleum; by the me
tallurgy in the G BR (Eisenhiittenstadt in the F rankfurt region) and in 
Eastern-Slovakia (Kosice), which all utilize metallurgical raw m aterials 
arriving from the Soviet Union. B ut in the south-eastern part of Poland the 
newly explored local natural resources (like natural gas, sulphur) gave 
also an impulse to the development of industry. The underdeveloped no rth 
ern and eastern regions of the GBR and Czechoslovakia, struggling with 
labour-shortage, can benefit from the local manpower released of the agri
culture as a location factor. For the industrialization of the eastern part in 
the GBR the daily small-distance migration of the Polish “guest-workers” 
can be favourable.

An outstandingly high industrial development rate is valid only for about 
the half of the regions. Poland’s northern and western-middle p a rt keeps 
its recent relative level of development as a great contiguous block, beside 
a very moderate development rate. Here the less developed industrial regi
ons (of course relatively more developed than  their environments) are in 
predominance. The highest developing rate can be observed along the bor
der of the less developed and underdeveloped regions (in the Neubranden- 
burg and F rankfurt regions, in the Rzeszów voivodship and in Eastern- 
Slovakia), as well as on the eastern underdeveloped peripheral territories 
of Poland. Thus the less developed territories can fall in behind the line 
of the medium-developed regions, together with the underdeveloped 
ones, almost a t the same time. So the different developing scale of the un
der- and less-developed parts of the backward territories will not increase 
presumably the inner territorial differences in the future. Contrarily, beside
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Figure 2. The ra te  o f increase of industrial production 
I 150— 210 low, 2 -- 210 —  260 m edium , 2 -  200 —  310 high. 4 ^  310 outstanding ly high

the general closing up of the undeveloped territories it will lead to certain 
equalization of inner stage of development, too.

In the GDR’s northeastern, Poland’s northeastern and southeastern 
and Slovakia’s eastern, industrially underdeveloped or less developed regi
ons the prominent developing rate will undoubtedly have an effect on the 
forming of industrial stucture. The heavy industry, being in process, will 
give the basis for the development of manufacturing industry and other 
branches of economy in t hese underdeveloped territories.

It is of no minor importance to draw a comparison bet ween the deve
lopment level and development rate of the three capital’s surroundings. Be
cause of the effects of different heavy-industrial location factors (in the 
case of capitals that of the consumer’s markets, in Middle Czechoslovakia 
the local and imported raw materials) the differences between the develop
ment of the capitals and their outskirts are important. Berlin and War
saw are more developed than Prague, but the belts around Berlin and War
saw are less developed than the Middle-Czech country (1. figure). Thus the 
development levels of the capitals and their outskirts, measured together, 
show almost no difference. The quick industrial development of the territo
ries surrounding Warsaw and Berlin is definitely superior to that of the



Middle-Czeeh country where Prague itself is situated. This cannot be ex
plained nowadays only by the great war losses of W arsaw and Berlin, and 
the present higher development level of the Middle-Czech country. I t  is 
rather due to  the Middle-Czech country’s geographic position inside the 
country, to the longer west to  east extension of the country, as well as to  the 
significant west-east differences of the development level of industry with 
in the country.

The underdeveloped and less developed Slovakian regions, being far 
from the Middle-Czech country, near the Soviet border, are more suitable 
for the direct utilization of im ported raw m aterials a t the smallest trans
portation distances. Slovakia has also a luckier manpower balance than  the 
western p a rt of the country, which is favourable to the increased industriali
zation of the east. The means of production, necessary for industrialization 
and the technical management can be provided by the industrially also 
developed Moravian regions, lying eastward of the Middle-Czech country 
and bordering on Slovakia. But the areas surrounding the northern capitals 
(Warsaw, Berlin) a ttracting industries by reason of advantages springing 
from their situation near the eastern borders can serve as an im portant ba
sis for the economic progress of the industrially underdeveloped or less de
veloped territories bordering them.

The industrially developed regions generally exhibit the slowest ra te  of 
developing. This rem ark is valid first of all for the old industrial regions of 
the GDR and Czechoslovakia and to a less extent to  Poland, too. Poland’s 
industrially developed regions (like Wroclaw, Opole and Cracow voivod- 
sliips) bordering on the GDR and Czechoslovakia are developing ra ther at 
a more rapid pace under the influence of greater rawr metarial richess and 
by the growing COMECON cooperation (Polish—German lignite and la
bour-force cooperation, Soviet transportation of iron ore for the Nowa 
H uta Metallurgical Works). By means of this, inside the developed indus
try-belt running from west to  east, on the borderlands of the given coun
tries an outstandingly developed continuous belt is being formed also from 
the west to east. Thus within the industrially developed regions, in spite 
of the less differentiated pace of development, we can witness an internal 
equalization process and the growing number of the outstandingly deve
loped regions.

The relation between the state of development and specialization

Most of the industrially underdeveloped regions excel with their spe
cialization in food processing (3. figure) or in light industry (4. figure). The 
degree of specialization of these industrial branches are different in the 
countries. While the specialization of food industry in the GDR is more 
expressed, the light and food industry in Poland and in Czechoslovakia 
show almost the same level of specialization. The outstandingly high levels 
of specialization in the industrially developed regions, refer to the one-sided 
industrial structure of these territories (figure 1., 3., 4.,) rather than to the 
advanced state of the given branches, surpassing the nat ional average.
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F i g u r e  3 .  S p e c ia l i z a t io n  m  lo o u  i n d u s t r y  
1 = 1.0-1.3, 2 =  1.3-1.6, 3 = 1.0 — 1.0, 4 = 1,9-2.2, 5 = 2.2-2.5, 6 = over 2.5

From among the region-types modelled on the basis of sectoral speci
alization* (5. figure) the so called mixed types are dominating in these 
territories. About 2/3 of the regions have become specialized in more than 
one branches of industry. Because of the emerging specialization of light 
and food industry most of the mixed-type regions exhibit a specialization 
in light and food, or food and light industry. This latter is characteristic 
mainly to Poland, where only 1/4 of the mixed-type regions (the heavy 
and food industry being combined in Rzeszow, Warsaw and Szczecin) di
verges from the earlier mentioned specializational lines, while in the GDR 
it emerges a different combination, applied to 1/3 (heavy and food industry 
of Potsdam, heavy and light industry of Cottbus) and in Czechoslovakia to 
2/3 (the light and heavy industry of Western-Czech-country and Middle- 
Slovakia, the heavy, food and light industry of Eastern »Slovakia) of mixed- 
type regions. The presence of specialization in heavy industry in the

* The calculation of industrial-regional specialization, according to th e  localizational 
sectoral index: the quotient o f  the  share from the national ou tpu t o f some industry  o f a con
crete region and the  share o f  a  given region from the country’s to ta l industrial production. 
A concrete region can be regarded specialized in some industry on the basis o f received index 
values, exceeding num ber 1.
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Figure 4. Specialization in light industry 
1 =  1 .0 -1 .3 . 2 = 1 .8 -1 .6 , » =  1 .6 -1 .0 , 4 =  1.9 — 2.2, 5 =  2 .2 -2 .5 , 6 =  over 2.D

mixed-type regions of underdeveloped territories in the GDR and Czecho
slovakia derives from the more scattered localization of the German and 
Czech heavy industry (the concentration index of heavy industry is 33 in 
the GDR, 35 in Czechoslovakia and 37 in Poland). Eastern Slovakia has 
become specialized also in heavy industry, beside the traditional food and 
light industry orientation, because of the quick industrialization. This 
establishment of a three-fold specialization is a unique phenomenon in 
the underdeveloped regions of the countries under survey.

Among the industrially less developed regions the Frankfurt one in the 
GDR and the Kielce voivodship in Poland are characterized by heavy in
dustry specialization. There is no separate light industry region in this class 
in any one of the countries.

In the shaping of heavy industry specialization in the under- and less- 
developed territories the consumer’s market (the engineering industry of 
Potsdam region and Warsawian voivodship) and the lines of delivery of 
the imported raw materials (the metallurgy of Eastern-Slovakia, Frankfurt 
region, Szczecin voivodship, the petroleum chemistry of Frankfurt region 
and that of Warsawian voivodship) mean the main location factors for
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Figure 5. Regional types o n  t h e  basis o f s e c to r a l  s p e c ia l iz a t io n
1 = heavy industry, 2 = light industry. 3 = food industry, 4 = mixed, 5 — old. traditional industry,

(5 = developing industry

both of the mixed-type and definitely heavy industry regions, too. We can 
meet heavy industry specialization based on local raw materials only in 
the GDR’s (Cottbus region) and Poland’s less developed territories (Rze- 
szdw and Kielce voivodship).

Food processing is the dominant specialization of the industrially un
der- or less-developed regions being specialized for only one industry.

This type of region emerges especially in the GDR with its high specia
lization value (Neubrandenburg, Schwerin, Rostock, Magdeburg). In these 
regions the lack of light industry derives from the concentration of this in
dustry in the industrially developed territories. The number of regions 
uniquely excelling with their food industry specialization is less in Poland 
(Poznan, Lublin) and in Czechoslovakia (Western-Slovakia) which can be 
explained not only by the smaller differences of the food industry’s terri
torial scattering (GDR 21, Poland 22, Czechoslovakia 27), but rather by 
the decreasing concentrâtional indexes (49; 35; 25) in the order of the above 
mentioned countries.

The industrially developed and outstandingly developed regions are ex
tending from west to east in the south of GDR and Poland and in the north 
of Czech and Moravian countries. The main specialization of these old-tra-



ditional contiguous industrial areas, the heavy and light industry are about 
equal highly im portant for the given countries one by one as well as in their 
mutual cooperation. In the GDR lignite is the basis of heavy industry speci
alization (Halle, Leipzig), while in Poland (Katowice, Krakow) and in 
Czechoslovakia (Northern Moravia) it is the coal. In  this industrially deve
loped belt most of the regions having mineral resources and fuel of their 
own — except North-Czech country (lignite) th a t is specialized also in 
light industry — are specialized in heavy industry. Light industry rides 
on the German and Czech side of the Erzgebirge, respectively on the Polish 
and Czech side of the Sudeten during the evolvement of capitalism and they 
are many-sidedlv developed even today (manufacturing of textile, glass, 
ceramics, toys, musical instrum ents, etc.). Its  basis was formed by the local 
flax, wool, rivers (fresh water), quartz  sand, lignite used as fuel, and the 
available labour force.

In the Lodz voivodship, located on the Northern wing of the highly 
developed industrial belt, the scene of light industry is dom inated by the 
manyfolded traditional textile industry. Only light industry regions are 
usually those of outstanding specializational values (Lodz voivodship, 
K arl-M arx-Stadt region). The low specializational degree of the heavy 
industry type regions ((>. figure) manifests the many-sided structure  of 
industry, as other branches are also developed there.

In  th is belt there are no outstanding regioas with food industry speci
alization. although the dense population is supplied by the well developed 
local food industry. In  some places the specializational values of food industry 
are approaching number 1. (e.g. Opole voivodship). The reason for the rela
tive shortfall of food industry are: the less favourable phvsical geographic 
potentialities of agriculture which provides raw m aterials for food industry 
(mountains, cooler climate, limited area of plains w ith arable lands etc.). 
On the other hand, the wealth in mineral resources and sources of energy, 
the cultivation of industrial crops, the development o f stock-breeding ad 
vantageously influence the location of heavy industry branches and their 
production efficiency. In some regions exactly the open pit mining draws 
away valuable lands from agricultural cultivation (e.g. Halle, Leipzig) 
although it can exert favourable influence on the production costs of m anu
facturing industries.

Mixed-type specialization is not characteristic for the industrially de
veloped and outstandingly developed region groups. Onlv North-Czech 
country represents this region-type with its combination of light and heavy 
industry specialization.

The medium developed regions are situated on the southwestern (Erfurt, 
Suhl, Gera) and southern (Middle-Czech, Eastern-Czech and South-Moravia 
countries) border of this region group. These occupy an interm ediate posi
tion between the earlier discussed region-groups on the basis of develop
ment level and the character of industrial specialization, too. All the three 
industrial specialization types show up similarly to  the underdeveloped 
region-group. On the other hand, there is not a  single industry group, 
against both other groups of regions, which rises with high specializational
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values. Like in the underdeveloped region groups here also the mixed-type 
regions dominate. The combination of branch-specialization recalls both 
to the underdeveloped (light and food industrial, food and light industrial) 
and developed (light and heavy industrial) regions. However, beside it, we 
meet the joint heavy industry and food processing specialization, too 
(Middle-Czech region and Gdansk voivodship).
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Figure 6. Specialization in heavy industry 
1 = 1.0—1.3, 2= 1.8—1.6

The regions, specialized only for one industry (Sulil, Gera, South-Mora- 
via) are always light industrial type in the medium-developed regions. 
On the basis of light industry’s fully developed specialization this group of 
regions reminds us to the developed one. In some places the regions of light 
industry are grouped in one line, bordering on the developed regional 
group (Gera, Sulil), with that location being probably due to the effects 
of similar physical and economic factors.

The utilization of the special potentials stemming from the geographic 
location has raised the Gdansk voivodship to the medium developed group 
of regions, in the midst of under- and less- developed territories. Here the 
heavy-industrial specialization is strongly connected to the seaport functi
ons. The food processing is quite characteristic, too. On the basis of this



twofold specialization Gdansk voivodship shows a remarkable similarity to 
Szczecin voivodship, being also bordered on the seacoast, though industrial
ly less developed.
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4. table
The relation between state of development and specialization

Categories fo r 
development 

level of Industry

Characteristic specialization

GDR Czechoslovakia Poland Together

o u ts ta n d in g ly K V N N N
d e v e lo p e d N V

K

d e v e lo p e d N N K K K N N N
K N K K K K

m e d iu m V V V V K K K
d e v e lo p e d K K K v v v v

le ss  d e v e lo p e d N V v v v v v N
v v É É v v v v v v v v v
É V É É É

u n d e rd e v e lo p e d É É É V v v v v W W W
V É É É É É

to g e th e r N N N N N N
K K K K K K K K
v v v V V V V V V V v v v v v v v v v v
E E E E É É É

N s= heavy industry, É =  food industry, K =  light industry. V =  inixed-type industry
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РЕЗЮМЕ

ВОПРОСЫ ГЕОГРАФИИ ПРОМЫШЛЕННОСТИ «В СЕВЕРНОЙ ГРУППЕ» 
ЕВРОПЕЙСКИХ СОЦИАЛИСТИЧЕСКИХ СТРАН

Анализируется уровень промышленного развития и территориальные различия 
в размещении промышленности более развитых европейских социалистических 
стран (ГДР, ЧССР, ПНР). Различия в размещении промышленности суммируются в 
территориальной концентрации производства. При оценке уровня и изменения 
территориальной концентрации автор использует коеффпциент Флоренса, построен
ный на основе сопоставления удельного веса районов в общей численности населения 
и промышленного персонала страны. Показатели территориальной концентрации 
ряда отраслей промышленности нечисленны по валовой продукции относительно 
площади по тому же методы. Даётся характеристика основных направлений сдвигов 
в размещении промышленности. Устанавливается взаимосвязь между темпом раз
вития и уровнем индустриализованное™, между темпом развития и специализацией 
промышленности административных районов названных стран.
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A common feature of the European socialist countries as opposed to 
countries of Western Europe is that their power engineering after World 
War II was developing mainly on the base of their own raw materials. 
Besides, the lower level of economic development (especially in the first 
years after the war ) and the tendencies understandable in the socialist con
ditions towards the more even raising of living standard of all the inhabi
tants. in addition to the unsatisfactory road infrastructure were the reasons 
foi the poorer development of motor transport and its lower intensification 
as compared with Western Europe. Last but not least, the European soci
alist countries are in possession of only inconsiderable resources of oil and 
natural gas (with the exception, to a certain degree, of Romania) although 
they possess resources of solid fuels. In these conditions their economy had 
turned mainly towards these resources so that no coal crisis so typical of 
W estern Europe appeared. The position of individual socialist countries of 
Europe with regard to power engineering varies considerably. The only 
country in this group with surpluses of energy reserves, but with reference 
to solid fuels only is Poland. At the same time it suffers a heavy shortage 
of oil and natural gas as well as experiences some troubles on account of 
its small water pow'er resources. The German Democratic Republic is nearly 
completely devoid of hard coal alt hough it possesses copious reserves of brown 
coal. With reference to hydrocarbons and water power German Democratic 
Republic is as poor as Poland which makes this country still more depen
dent on the supplies of energy from abroad. Czechoslovakia has fairlv abun
dant although insufficient reserves of solid fuels, not too much water pow- 
ei, and still less bitumens than Poland. Romania displays considerable 
although inadequate resources of petroleum, fairly much gas, and modest 
resources of coal and water power. Yugoslavia holds considerable reserves 
of water power, now only in part utilized, insufficient resources of coal 
and of hydi ocai bons. I he most modest total power resources are distinctive 
of Bulgaria and Hungary. Bulgaria has inconsiderable quantities of brown 
coal and of water power, but is nearly devoid of petroleum. Hungary is 
in possession of small resources of coal and hydrocarbons, being nearly



completely short of water power. In addition, a common feature of Bulga
ria, Yugoslavia and Hungary is the domination of their reserves bv brown 
coal, with hard coal being in short supply.

A brief discussion of the position of particular countries with respect 
to hard coal and brown coal will be presented below.

The most important in this respect is the position of POLAND. I t co
mes fourth in the world as a coal producer, its share being 7.4% of world 
production (after the USA, USSR and China), and fifth in the output of 
brown coal (after GDR, USSR, German Federal Republic and CSSR) 
with 4.5% of world production. The share of hard coal in the production 
of energy from the primary sources in Poland is 87.4% and amounts to 
94.7% together with brown coal. The share of nat ural gas is 4.2%, of petro
leum 0.7%, and of the water power 0.4%. Atomic energy is not yet utilized 
in Poland. The share of coals in the power balance of Poland is probably 
the highest in the world.
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There are three hard coal basins in Poland: the Upper Silesian, Wal- 
brzyeh and Lublin one. The most important of them and one of the largest 
in Europe (after the coal basins of Donets and the Ruhr) is that of Upper 
Silesia, its surface being some 5,400 sq. km (4,450 sq. km im Poland), with 
the remaining part in Czechoslovakia. The basin in question lies in a triangle 
between the cities of Tarnowskie Gorv (in the north), Cracow (in the east) 
and Ostrava (Czechoslovakia, in the south-west). The reserves of this coal 
district are more than 80 thousand million tons, including 23 thousand mil
lion tons of workable resources. The basin is paralic in character, being 
derived from the Carboniferous. Its exploitation conditions are favourable 
and the beds display high spatial concentration of the resources. The aver
age thickness of coal strata is 2.8 m and the thermal value is 4,800-7,800 
calories. There dominate fiery, gaseous and gas-coking sorts of coal. The 
share of coking coal is estimated at 38%. Exploitation there was started in 
the mid-eighteenth century and since then some 5 thousand million tons 
of coal were extracted. Coking coals occur in the western part of the basin 
in the region of the towns Wodzislaw, Rybnik and Gliwice, this constitu
ting the most developmental part of the basin with a number of new col
lieries opened, in that 7 in the environs of Rybnik. In the eastern part of 
the basin there dominates fiery and gas coal which is lower in calorific value 
and with a considerable admixture of sulphur. These coals are burnt chiefly 
in power stations. In the oldest exploited northern part of the basin the 
number of collieries diminished due to their joining in major units and to the 
closing down of the worked out mining fields. In this way the total number 
of coals mines in the district decreased from 75 in 1960 to 61 in 1977 and the 
average output per mine rose from 1.4 min tons to 3 min tons. The average 
depth of coal extraction continues to grow while amounting recently to 
nearly 500 m, with a maximum of 1,100 m. The Upper Silesian Coal Basin 
provides more than 98% of Poland’s total output of hard coal. In the years 
1950-1976 18 new collieries were opened in this coal-field, the share of 
which attained 25% of total coal extraction in the basin. Mechanization 
of work in the mines has made progress, increasing to 93% of the worked 
coal in 1975 as compared with 29% in 1950-with reference to mechanical 
hewing- and respectively to 75% as opposed to 4.5% with reference to 
mechanical loading, this made it possible to increase more than 3 times 
work productivity of a miner employed at the face.

The Lower Silesian Coal Basin is situated in the Sudety Mts in the re
gion of the cities of W albrzych and Nowa Ruda. This is, too, of Carbonife
rous age but is of limnic type. Its  area, ten times less than tha t of the Upper 
Silesian Basin has 60 times lesser reserves (workable reserves of some 400 
min tons). The geological conditions of exploitation are difficult, the beds 
being thinner (0.9 m on an average) and disturbed, sometimes saturated 
with carbon dioxide. The spatial concentration of the resources is 6 times 
lesser and the costs of exploitation twice as high as in Upper Silesia. Hence, 
the exploitation maintains a constant level of 3 —4 min tons a vear 
and will not alter in the future. Nevertheless, the outpu t here is profitable 
because of the high calorific (6,000 —8,200 cal) and technological value of
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the coals. The diversity of coal classes varies greatly from gas coals to lean 
and smithy coals. 83% of the output is liable to coking and produces the 
best sorts of blast-furnace and casting coke. The four collieries of this ba
sin produce less than 2% of Poland’s coal output but make it possible to 
obtain 15% of coke.

The third basin of hard coal in Poland, now in the stage of initiating 
exploitat ion, is that of Lublin. The occurrence of coal in that area had been 
stated before the last war but a more precise recognition of the coal-field 
took place only in the past 20 years. This, too, is a Carboniferous basin, 
paralic in its lower part and limnic in the upper. It stretches from Radzyn 
in the north to Hrubieszow in the south, covering an area of 4,600 sq. km, 
in that some 1,100 sq.km in its most abundant part, east of Lublin. Resourc
es of this coal-field are estimated preliminary at 30-40  thousand million 
tons. The construction of the first colliery at Bogdanka is in the full swing, 
with first coal expected to be extracted in 1980. The thickness of beds is 
1.3 m on an average, calorific value being some 6.400 calories, and the share 
of coking coals 30 — 40% in the evidenced deposits.

In respect of the possessed resources of hard coal Poland comes eighth 
in the world, surpassed by countries usually much larger (USSR.USA, Ca
nada, China anti the Republic of South Africa). Solely Great Britain and 
German Federal Republic display higher concentration of coal in respect 
to the area than does Poland. In the output of coal Poland was seventh 
or eighth before World War II but shortly after the war it came tilth, 
exceeding Japan and France. Since 1956 Poland’s production of coal was 
behind that of China, then since 1967 it outdistanced German Federal 
Republic and since 1971 also Great Britain, emerging as the fourth largest 
producer of hard coal in the world. Besides, over the whole post-war period 
the output of coal in Poland has continued to grow and this trend is likely 
to be maintained.

Advantageous part will be played in the near future bv the launching 
of coal exploitation in the Lublin Basin. This will create a stimulus for 
the quicker economic development of the less industrialized eastern part 
of this country, and will foster rational reconstruction of the Upper Silesian 
Industrial Region where the necessity to continually increase coal output 
made it difficult to solve the ever-growing problems of transport, building 
and environmental protection.

Of the total quantity of 186.1 min tons of coal extracted in 1977 78.9% 
were used at home. Conversion into coke involved 13.4% of output, other 
industrial and power uses engulfed 49.5%, market sale 12.1%, allowances 
2.4%, patent fuel 0,8%. Exportation involved 21.1% of the whole output 
i.e. 39.3 min tons.

Throughout the entire post-war period Poland has been the largest, 
after the USA, coal exporter in the world outstripping Australia and the 
USSR. Some 35 40% of Polish coal is imported by the socialist countries
and 60 — 65% by capitalist countries. The most important coal recipients in 
the first group are USSR, Czechoslovakia, GDR and Hungary while in the
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second France, Finland, Denmark, Italy , Austria, German Federal Repub
lic and Spain, and Japan  among the extra-European countries.
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The production of coke in Poland has been continually increasing and 
achieved 10.9 min tons in 1960 and 19.1 min tons in 1977. There are 18 
cokeries including 75 batteries, their location confined chiefly to the colli
eries of coking coal in the western part of the Upper Silesian Basin as well 
as to the Waïbrzych Basin. Three coking plants are to be found within the 
biggest iron works in Cracow, Dabrowa Gornicza and Czçstochowa, one 
within chemical works on the Upper Oder at Zdzieszowice. In recent years 
Polan has been exporting 2 — 8 min tons of coke, chiefly to GDR, Hunga
ry, Romania, Yugoslavia and Bulgaria as well as to Austria.



Apart from hard coal Poland possesses considerable reserves of brown 
coal, the geological resources of which are put at 40 thousand million tons 
and the workable resources at 4 — 6 thousand million tons. They are as a 
rule of Miocene origin and are characterized by their low calorific value 
(1,800 —2,100 cal) but in some places they occur in thick deposits which ma
kes it possible to exploit them cheaply and with profit. Apart from the Mio
cene deposits there is also one small deposit of Lower'Jurassic (Liassic) in 
the region of Zawiercie, once exploited in the first twro decades of the 20-tli 
century and now nearly completely worked out. The largest deposits are 
grouped in the provinces of Jelenia Gora, Legnica, Konin, Piotrkow and 
Zielona Gora. Exploitation in the territory of the provinces of Jelenia Gora 
and Zielona Gora was started at the close of the 19-th century. In the in
terwar Poland there were no favourable conditions to extract brown coal 
since the consumption of electricity was low, the country did not produce 
mining equipment and the methods of opencast mining were still poorely 
developed. There also lacked capital for great investments and foreign ca
pital was unwilling to invest in enterprises like that. Hence, during the ma
jor part of the interwar period Poland did not yield brown coal at all within 
her boundaries of those days. The change of this situation took place in 
People’s Poland. Heavily extended was the management of the Turoszow 
coal-field, province of Jelenia Gora, very favourable for exploitation, with 
a maximum thickness of coal beds up to 60 m. In the region of Zielona Gora 
a few underground mines were kept in operation. In the 1950s and 1960s 
a few large opencasts were launched near the towns of Konin and Turek, 
province of Konin, and at present a new coal-field of Belchatow, provin
ce of Piotrkdw, is being opened, its resources over 2 thousand million tons. 
The output of coal from this field is to be started in 1982.

The total extraction of brown coal in Poland rose from 4.8 min tons 
in 1950 to 9 3 min tons in 1960,32.8 min tons in 1970, and achieved as much 
as 40.8 min tons in 1977.

As much as 99.5% of coal is extracted mechanically using the method 
of opencast mining, with the remaining 0.5% of output performed by the 
last underground mine in the region of Zielona Gora. Polish brown coal is 
nearly fully consumed at home for the production of electric energy. In 
1977 24% of total output of energy was due to this coal.

In the region of Konin a small quantity of brown coal is turned into 
patent fuel (158 thousand tons in 1977) and about 15% of output from the 
Turoszow coal-field (3.4 min tons in 1977), is transferred to the power plant 
of Hirschfelde, GDR, across the frontier river Lusatian Neisse.

Polish fields of brown coal tend to be comparatively quickly exhaust
ed. The deposits now in exploitation will suffice for 20 — 30 years. This 
spell of time will be quite enough to fully allow for the depreciation of the 
erected power stations the installed capacity of which now totalling 4,800 
MW will increase by a further 4,300 MW at Belchatow. On the other hand, 
it is unprofitable to develop processing industries in these regions as well as 
to concentrate population and expand towns. As opposed to hard coal 
which, for example, has involved the creation of the largest Polish agglo-
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meration of Upper Silesia, the deposits of brown coal are not bu t of tem pora
ry im portance and will not play m ajor part in creating urban regions.

The most important producer of hard coal among the socialist count
ries of Europe, apart from Poland, is CZECHOSLOVAKIA. This country 
is in possession of one medium-size coal-field and of four small ones. All of 
them are within the Czech Republic. Of greatest importance is the coal
field of Ostrava which is part of the large Upper Silesian Basin, situated 
mainly in Poland. The area of exploitation covering till recently as little as 
200 sq. km near the towns of Ostrava and Karvina has now expanded a litt
le to the south, towards the Carpathians. Its coal contains some 100 work
able beds and is similar in character to Polish beds in the region of Rvb- 
nik i.e. represents good coking classes. Its resources are estimated at more 
than 10 thousand million tons. Exploitation there was started at the close 
of the 18-th century, exceeding 1 min tons in 1872, and amounting to 9.3 
min tons just before World War I. In the prewar period 10 — 14 million tons 
were extracted and since 1960 the output has established at the level of 
20 — 24 million tons a year. In  the area of the basin already in the 19-th 
century the most important region of heavy industry of the then Austro — 
Hungary and later of Czechoslovakia came into being, its function main
tained up to now. The Ostrava Coal-Field provides at present 85% of the 
whole Czechoslovak output of hard coal.
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The second most important coal-field in Czechoslovakia is that of Klad- 
no-Rakovnik, west of Prague, where according to the first records coal 
was extracted already in the 18-th century. Coal reserves of this basin are 
put at 180 min tons, and the output since many tens of years has maintain
ed roughly at the level of 1.8 min tons to 2.6 min tons a year. The maxi-



mum output of 3 min tons was recorded over a few years around 1960. The 
basin now provides nearly 10% of total yield of that country. There came 
into being a medium-size centre of heavy industry, with two iron works 
and a few processing plants.

The remaining three coal-fields are very small. First of them near the 
town of Trutnov is the extension of the Polish basin of Walbrzych and lies 
in the Central Sudety Mts, district of Trutnov. Its reserves of the order of 
60 min tons are exploited in 3 collieries yielding some 500 — 700 thousand 
tons a year which constitutes about 2.5% of total output of Czechoslova
kia. The second coal-field of Rosice — Oslavanv lies in Moravia, west of 
Brno, its annual production some 400 thousand tons of good quality coal 
derived from a small deposit with resources of some 40 min tons. The smal
lest of the coal-basins lies west of Plzen and is characterized by a regres
sion of output. The output in this field had been diminishing from 1.3 min 
tons before World War I to 0.3 min tons at present. The exploitation of 
this field is expected to be completed in 1980 on account of depletion of its 
resources.

Because 76% of the reserves of the Ostrava Basin constitutes high 
quality coking coal, Czechoslovakia belongs to more important world pro
ducers of this fuel in providing some 11 min tons a year, part of which is 
exported. Over the last 20 years the amount of coke exported was rising 
from 1.2 min tons in 1955 to 2.1 min tons in 1976. The recipients of the great
est quantities of coke are GI3R, Romania and Hungary which received 
72% of the whole Czechoslovak export of coke in 1976.

Apart from the Ostrava Basin it is only the region of Kladno which 
provides small quantities of coke; the remaining coal-fields supplying 
steam coal only. Its output being insufficient, Czechoslovakia is compelled 
to import some 5.5 min tons of coal a year, roushly fifty-fifty percent from 
the USSR and Poland. At the same time Czechoslovakia exports a little 
smaller amounts of coking coal, namely nearly 3.8 min tons in 1976 chiefly 
to Romania (21%), Austria (17%), GDR (15%) and Hungary (6%).

The evolution of exploitation in Czechoslovakia’s individual coal-fields 
is shown in table.
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Coal-fields
Years In thousand tons

1937 1950 I960 1970 1976

O strava ............. 12 900 14 677 20 682 23 725 24 401
K la d n o ................ 1 800 1 922 3 142 2 451 2 304
T r u tn o v ........... 480 558 S3 4 737 707
Rosier ............. 500 524 680 608 386
PlzeA .................. 900 775 876 543 341

T otal .................. 16 580 18 456 26 214 28 239 28 139

For some time past a shortage of manpower is visible in Czechoslovakia’s 
coal-mining. Therefore, efforts have been made to raise work productiv
ity and at the same time to decrease employment. Hence, mechanical



mining covering as little as 21.8% of coal output in 1960 increased up to 
90% in 1976, and mechanical loading rose simultaneously from 14% to 92%.

More important for the power engineering of Czechoslovakia as com
pared with hard coal are the deposits of brown coal the proved resources 
of which exceed 10 thousand million tons, and geological reserves are esti
mated at up to 200 thousand million tons. The most important deposits 
of brown coal are derived from the Oligocène and Miocene sediments at 
the southern foot of the Czech Ore Mountains where two main coal-fields 
occur, one of Most, the other of Sokolov. Coals of these fields display con
siderable calorific value (3,500 — 5,600 cal) and their varied physico-chemic
al properties make them suitable for various uses. At one time exploitation 
was chiefly underground while in the postwar period opencast mining 
strongly increased from 45% in 1946 to 86% in 1976. Of greatest importan
ce is the Most coal-field which stretches over a distance of some 50 km from 
Chomutov in the west to Usti nad Labem in the east. The basic Miocene 
deposit is up to 30 m thick. Since the 16-th century till the mid-19-th cen
tury exploitation here was low; in 1860 604 thousand tons were extract
ed. Output rose quickly in the years 1870— 1913 to attain 18 min tons. 
There was a deadlock during the interwar period with a renewed growth 
started after World War II. The output then rose from 16 min tons in 
1948 to 63 min tons in 1976 providing 72.5% of Czechoslovakia’s total 
production. The Most coal was widely used in railway transport, as 
house-coal, and steam coal in power plants, and during World War II the 
Nazis used it to produce considerable quantities of synthetic petrol. At 
present brown coal is more and more widely used in power stations, the 
other forms of its use decreasing. Power plants fired with coal of Most have 
total capacity of some 4,000 MW. Coal reserves of the Sokolov Basin are 
smaller and their calorific value is a little lower (3,500 —4,600cal). Exploit
ation here was of the order of 4 min tons in the interwar period while its 
present level is between 18 and 20 min tons which constitutes 22.5% of 
Czechoslovakia’s domestic production. The basin provides with fuel the 
south-western part of Bohemia in feeding power plants of some 1,000 MW. 
The remaining inconsiderable quantities of brown coal are worked out 
in the Slovak Republic, being derived from two small coalfields at 
Handlova (region of the Nitra water-heads) and at Modrÿ Kamen, 
south-west of town Lucenec, near the Hungarian frontier. The calorific 
value of coal of these two fields is fairly high (4.5 — 7 thousand cal) but their 
resources are small. In spite of this, in the fueldeficient Slovakia, the exploi
tation in both these coal-fields slowly rises and constitutes 4% in the region 
of Handlova and 1% in that of Modrÿ Kamen.

Apart from these brown coals, characterized by a fairly high caloric 
value, there are exploited in Czechoslovakia some 3.5 min tons of low ca
loric Young Tertiary lignites, poorely carbonized. Their exploitation takes 
place in the region of the town Hodonin, South Moravia (some 2 min tons), 
and at Novaky on the upper Nitra, Slovakia (some 1 min tons).

In all, Czechoslovakia supplies more than 80 min tons of brown coal, 
being the fourth largest producer of this raw mineral in the world. At
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the same time it is second in respect of the importance of brown 
coal for the whole power engineering of a country. Nearly the whole output 
is consumed at home, with only 1.6 min tons exported mainly to the GFR, 
Selb Industrial District NE Bavaria in 1976. In the consumption of brown 
coal there dominates the generation of electric power although some 1.3 
min tons were turned into patent fuel, used in domestic heating.

GERMAN DEMOCRATIC REPUBLIC holds only two very small 
fields of hard coal in the northern foreland of the Erzgebirge. The larger of 
them occurs near the town Zwickau, the smaller one at Freital near Dres
den. The output of coal in the region of Zwickau had been initiated in 1838, 
being increased after railway line Plauen — Chemnitz — Dresden had been 
built in 1858 which opened new markets for the coal. The exploitation there 
never exceeded 3 min tons a year and was of regional importance. The still 
smaller coal-field of Freital was of only local importance for the agglomera
tion of Dresden. In recent years output in the latter field has stopped com
pletely and is continued on a very limited scale in the region of Zwickau. 
The country’s hard coal demand is covered by imports which in recent 
years have oscillated between 6 and 9 min tons. The two main exporters 
into GDR are the USSR and Poland, far lesser are Czechoslovakia and Ger
man Federal Republic. Apart from coal GDR imports from the same 
countries considerable quantities of blast-furnace and casting coke to satisfy 
the needs of its growing iron metallurgy. The evolution of the lotal output 
and imports of hard coal and coke in the GDR is illustrated in table.
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Year O utpu t o f hard  coal
Im ports of hard coal in 

thousands of tons Im ports o f coko

1 9 5 0  .......................................... 2  8 0 5 n o  d a t a n o  d a t a
1 9 6 0  ............................................ 2  721 8  0 2 8 2 52 7
1 9 7 0  ............................................ 1 0 2 0 8 192 3 123
1 9 7 7  ............................................ 3 0 0 6 0 5 8 3 0 6 5

In 1977 GDR imported from the USSR 4,310 thousand tons of coal 
and 1,088 thousand tons of coke while from Poland 1,076 thousand tons of 
coal as well as 857 thousand tons of coke and from Czechoslovakia respec
tively 556 thousand and 809 thousand tons.

GDR is an example of a country in which the dominant part in power 
engineering is played by brown coal. Reserves of this mineral cover nearly 
10% of the whole territory of that country, being concentrated chiefly in 
two complexes. The largest one stretches along the central and southern 
part of GDR’s frontier with Poland in the districts of Frankfurt, Cottbus 
and Dresden with the highest concentration of deposits in the district of 
Cottbus. This is the so-called Lower Lusatian Coal-Field. The other complex 
concentrates between the rivers Elbe and the Lower Saal in the regions 
of the towns Leipzig, Halle and Bitterfeld and crosses in some places to 
the western bank of the Saale. Besides, there occur a number of tiny and



isolated deposits. All of them lie close to the surface and at present-day 
technological conditions can be worked opencast although the costs of re
moving caprock constitute sometimes up to 50% of overall costs of produc
tion. All the deposits are derived from the Tertiary. The entire eastern 
complex and part of the dispersed deposits are of Miocene age, while the 
western complex in its north-eastern part contains deposits of the Upper 
Oligocene (near Bitterfeld) and in the remaining part of Eocene (see map 
enclosed).

Caloric value of the coals rises to the west from approximately 2 thou
sand calories near the Polish frontier to over 3 thousand calories at the 
Saale. Changeable, too, are in various places other properties of the coal, 
these due to its chemical composition. For instance, coals of the eastern 
complex (Lower Lusatia) are better for the production of patent fuel, partly 
to be turned into coke, which in the first place relates to the deposits in the 
region of the towns Senftenberg and Spremberg. Coals of the western com
plex contain more bituminous components, being thus more suitable for 
chemical processing. During World War II they were the basic raw material 
for the production of synthetic petrol. Unfortunately, the western part of 
the complex is sometimes affected by heavy salinization (this due to copious 
salt-beds in the vicinity) of coal deposits which makes them unservice
able.

Total workable resources of brown coal in GDR are estimated at about 
25 thousand millions tons which, taking the present day rate of output, 
should suffice for 100 years. About 60% of these resources are grouped in 
the eastern complex where occur 100% of coking-coal, and 60% of coal 
suitable for the production of patent fuel or to be used as steam coal. The 
remaining 40% of coal concentrates in the western complex and in the 
dispersed deposits.

Exploitation of coal in the western complex was started already in the 
18-th century although on a small scale and to satisfy local needs only. 
A century later after the railway lines had been constructed in the vicinity 
the exploitation began to expand but it was only at the decline of the 19-th 
century that brown coal came to be used as a fuel in power plants. The 
world wars were a stimulus for a considerable extension of chemical pro
cessing. As early as in 1917 the first carbo-chemical works was operating 
here with further big chemical plants aimed at processing brown coal con
structed in the years 1925—1945 near Merseburg (works “Leuna” and “Bu
na”) and south of Leipzig at Bühlen and Espenhain, all linked with big 
power stations. After World War II a few further power stations came into 
being (Thierbach 840 MW, Lippendorf 600 MW, Boxberg 2,520 MW).

Until recently the western complex of coal deposits has concentrated 
the major p a rt of output. However recently exhaustion has been marked 
of the most abundant deposits as well as difficulties have appeared to open 
new deposits, this resulting from the high population density, heavy u r
banization and dense transport network. The share of this complex in the 
to tal ou tput decreases and the centre of gravity  moves towards the Lower 
Lusatian Basin which for the last few years has yielded over 59% of total
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output. The future of the GDR’s power engineering is linked with this coal
field the exploitation in which dates from the 1880s, its systematic develop
ment proceeding in this century as is confirmed by figures illustrating the 
progress of output.
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Years 1880 1896 1913 1936 1958 1970

Brown coal ou tpu t in  th e  Lower L usatian  
Basin in m in to n s .......................................... 0.8 4.0 19.5 34.9 69.7 130,0

Coal extracted in the Lower Lusatian Basin is in most part devoted to 
fire power stations. Part of it is used for the production of patent fuel (so
me 39 min tons a year), part for its conversion into brown coal coke (more 
than 5 min tons). .Mention may also be made here of a new opencast at 
Berzdorf near the Polish frontier, south of Zgorzelec, which feeds big power 
station at Hagenwerder (3,000 MW).

It may be stated in examining the evolution of brown coal produc
tion and its processing on a scale of the whole GDR that the output was 
growing systematically from 101 min tons in 1937 to 127 min tons in 1949, 
and 200 min tons in 1955 to achieve the highest recorded level of 262.8 min 
tons in 1971, which constituted in this year 32% of world output of brown 
coal. In recent years, with inconsiderable downward oscillations, its output 
reached nearly 254 min tons in 1977. Coke production from brown coal 
was highest in 1960 and goes very gently down since that time. The produc
tion of patent fuel achieved its maximum in 1965 and also gradually de
creases. The most important use of brown coal is to produce electric power. 
On its basis some 85% of total electricity was yielded in 1970, although in 
recent years this share slightly decreases, as a result of launching succes
sive reactors in nuclear power plants. These produced some 5 thousand 
million kWh of electricity out of total production of 92 thousand million 
kWh supplied in 1977. The production of patent fuel from brown coal 
amounted to 48.7 min tons in this year, and of brown coal coke to 5.2 min 
tons.

ROMANIA holds small reserves of coal of various classes and vary
ing caloric value on both sides of the Carpathians. Coals to be encountered 
on the outer side are usually younger and of low thermal value as compared 
with those in the inner Carpathian basins which are older and better in 
quality, inclusive of anthracite. I t would not be purposeful to examine 
hard coal and brown coal separately as no clear difference between these 
sorts occurs in that country. For instance, reserves in the region of Petroseni 
were once included in brown coal and for some time past are considered—in 
accordance with the accepted international classification — to be hard 
coals. Exploitation of good coal was first initiated already at the end of the 
18-th century in the district of Banat near Anina and Secul. The scale of 
this output has risen since the end of the 19-th century after a railway line 
had been completed to Anina.



In the first half of the 19-th century exploitation was initiated of 
brown coal at Comanesti, Moldavia. A little later output was launched in the 
largest coal-field of Petroseni — Lupeni in the upper Jiu valley which was 
soon provided with a railway line from the Mures valley, this due to the 
fact that railway was in those days the main recipient of coal. At the decli
ne of the 19-th century a number of small fields were opened near Mehadia, 
Brasov, as well as in the Somes valley in Transsilvania. In 1938 2,826,000 
tons of coal were extracted in Romania, including 2,264,000 tons of hard 
coal together with anthracite and some two hundred thousand and a few 
tens of tons of brown coal and lignite each. Anthracite is to be encountered 
at Schela, Oltenia, north of the pass Vulcan.

The chief consumers of coal was railway, lesser one being industry 
and the least one house heating. Progress of geological surveys after World 
War I I  led to the discovery of vast deposits of Young Tertiary  lignites a t 
the edge of the Pannonian Lowland, between Oradea and Satu Mare, and 
of the largest one in Oltenia, with centres at M otru and Rovinari. Their 
exploitation on a large scale has developed in the last decade causing lig
nite constitute more than  60% of total ou tput of coal in Romania. I t  is 
used chiefly to fire big power stations a t Craiova and Rovinari. H ard coal 
is derived principally from the upper Jiu  and the environs of Anina where 
more than  8 min tons are now exploited, including 1,924,000 tons of coking 
coal. I t  m ay be said tha t coal is a secondary fuel for Romania, its share in 
power balance amounting to only 15% in 1950 and 17.4% in 1970. Follow
ing the development of iron metallurgy in recent years also the country’s 
output of coke has been rising, amounting to 2,472,000 tons in 1976. The 
remaining part of coke demand by metallurgy is covered by imports of 
2,816,000 tons in 1976, mainly from the Soviet Union and Poland. The 
evolution of production of individual types of coal and of employment in 
coal-mining is shown in table.
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Types o f coal
O utput in tousand tons in years

1Ô38 1950 I960 1970 1976

H a r d  c o a l  w i t h  a n t h r a c i t e .................
B r o w n  c o a l  ...............................................

2  2 6 4  
2 8 9  
2 7 3

2  733  
3 4 9  
811

4  4 81  
5 3 7  

3 145

8  0 8 7  
7 0 4  

14  0 4 4

8  6 96  
6 0 0  

18  8 1 9
T o t a l  c o a l  o u t p u t .................................... 2 8 2 6 3 8 9 3 8  163 2 2  8 3 5 2 8  115
E m p l o y m e n t  in  t h o u s a n d  p e r s o n s 2 5 .5 4 1 .1 4 9 .9 5 7 .9

YUGOSLAVIA. Its situation in respect of coal is much similar to that 
of Romania, hence all sorts of coal will be examined together. Coal deposits 
there vary considerably and are still more dispersed than those in Roma
nia. All are small in size and the majority of them are very small. Coal 
output prior to World War II  totalled 7 min tons, rose to 15 min tons in 
1955 and achieved 30 min tons in 1965, continuing to rise slowly up to 37 
min tons in 1976. However for some time past it is only the output of lig-
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nite which has been increasing while that of hard coal is systematically de
creasing and of brown coal stagnating. Coal needs of the Yugoslav metal
lurgy, its development poorer than that of Romania, are satisfied by coke 
produced from the coking coal, chiefly imported from the USSR. Inconsi
derable imports of coke, mainly from Poland and Italy, attained 170 thou
sand tons in 1976 as compared with its domestic production of 1,786,000 
tons.

More detailed review in a few time sections is given in table.
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Y ear
O utpu t in thousand tons Coal im ports Coke im ports

hard  coal brown coal lignite thousand tons

1 9 3 9  ......................... 1 4 1 9 4  3 1 2 1 3 0 1

1 9 5 5  ......................... 1 134 7 68 2 6  3 8 8 9 0 9 118

1 9 6 5  ......................... 1 16 9 10  5 0 9 18 2 7 9 2 18 6 111

1 9 7 0  ......................... 64 3 8 9 8 9 18  7 9 0

1 9 7 6  ......................... 5 8 7 9  110 2 7  14 8 2 75 5 170

Yugoslavia’s resources of hard coal are chiefly of Jurassic and Creta
ceous origin. They are small in quantity being estimated at 200 min tons. 
They occur near Rasa in the eastern part of the Istra peninsula where their 
output is concentrated, besides in Serbia at the upper and middle Timok 
river at the borderland between Yugoslavia and Bulgaria as well as in the 
valley of the Ibar, south of Kraljevo. More dispersed are the resources of 
brown coal derived from the Oligocène and Miocene, predominantly com
posed of a few thin layers interbedded with barren layers. Deposits of grea
ter importance occur at the borderland between Slovenia and Kroatia be
tween the Sava and the Drava rivers (main centre at Trbovlje), in central 
Bosnia (Banovici, Kakani, Zenica and others), in Dalmatia near Drnis 
and in the eastern Serbia in the environs of Petrovac, Paracin, Aleksinac, 
and Nié. The reserves of Yougoslavia’s brown coal are put at 2 thousand 
million tons and their heating value is considerable (4 — 5 thousand cal). 
Lignites of Pliocene age are most copious in the whole of coal reserves of 
that country, their resources being estimated at 20 thousand million tons 
and with output rapidly growing. Their use is nearly fully confined to the 
feeding of power stations! The most important exploitation areas are con
centrated in the valley of the Kolubara, south-east of Beograd, in Kosovo 
Pol je near Pristina, in North Bosnia near the town Tuzla, and in northern 
Slovenia near Velenje.

BULGARIA. In respect of the size and the structure of coal resources 
its character is very much like that of Yugoslavia and Romania. The do
minant part of its resources, some 85%, are low calorific Pliocene lignites; 
much smaller is the share of Old Tertiary brown coals, some 23%, while hard 
coals constitute as little as 2%, being of subordinate and continually de
creasing importance. Exploitation of brown coals was first started in 1878 
in the coal-field of Pernik, west of Sofia, in 1878 immediately after Bulgaria



regained her independence from the Turkish thraldom. The extension of 
railway lines was in ever-growing need of coal, therefore output was start
ed in the region of Bobov Dol, south of Pernik. Nevertheless, exploitation 
in 1900 did not exceed 100,000 tons, approaching to only 400,000 tons be
fore World War I. In the interwar period Bulgaria’s needs were more se
rious, hence output was extended in both the mentioned coal-fields, in 
addition to the launched extraction of hard coal in the so-called Balkan 
Basin between the towns of Gabrovo, Kazanlyk and Sliven. There are also 
some though inconsiderable reserves of coking coal. Total production be
fore World War II had exceeded a little 2 min tons. Further considerable 
growth of the output took place following the war. Exploitation was start
ed of the two small deposits of anthracite in the region of Belogradchik, 
and in the gorge of the Iskyr, north of Sofia, in addition to an intensific
ation of output in all the known coal-fields. Above all, investigations were 
carried out of the deposits of lignites and their opencast exploitation was 
begun, which was possible only now owing to progress in removing the cap- 
rock of large earth masses. The largest reserves of lignites are to be found 
in the plain of the Marica near the town of Dimitrovgrad, smaller ones in 
the Sofia Basin, and inconsiderable in the region of Kjustendil and near 
Goce Delchev on the river Mesta. The lignites have become the principal, 
apart from water power, base for the production of electric power while 
hard coals and brown coals supply other branches on industry, house 
heating and transport. Evolution of exploitation of the main types of coal 
is illustrated by the table.
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Typos of coal
O utpu t in thousands of tons in years

1960 106G 1970 1976

a n t h r a c i t e  ........... m i 190 161 99
h a r d  c o a l .............. 4 0 9 3 6 2 2 3 6 196
b r o w n  c o a l .............. 10  0 6 0 9 5 6 4 6 88 3 5 8 5 0
l i g n i t e ...................... 5  3 5 5 14 92 5 21 9 7 0 19 3 3 4

T o t a l  ......................... 15  9 86 2 5  0 4 2 2 9  2 5 0 2 5  4 7 9

Among the administration units of Bulgaria it is nowadays the region 
of Stara Zagora which is the main producer of coal, supplying more then 
half country’s output. The second largest is the region of Pernik with more 
than 20% followed by the region of Kjustendil, Chaskovo, and Sliven. The 
shortage of coal at home is supplemented with imports of hard coal and an
thracite fromtheSoviet Union, which in 1976 amounted to 6,190,000 tons, 
including to 3,528,000 tons of anthracite. In the same year Bulgaria import
ed, too, 328,000 tons of coke, chiefly from the USSR, and small quantities 
from Poland and Czechoslovakia.

HUNGARY has an average supply of domestic sources of energy. Al
though it possesses several types of energy sources (black and brown coal, 
lignite, petroleum, natural gas, uranium ore), disadvantages in the distri
bution of the reserves, the economy of the mining poses a number of prob-
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lems the power economy is to cope with. Until 1960 over three quarters 
of the Hungarian power economy rested on domestic sources of energy, 
first of all on internal coal production. Making the most of the favourable 
import possibilities of the 1960s Hungary has been increasingly relying 
on energy sources obtained from the Soviet Union within the framework of 
the COMECON integration. By the mid-1970s the share of domestic pro
duction in the consumpt ion of energy fell to around 50%. At the same time 
the structure of consumption has been swiftly transformed. Between 
1960—1975 share of hydrocarbons in the structure of consumption rose 
from 21% to 57%, whiie that of coal and coke fell from 72% to 34%. This 
turnabout has been made possible to a lesser extent by increased domestic 
production of hydrocarbons (especially natural gas) but mostly by the dy
namic growth of imported petroleum and natural gas from the Sovietunion. 
It has to be noted that imported primary energy is supplemented by con
siderable amounts of imported Soviet electricity (6 thousand million kw- 
hours in 1979).

Shortage of goods on the world marked of energy surces in the 1970s 
and the subsequent price explosion have led to a revaluat ion of the role of 
Hungarian energy sources. Compared to the elevated international price 
levels marketability of energy sources extracted in Hungary has greatly 
improved. Hungary’s reserves make it possible that half of the demands 
will be met — over a long period — by domestic sources of energy, provided 
that appropriate investments and technological improvements are carried 
out. Based on reserve estimates production of oil and natural gas can be 
held at present levels, with even a possible slight increase. Coal however, 
comprises over 80% of the energy source reserves of this country. With a 
view to domestic energy production development of coal mining is thus of 
primary importance.

Hungary’s coal reserves are put at nearly 7 thousand million tons; of 
this the proportion of industrial reserves stands at some 40 per cent. Coal 
deposits differ greatly in age, facies and quality. All deposits have complicat
ed and varying beds, broken by faults. Secondary rocks are of low solidity. 
Aquositv in the majority of deposits is high, and so is the hazard of fire
damp.

According to geologic age and quality Hungarian coal deposits may be 
divided into four main groups.

1. The only black coal deposit of the country is situated in the Mecsek 
Hills, with the town of Komló as the centre of mining. Thickness of the lias- 
sic-age coal measures is 250 — 500 metres. The seams are 0.8 — 10 metres 
thick and dip between 20° and 70°. The coal seams are cut by faults, and 
extraction is made difficult by the danger of firedamp and gas as well 
as by the possible self-ignition of seams. Working depth may reach 500 
metres. Industrial reserves are proved to be over 350 million tons, of this 
amount 60 per cent is coking coal. Heating value averages around 4400 
kcal/kg.

2. Brown coal occurrences of the Transdanubian Hills are concentrat
ed in three regions.
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The Dorog coal basin holds the best quality brown coal. (Industrial 
reserves: 55 million tons, average heating value: 4200 kcal/kg). Exploitation 
is made difficult by the danger of karst water.

The biggest good-quality brown coal occurrence of Transdanubia is 
found in the Tatabánya — Oroszlány basin. (Industrial reserves: 355 million 
tons, average heating value 4000 kcal/kg). The eocene-age coal seams are 
strongly broken. Of Hungarian coal mines still working T atabánya has the 
longest operation history (since 1780).

Among coal deposits of Central Transdanubia Ajka is the most im
portant. Upper cretaceous brown coal is mined here. (Total industrial re
serves of the region stand at 75 million tons, average heating value is 3200 
kcal/kg.)

3. The predominantly miocéné brown coals of the N orth H ungarian 
Hills have two fields.

The Nógrád basin, with its industrial reserves of 20 million tons is of 
less importance. Heating value of this coal is 3200 kcal/kg. It is being mi
ned south of the town of Salgótarján.

The 215-million-ton industrial reserves of the Ózd —Borsod basin has 
a heating value of only 2950 kcal/kg on the average. Depth of the seams is 
100—110 metres.

4. There are three lignite deposits in Hungary. The best quality depo
sits — though relatively small in volume — lie around the town of Vár
palota in the southeastern foothills of the Bakony Forest. These miocéné 
seams are 4.5 —8.7 metres thick. (Industrial reserves: lOOmillion tons, aver
age heating value: 2350 kcal/kg.)

The 10 — 16 m thick pliocene lignite deposits that lie in the southern 
fringes of the Mátra and Bükk Hills contain many spoil interlays. These 
seams that are suitable for open mining hold some 40 per cent of this 
country’s coal reserves (calculated in heating value). Industrial reserves 
amount to 1.3 thousand million tons, with an average heating value of 
1780 kcal/kg.

Lignite deposits between the town of Szombathely and the Austrian 
border are being explored. Estimates of the deposits run to above 300 milli
on tons.

At present mining is being done only at Várpalota and at the foothills 
of the Mátra — both for energetic purposes. The open-pit mine “Maurice 
Thorez”, being worked at the Mátra foothills near the village of Visonta is 
the biggest mine in the country with its yearly output of 7 million tons. 
The 800 MW Gagarin Thermal Power Plant was built immediately next to 
the mine.

As can be seen from the table above coal production had its overall 
yearly peak volume in 1965. Competition from hydrocarbons has decreased 
production by 20% during the following 8 —10 years — first of all in the 
technically unfavourable mining regions (Nógrád, Borsod). Present tensi
ons on the energy market have again encouraged the increase of coal out
put. The drop in production has stopped, and there is even a slight growth.
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Development of coal mining 
(in Million tons)
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1038 1949 1955 1960 1905 1970 1975 1977

Black coal
Mecsek coal h a s in ............. 1 .0 1.3 2 .0 2 .8 4.4 4.1 3.0 2.9

Brown coal
Dorog coal basin ............. i . o i.6 2 .0 2 .0 2 .2 1.4 0 .8 0 .6
T atab án y a  —Oroszlány . . 1.9 2.7 4.4 5.2 6.9 6.3 5.3 4.9
C entral T ransdanubian . . 0 .6 0.9 2.5 3.3 3.0 3.1 2.7 2 .6
Nógrád coal basin ........... 1 .2 1 .6 3.1 3.3 3.8 2 .0 1.0 1.0
Ó zd—Borsod coal basin . 2 .0 2 .6 4.0 5.4 6 .2 6 .2 5.2 5.3

Lignité
V árpalota coal basin . . . . 0.3 0.5 1 .8 2 .2 2 .6 1.9 1.5 1.3
M átra  coal b a s in ................ 0.1 0.1 1.5 1.9 2.3 2 .8 5.4 6 .8

T otál ........................................ 9.3 1 l .S 22.3 26.5 31.4 27.8 24.9 25.5

Average beating value of 
excavated coal kcal/kg . . 4470 3953 3425 3335 3193 3271 2923 2782

Deterioration in the mean quality of coals mined is striking. This can 
chiefly be explained by the proportionate increase in the output of lignites, 
and also, to a lesser extent by the mining of lower quality black and brown 
coal deposits. The most economical collieries are the highly mechanized 
open-pit mines; their proportion in the yearly overall production has re
ached 29 per cent in 1977.

Number of 
employed

Heating valut» 
output in Teal 

(10l2cal)

Heating value 
(Teal) 

lier capita 
employed

Black coal
Mecsek coal b a s in .............................................. 15 005 12 580 0.80

Brown coal
Dorog coal basin .............................................. 6 000 3 339 0.50
T atabánya  — Oroszlány coal b a s in ............... 19 948 19 267 0.97
Central T ransdanubian ................................. 7 134 8 135 1.14
Nógrád coal basin ............................................ 6 278 2 975 0.47
Ózd — Borsod coal basin ............................... 19 266 15 435 0.80

Brown coal basins ................................................ 58 626 49 151 0.S4

Lignité
V árpalota coal basin ........................................ 3 773 3 577 0.95
M átra coal b a s in ................................................ 6 274 7 981 1.27

H ungárián coal m in in g ........................................ 83 678 72 765 0.87



In 1975 72 765 Teal of heating material was produced by the 83 700 
persons employed in Hungarian coal mining. This can be broken down to 
the individual coal basins as follows:

The table indicates that caloric output per capita employed is highest 
in lignite mining, with exceptionally high productivity in the Mátra open- 
pit mines. Productivity has markedly improved here, over 1.6 Teal per 
worker is produced yearly at present. Productivity in the Nógrád and Do
rog basins is especially low, due to the difficulties of working those mines. 
This explains the strong reduction of output in these two basins.

At present a large-scale energetics program of coal mining is under 
way, the “eocene program”. Within its framework four eocene brown coal 
mines are to be opened south-east of the town of Tatabánya with a total 
yearly output of 7.8 million tons. The coal will fuel the Transdanubian Col
lecting Power Plant (as it collects its fuel from several mines). Construction 
of one, perhaps two additional large, open lignite mines and power plants 
can be expected until the end of the century. The choice will most probably 
fall on the utilization of the over 500-million-ton lignite deposit at the vil
lage of Bükkábrány (at the Bükk foothills), and that of the Austrian bor
der area. With deep working mines priority is given to mine concentration 
and technological development. The number of pits working will be reduc
ed from the present 49 to 27 — 31 by the year 2000 (in 1955 there were 155 
of them). Yearly output of pits will be raised from today’s 340 thousand 
to 7 — 800 thousand. All this infers the eventual closure of over one half 
of the number of present pits, and the opening of new pits with larger 
capacities. According to plans production will continue to supply the bulk 
of domestic consumption. Apart from these Hungary will be a constant 
importer of high quality coal. The chief suppliers of imported black coal 
and blast furnace coke are the Soviet Union and Poland.

Amount of imported coal into Hungary:
1960: 1.43 million ton
1965: 2.79 million ton
1970: 2.21 million ton
1975: 1.71 million ton

РЕЗЮМЕ

РОЛЬ УГОЛЬНОЙ ПРОМЫШЛЕННОСТИ ЕВРОПЕЙСКИХ 
СОЦИАЛИСТИЧЕСКИХ СТРАН В ПРОИЗВОДСТВЕ ЭЛЕКТРОЭНЕРГИИ

В статье рассматривается роль у г о л ь н о й  промышленности социалистических 
стран Центрально-Восточной Европы в производстве электроэнергии. С помощью 
многочисленных данных авторы покаУют состояние добычи угля в отдельных стра
нах. Среди стран региона особо выделяется Польша, которая на базе огромных 
запасов каменного и бурого у г л я  и з  года в год укрепляет свои позиции как крупный 
производитель угля и как второй в мире экспортер каменного у г л я . Богатство в 
угле, несмотря на бедность других энергоносителей, делает Польшу нетто экспортё
ром электроэнергии. Остальные страны стараются укрепить свою энергетическую
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базу за счот увеличения добычи бурого у г л я  и  лигнита. Однако это не ликвидирует 
их зависимость от импорта энергии, и требует использования новых источников 
энергии (атомной). Основу изложенного материала составляет обзор запасов угля, 
их географического размещения, геологического возраста и горно-технических 
условий их добычи. Уделяется внимание также рассмотрению исторических изме
нений в территориальном размещении угольной промышленности, в связи с чем 
приводятся соответсвующие статистические данные. Показана и внешняя торговля 
углём.

Большую часть новой информации читатель получит при знакомстве со строя
щимися новыми объектами угольной промышленности и электроэнергетики.
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THE RELATIONSHIP BETWEEN PHILOSOPHIC PRECONCEPTIONS 
AND THE ECONOMIC GEOGRAPHIC MANNER OF THINKING 

(FROM VAUBAN TO THÜNEN)
by

MÁRTA VINKOVICS
D epartm ent o f Philosophy, Eötvös Loránd U niversity, B udapest, H ungary  

Received: 1. 12. 1979.

The first scientific type theories concerning the regional differentiating 
and spatial order of various economic phenomena were simultaneously 
created with the formation of scientific economic theories in the 18th and 
19th centuries.

The aim of this study is to endeavour to give a theoretical explanation 
of the character of the results and their position in the system of sciences, 
and to indicate the determining effect of philosophic preconceptions on 
research in the specific scientific fields.

Under the theoretical basis, or more precisely preconception, those 
elements of the age’s philosophical conception of the world are referred to 
that can be found at the starting points of scientific research. The acceptan
ce of the philosophic theses with a differing character has a strong influ
ence on the direction, content and character of the research in a specific 
scientific field. What is this determining role of the philosophic preconcep
tions that was so widely accepted in works of science history ? To this ques
tion, my answer is simply my opinion. Every philosophical world con
ception is not only a summary of the age’s knowledge and an interpretation 
of this from the different aspects of the society, but it also contains the 
analysis of the possible forms of gaining information, their evaluation and 
the importance of the results of the branches of science on a world scale. 
This latter supposes, at all times, the comparison of the links of the diffe
rent branches of science among themselves and the levels of existence of 
reality. For example, from the point of view of raising a problem, the so
cial-philosophic basis is determined in the case of research of an economic 
character, and the social-economic task is clear. The social and political 
ideals of the age are transferred by the social-philosophical thought, and 
also by the alternatives leading to them and the understanding of history 
reflected by these ideas. The epistemological conceptions sketch the ideal 
of the age’s scientific research by analyzing the objectivations of human 
thinking. In such way, philosophic research gains a normative and orien
tating function. This function is reflected in those theoretical preconcep
tions that precede the research of the different branches of science. From 
the point of view of the topics of the present study, the theories of social
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philosophy and epistemological conceptions of the Enlightenment and so
me theses of the Hegelian philosophy are important .

The type of research mentioned above, which is accepted in the bour
geois history of science (and primarily there) is only valid if it is not subject 
to any explanation of the formation of scientific results, nor is it the sole 
basis for such. The social-historic motivation is not to be neglected in the 
description of the development of a branch of science. Philosophic pre
conceptions must be regarded, as a necessary part of any theoretical sci
entific system, a theoretical precondition for forming scientific results, in 
which the social-historic basis is also expressed. Or, the latter can be part 
of a scientific system if it is expressed in the preconceptions.

Those social points of view, methods of scientific research, and ele
ments of the age’s natural-scientific conception of the world are fixed in 
the philosophic preconceptions that determine which branches of science, 
closely related to each other, could be formed whose scientific theses and 
practical results concern the spatial order of economy and its differentia
tion, and had a determining role in deciding the observation, practical re
sult or scientific law in question. In the given period, those observations, 
connections or theses accepted as a law of science will be analyzed through 
the thoughts that were dealt with by the authors listed here: Yauban 
(1G33— 1707), Carnot (1753—1823), À .  Smith (1723 — 1778) and Thiinen 
(1783 — 1848), who lived much later without aiming at a complete list.

The thoughts concerning the philosophic concept of the world in the 
age of Enlightenment were not reflected in the same way in the various 
scientific branches. The differences in the development among them can 
be partly derived from divergencies in their intuition. The concrete fields 
of investigation and the usable ways and means, whether they arc modern 
or less modern, also depend on the philosophic preconceptions. For a long 
time, a difference in philosophic observations, and according to this, a dif
ference in development existed between economics and economic geog
raphy. Therefore, on the basis of revealing these differences, at least a par
tial answer can be gained as to why it was unambiguously economics where 
the first perceptions of economic-regional relations were disclosed, as a 
result of which the traditional question put by geography acquired an 
answer first given by economics.

The relatively immanent character of the existing levels of reality and 
genetic-historic intuition were the two philosophic thoughts that became 
principles, which have to be accepted in economics in order to tackle these 
problems.

In the philosophic world view of the age of Enlightenment and in its 
trends, there was a certain theory of historicality (whether it was deist or 
materialist). The theory of casuality and determinism means a genetic 
explanation of the world-phenomena, which at least characterized the en
tire observation of nature. The concepts of natural law and contract theory 
search for the basis and origin of the different social phenomena, and even 
if in its original form, denate the social changes and the new historically 
changing social-state formations.
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1. By this notion I mean that world view, according to which any of 
the existing reality is neither understood, nor explained, purely through 
the experimenting of its external operating causes. The only way to under
stand their role in the world and the processes occurring in them can be 
through learning their internal structure and processes. I t is merely their 
genesis that supposes an external cause, for the basis of their internal na
ture lies within them. Immanence at that time existed not as a solved 
problem, but primarily as a need. In the basically naturalistic age of En
lightenment ways of solution there is one motion that undoubtedly reflects 
the efforts towards immanence, and that is that the social products (the 
moral norms) are described as belonging to human nature, and then form 
it into a natural state. A criticism on the history of philosophy must un
derline that although this naturalizes a society, however, their operation 
reflects the need that the contents of the idea of human nature should not 
leap over the circle of social phenomena. This way of thinking can be de
picted from the philosophy of the renaissance, especially the social-politic
al thoughts of Maechiavelli. The individualistic view of the renaissance 
that also thought in independent terms does not totally disappear even in 
the monocratic period of mechanics, and the philosopher concentrating on 
social-political problems holds on to them.

In Thiinen’s age, primarily in the system of the Hegelian philosophy, 
both the historic observation and the analysis of social phenomena in an 
immanent way already existed as a basically important scientific and world 
conception requirement.

Any kind of research in economy is made possible by the genet ic study 
of social phenomena. Research for the source of economy eit her results in 
the philosophers’ stone (early mercantilists) or appears in the form of the 
theory of labour value, and searches for the origin of the economy, and the 
processes that come to existence as a result of this. And scientific social 
economics is formed when economy at least partly is derived from one so
cial activity, that is a relative autonomy of social-economic, phenomena is 
supposed.

Immanence and genetic observation together, through the new type 
of interpretation of the ideas of “social sphere” and “place”, give a theore
tic possibility to the research concerning the spatial order of the economy. 
The research supposes genetically and historically located “place” and 
“sphere” ideas, that receive their true content not only from nature, or 
not firstly from nature, but from social-economic processes. Although the 
first achievements of the research appeared within economics, these re
presented only a secondary problem to this branch of science. The analysis 
of the earthly “place”, the territory, and the examination of the territorial 
coexistence of the existing or the separation of these was even then a task of 
geography. Contemporary geography dealt with nothing else but the analy
sis and the description of natural and political territorial units. The fact 
that geography only much later joined in the research of the topics is based 
on that the observation of geographic “place”, “territory” and “spatial
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connections” were not on every level of existence based on the above out
lined elements of world conception in geographic descriptions.

What did contemporary geography mean by the idea of “place” ? 
The scientific interpretation of “place” primarily consisted of its carto
graphic determination. The relationship to each other of the different points 
of the earth was also of cartographic character. This was the way to satisfy 
the scientific requirement that has been so since Ptolemy and since the 
renaissance it was a norm of the quality of science: the degree of employing 
mathematics.

In physical geography it was in the 18th century that a new interpreta
tion of “place” and “spatial connections” were formed, which took as a 
basis both philosophic elements. Natural processes, their immanent ex
planation within nature in the phase of mechanical nature description be
came evident in geography itself. The new feature was the application of 
the mechanical interpretation of history.

The research carried out ranging from Pallisey to Strachev, Lehman 
and Hutton are evaluated as when the historic explanation of a natural 
region is formed. The examination of a region or one element of a region in 
its historicality throws a new light on the location and relation of natural 
regional units. The genetic examination of a natural object necessarily 
brings up the relationship of the object with its surroundings, in other 
words, it also interprets its spatial relationships. Altogether, the discovery 
of spatial relationships is only made possible by the genetic and historic 
analysis of a natural unit. So the analysis of natural location on a scientific 
level had already existed in physical geography.

The situation was totally different in that field of descriptions which 
could not have been called even economic geography. Economic phenome
na and facts were discussed in the individual countries. The immanent 
explanation of social phenomena was not a characteristic featm-e of the geo
graphic description of social-economic formations. The undoubted accep
tance of the determining role of the natural surroundings abolishes the 
possibility to derive economic-social-political phenomena from each other, 
and to disclose their genetic relationships. Thus the economic phenomena 
and the spatial relationships of any other social phenomenon remain un
interpretable. There is no theoretical criterion on the basis of which these 
could be put into order. The total absence of the immanent and genetic 
way of observation results in the fully occasional use of categories express
ing certain peculiarities of society. For this, Vauban serves as a good exam
ple in one of his geographic works. “The geographic description of Vezeley” 
reflects the nearly total lack of the analytic examination. The description 
contains the “income, quality, moral of residents and their wealth, the 
productivity of the country, and how its productivity could be helped 
and how the increase of the population and livestock could be achieved” 
(Vauban: Osivites vol. II. Description géographique de l’election de 
Vézeley (33)

Further on he mainly explains the economic status of the area with 
the nature of morals. “People in this area have a rather good contexture,
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and become good soldiers, have they become home-lost, but the fields are 
badly cultivated: they are exempt from all industry, arts and manufactur
ing- ..................... which spectacularly derives from a bad intake of food.
(Vauban: Osivites vol. II . . . .  p 33)

Vauban, who carried out multifarious scientific activity, strictly se
parated in his own work the geographic description and the scientific prob
lem-raising in economics and the ways of solving these. For a person equal
ly informed in geography and economics it was totally obvious, that he 
did not describe his results concerning the changing of the spatial structure 
of economy in his geographic works.

Both Thiinen’s basic ideas in philosophy were accepted in the first part of 
the 19th century, although it had little effect on the social parts of geo
graphy. Ritter’s —Schelling based — organic conception enforces geographic 
determinism within geography, and Humboldt, concentrating on scientific
method, enforces the K antian line. Neither theobviously naturalist immanen
ce, nor H um boldts physicalist or subjectivist theory promotes the examin
ation of the geographic relationships of the laws of economy.

II. The following examination will concentrate on the question of to 
what extent Smith, Vauban, Carnot and Thiinen can be regarded as the 
first scientists using economic spatial examination, joining in the dominat
ing lines of the economy ?

In the 18th century, economic tendencies differing in observation, sci
entific method co-existed: mercantilism, physiocratism, classical economics 
and specially the German cameralism. Except from the purely physiocratic 
school all tendencies achieved some results in the field of economic-spatial 
examination.

It is not a problem to decide where Smith belonged among the diffe
rent economic tendencies. He is regarded as one of the founders of the clas
sic theory of values, and at the same time his preconceptions in the field of 
physiocratism and laws of nat ure are well known.

In his explanation of the theory of values, Smith systematically points 
out the spatial economic relationships. His notes are summarized in the fol
lowing statement: “There is in every society or neighbourhood an ordinary 
or average rate both of wages and profit in every different employment of 
labour and stock." (Adam Smith: An Inquiry into the Nature and Causes 
of the Wealth of Nations..........p 25., London 1859.)

As a consequence of the above thoughts, Smith in everv concrete 
occurrence of labour and capital deals with the local peculiarities. He con
sciously deals with the value and the local differentiation of its manifesta
tions, andonlv this, asit can be seen from the following sentences: “In such a 
work as this, however, it may sometimes be of use to compare the different 
real values of a particular commodity at different times and places, or the 
different degrees of power over the labour of other people which it may, 
upont different occasions, have given to those who possessed it. We must 
in this case compare, not so much the different quantities of silver for 
which it was commonly sold, as the different quantities of silver could
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have purchased”. (A. Smith: An Inquiry into the Nature and Causes of the 
Wealth of Nations, p 17, London 1859.)

One of the mot ives of Smit h’s research in economics is how the general 
laws of economics gain an individual character. This appearance of the ge
neral in the indivitual requires the observation of territorial differentiation. 
Finally it can be said that Smith’s results concern the territorial differences 
in quantity of prices, wages, profit and allowances.

Vauban and Carnot (and as a matter of fact Thünen the cameralist, 
too) represent a tendency in economics, and are scientists who apply mer
cantilism. They carried out their activity on the basis of the acceptance 
of the mercantile doctrines, and the theoretical basis of their thoughts 
concerning the spatial order of the economy was derived from this tendency. 
Since Vauban’s and Carnot’s appropriate position among the tendencies 
of economics is not at all as evident like Smith’s therefore in addition to 
summarizing their thought, I will try to attempt to prove that they were 
mercantilists, and that Thünen had a cameralist point of view. On the 
mercantilist basis of Vauban’s activity, Kühn writes the following: “Recht 
umfangreich und vielseitig ist auch die volkswirtschaftliche Literatur 
über Vauban; sie gipfelt in Auseinandersetzungen darüber, ob Vauban 
bereits als typischer Vertreter des französichen Merkantilismus anzusehen 
oder ob er einer seiner Vorbereiter sei.” (Artur Kühn: Vauban und die 
Französische Raumordung in 17. Jahrhundert, Hannover 1903 p. 33.)

Vauban’s mercantilism can be seen from the following statement too: 
“Von den Geldern, welche für die Kosten der Belagerung notwending sind, 
denn da das Geld der Nerv des Krieges ist.” (Marschall Vauban’s Angriff 
und Belagerung fester Plätze Berlin p 26.)

In his study on the Languedoc-channel, the following sentence can be 
observed, that eliminates any doubt, in which he evaluates the channel: 
“It hinders that money lie fallow or leave the country” (Vauban: Sur le 
canal de Languedoc, Osivites vol IV.)

Vauban’s activity contains examinations of a spatial economic cha
racter in two respects. Both are planning, practical in nature. Being a mi
litary engineer, it was his job to construct French castles, the basic units 
of military defence and to organise their supplies. In his view, a military 
c a s t l e  undoubtedly functions as a market, and the surrounding area is the 
supplier. Altogether a military territorial unit in Vauban’s view meant at 
the same time an economic unit as well. The ability of the surrounding 
area of a castle to supply it with either the produce and necessary labour 
force was equally important.

“Man braucht ferner Bauerwagen und zur Arbeit beorderte Bauern. 
Wenn der Platz ein wenig bedeutend ist und der Umfang seiner Circum- 
vallationslinien mit Inbegriff ihrer ausspringenden Tlieile vier bis fünf 
Lieues beträgt so wird man wenigstens 15-18 000 Bauern und zwei bis drei, 
selbst viertausend Bauerwagen beorden müssen.” (Marschall Vauban’s 
Angriff und Belagerung fester Plätze Berlin p 30.)

So Vauban was a conscious organiser of a territorial economic unit. 
The same ideas are reflected in his work written oth the Languedoc-clnvn-

2 5 4  VIKKOYICS M.



nel, but here the territorial unit is the whole country. “The country’s trade, 
without stepping out from the kingdom, wanders from town to town and 
from province to province . . . .  and serves the idea that through the links 
of the provinces with each other they can satisfy their needs from these 
places.” (Vauban: Sur le canal de Languedoc Ocivites vol IV.)

Another field of his activity is also linked with the channel, and this 
is the theory of allowance depending on the location evaluated from an 
economic point of view. In this case the channel not only served as a traffic 
route, but also as a water-trench. The essence of the theory is that on both 
sides of the channel, in a decreasing rate after a certain distance, in parallel 
with the decrease of utilization, a royal tax can be imposed on the lands. 
Vauban set up five categories of taxes, the end result of which would have 
been 4,000 thalers per mile along the channel for the king. (Some records 
show this was the only mercantile tax to be greeted by the physiocratist 
Turgot.)

Carnot continued Vauban’s activity. (In 1784 he gave a lecture at 
the French Academy on Vauban and later in 1788 he wrote a memorandum 
in Vauban’s spirit for the preservation of the castles.) In the theoretical 
field, his works did not bring anything new compared to Vauban. He ra
ther understood only his outstanding predecessor about whom he wrote 
the following: “He regarded the entire state as a huge fortress.” (Carnot: 
Elog S: 19 — 20) To continue this thought he wrote that although the army 
is the active force in a contry’s defence, the economic status of the country, 
and the economic organisation of the defence is irreplaceable, and is the 
passive element in a country’s military potential. Carnot’s supplying area 
was modified compared to that of Vauban’s to the extent that Carnot’s 
is industry-centred. Its military merit is the technique-based army-orga
nisation, as a result of which the development of military industry and the 
other industries serving as a basis for it were a major part of his conception. 
In his work written on the military castles the supplying region is also in
tended as an industrial region.

Vauban’s and Carnot ’s activity, in contrast to that of Smith, was cent
red around practice. Their practical results, the organisation of regions, in 
their completeness, is far beyond their theoretical considerations. Their 
work has a theoretical basis, but the proving of the theory is not a scienti
fic series of syllogism, but the economic usefulness, in its pragmatic cha
racter.

In professional literature, Thunen’s activity is best known. In evaluat
ing him, the fact that he was a cameralist is not too much underlined, 
although his whole question-raising can only be understood from this angle. 
Cameralism, from a social-economic point of view was the German version 
of mercantilism, however, at the same time his theoretical solutions reflect 
a totally different scientific conception. The title of his main work: “Der 
isolierte Staat” expresses the cameralist starting point. It reflects the fact 
that under German conditions an economic territorial unit was much more 
autarchic in character than the territorial units in Western Europe, and it 
was also a political unit. German conditions, as reflected in the following
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title can be characterised like this: “Stiidte und Territorialstaaten als Ein- 
heiten kleinercn Umfangs” (Heckscher: Der Mercantilismus, Jena 1932 p. 
20.) The aim of cameralism is to  search for the solution to economic prob
lems within the given social-political situation.

Tlninen’s merits in the field of theory can be summarized in that in 
the theoretical apparatus of economics he does not simply find the local 
differences of prices, wages and allowances, but he deduces t hese, and analyz
es the internal economic order of a territorial unit, or examines the possi
bility of forming an ideal order. His activity was basically of a theoretical 
character, in its aims, however, it also served practice. An example can be 
drawn from his own private life, on the other hand, it is not by mere chan
ce that the literature concerning him and his activity searches for the im
mediate application of the Thiinen model. (Wieskemann: Die antike Land- 
wirtschaft und das von Thiinenische Gesetz, Leipzig 1859) The character 
of the above mentioned theoretical and practical results are to be reasoned 
in the following through their phylosophical preconceptions. These pre
conceptions must be searched for both in social phylosophy and in the theo
ry of knowledge.

The thoughts of Vauban, Carnot and Smith in economics are based 
on the theory of contracts, and the natural law conception. Within this 
basis of social philosophy, the different branches of this conception 
create the kind of difference among the tendencies of economics that de
termine the nature of the economic-spatial examinations on a basic level.

Two essential elements of the conceptions in natural law are the trans
cendent, timeless “included in everybody”, conception of humanity en
dowed with natural characteristics, and a special interpretation of activ
ity, which already contains a historic philosophy.

Mercantilism and physiocratism, being national economics, represen
ted regional units. The above mentioned preconceptions in social philo
sophy interpret the necessary and satisfactory bases for the creation of ter
ritorial unity. Their “conception of nature” primarily leads to a different 
standpoint in this respect.

The content of the idea of human nature and the significance of human 
nature is divorced from the artificial community, the state, within the phy- 
siocratist and mercantilist theories. The physiocratist standpoint is repre
sented in Turgot’s ideas. When describing the national unity, the unity 
of the state, that is the artificial unity, he speaks about a national charac
ter. With the term nation’s character he also understands the elements of 
that nation’s culture as well. “Mainly, that every neighbouring nation 
speaking similar languages, by their natural existence must form a link, and 
this link represents lasting security.” (Turgot). The conception of econo
mic liberalism is supported with that thesis of anthropology, that the na
ture of nations, and their culture forming a part of it, is sufficient for a 
political state. So, an economic territorial unity of a nation-state is the 
natural-political community of economically independent individuals.

The mercantile conception puts only moral categories into human na
ture: “similarly there are moral rules of nature, and natural laws” (Carnot:

256  VJNXOVJCSM.



Meditation addressed to the King, Pest 1816 p 54.) The forming of the po
litical national territorial unity requires the creation of the elements of 
culture, and that of economy, as well. The content of the natural commu
nity decides the sphere of operation of the artificial unity, and what the 
role of the society is in the creation of the ideal stage of the artificial 
community, the state. The difference in the interpretation of human cha
racter also results in the diverse interpretation of social activity.

In this century, in the content of the idea of activity, the rational 
traditions are overstepped, where it was evaluated as a motion in the 
process of cognition. It is recognized that social activity as being con
sciously creative, and it is considered possible to plan the future of society 
scientifically. In other words, it makes the future of mankind depend oil 
its conscious scientific activity.

In the physiocratic conception the subject of the conscious planning 
of the future of the society appears in the form of a very abstract political 
level, the content and significance of which means the enforcement of the 
moral norms of natural reason as a “Sollen”. The future only has to be or
ganised legally and morally. The character of the economic theory is totally 
different from that of the mercantilists. “Turgot’s economic thought, then 
was not so much a prophecy as a penetrating analysis of the economic
conditions of his day,........... It proclaims two principles upon which he
based his proposals of reform: first, that land is the unique source of 
wealth; and secondly that a flourishing economy depends upon an un
restrained flow of capital.” (Douglas Dakin: Turgot and the ancient re
gime in France, London 1939 p. 295.)

The physiocratic anthropological ideas are transponed into economic 
views. In Smith it is primarily represented by the way he looks upon econo
my, basically from the point of view of individual management, therefore 
“the new value” is divided into different parts, which, in the form of 
incomes take a shape opposing each other. A direct consequence of this 
concept is that in examining territrial differentiation, incomes and the 
value serving as their basis in themselves serve as the subject of the rese
arch, in their isolation. The bases of local differentiation and the local 
character of rates, „are being naturally regulated, as I shall show here
after, partly by the general circumstances of the society, their riches or 
poverty, their advancing, stationary, or declining condition; and partly 
by the particular nature of the way of employment. (A. Smith: An Inquiry 
into the Nature and Causes of Wealth of Nations p. 25. London 1859.)

From these lines the determining character of social conditions is 
fairly clear. The peculiar nature of the investment and application spheres 
is a far lass evident category. Sectorial, territorial, natural and economic 
points of view can equally be found in it.

It recognises the relationship between the quantity of value within 
one unit of product and the size of the market region. (In this way the di
verging characteristics of coal and rare metal mining are anlayzed. A. 
Smith: An Inquiry into . . . .p. 76 — 79)
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When analysing land-rent, it shows the relationship between the size 
of the rent and the distance from the market. (A. Smith: An Inquiry . .p. 
67 — 68.) The rarity factor counts as a local economic advantage (A. Smith: 
An Inquiry . . .  p. 69.)

It depicts the role of the location concerning the rent, for example 
the distance from the main road. (A. Smith: An Inquiry p. 67 —68) Finally, 
it discusses the natural capacity of the ground, which is a basic source of 
the local differences in incomes. Therefore, Smith revealed many of the com
ponents between the incomes and the local differentiation of value. What 
he did not do in harmonizing with his capitalist-physiocratic viewpoint 
was to analyze the relationships of the embodiment of value within certain 
regions, in essence, the territorial structure-forming character of territorial 
differentiation.

The Vauban-type supplying region and market conception undoub
tedly ref lects the domination of a central interest in the economy. Although 
it is not on such a  high level theoretically as Sm ith’s system, being more 
complex it is much nearer to  the thought of territorial order and spatial 
structure.

In  discussing the theories of the mercantilists and cameralists in lite
rature, nearly everywhere the interpretation of economic and political ac
tivities is pointed out. “Ein Prinzip das mit dem Zurückweichen der m ittel
alterlichen Universalstaatsideen vom modernen Nationalstaat zur Recht
fertigung seines Strebens nach Selbstbehauptung akzeptiert wurde. Sie 
findet auch ihr Gegenbild in der theoretischen Durchbildung des Staats
begriffes in Staat und Völkerrecht........ in der Auffassung des Staates als
ein Rechtesubjekts.” (Dr. Luise Sommer: Turgot and the ancient regime in 
France, London 1939. p. 235.) And the state as the major legal subject main
tains its right for the economy. The economy is subordinated to law and 
policy, but within the activity of the sovereign power planning society. 
Opposing physiocrats view things outside economic policy merely as acti
vities of private life. The state policy of mercant ilism is a concept creating 
economic unity, as pointed out by Schmollen “Es handelt sich um der Ent
stehung wirklicher Volkswirtschaften, als einheitlicher Körper.” (G. 
Schmollen. . . .  Das Merkantilsystem in seiner historischen Bedeutung. 
Jahrbuch für Gesetzgebung 8. Jahrgang p. 43.)

The interpretation of the national economy as a unified body, supposes 
both a sectorial and regional organisation. The mercantile money-duty 
tax and trade theory, which are the major motives of economic policy, are 
the practical means of creating a national economic territorial unity. The 
entire economy was considered from the point of view of the interest of the 
entire state, and the complex economic structure was thought of in one or 
another area. Vauban and Carnot, with their practical work concerning the 
spatial structure of the economy join in the line of mercantilism. They 
emphasize the necessity of the territorial unity and internal economic 
order of a nation.

The mercantile theory of economics was first of all elaborated from 
the point of view of state  practice. This practice, as can be seen, is funda-
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merited philosophically. Therefore the works that came to light within this 
theory concerning the spatial structure of economy either concetrate on 
practice, like Vauban’s and Carnot’s conception of supplying regions, or 
are totally practical, such as the tax-region along the Languedoc-channel.

The theoretically eclectic cameralism, with its concept of a centrally 
organised economic policy, with which it also ensures a sovereign power 
for the state in economic decisions, definitely follows the line of mercan
tilism. Thiinen’s ambition, that the theoretical model should be on one 
hand closely related to the German conditions, and on the other hand, 
that the recognised connections should be utilized in the organisation of 
one concrete economic territorial unit, are based on this theoretical concep
tion. It is characteristic of the thinking of all three, that when they discuss 
the spatial connections of economic life on any level or in any context, they 
regard it definitely economic.

The professional activity of the above mentioned authors reflects the 
domination of different conceptions of the theory of knowledge. The two 
main trends of the theory of knowledge in the 18th century were rationalism 
and sensualism. The latter existed as the survival of a medieval, in many 
respect Aristotelian interpretation of science. A motion of the development 
of scientific thinking is that later this concept of the theory of knowledge 
was dismissed. In every branch of the sciences the same process occured, 
but not simultaneously. In economics, which compared to the natural sci
ences was formulated into a science in the modern sense of the word, this 
process also took place later. The professional separation of physiocratism, 
classical economics, and cameralism (in its 19th century form), covers a 
development in the theory of knowledge. In the 18th century, sensualism, 
characterising the Middle Ages before Copernicus, still survives, which 
searches for the essential connections of the world in its visible part, that is 
realizable through our senses. The critérium of scientific truth is sensorial 
confidence. “The concrete content of sensorial confidence is shown as the 
richest cognition, or more, unlimitedly rich cognition, and this richness 
is unlimited either if we go beyond its extension in space or in time, or if 
we take a part of the riches going into it by division. Besides these it ap
pears as the truest form of cogniton, since it has not left anything behind 
from the subject, but sees it in its full complexity. In reality, this certainty 
calls itself the most abstract and poorest truth. About the things it knows 
it only acknowledges, that they exist.” (Hegel: The phenomenology of the 
mind. Budapest 1957 p. 57.)

The whole conception of mercantilism is linked to this theory of 
knowledge, and in this respect it is truly medieval.

Carnot openly admits the solely orientating character of pure experi
ence. Writing on the moral laws of social existence he states: “the only thing 
t hat can teach us this is experience, and solely this can serve as a fundament 
. . . . ” (Carnot: Meditation adressed to the King,Pest 1816 p 54.) His basic 
theory on the source of money and value can be derived from this sensu
alism, when he regards the source of richness in the directly conceivable 
by senses: money, or rather in the activity of the trader working directly
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with money. Their demographic ideas are also characterized by the eviden
ce of this sham-world. It is known that an essential element of mercantile 
policy was the increase of the number of the population. Vauban, as a fol
lower of this economic policy, voices these thoughts in his demographic 
ideas. “I am sure that the real interest of kings is that there should be a 
high number of dependants in their possession.” (A. Kühn: Vauban und die 
Französische Raumordnung in 17. Jahrhundert. Hannover 1963 p. 37).

Further on it becomes clear, that the people are not primarily regarded 
as a labour force, but as subjects paying tax. “The income of the king would 
largely increase, if those 50,000 families, not counting their accomplices, 
who rob out the kingdom unpunished, would be forced to earn their own 
living, and pay as anybody else.” (Vauban: Osivites vol. II. Description 
geogprahique de l’election de Vezeley)

The theory of knowledge based on t he evidence of appearance is also 
characterized by the indifferentiated nature of experience. I mean that in 
its content, pure experience by senses in not divided from pragmatical prac
tice. (The sensualism of the 17th — 18th century was not yet positivist.)

In this undifferentiated character there are rich possibilities. There
fore it is possible that on the basis of a medieval theory of knowledge, serious 
achievements of bourgeois economy are realised. It does not become 
reactionary, it merely represents the level of common sense versus scientific 
thinking. As a matter of fact, this sensualism linked merely with pragma
tism can have a social-economic function in as far for example it had to 
prove for mercantile thinkers the correctness of their ideas through the 
increase in the incomes of the treasury. To reach this aim and the process 
of the verification were the same process. This pragmatic perception of the 
truth was enforced by the economic practice-concentrated character of 
their social philosophy.

The Copernicus-turn of economics is carried out in physiocratism, 
where a t least the surface phenomena are divided from the theoretically 
conceivable basic level th a t cannot be experienced by the senses. Here the 
theory of values is based on the criticism of rationalism, the sensual ex
perience coming to force from Bacon and through Descartes. Not in the 
sense th a t it rejects the world of experiences, but in the modern scientific 
meaning with which they explain it.

The sphere of experiments confirms tha t each of the economic pheno
mena th a t were looked upon were understandable on the basis of the theo
ry. To understand Smith’s thinking it is of assistance to  reveal his views 
of the theory of knowledge.

The scientific system of laws of economies was represented by the the
ory of values. Prices, wages, profits and allowances, as the forms of appear
ance require the genetic explanation of the theory of values. The local 
character of value results from the local character of the incomes. The in
terpretation of this link of the phenomenon and the essence were stated
much later by Hegel. “The . . . outer ...........is the specific and direct
surface of the inner”. “ .. . and the law says that the outer is an expression 
of the inner.” side” (Hegel: The phenomenology of the mind, Bp. 1957. p. 147.)
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In  Sm ith’s conception these thoughts are anticipated in the form of 
concrete analysis. “In  great towns corn is always dearer than  in remote 
parts of the country. This, however, is the effect not of the real cheapness 
of silver, bu t of the real dearness of corn. I t does not cost less labour to 
bring silver to  the great town than to the remote parts of the country; but 
its costs a great deal more to bring corn.” (A. Smith: An Inquirv . . . .  p. 
(87.

Thiinen follows Smith in the basic relationships in the theory of know
ledge. “Diese Geistesoperation ist analog dem Verfahren, welches wir bei 
allen Versuchen in der Physik wie in der Landwirtschaft an wenden, wo wir 
nämlich nur die eine zu erforschende Potenz quantitativ  steigern, alle üb
rigen Momente aber unverändert lassen.” (Thünen: Der Isolierte S taat p. 
405. Verlag Gustav Fischer 1910) The reference to the physical experien
ce and experiment implies th a t Hegelian idea of experience th a t is already 
the unity  of empiria and rationality. He declares his m aster is Smith. 
“Adam Smith war in der Nationalökonomie und in der W issenschaft
lichen Landwirtschaft mein Lehrer.” (Thünen: Der Isolierte Staat p. 40)

Thünen surpasses Smith in his examination concerning the spatial 
order of the economy. The significance of this is the concept concerning 
the world, the objects of the economic sphere as such a totality, which is not 
only the unity of the phenomenon and the essence, but is a totality with 
structure. The parts, the individual phenomena in their individual and 
local character suppose a concrete structure of the whole. (Thünen: Der 
Isolierte Staat p. 402.)

The period from Vauban to Thünen can be examined not only in the 
differences, bu t can be regarded as a line of scientific development. The 
development in the branches of science extends from pragmatic works to 
observations completing the theory, to the theory processing the level of 
the social practise in scientific laws. The process of the branches of science 
can’t  go without the philosophical development th a t took place between 
the age of enlightenment and the classical German philosophy.

РЕЗЮМЕ

СВЯЗЬ ФИЛОСОФСКИХ ПРЕДПОСЫЛОК И ЭКОНОМГЕОГРАФИЧЕСКИХ
ИДЕЙ

В XVIII и начале XIX веков, одновременно с формированием научных эконо
мических теорий, появились и первые теории научного характера, касающиеся 
территориальной диференциации экономических явлений и их территориального 
порядка. В настоящей работе предпринята попытка дать теоретическое объяснение 
характера их результатов и места, занимаемого ими в системе наук, а также пока
зать определяющий характер философских предпосылок для отраслевых научных 
исследований.
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