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EFFECTS OF RELIEF CONFIGURATION AND HUMAN INTERVENTION
ON THE NATURE OF THE KARST PROCESS

DR LASZLO JAKUCS

My observations have completely convinced me that the distributions of the

. components of karst erosioninclu de certain features that are unexpldined either by

differences in lithology, by concrete differences in climatic factors representing the

. situation of the karst region in a climatic zone, by structural pre- or postformation,
or by the relationship of the karst to its not karsted surroundings. '

When it is recalled, for instance, that most of the dolines on a karst surface
have a ground plan that is not circular but elongated in some direction, as a result
of which one of the doline flanks is almost invariably much steeper than the others,
one is already in possession of a relationship with a bearing on the causal relations
of this problem. Mapping of the asymmetries of a vanety of dolines revealed -that™
the factors_determining the ground plan of the depression in the course of its evolu-
tion are not the relationships studied and published by early.authors (J. CVIJIC
‘A. GRUND, J. CHOLNOKY, etc.), notably the dip of the strata and thelines of
structurally preferred orientation, but rather some other factors influencing the

_ dynamism of corrosion that the authors mentioned were not aware of; these factors
overcome the preferred orientation.due to the dip and strike of the strata, to impress’
upon these forms an orientation depending on the points of the compass. In other
words, independently of whether the strata dip north, south, east or.west, the doline

flanks with by far the highest relief energy, for instance in the Biikk Hills and on ~

the North Borsod Karst, are invariably the flanks of easterly or north-easterly .
exposure. '
"~ However, from the recogmtlon of this phenomenon it is still a far cry to the
drawmg of general conclusions, Wthh requlres the analysrs of a number of further
. examples
© It is known that the karsts of our planet are in various stages of erosion and of
geographic relief evolution. The present-day aspect of the landscape provides us
with the resultant of all the forms from previous episodes of relief evolution. The
actual (temporal) cross-section of the succession of events, reflected in the set of
relief forms, is not merely the complex upshot of all the preceding episodes of relief
evolution, however, but is itself a dynamism-controlling factor affecting relief formation
in the present and in the future through its qualitative and quantitative driving factors.
This rather general statement, intentionally formulated rather broadly, expresses
an important feature of the evolution of any relief, and not just of the karsted ones;
however, in adducing proof for it we shall remain ‘within the confines of karst
science. T
Given a leachmg solutlon of fixed- ‘quantity, temperature and chemical composi- -

tion, karst corrosion on the surface is the more efficient, the more extensive the
rock surface in contact.with unit velume of the solution during unit time. The extent
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of the surface is relative, however, and a function of palaeographic events. At the

beginning of the process of erosion, a limestone plateau not yet provided with a

karst relief offers to erosion precisely one square kilometre of surface per square

kilometre of map area (disregarding, of course, the internal fissures and joints).

However, owing to the intense dissection of the relief by advanced doline sculpture

on a limestone plateau of advanced Karstification, one square kilometre of map

area may actually correspond to 1.5 square kilometres or more of actual rock sur- -
face. The rates of erosion of a young and an old karst relief differ purely for this

reason, .if for no other.

There are other reasons too, however. Karstification widens part of the fissure
grid draining surface waters into the rock mass. The widened fissures with their
reduced wall drag attract a substantial proportion of the water pulled down by
gravity. Hence, whereas early in the process of karst evolution, when all the fissures
were still narrow and the three-dimensional karstification of the young karst mass
was still homogeneous, even the narrowest fissures could contribute to the drainage
of the descending waters, the advancing maturity of karst evolution gradually

- resulted in a linearization of vertical drainage, thereby reducing the total area of
the surface in contact with the leaching solution in the interior of the karst mass.

As a consequence of all these factors, as erosion advances the efficiency of sur-
face corrosion increases, while the efficiency of corrosion within the karst mass gradually
becomes linear.

This set of examples may be followed still further. The partial increase in slope
angles resulting from the formation of dolines promotes not only a faster surface
run-off of precipitation, but also soil erosion and hence the natural baring of the
karst rock, This process may reduce the efﬁciency of karst corrosion in thé areas
of steep doline and valley flanks, whereas it may increase it on the doline and valley .
- floors characterized by the confluence of waters and the deposition of sediments;
in contrast, beyond a given limit (that of the critical 1mpermeab1hty of the deposns),
it may eliminate the process altogether.

In order to present a wider proof of our theorem, some back—actmg channels
of a different nature should be pointed out.

In numerous karst regions, including Yugoslavia, Italy, Austrla Cuba, South
China, etc., it is obvious that the size of the karst mass itself may result in qualitative
dlﬂ‘erences in karst erosion. For instance; in the authigenic karst mountains of
Slovenia, Croatia, Albania, etc., several hundreed square kilometres in extent,
‘even the A-type lenticular zones exhibit a B-type motivation, purely because of
‘the volumes of water involved in their sculpture.

To consider another example of a different type, snow accumulated in the
hollows of well-developed, deep dolines on karst plateaux, fallen in the winter and
swept together by the wind, may persist well beyond the general snow-melting
characteristic of the region as a whole. Masses of snow in striking contrast to the
blossoming countryside can be encountered quite frequently- in May and June in
hte peculiar microclimatic spaces of temperate-zone dolines. Beneath these snow-
covered spots the karst process is, so to speak, put into a deep freeze; that is, it~
will be many times less efficient than in the snowless surroundings: even though -
the gradual melting of this long-lived snow ensures a continuous. supply of infiltrat-
ing cold water, this cannot vie with the high corrosive potential of the soil solutions,
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due to the vegetatlve production of CO; in the rhizospheres of the verdant surfaces .
close by.

Many siniilar examples could be enumerated, as the number of back-acting
channels by which a set of karst forms, once developed, may and does react upon
the complex of morphogenetic processes controlling the further course of evolution
is very large. These back-acting channels have all been included under the heading
of geomorphological variance in karstification, as they express the highly manifold -
and significant influence, also highly variable in-both space and time; of the geo-
morphological features of the present-day landscape, developed during the prior
“evolution history of the karst. In a concise formulation, probably unusual on a
first hearing, but certainly expressing the essence of the matter, we might say. that
geomorphological variance in karstzﬁcatzon means the znﬂuence of the karst topo-
graphy upon karstification.

Karst forms and, of course, the relief forms typlcal of any other type of land-
scape as well, are nof in this sense mere passive products of erosion; etc., but un-
deniably active,. indirect relief-forming, process-controlling factors. o

I am therefore of the opinion that a systematic, analytical study of the above

. effects, and of a number of other effects not touched upon here, may be one of the
primary tasks of morphogenetics in the future, since a full and realistic genetic
understanding of a landscape on today’s exacting level of sophistication in our
science makes indispensable an analysis of the manifold interactions initiated by
earlier erosion in-the qualitative and quantitative parameters of subsequent erosion.

-1 am convinced that a profound understanding of cause-to-effect relationships
in morphogenetlcs will be 1mp0551ble on an up-to- date level w1thout studles of the
sort outlined above. .

Further, any ‘patural reglon and the human soc1ety living there w111 indisputably
interact on many levels, just as there are similar, variable interactions between
endogenous and exogenous dynamics, and the actual state of the relief at any instant.
"The problems that arise are to decide what agencies are enhanced, and where, at
any given instant in the interaction of region and society, and in what measure these
-enhanced agencies affect the tendencies of contmumg evolution of the human commu-
nity and of the landspace itself:

The influence upon the evolution of society of the orographlc hydrographlc

" climatologic, petrographic, etc. features of a geographic environment has been

studied in the last few decades with a great deal of care, and discussed from many - '

aspects by modern geographical science. As a result, it has been possible to reject

most of the one-sided, distorted approcahes : geographic determinism as one extreme, - '

and the total negation of the importance of all these effects as another, or-the
exaggeration of the role of society to the point of a geographic biologism.
Present-day geographical science tends to attribute importance to these problems
‘in keepirig with their real weight, and devotes a great deal of painstaking effort
to the study of the effective relationships; by learning the laws of their spontaneous
- manifestation, it is hoped to find reasonably practicable ways of -applying these
»1aws to a positive control of nature, most appropriate to the requlrements of the
socwty The final aim and the raison d’etre of the scientific resgarch is concretized -
in these studies; of the numerous relevant volumes that have been pubhshed many
have conmhufed v'ewrwomfc of inestimable valuc to concrete, national ewnomu,
plannmg :
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Under the conditions of a karst region, its interactions with the human commu-
nities living in and off it are perhaps even stronger than in regions of a different
nature. The almost total lack of available water on extensive karst plateaux, most
often coupled with a practically complete absence of agricultural land are highly
unfavourable to the settling and evolution of cultures, even the minimum require-
ments barely being supplied. This is the main reason why, in the largely karsted state
of Crna Gora (Montenegro) in Yugoslavia, the population density is only 33 per
5q. km, whereas in the adjacent state of Serbia it is 86 per sq. km, with correspond-
_ ing 51gn1ﬁcant differences in the ways of life, the living standards and the cultural

demands of the ‘two peoples.

In keeping with the morphogenetic aims of the present work, however, I do
not intend to highlight this aspect of karst regions and the social communities
embedded in them, but rather the modes of expression of anthropogenic effects
in the qualitative and quantitative evolution of karstification, and which may be
included under the heading of the anthropovariance of karst evolution.

It may be stated as a general preamble that these effects usually influence the
karst process very intensely, even though their reflection in land forms may as yet
be unmeasurable, the duration of their action having been too short on a geological
time scale. They may fundamentally and recogmzably alter the tendencies of surface
evolution, however, by initiating a completely new “cultural denudation”, giving
rise to a landscape altogether dlﬂ'erent from a landscape subject to its own laws
of spontaneous evolution.

All this will now be illustrated by the presentation of certain important anthro-
povariantal modifiers of erosion. The topic discussed will be modifications in erosion
due to changes in the natural plant cover of a karst region.

It is common knowledge that the huge demands in industrial timber requ1red,
for the building of Venice, and for the construction of the Adriatic fishing fleets
and the men-of-war and trading vessels of more recent times were tantamount to
a death sentence for the forests in' near-shore areas of the Croatian and Dalmatian
karst. Complete deforestation was naturally followed by large-scale soil erosion,
and the karst-type ablation of the steep hillsides soon resulted -in the total and .
irreversible. denudation of the region.

In Albania and especially in Greece, on the other hand, it was the tremendous
multiplication of goats some centuries ago that was responsible for deforestation
and denudation; feeding on buds and young shoots, and thereby killing off repla-
cement growths, goats caused the ageing, senility and decay of woods and forests,
thus opening up the way for the total ablation of the soil deprwed of its reinforcing
network of roots.

Soil erosion was also promoted and acceierated by the mechanical effect of
trampling by the herds. In a short while, the multiplication of stray goats and the
undesirable consequences of this reached such a degree that the animals could not
find sufficient food, while the little agricultural land that did remain could not
provide even the minimum sustenance to a population living even at the best of -
times on the meagre agricultural produce. Thoughtless interference with nature
therefore resultéd. not only in the upsetting of the biological equilibria, but also
in a profound change in the character of the land, in a reduction of its agricultural
_productivity and naturally also in qualitatively new features of erosion.
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Based on the comparative analysis of wide-ranging phytogeographical data,
P. JAKUCS (1956) first demonstrated consistent connexions between the form
types of limestone lapies and the plant associations thriving in the karst region.
One consequence of these connexions is that, whereas the primary lapies reliefs
(Fig. 1) of karst areas bearing a sufficient soil and plant cover are places of intense
subcutaneous lapies formation, resulting as a rule in rounded microforms and root
holes of irregular pattern, these forms have been altered by subsequent denudation
and exposure on the surface, giving rise to the rypical furrow and rain-rill set of
karst forms typical of high mountains, as a result of these secondary processes (Fig. 2).

Figure 1. Rounded limestone lapies with root holes, the typical result of evolution under a soil cover,
on a flank of Baradla-tets at Aggtelek (photo by HOLLENZER)

This effective “metamorphism” of lapies forms is so regular, even quantitywise,
that, for instance in the various areas of the Dalmatian Karst, the state of advan-
cement of this reshaping (via comparative morphoanalysis) permits a good approxi-
mate estimate of the time elapsed since the baring of the rock in any particular
locality. Figures 3 and 4 give a concrete illustration of this.

nnnnnnnnnnnnnnnnnnn

resulting in a distortion of the karstifying process.
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Figure 2. Secondary dissection of barren lapies of the Dalmatian Karst by parallel runoff furrows:
the lack of a preferred orientation among the blocks of rock clearly indicates the
subcutaneous sculpture of the basic forms

Prior to degradation, karst soils covered with forest, and even those support-
ing only a lawn association, supply an evened-out flow of ground water to the
underlying limestone. This is a consequence of the natural water storage capacity
of the soil, which enables it occasionally to take in and transitorily store quite
substantial amounts of precipitation. In the process, a large proportion of the pores
between the soil particles become filled with water; some soils swell considerably
as a result.

On the other hand, rain immediately runs off barren karst surfaces, being
partly absorbed into the fissure system of the karst rock, and so even a few hours
after a summer shower the limestone surface is again completely dry. This is why
drippings of comparatively uniform discharge, active the year round, invariably occur
in any dripstone cavern beneath wooded karst surfaces, whereas stalactites with
markedly variable dripping rates occur almost without exception in cavern sections
underlying barren karst surfaces. These latter dripstones frequently include some for
which there may be periodic cessation of the water discharge.
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This is borne out convincingly by my recordings of the water discharge rates
of some stalactites in the Baradla and Béke caverns at Aggtelek (Fig. 5).

My Slovenian observations in the nineteen-sixties convinced me that there
are also other, sensitive relationships between the plant-cover pattern of the ground
surface and the resulting state of the soil, and also the nature of the karst process.
First and foremost, there are at times considerable differences in the dynamics of
dripstone formation in cavern sections lying beneath covered and barren karst
surfaces. Dripstone formation rates greater by several orders of magnitude were
found beneath forest-covered reliefs than beneath degraded planinas. Especially in
short-range comparisons, dynamisms differing by a factor of 10° were observed.
This is understandable since some drippings of water dry up entirely from time
to time under barren karsts.

Via the above factors, any significant deterioration in the original water-storage
capacity of the soil and in the infiltration-evening role of the surface cover in eroded
karsts will also lessen the reliability of the yields of karst springs surging in the karst
area considered. In a karst in the process of degradation, spring discharges tend to
become irregular; the advance of degradation entails increasing extremes in the
yield and even in the water composition of the springs. Whereas the peak discharge
prior to general soil degradation is likely to exceed the minimum by a factor of ten

Figure 3. A lapies field laid bare by total soil erosion subsequent to deforestation, near Hercegnovi,
Yugoslavia. The lapies still reflect the influence of the subcutaneous process; the evo-
lution of runoff furrows is quite embryonal. Deforestation took place about 80 to-
100 years ago. (See also Fig. 4.)
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Figure 4. A lapies field laid bare by total soil erosion subsequent to deforestation, near Hercegnovi
(about 2 km from the site shown in Fig 3). The lapies shows hardly any remains of the
primary forms due to the subcutaneous process; the well-developed runoff furrows are
indicative of an advenced stage of barren-karst corrosion. The time elapsed sinci de-
forestation is at least 400 to 600 years.

at most, after degradation the peak discharge may exceed the low-water discharge
by as much as a factor of one hundred (KESSLER 1954, 1956). This also has a dele-
terious influence of course on the purity, the natural filtration, the possible bacterial
contamination, etc. of the water, even in the case of A-type springs.

In a general way it seems that although the degradation of the karsted drainage
area increases the total yield of the area on a year-round average, by increasing
the proportion of durably infiltrated water, at the same time the accompanying
extreme fluctuations of the discharge and the deterioration of the water quality
are very unfavourable changes wherever it is intended to use the spring to supply
some settlement, for example. Consequently, the afforestation of karst surfaces
within the drainage areas of one or several karst springs ensuring the water supply
of a town is a high-priority task for the society. Hungarian examples of such towns
are Miskolc, Pécs and Borsodnadasd. Neglect of this task, or even allowing the
processes of degradation to continue, will inevitably result in the deterioration of
the reliability and quality parameters of the spring.

Anthropogenic influences deflect the evolution of the natural plant cover over a
karst region almost invariably in the direction of degradation; there are also some
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other sensitive intensity indicators of the connected karst processes, however. One |
" of these is the changing colour of dripstones’in caverns, perhaps the most sensitive
record of rates of degradation in the past as well as in the present. - ’
Reference can be made in this context to my examinations concerning the
colour, structure, chemical and mineralogical composition, locality. of occurrence
and abundance of dripstones in the caverns of the North Borsod Karst in Hungary
(L. JAKUCS 1960, 1962), which clearly led to the followmg inferences :
. The abundance of non-carbonatic contaminations is least in the drlpStOnCS'
of those cavern sections under a rehef with an umnterrupted forest cover and a
natural-soil profile.
' 2. The dripstones under barren karsts are often Ainactive, ‘dull of surface, and
usually yellow, brown, ochre or a clayey-grey in colour. :
3. Where the plant cover has died off recently, the surfaces of stalactites and
"stalagmites show a marked change in colour, usually fowards a red tint. Areal
erosion on the surface and the increased infiltration into the karst of the eroded
clays and iron compournds results in a lower calcium carbonate content in recent
" dripstone formations; such layers tend to be friable and rich in non-carbonatic
contaminating substances .
4. If the forest on the karst is renewed after a brief perlod of barrenness the
dripstones grow lighter once more, and the most recent layers are then clear again.
In this way it is possible to infer the phases of surface degradation from the cross-
sections of inhomogeneous dripstones in caverns; such phases may reflect either
an anthropgenic influence, or a’ natural destruction of the forest, for example by
fire. Not only do the interiors.of such dripstones exhibit concentric shells of dripstone
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Figure 5. Typical differences in. water yield of stalactites underlying a fully degraded, barren karst
(graph 1) and a karst covered with a thickish humus soil under a forest (graph 2).
The histograph shows the rainfall in the region under study during six months of 1958
1=stalactite 3 in the ,,Hall of Columns” of the Baradla;.
2=stalactite 4 in the Béke Cavern
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differing in colour and composition, but some of the calcium carbonate layers
even wear a coating of clay. The calcium carbonate content of this intrastalactic
clay may be as low as 1%. The clay coating is in turn surrounded by a calcium car-
bonate shell, this pattern possibly being repeated 5 or 6 times. This may occasionally
reach such a degree that a broken-off stalactite can be drawn out telescope-fashion
by deforming the plastic layers of clay contained in it (Fig. 6).

Figure 6. Structure of a telescoping stalactite indicative of ancient forest ﬁres or other’ eplsodes of
surface degradation. The soft clay intercalated between the calcite shells, deposited at
times of degradation, can be washed out subsequently, in which case the broken-off
stalactite readily ‘slides apart (original) .

" In- caverns underlying limestone planinas, where the terra rossa-type soil is
rich in ferric oxide, the degradation of the soil and of the plant cover is clearly indi-
cated by the redness of large masses of wall linings and dripstones, asin karst areas
.where the forest cover was destroyed the upsetting of the long-standing equilibrium
‘of the soil cover permitted the waters to wash the degraded soil through the fissures
of the limestone into the caverns. Comparison of cavern and surface maps reveals
(L. JAKUCS 1960, 1962) that in the vicinity of the “Red Hall” or of the “Stone
Toadstool Gate” in the Béke cavern of Aggtelek, for instance, where the red lining
on the cavern formations is especially conspicuous and ubiquitous, a denudation
caused by total deforestation has taken place over the last hundred years or so.

The washing of clay into the barren karst may occur locally at so high a rate
that even over a few centuries it may result in a significant, and locally even complete.
silting-up of inactive cavern sections. Sedimentological and pollen-analytical methods
applied to the muddy fillings in.the “Fairytale Land” and the “Golden Street”
of the Aggtelek cavern, and in the upper passage of the “Radish branch”, as well
as in numerous upper-level syphon bypasses in the Béke Cavern, etc. have demonstra-
ted that silting-up over the last few centuries (during a period of general surface
denudation in the neighbourhood) has deposited a bed of clay thicker than the
aggregate deposits of the previous three or four millennia.

Such a fast process of silting-up and clogging of underground cavities there-
fore justifies the statement that any anthropogenic interference with the natural plant .
cover of a karst region will initiate a period of intense changes and decay in earlier-
formed karst features both on the surface and underground. ‘

Of course, the above considerations do not at all imply that it is altogether
unfeasible to displace the process in the opposite sense, that is, to put a stop to
degradation already under way, and even to reverse the trend. There are many examples
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‘to show how successful a timely and well-chosen method of reafforestation may
"be. According to P. JAKUCS, (1954, 1955, 1956), however, the task is far from
. simple. “Reafforestation must always start from the shrub-covered spots left over
/in the place of the former forest; it must employ everywhere the tree species of the .
ancient, natural plant cover that may be found still thriving on’ similar slopes of
- adjacent hillsides. The work of-reafforestation must proceld gradually, with due
respect to the natural succession. of the plant associations. For instance, a lawn-
covered spot should at first be planted with shrubs, and only after these have gained
a foothold may one think of plantmg trees.(in Hungary pnmarrly hairy oak (Quercus
pubescens)).

: Any change in the natural plant and soil cover of a limestone planina will, as a
matter of course, affect the intensity of every karst process connected with corrosron,
including e. g. doline sculpture, or calcareous tufa deposition next to a .spring.
I have nevertheless picked out above only the formation of lapies and the pheno-
mena of hydrology and sedimentation in caverns; the slowing of doline formation
on the advance of degradation, as well as the reduction or cessation of calcareous
tufa deposition from a karst spring whose waters are gradually softening, are pro-
cesses whose “short-term morphological consequences are not conspicuous, or not
recordable at all with the tools available today, and this ‘makes their discussion
very largely theoretical. : .

REFERENCES

Jakucs L. (1960): Az aggteleki barlangek genetikija a komplex forrasvizsgalatok tiikrében (Genesis
" of the Aggtelek Caverns in the light of complex’ sprrng tests) — Karszt- és Barlangkutatas
119601 -

“Jakucs L. (1962): Uber die Farbung der Tropfsteme in den Hoéhlen — Karszt- €és Barlangkutatas,
Bd. IIT. Jgh. 1961.

Jakucs P. (1954): Mlkroklrmaméresek a Tornar-karszton ‘tekintettel a fatomegprodukqéra és a
karsztfasitasra (Microclimate recordings in the Torna Karst, NE Hungary, with a view to the
mass production of timber and the afforestation of karst areas) -— Annal. HlSt — Nat. Musei
Nationalis Hungarici, Tom. V. 1954,

Jakucs P. (1956): Karrosodés és novényzet (Lapres formation and plant cover) — Foldr. Koz1. 1956. 3.

Kessler H. (1954): A beszivargasi szazalék és a tartdsan Kitermelhetd vrzmennyrseg megdllapitisa -
. karsztvidéken (Establishing the mﬁltratron ratio and the assured water yleld in a karst regron)
— Viziigyi Kozl 1954. 2.

- Kessler H. (1956): Karsztvidékek lefolydsdra és beszrvargé.séra vonatkozd Ujabb v1zsga1atok (Recent

}nvestlggtlons into runoff and infiltration in karst regrons Report on the work of VIT UKI_

or 195






MORPHOGENETICS AND PALAEOGEOGRAPHIC CONDITIONS OF AL-
KALI LAKES ON THE HUNGARIAN PLAIN

DR. MIHALY ANDO '

A considerable number. of alkali lakes and periodically waterlogged areas
are to be found on the alluvial plain deposited by the rivers Danube and Tisza. -
and their tributaries in Hungary. On'the calcium-rich sediment of the Danube
talus system, one finds lrmy, sodic, alkali lakes and alkali depos1ts while on the:
. Tisza alluvium (originating in the main from eruptions) acid solonetz and SOlOd)

. types are observed. (VAMOS R.—ANDO M. 1969.)

. The alkali waters and alkali lakes form one of the characterzstlc types of surface
‘waters. As a result of the extreme climate of the Hungarian Plain, they posses..
- characteristic hydrographic conditions. On account- of their high drssolved salt
content (604.5—7,124.2 mg/l), they can be classified as salt waters; the typical
features are’ primarily richness- in Na* and- HCO _ions, a hlgh pH (7.5—10.5) .
" and an alkaline. character (MEGYERI I., 1972). :

The alkali waters are extreme. sites for life, populated by a particular 11v1ng _
world different from those of other surface waters, and from those of salt waters
found in other countries.

The alkali lakes on the Hungarian Plam generally formed where the morpho-
logical conditions of the surface were favourable. The beds of the lakes consist of
old river-valley reaches, bends backwaters, depressions with no outlets, basins
and deflation wind-furrows. At. the turn of the.century (before the regulation of
- the inland waters and rivers), the alkali lakes were much more fiumerous and extensive
than nowadays They are still not rare, but they are not standmg waters of a uniform.
nature. A considerable number of them are shallow, and are in the swamp stage.

These are completely covered by the aquatic vegetation. The water of another group .

© of the alkali waters is already constant, and their hydrographic character is that -
of'a lake. These latter comprzse three regional taxonomic groups on ‘the Hungarzan
- Plain (Frgure 1): :

1. Deflation-type lakes on the sandy table-land between the rivers Danube
and Tisza;
II. Polygenetic-type lakes of the T1sza valley,
1. Fresh water erosion bed lakes of the Békés- Csanad1 loess table-land.

The alkali lakes of the table-land between the rivers Danube and Tisza mainly
originated as a result of deflation, for here the sandy material from near the surface.
~ of the talus between the Danube and the Tisza accumulated and was denuded by
- aeolian means (ANDO M., 1964; MIHALTZ 1., 1953; MIHALTZ 1.—FARAGO
‘M., 1944—45; MIHALTZ I—UNGAR T, 1954 KRIVAN P., 1953; MUCSI M.,
1963; SUMEGHY I, -1953). The sand qnd loess formations’ Py’renrl hnrwnntall\r

. .and can be followed for con31derable dlstances (50—80 km); together w1th thelr :
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. Figure 1. Surface geological picture of the lakes of the South Hungarian Plain and their environment
1. The sandy table-land between the Danube and the Tisza. II. Alluvium of the Tisza
_ valley. IIT. The Békés—Csanadi loess table-land. (a)loess and infusion loess formations;

" (b) drift-sand; ¢) flow-mud and meadow clay; (d) alkali depressions.

particle-distributions (coarse-grain sand and gravel, and absence of clay formations),
these prove the deflation origin. This picture is particularly characteristi¢ in the
central part of the table-land, where the wind-borne origin is indicated not only
by the particlé form and the abraswn value, but also by the terrestrial (Ubiquista)
mollusc fauna (ANDO M.—MUCSI M., 1967). In the course of the complex
investigations it was established that the sand found here did not exhibit signs of
having undergone aeolian transportation over great distance, i.e. the sand was
originally transported to.the area between the Danube and Tisza by flowing water.
This sand was then repeatedly re-piled and transformed by the wind, and deflation
depressions developed in it.

On the lower ground of the table-land, fallmg away to the two river valleys the
amount of sand and mud deposits of fresh-water origin increases. Large numbers of
fresh-water Mollusca are found in these deposits. The sand grains here are somewhat
splintery (weakly blunted at the edge) and semitransparently coloured. This structu-
ral and genetic difference appears sharply in the hydrogeographic features of the al-
kali lakes.

The difference in the depos1t facies may be observed strongly part1cularly within
the types of alkali waters, when in addition to the Na* and HCO,~ ions determining
the type, the amounts of the other chemical components (CO;~, Cl-, SOf~, K*,
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Ca2* and Mg?+) and other hydrographic properties, such as, for example, the va-
riation in the mass of water (permanent and periodic alkali waters), the transparency

of the water, etc., may be very different in each alkali water. In.this region, therefore

the varied development of the deposits during the end of the Pleistocene period and

throughout the Holocene period resulted in dj ﬁ‘erent hydrological conditions even within

the individual regional taxonomic unit.

The accumulation of loess and the drift sands between the Danube and the Tisza
can not be regarded as a continunos accumulation of sediment, since in the hotter cli=
matic periods with higher precipitation there was also an appreciable soil formation
together with a certain degree of surface denudation. Accordingly, this explains why
- (as-a result of the denudation of the surface) the “Wiirm I11”” loess layer on the fable-
‘land sloplng toward the Danube appears in patches only, while at the same time it
can be found everywhere in the centrall and eastern (Tisza valley) parts of the table-
land. In general, a drift-sand layer of variable thickness accumulated on the “Wiirm .

11 and “Wirm IIT” loess layers in the Holocene period; on the action of the wind,
this sand layer was shaped into dunes. On the regions between the sand dunes, howe-
ver. i. e. on the regions of the lakes and periodically waterlogged ground the dep031ts
which accumulated largely developed from standing water.

The substratum of the Holocene formation under the lakes lying in the westérn

~part of the region between the Danube and the Tisza consists of loess from the

“Wiirm II”” period. This structure is very rich in fauna; particularly in the lower parts
there is a strikingly high number (exceeding 80 %).of wet-terrain (Ubiquista) molluscs,
and it contains relatively few of the dry-terrain variant inhabiting groves and woods.-
"The " Wiirm II”” loéss layer accumulated in its staidal, initial stage. Paleocelimatologi- :
cally, it is assumed that the climate at the time of the accumulation was moderately cold
and not too wet, although the quantity of cold-resistant molluscs increases compared to
. other groups ‘in.the central structure. of the loess layer; in our view, however, the -
. stadial maximum of the “Wiirm II” here did not result-in a. climate modification of .
" ‘such a nature as completely to exclude the species requiring moisture from among
those enduring drought. The cover of the loess layer is in places composed of vege--
- table remains and humus, and with its weakly developed adobe zone can be disting-
-uished in two parts. The thermophilic fauna present in the adobe zone confirm the
 climatic improvement.
' The loess layer is covered by a sharply-defined layer of Plelstocene drift-sand,
which accumulated in the “Wiirm IT—IIT” interstadial, mild subtroplcal perlod On.
" the centrals and eastern parts of the table-land, this drift- sand layer is again covered
by loess (“Wiirm 11I), but on the western part of the table-land this loess developed
nly d1scont1nuosly Where it does exist, it is characteristic that there is a thin inclu-
sion of clay, varying in strata, in the upper part of the loess. Above this layer there '
follows. a further sand deposit, which extends generally over the region between the -
Danube and the Tisza; this newer sandy layer is the covering stucture of this area,
and in it have formed deﬂation depressions (lakes). It originates from the end of the
‘Pleistocene period and the beginning of the Holocene period. Stratographically, the
separation of the Pleistocene and Holocene sand levels is possible only where the sand
was deposited on a loess terrain, or perhaps where the two levels are separated from one
another by sandy loess. Where this is not the case, however, distincion between the
drift-sands formed in the two different periods is very dubious. As a result of the ero-
ding effect of the water collecting in the wind-furrogs formed on the surface of the
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Early Holcene drift-sand, the wind-furrows proceeded to deepen, and in them were
deposited the very characteristic formations from the Early Holocene period: lacust-
rian lime mud and meadow limestone.

Numerous data from test borings have provided the evidence-that the substra-
tum of the Early Hoiocene sand is fine-sandy, unassorted rock flour, with fauna
of a mixed nature. As regards these latter, both thermophilic and cold-enduring types
are found. Their water-requirements are variable: those of a mainly periodic aquatic
nature amount to about 40%, and the other groups to 60%. On the basis of the fauna
composition and the results obtained from pollen investigations, the period of accu-
mulation of the deposit can be denoted as the fir-birch phase of the Early Ho]ocene
period.

There was also an intensive movement and accurmulation of drift-sand on the Hun-
garian Plain in the hazel-nut phase of the Early Holocene. At that time there was a
considerable transformation of the previous surface appearance. Tn this region, for
instance, the individual lakes became deeper, but in addition a large number of new
depressions too were formed. Faunistically, this period is much more difficult to
follow, since the movement of the drift-sand led to the fragmentation of the skeletal
remains of the molluscs and their abrasion into undeterminable forms. Where there
was a possibility for their survival, e. g. deflation depressions, the microbiotope re-
flects a periodically wet, shady and cool mlcrocllmate and not that generally expected
regionally. .

To clarify the condmons governing the development of the surface during the
main phase of the Holocene period, a study was made of the potamogenous alluvial
deposits of the alkali lakes and the conditions of these. In the lakes and the areas
perlodlcally covered with water, the accumulation took place of sandy mud and of -
* mud rich in carbonate and containing unassorted detrital matter (Table 1) ’

TABLE 1.

Sedzment-genetlc processes of the lakes from the end of the
- Pleistocene to the present age

Period Climate . Between Danube and Tisza (I) " Beyond Tisza (IT, TTD
‘Beech moderate, - drift-sand accumulation, strongly intensification of alkalii‘ation,
11 fairly wet (su-  carbonate alkali sand and rock destruction of present-age ac-
batlantic) flour accumulation cumulation wéods near rivers;

formation of alkali mud

Beechl moderate- - sand unassorted strongly carbona- strong soil formation, sandy
wet subboreal te rock flour accumulation, abun-  mud, peaty. adobe formation
-dant vegetation, strong humifica-

tion
"QOakIl - hot strong alkalization, slight mumou§ running-water sand, sandy rhud

Atlantic carbonate mud accumulation with rich pollen content; run-
. . ) ing-water and wild- branch type
sediment variant
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Period Climate Between Danube and Tisza (1) Beyond Tisza (11, III)
QOak 1. fairly wet laminated and compact fresh-wa- - medium-grained fresh-water
Atlantic . ter limestone formation with rich = sand deposit, sandy muddy
Mgcontent jbeginning of drift-sand.  clay — reaccumulated sedi-
. surface carbonate accumulation ment formation
‘Hazel hot dry drift-sand accumulation, rich iron accuhu]ation of gravelly coar-
-nut . - boreal accumulation in upper part of sand  se-sand of runn ng-water ori-
: intense alkalization gin with formation of floodipla-
in swamp sediment
pine-. cold wet drift-sand periqdié-wéter lacust- ° erosionperiod, river valléyb_cutt-
~birch preboreal - rian deposited - unassorted rock - ing, loess surface crumbling,
o flour ' ’ running-water coarse-grain se-
’ diment formation
Yonnger cold dry drift-sand accumulation, strongly ’ loess, sandy loess, clayey mud
tungra  Drias, loessy ﬁne sand formatlon aCCumulathl‘l .
Middle subarctic drift-sand clayey mud, sand formation o
“tundra  Alleréd n ) S
Older " Drias, loess, sandy loess " - loess, rumning-water sandy
tundra : * mud, clay formation
Wirm  cold dry loess formation o mfusmn loess and clay forma-

Ir : N . L ' .. tion

The carbonate became concentrated as a result of the fact that the calcium-con--
_ taining material in the higher terrain adjacent to the deflation depressions was dis- -
_ solved up by the precipitated rain-water and was transported towards lower areas..
The sodic water accumulated in the depressions precipitated out the lime from the
evaporating solution in.the form of minute particles, and this sediment provides the
characteristic lime mud of the alkali waters. If the precipitation of the lime took place
_in the presence of sand grains, then the fine mud was deposited onto these sand grains,
and in this way lime-mud sand was formed. At times the carbonate precipitation does
not occur in the form of independent grains; instead, the sand particles are cemented
together by the solid carbonate, and then limy sandstone beds are formed. In many
places, however, the precipitation of the lime is so intensive that sand in it 'is
* insignificant in comparison, and meadow limestone is then formed. On the western
. slopes of the table-land between the Danube and the Tisza a carbonate-rich, small-
frain; sandy mud was. deposited with a loose colloidal structure, containing a consi-
derable concentration of soda. This is also the form of the carbonate mud in the alkali
lakes found in the central part of the table-land.
In contrast, the alkaii accumuiation is very different in the sand depressions fai-
ing away to the Tisza valley (Flgure 2).
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F:gure 2. Geneml geolaglcal profile of the lake types between the Danube and the Tisza
i A. Lakes of the sandy table-land sloping down to the Danube valley. B. Lakes-of the
- central part of the sandy table land. C. Lakes of the sandy surface sloping down to the
©  Tisza valley.
1. sediment rich in humus with plant residues;
" 2. peat; 3. drift-sand; 4. loessy fine sand ;
5. loess; 6. muddy loess 6. lime-muddy sand
. 8_ meadow limestone; 9. carbonate mud; 10. carbonate-rich sand, loess.
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As in the western part of the table-land, here too the lacustrian carbonate depo-

“sited on drift-sand. Limy sand was first deposited in intermittent paiches (then higher
in a coherent layer) on the uneven surface of the Pleistocene, while this was followed
above by the formation of sandy limestone. The thickness of the limestone layer va-
ries from region to region (in general 30—70 cm), and its internal structure is not
homogeneous. The lowest layer consists of loose sand grains, the central part is more
compact, while the upper part contains sharply distinguished fine strata, and has a
strongly porous structure. Above the limestone there follows a white, or greyish-white,
loose, easily crumbled layer of the carbonate mud, and above this humous, rock-flour
sand in a sharply distinct layer of variable thickness (20—50 cm). In places in this
humous formation traces of peat can also be detected, pointing to a climate with mo-
re precipitation than the present one, The cross section of the Holocene accumulati-
on was also-outlined by the characterized layersequence. It was found that a sig-
nificant surface deposit on the Hungarian Plain was formed in the Holocene period
only on the overflow regions of running waters and on the regions of the surface depres—
sions (lakes). .

The rate of accumulation and the palaeoclimatic condmons are very well 1nd1-
cated by the limnetic deposits in the lakes of the sandy table-land between the Danube’
and the Tisza. The pictures of the pollen and the fauna in the individuval lacustrian -
deposits give a good reflection of the palaegeographic situation. In the lakes in ques-
tion (between the Danube and the Tisza) pollen pitures and fauna favouring a cold,

" climate are found only in a few species and in low individual numbers. in the sublaye-
red drift-sand (Galba truncatula, Pinus silvestris). Accordingly, it is also considered

_ possible that the drift-sand comprising the base of the carbonate deposit may have been
formed in the post-glacial pine-birch period at the end of the Pleistocene. In the lower
part - of the sandy limestone structure the spec1es enduring peuodlc drought
predominate, and the proportion of those requiring constant water is significantly
decreased (ANDO M.—MUCSI M., 1967). The coenosis too points to periodic wet-

- ness and a terrestrial wet terrain. On proceeding upwards in the series of fresh-water .
limestone layers, however, the number of individuals increases rapidly. The maximum
number of individuals is found at the boundary of the lower and central layers.

The permanent and periodic aquatic, eurytherm species predominate in -the
composition of the faupa, but the number of those tolerating cold also increases. .

. This population suggests that the climate on this area was wet, and colder than the

" preceding one. This is also confirmed by the pollen picture, for the thermophilic de-
ciduous species (Quercus, Tilia, Ulmus, Juglans, a few Faugs) in the sandy lower level
'of the limestone indicate a hot, rainy climate, while the Petula, Salix and Pinus in the-
central, more compact limestone layers point to a-temperature decrease. Both cold-
resistant (eurytherm) and themophilic species occur therefore in the central, com-

" pact limestone bed. It is here that the proportion of permanent and periodic aquatic
fauna is the highest. The species satisfied with periodic water occur in the greatest

~ quantities, while the ratio of the water-side to the dry-land species favouring moisture is
shifted in favour of the water-side species (ANDO M.—MUCSI M., 1967). The above
data permit the conclusions that the climate was a wet one, that there was rich water-
-side vegetation in this area, and that the lakes had permanent open water surfaces.

In the thin-laminated structure of the uppermost fresh-water limestone the num-
bers of those species requiring permanent water is decreased, whereas the proportion .

of those satisfied with periodic water is unchanged. The proportion of the water-side
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Succinea oblonga in the deposit is increased considerably; this means the recession
of the permanent water-surface, but complete drying-out is excluded by the high num-
ber of individuals. The pollen picture indicates that the thermophilic deciduous trees
again gain ground, implying a newer increase of temperature, accompanied by a
certain drying-up.

In the lower part of the carbonate mud above the fresh-water limestone a dec-
rease in the number of individuals is observed, the conditions leading to an increase
in the proportion of the fauna requiring water and having wide limits of endurability
(Anisus spirorbis, Succinea oblonga). In contrast, in the upper part of the carbonate
mud the dry-land, thermophilic species not demanding moisture predominate over
the periodic and water-side species. This stage means the enhancement of the dryness
and the further increase in temperature of the climate.

Again, carbonate determinations show that the carbonate content of the underly-
ing drift-sand is somewhat higher than that of the surface drift-sand. This is probably
due to the fact that the carbonate content of the upper layer was washed out by the

- action of the precipitated rainfall and accumulated in the lower layers. The carbonate
content of the lacustrian deposit is considerable in the lower part of the fresh-water
limestone, but low at the lower boundary of the central Iayer This decrease can generally
be correlated with the local insufflation of sand, which is also proved by the lamination
of the deposit. A4 further increase of carbonate can be observed in the other parts of the

. fresh-water limestone. The maximun: is found in the lower part of the carbonate mud -
situated above the limestone (87%). In the structure above this layer there is at first
a slow, and then a more rapid decrease in the carbonate content, so that in the upper
humous layer it is only 25%.

In contrast with the deflation depressions in the aeolian deposus between the
Danube and the Tisza, the lakes in the south-east of the area beyond the Tisza ( Békés—
Csanddi table-land, III) are found in fresh-water erosion depressions. As a consequence
of the intensive fresh-water accumulation work, these lakes are very few in number.
The considerable subsidence of this region in the Pleistocene period is compensated
for by a fresh-water deposit serveral hundred metres thick. At the end of the Pleis-
tocene the tempo of the subsidence decreased, and as a result not only the fresh-water
alluvium, but also a falling-dust formation was deposited on the area in the final
glac1at10n period (ANDO M., 1964; MOLNAR B., 1966). However, the falling-dust
loess formation became mixed in with the fresh-water accumulation, and accordingly

-several facies variants (sandy loess, clay loess) resulted in this reg'ion. A typically
dry-terrain aeolian formation is not found in the region, for the falling dust either
accumulated on a wet terrain, or was so transformed in structure on the action of the
soil-water that it completely lost its typical loess character. Here an infusion loess
developed, and the present-day alkali lakes are also descending into this. In the infusion
loess layer one finds calcium carbonate-rich clayey abobe zones, frequently washed
together by the action of the soil-water and the standing-water cover of the region.
These layers have a considerable effect on the present hydrographic conditions of the
lakes.

As a consequence of the flowing-water erosion work observed in the lakes, the
alluviation of the river beds in the Pleistocene period was followed by an only partial
similar process in the Holocene period. For this reason, the residual valleys of the old -
marshes and river beds are today’s alkali standing-water depressions. The alluviation
of the lakes with infusion loess matter in the Holocene period occurred to a considerable
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extent, and thus only a small number of lake beds can be observed. Where the extent
of the sﬂtmg-up is above the present average soil-water level the water cover of the
surface is only periodic, but where it is below the present level the water cover is per-
manent: The lakes containing periodic water are of a very strongly alkalme character,
while the lakes with permanent water are less so. v
The deepest-lying formation (25--50 m depths) investigated by us is mud-clay from
‘the Pleistocene period. On the basis of the layer sequence, it is probable that this is a
Riss-Glacial formation. Its thickness and the extent of its area are variable, while from’
below upwards it is composed of ever finer particles. Gravelly, coarse-sand formations
(Riss—Wiirm interglacial) were deposited on this structure, indicating a new rhythm
in the deposition. This rhythm also consists of deposits which are increasingly fine
in the upwards direction, the final uppermost member being a Wiirm falling-dust
formation which marks the end of the Pleistocene.. The surface formation of the’
Békés—Csanadi loess table-land, consisting predominantly of infusion loess material,
is formed by this layer.
The Holocene represents a new rhythm in the surface development. Based on the
.. particle composition of the transported alluvial deposit, the working capacity of the
. flowing waters in this rhythm were weaker than the earlier ones, and in direct relation
to this the erosion activity was also. less pronounced. The deposmon of the fresh-
waters sediment became periodic, as indicated by the fine sandy mud, and by the
clay and clayey mud deposited in the standing water. The substratum of the Holocene
deposu is formed by the “Wiirm HI”* infusion loess, but much more general than this
is clay from the Pleistocene period. The thickness of the clay is 4—10 m, and in prac- -
tice it can be regarded as impermeablé. Above it, in the line of the ancient river val-
leys, coarse-grained sand accumulated (in a number of places gravelly coarse sand).
In more rainy years there is a rapid soil-water movement in the river-valley zones
filled with this porous deposit, and under the layer pressure in the lower-lying terrain
the soil-water may even well up. In the upwards direction the particle composition
of the coarse grained sand becomes increasingly finer, and the final layer is always
a strongly unassorted sediment of varied development. It is well known that the ox-
- bow lake state in.the alluviation of the old river beds began at the beginning of the
late Holocene and is still continuing today. The beds (lakes) were mainly filled in
with infusion loess washed in from their environment, and have become strongly al-
kaline as a consequence of the environmental climate and the hydrograpic features.
On the basis of the layer sequence of the alluviation rhythm in the Holocene period,
.. a clear distinction can be made between the fresh-water deposits of coarse and medi-
um-grained sand (early Holocene) and the always unassorted clayey mud (late Holo-
cene) layer composition accumulating with standing and periodic water.
' In the genesis of the lakes found on the direct Tisza alluvium (I1) the main mecha-
nism which can be observed is a fresh-water one. In the Holocene this terrain under-
went not only intensive subsidence, but also considerable erosion. Here, surface ero-
sion and accumulation took place to a depth of 15—20 m. The sedimentation of the
"covering layer can be regarded geographically as the only accumulation phase, where
the granule size of the deposit becomes gradually finer in the upwards direction. At the
lowest level is the loose fresh-water sediment, followed by a layer of muddy sand,
clayey mud, and finally m‘eadow'clay' Since the control of the flood waters and the

1 1
internal waters, this latter layer has been undergoing a process of considerable alka- -
lization.
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On natural or anthropogenic effects, all of the present standing waters of the
Tisza valley are enclosed channel fragments. The water of the majority of them is not
alkaline, since on flooding the water reserves of the lake are exchanged from the river
Tisza. These water surfaces are subject to appreciable human intervention (storage
lakes, fisch lakes). Those ox-bow lakes which are already strongly silted up are not -
very suitable for irrigation purposes, because of the chemical composition of their
water and the high centration of salts. They are mainly utilized as inland ‘stor age
lakes, and as a result of thelr favourable natural features they are nature conservation
areas.

‘ To summarize; With regard to the historical aspects of the palaeogeographic

development of the lakes on the Hungarian Plain, it can be stated that from the end of
the “Wiirm III” a periodic water cover was involved in the case of certain lakes. In

the hazel-nut phase of the early Holocene there was an intense movement and reac-

cumulation of drift-sand. In our view the channel bed of the standing water is a result

of the intensive surface change in the hazel-nut phase at the end of the “Wiirm III”’

and in the early Holocene. Thus, the individual depressions have been covered by

water not only from the oak phase of the early Holocene, but from the end of the
“Wiirm III” period. In the drier hazel- nut phase there was a significant decrease of
the water area and a shift of the surface, but on the Hungarian Plain this did not
mean the complete cessation of the lacustrian state.

In the case of the lakes in the hazel-nut phase, generally horizontal shifts of the
shores took place, with variations of form of the shores in the directions NW-W and
S-SE-E. This phenomenon must also be reckoned with in the oak-phase, with the
difference that there were then significant layer deficiencies as a result of their lacus-
trian abrasion. It is probable that the extension of the lakes attained its maximum at
this time, for in the beech I and beech 11 phases of the Holocene period the water.
area further decreased. At the same time, in contrast with this, the water cover of the
depressions became constant because of the 1mpermeablle effect of the earlier dccu-
mulated carbonate mud :
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CONNECTIONS OF EFFECTS OF EXPOSURE RELATIONS OF SLOPES
' AND DIFFERENT DENUDATIVE MICROFORMS

Dr. ILoONA BARANY

The conception has developed in the Department of Natural Geography in Sze-
ged that in the future one of the fundamental tasks of geomorphology will be to pro-
vide a comprehensive regional evaluation of the state of our environment, of its
spontaneous developmental tendencies, and of its regional dynamics, striving towards
full complexity even in a morphogenetic sense. However, our scientific efforts can
hope to achieve the approxxmate complexity of reglonal evaluation only when the
. form-analyzing examinations are extended to the analysis of microregional processes.
As established by, L. JAKUCS (1971) in a generalization of karstic features, the pro-
cess of denudation of the surface in a zone can be conceived as the average of the “de-
nudation events” of the microregions comprising the zone. The form types observed
in the macroregions and the complex interactions of the natural geographical processes
giving rise to these can thus-be interpreted simply as the statistical sum of the cha-
racteristically manifested microregional effect-connections. For this reason the denu- .
dation events fundamentally determining the morphological aspect of a region, or
a regional type, can themselves be expressed in an exact-manner only on the basis of
the examination and synthesis of the nncroregmnal processes.
~ In the present paper an account is given of a part-question of the above general
topic: the results of studies aimed at revealing the relations between the slope exposu-
res and the various microregional forms.

The substrata of the microregions, in which the denadatlon processes take place,
are equivalerit if the base rock aud the Soil Covering it are of the same quality, tthk-
ness and stratification, and if the vegetation on it is the same (as regards its formation
" and density too). In microregions of the same type and the same climate, the develo-

ping microforms too are the same if the exposures of the microspaces to be compa-
red are also the same. , :

The most important primary factor in the bringing about of the differénces in -

dynamism of the microregional denudation processes. is the microclimate. Depending

on their structures, water contents, colours and exposures, the various rocks and soils

heat up-and cool down in different ways. This has a direct effect on the processes of
comminution, wearing-away and corrosion, but it also acts on the development and

_composition of the vegetation by changmg the structure, and pos51bly the texture, of

.the soil covering the rock.

The temperature and m01sture conditions of the soil influence the v1tal conditions
of the microorganisms living in the soil. An important indicator of the qualitative
features of soilsis the humus content. Humus is formed from organic matter as a res-

-ult of the destructive activity of microorganisms. The life functions of the microorga-
uASnuS involve the liberation of carbon dioxide, which, in the case of ca rhonate rocks,
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acts directly on the processes of denudatlon of the base rock by increasing the diss-
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olving power of the rainwater seeping through. The vital activity of the microfau-
na and microfiora thus has a considerable influence on the corrosion activitiy in
soils.

Both earlier and more recent investigations (BECK 1968, FEHER 1954) indicate
that, in addition to the temperature of the soil, one of the factors having a great effect
on the vital activity of the soil bacteria is the moisture content of the soil. The quan-
tity of CO, produced by the microorganisms differs from soil to sotl depending on the

_moisture content. The seasonal fluctuation in the number of microorganisms too is a
function of the water content and temperature level of the soil. The change of the
water content is most often inversely proportional to the temperature change, and .
directly proportional to the amount of rainfall. The local soil moisture concentrating
in the rhizosphere of the individual plant species also frequent]y acts on the quannta-
tive development of bacterium populations of certain species. _

On the above basis, therefore, the soil life, as a function of the microclimate of
the soil, exerts a con31derable mﬁucnce on the rate and development of the denuda-
tion .of the rock surface covered by the soil, and hence on the quality of the resultmg
microforms. '

, The differences in the mlcromorphologlcal types of the mlcroreglons are thus
functions of the interactions of multiple factors, the study of which requires compre-
hensive orientation. Of these factors, the effect of the exposure will now be examined, .

»and the important role of this factor in the denudation processes will be pomted out.
In a study of the close disposition of the microclimates at Hosszibérc in the Biikk
Hills, WAGNER (1955) observed that the substratum in the E-exposure within the
dolines. represents a characteristic morphological structure. However, since the-aim
of his research was to differentiate microlimates of different orders of magnitude, he
investigated the morphological structure only as a factor affecting the microclimate.
Nevertheless, he did point out that the rapid heating-up of the slopes of E-exposure .
has a direct effect on the processes of comminution by insolation. Similar results were
found by the present author (BARANY 1967) in a microclimate study relating to N
and S-exposures. It was established that the various slopes within the closed micro-

- climatic region of the doline exhibit extremes of heating-up in accordance with the
exposure. In the period of cooling-down, the effect of the exposure diminishes.

Continuing with conclusions on the theory of microclimates, the question had be
turned from the viewpoint of natural geography. What is the effect of the microcli-
mate on the development of the various forms of the microregions? . '

The investigations of L. JAKUCS (1971) on the example of karstic terrains in- -
dicate that the different heating and cooling relations, and the differences in soil pro-
cesses on the slopes of N and S-exposures entail changes in the soils covering the sur-
face and in the vegetation living on them, and hence give rise to large quantitative
differences, even within a small locality, in the biogenous carbonic acid and organic
acid productions of the soils. Investigation of this topic with regard to the morpho-
genetics of the forms of non-karstic rocks has not yet been carried out, either by Hun-
garian or foreign research workers. Accordingly, it is definitely desirable to extend the
pioneering investigations initiated by L. JAKUCS to include more distant areas of
rock-morphology, taken in the broader sense, utlllzmg results relating to climatology
(WAGNER 1956, 1960, BOROS 1971), soil science (FEHER 1954, BECK 1968),
biology (BACSO—ZOLYOM] ]934 P. JAKUCS 1956, 1962) and soil-geography
(GOCZAN 1968). '
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_ However, the length of the present paper does not permit a detailed account to
be given of every topic now under examination in order to attain the above aim. For
a start, therefore, and as an introduction of the methodology, let us analyze as an
example the characteristic features of a karst doline in the Biikk Hills, where a study
was made of the daily fluctuations in the moisture and in the air-temperature in a
10 cm air-layer above the surface. This. 10 cm layer represents the air-layer approxi-
mately in contact with the surface in various association types on mountain meadows. -
Since the short waves of the solar rays change into thermal energy on the surface of
the soil, this layer plays an important part in the regulation of the thermal changes in
the soil and the higher air-layers. The course of the temperature is different on over-
cast; cloudy and bright days, and the various exposures result in further differences
within this. In general the data for the brrght days are suitable for the deducing of
regularities in the microclimate, but as regards the surface development the overcast
and cloudy days can not be left out of consideration either. In the Biikk Hills “for :
instance, the sky is 55% overcast on a yearly average. The number of overcast days is
100, and ef bright days 70. In the menth ef August-the sky is 40% overcast. The
total annual precipitation is 750—800 mm. May and June are very raintymonths. At

"any event, therefore, it is justified to investigate the climatic features of the exposures
on cloudy and evercast dyas too.
_ On a bright day the maximum and minimum values of the air- temperature are
higher on the E and S-exposures on every slope section. The exposure difference is
~ also marked on a cloudy day, between both the E-W and the S-N exposures. However,
while 80% cloud-cover does not cause a significant temperature decline in the S-N
and W-exposures, the E-exposure reacts rapidly to a fall in temperature. This is due
- to the extreme heating -up compared to the lother slopes

The temperature difference of nearly 5°C occurring in a short tlme (during about
1 hour) with the large daily ampl1tude accelerates the comminution processes in the
fibrous rock (see Fig. 1.) '

“The slope culmination on the E- -eXposure occurs’ at about 10 a. m., while up to
this time the radiation arrives on the W and N- -exposures at a low angle On the
cloudy days too high temperatures (25—27°C) promote the establishment of the
xerothermous-vegetation. The favourable situation of the E-exposure is related with

* the fact that both in the air and in the soil the temperature maxima can be observed
earlier, in the morning, while on the other slopes the maxima are attained only in the
early afternoon hours. On bright, cloudy and overcast days the maximum is higher on
the E and S-exposures. On the other hand, the minimum attains the lowest value on
the W-exposure. As a consequence of the early self-shading in the case of the E-expo-
sure, with decreasing temperature the humidity saturation value of the air is reached
sooner; this leads to precipitation, and this results in a heat excess here compared with -
the W-exposure :

. In the intensive heating-up and coolrng -down stages the W-exposure comes into
~a more favourable situation. This arises from the fact that a considerable amount of -
“heat isused in the early-morning hours on the E-exposure for the drying-up of the dew,
and only at around 8—9 a. m. does the air temperature exceed the temperature values -
on the other exposures, where the dew is dried up only later, when the sun is higher.

All this also plays an important role in the development of the soil temperature
In the afternoon the p-"‘(“"“""" "Md"ally comes into the ouaue and the air tem-

peratures are again higher on the W-exposure. At night the E and S-exposures are in’
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Figure 1. Daily course of the air temperature' and humidity 10 cm above the soil in-a Biikk doline
. on a typically cloudy day (2 August 1960). 1=E- -exposure;; 2=W-exposure ; 3 =temper-
. ature and humidity eycess of E-exposure ) .

more favourable situations in all types of' weather, for these two cool slopes down
more slowly in the eradiation period because of the strong heating-up in the dayti-
me. In the intensive heating-up and cooling-down stages on the N and S-exposures
an almost isothermal air state results, and the features of these stages according to
exposure can be recognized only with difficulty. =
In the case of the fibrous rock the strong heatmg in the daytlme has a dlrect effect
on the comminution of the rock, but in the main on the evaporation from the soil
- covering the rock, on the transpiration of the vegetation, and on the multiplication
of the soil microorganisms and the acceleration of their vital rhytms.
The connection between the exposure and the air temperature can thus be de-
"monstrated unambiguously. However, only few research workers have dealt with the
question of how the humidity of air above the soil varies (P. JAKUCS—MAROSI—
SZILARD; 1967). On the basis of the humidity of the air, information can be derived
on the transpiration ability of the vegetation and mdlrectly on the change wuh time
of the soil moisture too.
On bnght cloudy and overcast days the relatlve humidity of the air layers above
the soil in the S, N and W-exposures (in the sense of the macroclimate regularity)
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decreases on the rise of temperature, and vice versa. On the E-exposure, however,.
clearly as a result of the strong irradiation, from 6 a. m. until 11—12 a. m. the relative
humidity values do not vary in accordance with this regularity. The temperatiire here.
is higher, and thus the relative humidity values should be lower than on the W-expo-
“sure. Examinations for several days, however, show the relative humidity in the mor-
ning hours to be higher in the E-exposure than in the W-exposure (see Fig. 2). The :
. strong irradiation following the period of caim at night accelerates the processes of”
. metabolism of the vegetation, and hence the amount of humidlty resulting from the
transpiration is higher here. On the E-exposure, therefore, the state of the soil and
the vegetation is related with the characteristic course of the humidity.
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Figure 2. Daily course of the air temperature and humidity 10-cm above the soil in a Biikk doline on:
" an overcast day (1 August 1960). R o ‘
1=E-exposure; 2= W:-exposure; 3=temperatu1je and humidity excess of E-exposure

To summarize, it may be stated that the temperature and humidity conditions of”
the air-layer just above and in contact with-the soil indicate that of the four exposures
the E-exposure distinguishes itself by strong heating-up in the morning and by inten--
sive evaporation in the afternoon. This fact results in the creation of local differences’
in denudation dynamisn, leading to peculiarities of the micromorphological picture,.
primarly by acceleration of comminution by insolation, variation of the soil moisture,
and hence enhancement of the biogenous carbonic acid production.

The microclimatic characteristics depending on the exposures are naturally only

‘part-factors in the extremely complex problem. The above account was intended.
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merely to indicate the tendencies of the investigations now under way. In the future it

is hoped to extend these primarily to the temperature changes and moisture conditions
-of the soil, to the composition of the vegetation, and to the effects of these factors in
_the regulation of denudation.
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OTPULIATEJIbHOE BJIMSTHUE ATMOC®EPHBIX 3ATPA3HEHUI .
HA YPO)KAI/IHOCTI: CE.TI!»CKOX(B}II/ICTBEHHLIX KYJILTYP

F prrnona BJI CI)ponoa

Ha poct CeTBCKOX 03SHCTBEHHBIX Kynb'ryp ‘'OKa3BIBAOT HC6HaF01'IpH${THOC o

_ BmeHHe TBepable BHOPOCH B atMochepy. OTpHLIATENBHOE BIMSHAE COCTOHT B TOM;
4TO COKPAIIAETCA KOJUIECTBO CONHETHOH IHEPr1M, KOTOPYIO IOJy4aeT MOBEPXHOCTH
JIMCTA, 9TO BeIeT K 3aMeIJIEHUIO ACCHMHJIALMA M CO3aHHs OPTaHHYECKOro BELIECT-
pa. Ha6moqaeTcsl CylecTBeHHOEe YMEHbLIEHAE YPOXKARHOCTH BCEX CETLCKOXO3SHCT-.
BEHHBIX KyJIbTYp. Biusune BbiGpocoB TBEpPABIX BEIIECTB B aTMocq)epy IpOSABNSAECTCA
Ha KyJIbTypPHBIE PACTEHHUS U Yepe3 MOYBY. '

B nurepaTtype He BCTpedaeTes. nonpo6}xoe paCCMorpefme 3Toi IIp06JIeMI>I
B GonbIIMHCTBE CTaTeH pedb HAET JHIIb O NPUMEPaX BIMSHHA TBEPIABIX SMHCCHH HA
YPOXaiHOCTb HEKOTOPBIX KYJIbTYP B PAJIE MECTHOCTEI B HEIIOCPENCTBEHHOM 61H30CTH
OT NPOMBILUTCHHBIX npeanpuaTyii. Ho n 3T HecnenoBaHUs CBAOETEILCTBYIOT 00 -
OTpULATENbHOM BIMSHUM TPOMBINIICHHBIX BbIGpOCOB Ha CeNbCKOXO3SHCTBEHHBIE
KyJIbTYPBL. } : »
.O6nacTh, THE IPOBOAMIMCH MCCIEAOBAHM, BKIIIOYAET 5 paiiHoB: KaanHa
Hoserit Muuun, Opasa, Octpasa u $punex-Mucrek, ¢ obmei IUTOLUA/BIO CEIbCKO-
XO3AHCTBEHHBIX yroamid 210 ThIC. ra, u3 3Toro 50 ThIC. ra OOIBEPIacTCsa 3arPA3HEHHIO
MPOMBIIUIEHHEIMA  BEIOPOCaMH. Sror. palioH HAXOMUTCA TIPEHMYIIECCTBEHHO B
 OcTpaBckoM bacceiire, Iie pacloDKeHbI caMble KPYNHBIE HCTOYHUMKH 3aTPA3HEHHS:
' MeTanyprudeckre xomOouHaTe! Butkosutckuii, Hosas I'yte um. KnemenTa I'oTTBANE-
na u apyrie. Ha ocranbHOM reppHETOPHE HCCIIEAYeMOH 00AaCTH BIMSHHE NPOMBbIIL-

‘JIEHHBIX BBIGPOCOB HA CEJIbCKOXO3SIICTBEHHOE NMPOM3BOACTBO HOCUT MECTHBIM Xa-
paxtep. IIpoBeneHHbIEC MCCNENOBAHMS TIO3BOJIAIIA BEIIBUTH OTPHUATEbHOE BIAAHHAE -
BEIGPOCOB B OTAENIBHBIX X03AHCTBaX BOIM3H HeMeHTHLIX 3aBOJOB, BOJIM3H KAMEHOJIO- .|

' MEH ¥ Kapbepos.- : : :

3arps3seHde IIOp NBLILIO H CHHXEHHE IOrTOTUTEIbHOI cnocoGHocm TPOsB-
JisieTcst B OOJIbLIeH CTEeNeHN ¥ MPONAIIHbIX KYJILTYD, KYKypy3bl i KODMOBBIX, B HEC- .
KOJIbKO MeHbIIIel y caxapHoi CBEKJIB, (DPYKTOBBIX U 3¢PHOBBIX KyIbTYp. B Hemocpen-
CTBEHHOH OJHM30CTH OT WMCTOYHHKOB 3arpsA3HeHHS TOTEPH Y HEKOTOPHIX KYJIBTYP
nocrararwoT 30% m Benue. ['a3006pasHble BEIGPOCH (0COGEHHO METaJTyPrUIeCKUX
KOMOHHATOB W BpaTHMOBCKOTO HEJLTIONIO3HO- 6yMa>KHoro KOMOHMHATA) OKa3bIBAIOT
. CIUIbHOE BO3JIEHCTBHE Ha IUIOIOBHIE TIePeBbs, KApTohelb, OBOIIH, CaXapHyo CBeKJ'Iy
' ¥ 3¢pHOBBIE, IOTEPH B ypoxcae nocturaroT 30% M BBIILE.

YT06H HOJIYYHTh BO3MOXHOCTE CPABHHTH M MPOBEPHTb PE3yIbTATHI HCCIENO-
BaHMsL, IPOBEICHHOTO B OTACIILHBIX X03sHiCTBaX, ObLTA C/leTaHa MOMEITKA OTPEeJeIHTh
XapakTep H CTelleHb 3aBHCAMOCTH MeXy 3aTrPA3HCHHEM BO3AyXa U CEIbCKOXO3AMUCT-
BEHHBIM HPOM3BOICTBOM: B mcciaenmyioMyro 061acTh OBLIO- BKJIFOYEHO 25 XO3SMCTB,
PacmoloXeHHBIX B OcTparckonm Gacceffne ¥ er¢ OKpECHOCTHAX, I'I¢ HAOJIOHANOCH
BBIIIaJIeHAE TBEPIbIX 0CAIKOB B pasmepe OT 75 no 1200 T ua xM?. JIist BhIsICHEHHMS
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T'. Kpyriosa — Bn. ®ponos

IIOTEPh HCCIEN0BAIIACH CTATHCTHYECKHE AaHHBIE 00 yPOXAaWHOCTH OTAEIbHEIX BHAOB
3epHOBHIX 3a 1971. I. B OCaXJcHHE WLLIM B T/KM? 32 TOT e roX mO A3MEpeHnsIM
06J1acTHOM CaHATAPHO-3MN IEMHOJIOTAYECKOH CTanmuK (OLEHKa 3a HeJIbIH TOJ, a He 3a
BEre€TAIHOHHBIA IEPAON).

I.IJIX BbIAICHCHUA CTCNICHH H XapaKTEpa 3aBHCMMOCTH MEXIY 3arpA3HCHHAEM BO3-

IyXa H CeJbCKEM XO37HCTBOM Oblyia Ipek e BCETO YCTaHOBJIEHA 3aBUCHMOCTB YPO-
XalHOCTH (B I/Ta) 3ePHOBBIX B LIEJIOM, 2 TAaKXe OTHAENLHEIX BHAOB 3€PHOBBIX OT
KOJIM4eCTBa BHIGpackiBaeMoit B aTMocdepy MBUIM B TOM Xe TyHKTe (B T/kM?). DTa
-3aBHCHMOCTb OBLIA YCTaHOBJIEHA € TIOMOLIBIO Koad)mmema TapHOH| - Koppensanaa
IInpcona.

n- Z Xi¥Vi— Z Xi _;;}’i

V[n- S (E T 2 (2]

roe Xx; —KOJIHYECTBO BBIHaIlaCMOI/I ObLUTH HA JAHHOM y‘IaCTKC :

—ypomanﬂocrb 3CpHOBbIX B TENOM WA OT}.ICJILHOI/I KyJIbTYpPBI Ha TOM xe
y9acTke i
n —9ACIIO YIACTKOB i=1,2, .

s 3epHom>1x TILEHUNBI, SIMEHS U OBca TIOZICYET IPOU3 OJMICA 110 25 X034iCTBaM,
JUls pXE TONbKO MO 17 (pa3Hoe KOJIMYECTBO OSLS[CHSICTCS[ OTCYTCTBHEM CTATHCTH-
YeCKHX JAaHHBIX).

N W N

- Bruin mony4eHs! cnefyronme K03QpuBEHTH Koppenﬂum[

. 3arp;13HeHHe Boaxyxa—ypoxcaﬁﬂocn; 3EPHOBBIX . ky=-0,333

3arps3HeHne BO3MyXa-—ypOXaWHOCTh DIIEHHIBI = ky=—0,240

. 3arpasEenHde Bo3AyXa—YypOKAAHOCTE TUMEHS : k3= —0,328
. Ba_rpmHemm BO3JlyXa—YPOXaHHOCTb OBCA ' ky=—0,513.
. -3arpn3HcHnﬂ Bosnyxa~ypo>xaﬁHOCTb DPXH ‘ ks=—0, 497 o

Hcxonsa n3 IOy CHHBIX JaHHBIX MOXHO CIOEaTh cne,uyloume BLIBO,ILLI

3aBHCAMOCTL MexXJy 3arps3HeHHeM BO3/lyXa H YPOXa#HOCTBIO 3EPHOBBIX oTpn-
maTeNbHasA, Ha YTO YKa3bIBAaeT 3HAK ,,MHHYC"’ y BCEX Koaqmunemon

3aBHCHMOCTb MeXIy 3arpsA3HEHHEM BO3/yXa H YPOXaHHOCTBIO OTZENbHBIX BAZOB
3€PHOBBIX pa3yimdHa. MeHblue OHA y AYMEHs H NINCHANBL H B 2 pa3a Gonbmie y
oBca U pxA. ([ pXH 3Ta 3aBHCHMOCTb MOXET OBITH HECKONILKO 3aBBIIIICHA  A3-32
MEHBIIETO, YeM Ul APYTHX KyIbTyp, o6beMa HAGIIOAEHHIA. )

. HCCMOTI)S{ Ha TO, YTO IYHKTHI HaGJHOI[eHHSI HMEIOT pPa3IAYHBIA MHKpOKJIHMAT,

HOYBBI, PEXHM YBJIAXHEHHSA, B PA3HOH CTENECHA HCHOJB3YIOTCH yaoOpeHHs, BCe

‘K€ YETKO ‘MPOCIIEKNBACTCS CHHXXEHHE ypoxcaﬁnocnl IpH. yBETHMICHHHN KOHHECHT-
-palld¥ IBUIH, @ [UIS OBCA M DXKH 3arpA3HCHHE BO3JyXa ABJSACTCA yXe O,[[HHM H3

OTPHUATENLHBIX (AKTOPOB POCTA.

I[.Hﬂ YCTaHOBJICHUA 3aBUCHMOCTH MEXY ypO)KaﬁHOCTLIO 3épHOBLIX U CTCOCHLIO

3arpsisnends TaMocdeps! GBI HCIONB30BaH METO/ HANMEHBIHAX KBAJPATOB

y=a,+ax
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rae y—ypoXaiHoCTh 3epHom,1x B u/ra
X—KOJINY e CTBO BEIOpachIBacMoii B TaMocq)epy TLLTH B T/KM2
dy ¥ @, TOCTOSIHHBIE Koaqmunemm :
TIPUYEM d, TIOKA3BIBAET, KakoH Morya Obl 6BITH cpe,uu;m ypoxanﬂocrb eciu 651
- 3arpsi3HeHHe aTMoC(epBI He OKa3bIBaNIO HA Hee BIMSHMUE
@) XapaKTepU3yeT HEMOCPEACTBERHOE BINSHAE 3arPA3HEHAS BO3YXa HA Ypoxkai-
HOCTP M TIOKA3bIBACT HA CKOJIBKO yMeHLI.UaCTCﬂ ypomanﬂoab TIp4 YBEJIHYCHHH KOH-

UEHTPALMY HBLITH B atMocdepe. YpaBHeHne =— 100% naer npe,uCTaBneHne O TOM, Ha
aQy
CKOJIbKO NPOLEHTOB yMeH'bI]JaeTCSI ypoXaiHOCTB 3epHOBBIX IpH YBeIWYEHWH KOH-

NEHTPALMHA NbLIM Ha
1 t/xM2 u (’paxmqecxu xapaxTepnayer CTCHBHL BIHAHHS 3arpﬂ3HeHua aTMOC(bepm
Ha YPOXaMHOCTD. .

- Pacuetn! nanu cneny}onme Koaq)nuuemm ypaBHEHHIA

1. 3aBUCHMOCTD ypoxcavmocm 3epHOBHX oT’ KOH]ICHTpa]IHH IBUIE B aTMocdepe
‘ yp=—0,00373x,+29,4
2. 3aBHCHMOCTH YPOXaMHOCTH AUMeHs OT KORLUEHTPALHM HBUIH
| 5= —0,00315%,+ 29,8
3. 3aBucuMocThb ypoxcam{ocnl MILEHMIB! 0T KOHUCHTPAIMH TIBLTH .
=-0 00461x3+31 45
| 4. 3aBHCUMOCTD ypoxanﬂocm 0BCa OT KonueHTpamm nmm

Ya= —0,00456x, + 26,2
"5, 3€BHCHMOCTB ypoxcam-[ocm ‘PXKH OT KOHIEHTPALKK NBLIK B aTMocd)epe
;= —0,00308x, +22,8 '

CpaBHUM, CKOJILKO K¢ IIPOLIEHTOR OT PACUHTAHHO TCOpCTH‘IeCKOPI cpenHen ypoxan- ‘
HOCTH COCTaBJIACT nencmmenwau ypOXKalHOCTh

3€PHOBBIE  fAYMEHBL  INIIIEHHIA oBeC POXB
TeopeTHYECKas , .
-ypoxaiHocTh . - . 294 - 29,8 31,5 262 228
JeHCTBUTEIbHAS : . o . ) .
YPOXAHHOCTH . 27,4 28,0 29,0 -24,0 21,0
% - 93,2 946 92,2 - 91,6 - 92,1

Crenyrowas TabavLa noKasblBaeT, Ha CKOJbKO TIPOUEHTOB yMEHBIUAETCS YpOoXaid-
HOCTb NIPH 3arpsAsHeHud aTMocdeps Ha 1 T/km2

KyJTbTYpPHl  3€pHOBblE A4YMEHb  MIIECHALA OBEC - pOXb

Kyabiypsl  12,7% . 10,6% i4,7% 17,4%  13,5%
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WHTepecHo, 4To 3aBMUCHMOCTB MEXAY IOKa3aTelsMH TIepBOM M BTOpOH Ta6m4m,1
TOYTH NoJTHAS (MEHSIOTCS MecTaMy NINEHUNA H POXKB).
M HakoHel, CpaBHAM CTENEHb 3aBHCHMOCTH MEXIY 3arpx3HeHueM BO3AyXa
B ypOXaWHOCTBIO (KO3I(DHIHEHT KOppEeNALvH) W CTENEHbIO BIMSHHSA 3aTPA3HEHUA
Ha ypOXXalHOCTh (% CHHXKEHHS YPOXAHHOCTH).

3epHOBbIE AYMEHD MUIEHHLA OBEC POXb
KO3(pHUHEHT .
KOppensuuu -0,333 " -0,328 —0,240 —0,513 -0,497
% CHU>KEHHUSA o . SR
YpOXKARHOCTH 12,7% = 10,6% 14,7% 17,4% 13,5%

MOXHO KOHCTATHPOBaTb, YTO 3arpA3HEHNe aTMOC(epbl GOJIbIIE BCETO BIIUSET
_ HA ypoXalHOCTH OBCa, €ro YpPOXKaiHOCTh B CBOIO O4Yepeqlb TECHEe BCETO CBA3AHA C
KOHIIEHTpaLued melnu B aTMochepe. MeHee Beero 3arps3HeHHE BO3AyXa BIHSET HA
YpPOXKAHHOCTD TIMEHS, ¥ KOTOPOTO B TO e BpeMs OJUH H3 HAUMEHbIIHX KOIDHUIHEH-
. ToB cBs3H. OCTaNbHEIE KyJbypPH HAXOAATCH MEXIY 3THMH KpallHEMHE TOYKaMH.

B 3akmrodeHnr Obia cAelNaHa MONBITKA BBIYHCIUTL NPHOIUTENbHBIE TOTEPH
ypoxas B 25 xo3siicTBax nccneqyeMoit o6macta B 197]1. rogy. O6iune morepu coc-
TaBHJIA y IIIIEHALE! 13,8 %, y sIMeHs 8,6%,yoBca 16,6%, y pxu 9,4%, uto COCTaBJISIeT. )
okono 1 MyH. KpoH,

Honyqenﬂme pe3ym,TaT1,1 HMEIOT, [aBHBIM 06pa30M METOANYECKOE 3HAUYCHHE,
Ha Hnx B 3HaueTeIbHON Mepe MOBJIASJIO OTCYTCBAE TOYHBIX IAHHBIX O KOHIEHTPAa LMK
" BT B aTMOC(epe B OTHENBHBIX XO3skcTBaXx. ONHAKO MOTEPH. 34 CUET CHIKCHHS
YPOXaHHOCTH 3ePHOBBIX MO/ BIUSHHEM 3ar PSA3HEHHS aTMOCc(heps! 6ecCiopHO 3HAYU-
TenbHBL. OHOI U3 Mep, HaTIpaBJIeHHBIX HA YMEHBLICHAE IOTEPh, ABIIETCA BHELPEHNE
* Ha MCCIIEAYEeMO# TepPHUTOPHH CEBOOOOPOTOB, IA€ GBI GBLIIO OrPaHAYEHO BHICEBAHHE
KyIbTyp, 0COOEHHO - MyBCTBHTEIbHEIX HAa BO3JCHCTBHE TBEPIABIX BEIOPOCOB, Npexnie
BCEro MPONALIHEIX, KODMOBBIX, @ U3 3€PHOBBIX, JIFABHBIM 06pa3oM, oBca.



ASSESSMENT OF THE LEVEL OF DEVELOPMENT
F. M6Rricz, Gy. KRAIKO, MRS. ABONYI
‘ ' Part. I.°

Economic_development.is a central problem of our age. Problems or sets of
_ problems connected with the level of economic development of the territorial diffe-
‘rences of the rate of development often arise. Representatives of many branches of

science, economists, statisticians and geographers try to solve them. Analyzing of the
- problems connected with economic development is especially popular among theore-
ticians. The national and the international literature of the subject is very rich. The -
theoretical and methodological problems of the research of the subject is the theme
of sc1ent1ﬁc programs and international conferences.

Economlc development is such.a complex process that one researcher or research
group or even one discipline cannot undertake an all-round analysis of it. Our study
is also confined to only a relatlvely narrow field of it, the assessment of the level of
development of individual economic regions.

" The foreign literature of the subject is very extensive. Among its cultlvators are

' . BRADISTILOV, JAN KAZIMOUR, M. K. BANNETT, and H. H. HARMAN.

‘ As a conséquence of the dynamic economic development following our liberation
_the subject has attracted increased interest of the researchers. It has become a social =
_ requirement, — especially since the second half of the 1960° s'— to relieve or research
the structural imbalance in certain areas. (Especially outstanding in this field is the
work of M. BARABAS, GY. BARTA, 1. BARTKE, GY. BORA, K. NAGY Mrs. -
- DUX, T. GERO, M. VISSI Mrs. HALMI, 1. HUSZAR, L. LACKO L. KLONKAI, |

J. KORODI, L. KOSZEGI, Mrs. L’ KOSZEGI V. KULCSAR G. MARTOI\
J.RIMLER, GY: SZILAGYI, GY. WIRTH, and Mrs. ZALAL

The different authors worked out, modified, or applied methods to certain aleal
units. According to these areal units; however, countries, administrative units (coun-
ties, districts, towns, villages)-and regions representing different levels (macro-, meso-,
sub- and- mlcroreglons) require differentiated methods. Each method gives reliable

“results only when applied to an areal unit of a certain level. E. g. an accepted indicator -
"in comparisons between countries is the national income calculated for a single inha-
bitant. Although the result obtained in this way must be received with caution (because
it may be distorted by calculation into the currency of different countries, by different
interpretations ‘of the concepts, etc.), on account of its simplicity it is doubtless the
- best indicator among those used. There are attempts at a comparison of the levels

of economic development of the different countries based on a system consisting of ’

natural indicators (e. g. the method of Janossy employing 16 4 8 indicators); however,

these are complicated and are gaining popularity only with difficulty. .
Determination of the state of development of the parts of a country is an even

more difficult task than the companson between countrles

-
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" The problem of areal units

2. medium developed
3. underdeveloped
4. very poorly developed

Figure 1. Industrial devé]opnient of subfegions of East Hungary
1. developed : :

~ In our work we tn'e-d to elaborate a method that would reflect the state of deve-
lopment of the-economy and would not only classify the areal units but also express

their quality quantitatively. (By subregions we understand the third-level from above
of the hypothetical classification of regions worked out by the Department of Econo-

mic Geography of JATE and published in the Geographical Communications in

1969.) -

We consider the areas chosen by us for basic units as suitable to give distortion=
free indicators and true pictures. Areas of such size (on the average 5000 km? in East

Hungary) may be regarded as ‘““homogeneous™ in respect of social production; in

respect of the spatial distribution of the forces of production they form areal produc-

tion complexes.
b .
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The requirements of the indicators

In the course of the analysis of the different areas there arises the need for a com-

- plex indicator that in itself, as if by summary, would express the level of development
of a given areal unit. In our work we used the method employed also by many other .
researchers which was that with suitable grouping a system of indicators was construc-
_ ted from the various natural indicators reflecting the different degrees of economic
"development. We think that the synthetic index thus formed appr0x1mates reality
sufficiently. .

A very important and difficult task is the proper selection of the .economic indi-
cators. The indicators must be connected with the economic development as closely
as possible. At different stages of development different indicators express the level of
development; therefore the system of indicators must also change in time and space.

- At the present stage of development of our economy the most highly industrialized
areas are also the most highly developed ones. However, because any production com-
plex of the branches of economy can, in principle, develop an economically advanced
area, we think that the areal units established by us must be examined both from the
point of view of industry and from the point of view of agriculture. We endeavored to
form groups of indicators composed of approximately identical numbers of indica-
tors.. The indicators showmg the state of development of industry and agriculture are
without exception of stati¢ character. Therefore we have formed another, dynamic.
group of indicators from which the territorial differences of the rate of development
appears. With the help of this the trends of development and the dynamism of our
areas can be clearly seen and on the basis of these the perspectives of our areas can be -
clearly seen and on the basis of these the perspectives of our areas can be outlined.

Finally — as if by control — we introduced a group of indicators named general

-indicators of achievement. In this group we have collected indicators which - w1th
more or less dlStOI'thl’l express the state of development ofa glven area.

¢

Survey of the system of indicators

* Indicators showing the state of economic development

- S N
v N
Static indicators ~ | Dinamic indicators
/ N
Indicators of Indicators of
thestate of the state of
development development
of industry of agriculture

" . ‘:W A .
Gene_ral indicators of achievement
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Indicators of the state of development of industry

. The corrected national income per inhabitant (Ft per head).

. Fixed assets of industry : The gross value of fixed assets per inhabitant (Ft per head).
. The value of current assets per unit of current assets in industry (Ft/Ft).

. The propelling power supply of industry: The capacity of power machines and

electric motors per head in industry (kW per head).

. Electric energy consumption per worker (kW per head).
. Mechanization of industrial production:

The number of places of work beside machines in industry (places per plece)

. The ratio of those employed in industry. The number of industrial wage earners _

per 1000 people employed (wage earners per head).

. The concentration of industry: The number of workers workmg at industrial

establishments employing more than 500 persons per 10 000 1nhab1tants (persons
employed-per head). .

I | -
Indicators of the state of development of agricu]ture

. The corrected national income from agriculture per inhabitant.
. The fixed assets of agriculture::

The value of fixed assets per inhabitant in the agrlcultural large-scale cooperatlves

. Total traction power per 100 ha of agricultural area in traction units (tractors per

ha).

.. The utilization of art1ﬁ01al fertilizers per ha of plowland (kg per ha).
. The importance of livestock farming:

Number of animals per inhabitant (number per inhabitant).

. The importance of livestock farming; Milk production per inhabitant (I per head)
. The ratio of intensive plant cultivation. '

The garden, orchard, vinyard, and vegetable- growmg plow]and area per active
agrlcultural wage earner (ha per head).

. The ratio of irrigated area in % of the total agricultural area.
. Buying up per inhabitant in agriculture (Ft per head).

m

- General indicators of achievement

. The national income per active wage earner (Ft per head).

. Consumption of the national income per inhabitant (Ft per head).

. The total value of fixed assets and current assets per inhabitant (Ft per head).

. The number of those employed per 1000 persons in the population constltutmg

the manpower resource (persons employed per head).

. The number of city dwellers per 1000 inhabitants.
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‘The indicators of dynamic'develOpment

The total investmerits per inhabitant in the last five years (Ft per head)
. The ratio of machine stocks younger than five years to the total machine stocks (%) ..

L=

five years earlier (%).

4. The number of new drp]oma holders per 1000 mhabrtants (in5 years) (heads per-
head). '

5. The number of ﬁats burlt per 1000 inhabitants i in the last 5 years (ﬁats per head) )

The method of investigation ‘

.- The mathematical method of investigation is the factor analysis. The factor ana--
lysis is a branch of statistical analyses with several variables which is a very widely
applicable mathematical statistical method: The aim of the factor analysis is to produ--
ce simple hypothetical variables, factors strating from the set of variables observed.
which reproduce the data observed fairly accurately and explain them in a sense.. .
- Whille the statistical methods with- several variables generally examine essentially-
given hypotheses, the aim of the factor analysis is just the search for a hypothesis or-
she making of it. The factor analysis tries to set up a model which is as simple as poss-:
ible, w1th well interpretable values and real correspondences '

The factor analysis model

Intensive plant cultivation and the size of 1rr1gated areas as compared to the level:. .

Let a number m of random variables Y1, Ya, ..., Y, be given. Tt is surtable tor

work with standardized variables. That is mstead of the orrgmal variables ¥, we work
with the standardrzed variables'

M (%)
D(Y ) .

' where M (Y ) is. the expectatlon of Y, and D(Y)rs 1ts standard dev1at10n Therefore ’
| M@Z)=0, DZy=1 @=1,2,. m).

The factor analysrs starts from the hypothesis that the Z; ‘variables are the-
functions of further hypothetical variables; they can be ritten as the linear function.
of the so-called factors : : '

z,=X (=12 ..., m),

Z, = 011K1+a12K2+ Fa, K, +b1U1
" Zy, = an K+ a,Ko+ ... +ay, K.+ b,U,
Zm = 4m1Kl+am2K2+ +amrK +b Um.a

where K1, Ks,....,K,, U,,..., U, are the s0- calledfactors and ay;, Gyg,.. a,,,v_, 1 b1y by
...by, are the factor loadzngs o '
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If the loading of a factor differs essentially from O in the case of at least two
‘variables, it is called common factor. It this condition is satisfied for all variables,
then we have a general factor. If the factor loading differs from O only for one vari-
-able, it is called unique factor. In our notation X,, K,,...,K, are common factors,
U,, U,,..., U, are unique factors, and r is the number of common factors.

The factors analysis model in matrix form can be expressed as follows:

Z=A-f
‘where .
Z2=(2y, Zgy ey Zy)*
;is the column vector of the standardized variables,

ay, a, a, by 0..0
A = 021 022 a2r - 0 b2 0en 0
\@m 4y a4, 0 0.5,

"the matrix of the factor loadmgd and
=K, K,, .. K Uy, Us, ..., u,,,)*»

‘the column vector of the factors.
- The factor analysis model showing the common and the umque factors can be
~written in this form:
. z= Ak ﬁ;i—Au Sas

" where .

Gy Gg... a4,
Ay ="1ay ay... a0,

aml . amg... a,,,,

;is the matrix of the factor loadings of the common factors,

, b 0..0)
4,=10 b,..0
1o o ..b,

iis the diagonal'matrix of the factor loadings of the unique factors,
l ﬁc (KI,KZ, ~--aVKr)='k

" is the column vector of the common factors
Summarizing:

[Ak’ Au] and f [flvfn)

The matrix A is also called factor pattern.
In the followmg we always suppose that the factors are standardlzed random
- variables: .
CME)=0, DE)=1 (=1,2, ...,7),

CM@U) =0, - DU)=1 (j=1,2,...,m),"
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furthermore that the unique factors are always uncorrelated with each other and
with the common factors:

- R(K,, U,.) =0 (i=1,2, ...r; j=1,2, ..., m),

where R(K, U) denote the correlation coefficient of the variables K and U. _
From these assumtions it follows that the (r+m) X (r+m) correlatlon matrix of -
- the factors is the following: : '

€1 € ¢, 0 0 O

Coy Cyp € 0 O 0
€1 Ca Cp 0-0 0f .
Cc=o 0 0 10 0f
0 01 0]

0 o

o o 0 o0

where ¢; = R(K], Kj') (1 i=1,2, ..., r).
' A simple calculation shows that

[y

- . o , . o ) r . .
1=D¥Z) = M(Z}) = M[( Z‘aipr+biU,-] ] =2 > apa,M(K,K)+b} =
. : p=1 . ) p=1g=1 . ’
= Z Zaipcpqaiq+b?,
p=1q=1,

where Cpg = R(K,, K) = M(Kp-Kq)'.'Thus we get.

. 1 =a}Ca;
where

~

+1

a{k = (ails i2’ tees zr, O 0 ,l;: .0)

is the i’ th row vector of the matrix A, while g; 1s the same wrltten in the form of a
column vector (i=1,2,...,m).
Separating lhe common and the umpue factors, the above formula may also
be written:
1 =a; ,Ckak ,+b, ,
where
C1 Cig-.- Cqp
Ce=|ca Com-. Co
Ci1 € oe. Cpp

is the correlation matrix of the common factors,
. :
ak,i—(au,a;z, ooy lr)

- the 1’th row vector of the matrix A4, , while g, ; is the same in the form of column vec-
tor (i=1,2,...,m). Written in a short form: ‘
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e o]
C‘[o Em]’

where E,, is the mxm indentity matrix and O is the zero matrix.
If the pairs of common factors are uncorrelated among themselves, then

Ci=E, and C=E,,,.
Then the above formula obtained for the variance D? (Z,) of the variable Z; becomes
essentially simpler : :
1 = afa,=a;,a,;+b} = ah+ah+...+a,+b] = h} +b?_ i=12,..,m)),
where the communality '
h - a:1+012+ +alr

canbe lnterpreted as that part of the variance of the vanable Z; which can be explamed »
by the common factors together, while b is that part of the variance of the variable -
Z; which can be-explained by the unique,factor and which is generally termed the
umqueness of the given variable (i = 1,2, ..., m).
On the ba51s of the equality
h2+b2_1 . @=12, .., m),

“it is enough to determine the common factor loadings in the course of the solutlon
In some cases the Jactors structure :

oS Sz Slr b1 00
S — S21 s22 S2r 0 b2... O

‘Sml Sme smr O 0 b

which contains the correlation eOeﬂicients of each Z,- variables with the common K -
and unique U, factors (1—1 2,....,m; j=1,2,..,r, k=1,2,...,m) plays an important
role. SR - .

Otherwise
S = [Sk’ Su]a
where . '
_ Suu Sz .- S _
i Sp1. Sag ... Sop o
Se=|" - . S, = A,
sml sm2 e Smr

Here s;; is the correlation coefficient among the variable Z; and the common factor
K. (i=1,2,...m j=1,2,...,r) These correlation coefficients can be determined on
the basis of the model in the following way:

sy = RZ: K) = MUZiK) = M [{g dipr+biUs]K1] =

= 3 a,M(K,-K) = Za,p o =12 ,m;j=1,2..,r). .
p=1
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‘Thus the following connection exists between the factor structure and the factor -
pattern
S=4- C
or what is equivalent to this,

S, = 4:Cy and S, = 4,

~ Hence it can easrly be seen that in the case of uncorrelated pairs of common
_ factors 7
S =4,

because in this case C= E,+,,, ‘Therefore, in the case when the solution consists of
pairs of uncorrelated common factors, it is sufficient to determine only the factor
pattern 4. However, when correlated common factors are also allowed in the model,
then the solution must contain both the factor pattern and the factor structure.

On the basis of the model of factor analysis there is an opportumty not only for

the composition of the variance of the different variables, but it is also possible to -

" determine the correlation coefficients’ among the var1ables Thus the ﬁdehty of the
model-of factor analysis can also be determined. L
Let = : :

Fm1 Tmg--- rmmJ R

be the correlat1on matrix of the variables . Ly, Ly, .. ,Zm,b where 1y, = R(Z;,Z;) .- .
GJj=12,..,m. A 51mple calculation shows that — : .

riJ = R(Zi,ZJ) = M(ZL'Z]) :

M[[ 2 aip'Kp+biUi]l ZanKq'f‘bJUJ]:I
p=1 \g=1 L Sl

= 2 Zalp qM(Kp,'Kq)+bibjM(Ui'Uj) = -
p=1g=1 R s : .

‘ . : 2 Za,pcpq +5Ubi9

T p=1lg=

.where’ 5,j—11f1—1, and §;;=0 if z¢](11 1 2., m).
Wntmg this in matrix form we get . ’

R= AC AL+ 4,47 = ACA_*,

where 4* is the transpose of the matrix 4.
“Ifthe pa1rs of common factors are. uncorrelated among themselves thenC=

r+m
Therefore in this case
R=AA* = 4 A} + 4,45 = AkA:+A3. .
We call the matrix R,,:R A2 reduced ’Cul"l"'(:'tluzr.uu matrix. The reduced correlation

—

matrix R, differs from R in that Just the h2 communalities stand i in its d1agona
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Of course, when the factors are uncorrelated, the above formula 51mp11ﬁes to the
following expression for the reduced correlation matrix:

R, = A 4.

This equation has been called “‘the fundamental factor theorem by Thurstone.

Finally we mention H. H. Harman’ s excellent book, Modern Factor Analysis,
The University of Chicago Press, 1960, which deals in exhaustive detail with the met-
hod of factor analysis. Besides this, the description of the method of factor analysis,
together with economic applications can be found in Judit Rimler’ s paper “Investi-
gation of economic development and the factors’ analysis, K6zgazdasagi Szemle,
1970, pp. 913—926 and L4szl6 Vita’s paper “The possibilities of the economic appli--
cation of factor analysis, Szigma, 1970, pp. 127—152.

- V.

‘Determination of the state of industrial development
of subregions by the method of factor analysis -

In our days the economic political endeavor to reduce the differences in state of
economic development of different areal units (economrc regions of different levels)
and in the standard of living of their popolation is becoming ever stronger. The li-
terature of the subject has now made it reasonably clear that the state of economic
development of an area is. determined by the whole of its production sphere. Ho-
wever, we have already mentioned in the above that in the present state of the de-
velopment of our economy industry plays the decisive role among the branches of
* production. Therefore our investigation covered first of all industry. -

In the introductory part (in the chapter on principles and methods) we could ron-
sider only the following five of the above-described eight ; mdlcators chosen for assess- .
ing the level of development of industry:

. The gross value of fixed assets in industry per 1nhab1tant
. The power machine and electric motor capacity in industry per 1nhab1tant
. The consumption of electric energy per worker.
. The number of industrial wage arners-per 1000 persons emp]oyed
. The number of workers inindustrial establishments employing more than 500 pers-
sons per- 10 000 inhabitants.
The following eight subregions were considered in the investigation: the areas of
Bics, Békés, Borsod, Csongrdd, Hajdt, Heves, Szabolcs and Szolnok countiées.

Table 1 shows the va]ues of the different indicators concemlng the different

. subregions: :

Db WK -

Table 1 g : ) _ ’ -
— subregions : o ‘ .

. . Bacs Békés . Borsod Csongrad
indicators - i . : : ]

Indicator 1 T 10230 o 15.840 54560 ° 21.130°
Indicator 2 . 0.160 - 0.220 . 1.550 '0.340
Indicator 3 © 2,690 - .3.640 ©20.520 3.970
Indicator 4 0.250 . 0.390 - 0.520 0.330

Indicator § ’ 27.010 27.370 . 102.680 53.770
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T~ subregions i S
i . Hajdu Szabolcs Szolnok

o Heves

indicators : -

Indicator 1 15.080 44.630 8.130 17.690
Indicator 2 | 0.180 0.930 0.090 - 0.320
Indicator 3 . 4.160 ' 7.470 . 2.680 ) 4.530
Indicator 4 0.370 0.320 0.240 - 0.290

Indicator 5 : : 32.670 : 61.470 21.920 " 37.000

1f we consider the different indicators as random Variables, then each row of Table.
1 is an eight-element sample for the variable concerned. After standardization.
Table 2 contains the matrix of the standardized values. :

Tqble 2 _

T subregions : L i
. o Bacs . Beékés Borsod : Csongrad

indicators . : .

Indicator 1 , ~0.786 20453 1.842 —0.104
Indicator 2 Co —0.617 —0.499 . 2.119 —-0.263
Indicator 3 o —0.588 -0.429 2.395 —0.374 -
Indicator 4 —-0.984 . +0.568 2.010 . ’ —0.097
Indicator 5 . —0.687 —0.674. 2.128 - +0.308

subregions . ' - '
L ~ Hajdu - Heves . Szabolcs Szolnok

indicators . ) : K o

Indicator | —0.498 1254 ~0.910  —0.343
Indicator 2 - —0.578 0.898 —-0.755 -0.302
Indicator 3 —-0.342 0.211 —0.590 - —0.280
Indicator 4 - +0.346 -0.207 - —1.095 —0.540¢
Indicator 5 . B —0.476 0.594 o —0.876. - —0.315

The majority of indicators (variables) considered are characterized by strong:

1nterdependence In the correlation matrix the value of the smallest correlation coeffi--

" cient is +0,711, which means that stronger than average posmve correlation exists.

among any two mdlcators examined by us. The correlatlon matrix of the mdlcators is.
as follows

Indicator 1 1.000 -

Indicator 2. 0.979 -1.000 _

Indicator 3 0.883 0.953 1.000 '

Indicator 4 0.711 0.745 0.832 1.000
Indicator 5 0.946. 0965 0938 0769 1000

On the basis of the correlation matrix the following values were found for the:
communalities: - )
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indicators communalities
Indicator 1 0.9966
Indicator 2 0.9985
Indicator 3 0.9951 o
Indicator 4 0.9158
Indicator 5 0.9489

The communality belonging to the different indicators can be interpreted as that
part of the variance of the variable concerned which can be explained by the common
factors together.

Replacing the units in the diagonal of the correlation matrlx with communalities
we obtain the so-called reduced correlatlon matrix: :
Indicator 1 0.996 -

Tndicator 2 ~ 0.979 - 0.998

Indicator 3 0.883 0953  -0.995

Indi ator4  0.711 - 0.745 0.832 0915

Indicator 5 0946 - 0.965  0.938 - 0.769 0.948 ,
Starting from the reduced correlation matrix we determmed‘ the factor pattern

‘using the method of factor apalysis: We found four common factors the matrix of
‘whose factor loadings are shown in Table 3.

Tables - S - , :
: factors ) L : B
. ’ - K, K, K, ’ K,
indicators - : ) : .

" Indicator1 . - 0.985 . 0230 - . - 0155 - . 0.009
‘Indicator 2 . 0.983 0.162 . —0.031 0.037
‘Indicator 3 : 0937 —0.084 —-0.198 - 0.007
‘Indicator 4 < .0.388 ) —0.455 0.102 0.005"

Indicators. . . 0.966 10.083 -0.010 —0.059

The factor loading at the crossing of the K, column and the first row shows for
.example the degree of the correlation among the first factor and indicator 1. The
value of the correlation coefficient in question is 0.958 which is indicative of a strong
‘positive correlation. In case the 31gn of the factor loading is negative, the correlation
.among the factor and the variable is negative.

. Table 4 shows the part of the variance of the five standardlzed Varlables cons1de-
red and explained by the different factors.
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Table 4.
. The variance explamed by the factor in percentage of the
Serial numbers of factors o . combined variance of all variablés
' ' The value of the factors Cumulated sums
1 89.6° 89.6
2 6.0 95.6
3 1.5 - 971
4 1.0 98.1

As the first factor explains 89.6% of the combined variance of all the variables the
first factor K; can rightly be regarded as a synthetic indicator of the state of develop-
ment of industry which comprises a- considerable part of the information represented
by the five indicators considered in the investigation. In the present study we did not
“deal with the analysrs of the remaining three factors. _
_ Table 5 shows in what measure the ﬁrst factor, K, contributes to the variance of

the varrables (mdlcators) '

Table5 . .
) Communality B : " Uniqueness
Indicator - f :
% .
Indicator 1 A 91.8 ‘8.2
Indicator 2 - ' ) . 96.8 3.2
Indicator 3 I 947 . - : 5.3
Indicator4 . = . 694 ' 30.5
Indicator5 S - 935 a o 65

Accordmg to. Table 5 - with the exceptlon of the fourth indicator, at least 91.8%

- of the variance of the other indicators is ‘explained already: by the ﬁrst factor, which
justifies again our dealing only with the first factor. ’
' After this we determined the value of the first factor for each area unit considered

' and on the basis of this classified our subreglons according to therr state of industrial
development. The results are summarrzed in Table 6. .

Table 6

Subregion - : " Value of K ° K, +1,826
Bics +—0.826 . -7 1.000
Szabolcs . - —0.783 i . 1.043.
Békés : : .. —0416 . - - 1410
Szolnok = = . : ’ —-0.336 s 1.490
Hajda ) o ’ =0.260. - 1.566
Csongrad o T —0.240 : 1.586
Heves : - +0.663 2.489 -
Boisod . ' - +2.200, ’ : 4.026 -
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It should be noted that we shifted the values the K; factor by 1.826 to bring the level
of the industrially least developed subregion of Bacs to +1.000 and to make thereby
comparison easier.

Finally, on the basis of the factors analysis we counted back the correlation coef-
ficients among the different variables and obtained the so-called reproduced reduced
correlation matrix:

Indicator 1 0.995

Indicator 2 0.975 0.996

Indicator 3 0.882 0.950 0.993

Indicator 4 0.709 0.742 0.829. 0.913

Indicator 5 0.943 - 0.962 0.935 0.766 0.945

On this basis the fidelity of the factor analysis can also be assessed, because the
difference between the reduced correlation matrix and the reproduced reduced corre-
lation matrix obtained on the basis of the model is practically the zero matrix:

Indicator 1 0.000
Indicator 2 0.003 0.001
Indicator 3 - 0.000 0.003 0.001 ' .
Indicator 4 -~ 0.002 - 0.002 0.002 0.002
Indicator 5 0.002 0.002 0.003 -~ 0.002 0.003

The above table shows that the factors explain well the correlatlon of the.dif-
‘ ferent variables (indicators) among themselves. At the same time this proves the cor-
rectness of the basis hypothesis of the factor analy51s model and.its apphcablhty in
our study of the state of development of industry. °

‘Finally we attempted to classify our subregions accordmg to categorles of levels
of development Establishing four grades we obtained the following results:

Bofsod-Abaﬁj,—Zemp]én county . developed
Heves county : . V o © medium developed
Csongrad county
Hajda-Bihar county
Szolnok county uoderdeveloo ed
Békés county

: Szabolcs-Szatm_ér county ‘ very poorly

Bécs-Kiskun county ) » developed




THE CHIEF CHARACTERISTIC OF THE TRANSPORT
CONDITIONS, OF THE SOUTHERN PART OF THE
GREAT HUNGARIAN PLAIN

Dr. Gy. KRAJKO—DR. R; MEszARos
The transpo‘rt relations of the southern part of the Great Plain

It is nearly impossible, but for the determmatwn of the chief characteristics it is
not even necessary to assess fully for all productavs the trade relations of the southern
part of the Great Plain on the basis of the data 'vailable (“‘analysis of the aver average
transportation distances of the supplying and consuming areas of the more important
. products demanding care in transportation”). NIM publication of the Institute of

Industrial Economy and Factory Management. The commodity composition of the -
.road and rail haulage, the direction of the flow of the most important goods, and the
transport structure of the region can be determined. :

It is. valid for all levels of regions that it is the role of the reglon in the- nat1onal
division of labor that determines the structure and main direction of the trade in
. goods; consequently the transportation relations must reflect the production profiles
of the regions. In the case of the southern part of the Great Plain the production profi-
le, as is- known, is composed mainly of the branches of the processing industry and
agriculture. Thus it is understandable that largest lost of impoted goods are mining
products : coal, stones, pebbles (40%); basic material industrial products: cement and
steel (10%); and industrial products for the agriculture: artificial fertilizers (7%) and
wood products (4%). Conversely, among the goods exported from the region orude
oil and its products (15%), cereals and other agricultural products, milling products,
sugar, etc. and characteristically bricks and tiles figure in considerable amounts.
It will be seen from this list that the amount of goods imposrted into the region exceeds -
the amount of goods sent out of it. '

‘The changes that have.taken place in the profile of the reglon in the last decade

are exactly reflected in the changes in the trade relations of the southern part of the

"Great Plain and in the composmon of trade. Grude oil and natural gas figure as im-

portant items not only in the export but the increase of production has reduced, and -

in the future will further reduce, the import of energy supplies. The development

of machine industry and agriculture has increased the use of steel and artificial ferti-

"~ lizers. It is unlikely that in the 1970° s changes of similar scale as in the preceding deca-

de will take place; the minor changes that are taking place even now do not affect
essentially the structure of trade in good.

The directions of the transporteon of the abovementioned items charateristic of
the southern part of the Great Plain are, similarly to their composition usually given
n consequence of the national division of labor and its main dlrectlons can be con-
sidered stable. :

The southern part of the Great Plain has developed the firmest trade ties ‘with Buda-
pest. The bulk of industrial goods comes from that town and the crude oil and gas as
well as the larger part of the food industrial and agricultural products flow there.
From Borsod county the. region receives mainly coal, stones, cement, steel, and arti-
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ficial fertilizers; from central Dunantil (Transdanubia) similar products arrive with
the exception of steel, only in smaller quantities, and the other way round mainly
food and smaller amounts of industrial ready made products flow back into both
regions. It is first of all the textile industry that has cooperative connections with Kis-
alfold (“Small Plain’). The trade relations of the southers part of the Great Plain-
with the two, neighboring regions, southern Dundntul (Transdanubia) and northern
Tiszantal (Transtheissia or Easttheissia or lowland region east of the Tisza) are
rather weak.

Thus owing to the trade relations between the regions, the southern part of the -
Great Plain is part of a nationwide, highly centralized, trade in goods, the centralized
character of which is reinforced by the circumstance that the bulk of the trade with
Kisalféld (the “‘Small Plain”), central Dunéntial and Borsod county goes through
Budapest because of the greatly centralized system of roads and railrozds.

The traffic connections of the southern part of the Great Plain correspond to the
flow of goods in trade, but it cannot be said that they are in agreement in every res-
pect.

As it appears from the foregomg, considerable amounts of mdustnal and agrl-‘
cultural products reach their place of destination, especially Dunéntil, only by detour.
The railroad connections of the southern part of the Great Plain with the regions of
Dunéntal are very weak (road connections being slightly better) because even the use)
of the only direct line, the Baja line, involves great loss of time owing to the detour. |
It is somewhat easier to send shipments to northern Tiszant(l on the Szolnok—Deb-
recen line, although it is not free from detours either, but the goods can be transpor-
ted on it faster than on the other lines. It is interesting that the eastern part of the regi-
on, Békés county, is not in a better position; its nearness means no great advantage
‘because it is not easier to reach from here the eastern counties of the country by rail.

It is characteristic of the transport geographic position of the southern part of
the Great Plain that for centuries there have been important international roads cros.
sing it. This role is played in our days by two railroads, a highway, and the Danube)
- Of course the same roads or ways play an important part in the internal trade of goods.
Consequently the achievement of the road network of the region depends also on the
international connections of the country, especially with Yugoslavia and Roumania.
In this respect there have been important changes in all branches of transportation in
the past decade. The greatest problem is the sudden increase in internal and transit
trade; e. g. the transit traffic of goods has risen tenfold in the last ten years. The E5
road will soon be unable, even in its modernized form, to satisfy the requirements
of traffic.: With the completion of the superhighway the transportation geographic
position of the region will be far better, for it will be crossed by one of the most im-
portant roads of Europe. A radical change can be expected also in the water traffic of
‘the region in the following ten years with the construction of the canals between the
Danube, Rhine and Maine, the Danube and Oder and the Danube and the Tisza, and
_ the building of barrages on the Tisza.

' Although there will be no sudder changes in railroad traffic, a considerable in-
crease in the transit trade of the region can be expected.

It is difficult to determine exactly the ratios of achievement of the branches of
_ transportacion for the territory of the southern part of the Great Plain because neither
the rail nor the road transport data are calculated for the region, and there are no data
whatsoever of the terrirorial distribution of water transport. The two most important
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- branches of transportanon road and railroad transport, can be compared because the
data can be calculated for the territory of the southern part of the Great Plain.

The achievement of the railroad in 1970 was 2268 million tons (km which is 11.4%

as compared to the national value. The figures for road transport are lower: 201 mil-

lion tons/km, that is 7,2%. From this it appears that the achievement of the railroad as

compared with the roads represents a higher ratio in the southern Part of the Great "

Plain than in other territories of the country. .

We'get essentlally the same results if we compare the amounts of goods exported .

- from the region. The amount of goods carried on the railroad lines of the region was
10 281 000 tons, i. €. 8.2% of the national value. Though the absolute value of road

"haulage is higher than this (11 237 000 tons), its ratio in the road tranport of goods of -

the whole country was lower than that of the railroad (7.4%). That is to say the
amount of goods transported by road was larger here (as als in the whole country)
than that transported by rail, but in a somewhat smaller measure than on the national
level.

" If we take the achievement of the two branches of transportation as 100%, the
ratio of rail transport in 1970 was 43.6% in the whole country, and 47.7% in the regi-
on Thie achievement expressed in tons/km was in the same order 87.4% and 918 respec-
tively.

While the southern part of the Great Plain has nearly 20% ofthe rarlroad net-
work of the country and 17% of its network of highways, the ratio of the region in the .
goods traffic of the country in 1970 was only 10.9%, in tons/km 8 %. This means that
the loading of both networks was much ]ess than (about half as much as) the national -
average.

Rail transport

The densrty of the rallroad network of the railroad network of the southern part.
of the Great Plain (10.3 km per 100 km) can be said to be satlsfactory and itisessenti-
- ally the-same as the national average (10.2 km per 100 km); in fact, its index referred
" to the population is even somewhat more favorable. (In the southern part of the
Great Plain there is a railroad stretch of 12:9 km for 1000 persons, while in the whole
of the country the stretch for the whole populationis 9.1 km). In spite of this — as has
been mentioned earlier its achievement is poorer than the national average and thus
the favorable density of the railroad network is not the reflection of an aconornrcally
developed area but the result of other factors. The ratio of less economic lines is
highest here. This appears among other things also from the fact that half of the
network consists of sidetracks and the ratio of narrow-gauge railroads is very high,
about 15% (i. e. more than 60% of the narrow-gauge railroads of the country). This is
the explanation of the fact that in the last 10 years the length of the railroads has dec-
reased more than in other areas of the country: the ratio of the little used, less econo-
mic lines is highest here and their. closure consequently affected more this part of the -
Great Plain. This process has. not stopped yet; therefore a further reduction in the
length of the railroad network can expected in-the future.
The bulk of railroad transportation of goods is concentrated on a few main lines,
first of all on the transit traffic lines between Budapest——Szolnok—Bekescsaba—Lo-
koshaza and Budapest—Kisk&riss—Halas—XKelebia, Also important are the lines

connecting the towns of Szeged—Kecskemét—Budapest and Békéscsaba—Szeged—
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—Kiskunfélegyhdza—Halas—Baja (Fig. 1). If we compare the transportation data of
1959 and those of 1970 it appears that the decade-long development brought no es-
sential changes in the territorial ratios of goods traffic; in fact the concentration in-
creased owing to the fact that while the total transport of goods rose twofold, the
increase on the lines mentioned here was much larger. At the same time traffic hardly
changed on many sidetracks, and in places it even decreased (Figs. 2 and 3).

The increase of the goods traffic of the southern part of the Great Plain was grea-
ter than the national average. The tons of goods per person per km in the country
between 1960 and 1970 rose from 1336 tons (km to 1922 tons/km, at the same time it
rose in the region from 452 tons/km to 1552 tons/km, which no doubt is connected
with the rapid development of industry, mining, and considerable investments.

The railroad is-the most important means for handling goods traffic between the
regions ; consequently the structure of goods traffic reflects the profile of the region not
only at the level of macro but also of microregions. Among the items of consignment
mining products-are dominant and thus the bulk of this kind of goods determines the
ratio of the incoming and outgoing commodities (Table 1). Sending out goods is do-
minant only in the mining areas (not counting transit traffic); elsewhere the amount
of goods delivered is larger. The amount of mining products (coal, stone, pebbles,
sand, crude oil) delivered is in direct proportion with the state of development of in-
dustry in each microregion or even settlement. Only the case of Oroshdza is different
because large amounts of sand are brought here for glass production. On the other
hand, there are very great differences; . g. pebbles and sand are sent from the regions
of Baja and Szeged and a verylarge part of the crude oil also comes from the region of
Szeged. These products constitute 30% of the transported goods. The situation is
similar in the case of the other products, too. In the transportation of bricks and tiles
the region of Békés, in the case of sugar the regions of Békés and Oroshdza, in the case
-of potatoes the region of Szeged stand out and conversely; in respect of the sending
of bread and fodder grains, as well as living and slaughtered animals the regions of
~ Kecskemét and Halas fall behind the others. Similar is the situation in the transport-
- of milling products. The order is changed again in the case of the transport of veget

tables and fruits because here the vegetable and fruit growing areas are prominen
" (Table 2). From the above enumeration it follows logically that while the ratio of the
goods sent out indicates the structure of production only in some places (e. g. in the
case of sugar beet or sand) but shows roughly its scale,. the structure of goods sent
“reflects the production profile fairly well. .

It is work while to compare the structure map of the railroad traffic of goods in
the individual microregions in relation to the population with the picture of the in-
dustrial structure made by a similar method. There is no need to prove the similarity
between the two pictures, but there are many differences, too. This is due to the fact
that on the one hand the list of articles of the railroad statistics is not detailed enough
and does not mention particularly a number of light industrial products, €. g
textiles, shoes, etc., on the other hand the largest part of just the goods mentioned is
transported on trucks. Thus the structure of the goods sent by rail can indicate the
profile of productlon of the region in question but it cannot be identified w1th it
because it comprises only part of the goods transported.

The scale of railroad traffic shows important differences in 1 the different’ micro-
regions. The order of the regions in respect of the scale of goods traffic agrees essenti-
ally with the order of industtial state of development (Table 3).



TABLE 1. e o
. Structure of rail goods traffic in the microregions (1000 tons)

OUTGOING 1 =~ 2 3 4 5 6 7 . 8 9 .10 11 12 13 14 15
Baja = 02 — — — 769,7 — 01 17,6 0,1 0,5 0,1 0,7 23,7 7.3 1,6
Kecskemét 1,7 — 1,0 - 1,3 05 11,2 145 01 — 2,5 01 -04 21,5 258 67
~ Kkhalas ' — — = = 1612 — — — 0,5 02 03 1,9 97 1,6
Szeged 06  — — 0,2  76571122,4 73 15,7 0,1 1,3 04 36 21,7 365 9,2
Szentes : — — = 01 — . 947 1,0 —. — 492 . — - — 39 41,5 7,5
Békéscsaba S 94— T — 033 1,2 — 61 0,7 — 2657 08 1,8 ° L1 . 599 18,6
Oroshéza 0,5 — — 0,1 — 1161 4,3 — 1,6 183 . —  0O1. — - 322 276

Togather 124 - — 1,0 2,0 1537,115056 33,3 341 1,8 3380 1,6 69 738 2129 72,8

16 17 18 19 20 21 2 23 24 25 26 27 . 28

Baja © U Us15 92 61,5 204 08 254 94 50 1146 124 14— 11331

Kecskemét 182 7,0 319 719 225 488 03 - 46 4939 246 61,1 — 8781
_ Kkhalas 157 32 212 385 — 17,1 1,5 7,5 2184 99 400 8634 14118
‘Szeged 89,1 1074 1454 1094 46,7 91,5 11,7 17,3 6153. 57,6 579 8721 42061
Szentes 771 .58 1858 114 15 -321 80 268 3651 183 203 — 950,
Békéscsaba 73,0 . 1,8 1470 429 - — 351 70 -262 27,0 22,7 29,5 7138 17358
Oroshiza 51,5 11,57 71,0 2,6 27,1 62 52 123 2583 89 222 — 6776

" Togather - 376,0 1459 663,8 303,1 98,6 2562 431 99,7 23366 154,4 2324 24493 109924

1=coal, briquette; 2=iron”ore, manganese ore; 3= bauxite; 4 =strone; 5=pebble; 6=oil, oil product; 7=iron and metal (steel) ware,
8 =artificial; 9= coke, coke briquette; 10=brick, tile; 11=1ime; 12=cement, 13 =cement-ware; 14=milling-product; 15=sugar; 16=corn,
maise; 17= potato; 18=sugar-beet; 19=wood, timber; 20=earth, sand; 21=fruit, greens; 22= hay, straw; 23=animals; 24=other goods;
25=:piece-goods ; 26 =raily coal, stone, other; 27=import, transit;'28 =rail goods togather
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TABLE 2. )
Structure of rag'l goods traffic in the microregions (1000 tons)
INCOMING 1 2 3 4 5 . 6 7 8 9. 10 - 11 12 13 14 15
Baja 1926 0,1 =~ — 8,5 20,7 350 12,7 1105 . 5,8 349 16,1 52,4 12,7 8,4 1,5
Kecskemét 214,7 —  — 1246 1494. 73,0 33,1 94,5 9,5 44,2 220 459 46,7 1,0 3,1
Kkhalas = . 1452 0,3 = — 70,3 . 81,7 282 222 81,3 2,2 39,9 17,9 44,0 18,3 15,8 6,6
Szeged ' 606,6 1,9 ° 1,1 3464 7349 169,8 103,3 316,6 10,7 78,3 60,2 2334 149,6 35,1 11,0
Szentes o 99,0 — — 38,8 198,01 304 ' 14,7 294 2,3 15,2 9,2 32,9 18,0 6,2 24
Békéscsaba - 3744 166 — 402,4 2200 802 482 1227 44 = 85 18,7 100,6 32,3 18,1 2,6
Oroshéza ’ 1926 — 04 2392 1534 569. 149 676 — 7,2 9,3 34,5 10,4 9,3 5,3
Togather 1780,4 18,9 1,5 1310,2 1558,2 473,5 249,1 822,6 34,9 2282 1534 543,7 2880 939 32,5
16 - 17 18 19 200 21 22 23 24 25 26 27 28

Baja 3,5 0,7 — 28,8 19,7 1,2 0,3 2,8 2436 16,9 16,8 — 926,1
Kecskemét 11,0 7,5 1,8 44,6 19,] 11,8 — 10,8 -165,2 22,6 63,9 — 12200
Kkhalas 18,6 1,1 — 440 44 54 0,2 1,3 176,4 99 1758 0,7. 1011,7
Szeged 45,9 4,1 4,3 2374 - 739 772 8,1 3,2  740,2 63,4 3179 3,4 44379
Szentes - 25,8 08 = — 31,3 27,1 12,5 — — . 100,6 5,7 186 - — 719,0

- Békéscsaba 69,3 8,3 162,8 1160 474 0,3 — 4,9 2329 20,3 186,0 1462,0 3 769,9
Oroshdza 19,1 1,2 120,0 38,4 . 167,7 1,0 — 0,2 1832 .64 252 — 1 318,7

Togather 1932 23,7 288,9 5404 3593 1094 8,6 232 18421 1552 804,2 1466,1 13 403,3

1=coal, brfquette; 2=iron ore, manganese ore; 3= bauxite; 4=stone; 5=pebble; 6=oil, oil product; 7=iron and metal (steel) ware:
8=artificial; 9 =coke, coke briquette; 10=brick, tile; 11=Ilime; 12=cement; 13=cement-ware; 14=milling-product; 15=sugar; 16=

. corn, maise; 17=potato; 18=sugar-beet; 19= wo_bd, timber; 20=earth, sand; 21 =fruit, greens; 22=hay, straw; 23=animals; 24=other
goods; 25= piece-goods; 26 =raily coal, stone, other; 27=import, transit; 28 =rail goods togather

9s

SOIPZSIN "A—oMfery “AD



-\

. . - .-
-4 ) / -
a ’ \ Adrdsnagybarsang
‘o, S o Kunszentmirtos % Lajosmizsd ,./-b
. \ fe) N, T—— .
-J : N, :4-/-/' ~ e
; - ~
;
A’ereleyy/:um
(% ]
He/my *
eqyhoca . :

—_

Dunoféldvdr
O

Jo/t £GP ONGS

--.-—---'”;'OKMO’G/'W'
Aseenas .

6 Dunaputay

Okotocsa

Békéssdmson ! LOkGs/TE0me
/&i\/ odme(om.ro A’("‘ © /'oll’olr?/a\r\ Memiamt.mora g
7/ \ -_.J' : \ .
/ \ N }C{ﬂezaﬁe
/ ' i
/ N It
Jregao \ / '{
,!\. Oulgdreg - Apdtfatve // ," .
cotonse ~ T oo
otasrek . K '~ B el .. <100
o— - -~ Dl g e - . .
R Ha/w/e/k/ skoto ~ ld . e~ p0-s00
. Bicsbimg . - 500 - 1000
b FN _,.0-“": fited ,/ - Jroboaka . .
\ . 1000~
?, b&arn\ ’
7 i e , _
L, = - - , ,
i coqotdntod Figure 1. Rail goods traffic jn the southern part of the Great Plain (1959)

v

suone[al Jodsuel) ayJ,

'Lg



AR
e -
r =
- . . .
AN 2k . ; ) ke - !
; . BTt ey 3 4 . Tuckeve H
.,.J ) ‘ .\ n Nydrsapal ) D, “/
"\A’z}n’ﬂ;nlm&m& ' ks ~ Za'/'o}m/);'e : ) . . . e Dévavdryo 5 ADrdsnogy. %r ong
* \. o~ \, . L P - lwﬁ&/wn‘ j
v \ \ Merdiir ¢ VA Cemn, et ‘
) - - | R 2 RN ‘_.,.;.J‘ f'/
i s Gyoma AN
. : : —~ \ o > ¢ Qidszts .
Hetén, 37 ? N .
lerenyegy: ~_4N A’egiimir / su J \ N .
s N . ./
\
O \ \ \ .)
— .ra// Fulcpsediics . .,
0 .. OBEkés ¢
Dunafo e \ \oses ORORGOrOE 0 N " Lotepyn
-
4 —— ‘-‘V'
N Sekéscroba J.
6 Ounopate . - (_a-".
R wiredrds ,
y : - Ketegyhczo X -Od
Voo . -\ Elek
Ckatocso ( \ - 4 \.
. . \
4 i
. Sendssamean N7 P e Lakd hs aJ.
CPFiskuntialos Gamezévisortety’ O o \Verkomics . drhor
: \. r '\\ ’ .
. " e
Fu{t’ﬂ'/?brgu Bk ,\ ’ /
. 3 Lééd&ﬁéf""qallaﬂyd -t
( // ‘ . 4.,..'.
~. . .
,: ‘ A’e/e\&o -7 Mago / f *
soraszee ¥\ oo ! - ~S L \,//. - 100
o > o~
Cokeri® LONA s 4 ‘v e 100- 500
o
S
N : . Gocsaimds £ L 500- 1000
h : . o
‘_ . K .\'_/ fmbad/—q /gago/:——— 1000 -
(r P o6'am\ .
‘/ : \ \--.-Q B
. .
J
L oo.r
T Hercegsrintd

y.-

Figure 2. Rail goods lrafﬁé in the southern part of the Great Plain (1970)

8¢

W “g—odfery LD

SO19ZS



TN CNa O Mydrsapd!

y -~ ! .) I : \ Kuromagyar.ran;
P~. £ /- ."-j Mezolur B >~ { '
hd O Kunszentmik ids / Qlarosmirse : \ oy - ')
Y] N e
HKerokegyhdis, , , | A o '
. Hetengegquhtrr~es/l Kecskemel /_a,__. '../
v Kunszentmariton :
. L N4
Dunafsldvgr - . LN P - _\-._.\ < o Kondlorss . gg?wwan
a », Q Futspsritids VAN W -/ : g -0 Murony =%
o/t . . . ./ ! ! Hissrénos . - (_ ~
; i A’:J-.mn/e’/e yhace : - N
L \ . o ’7\ : . < s rfpbidnsebestye 3 \\ R Békésesada -
/ \\': .}‘Ien/e; '_| -4 -/b/ /.\
y / \'. o/;ir/paa’ | : V4 S
0 7) e . alom_ | v A
nopol Skiskdras . / - N Kot ‘ 2
\. Krasrieo v hreregynare
e . o , {
. . o . .
) s A oy Ve \. )
Okotocso (I Aiskanmajsp '; L7 . // WiokoshGea
Békéssamsan, , :_, . s’ Kol
Rpoameravisarsely : , 4 !
S reskunholos . . i P ¢
. R .~ /
- : . R Hua/re yu o .
C_Pugglomérges : . o 2, daﬂon_ya
T S5 NA
. T . b W
7 : T T Y greger . '\ .
' \ - 2PN o/ e ts~km/ %
\ Ty A T N
: S L - g zoreg L ;‘ 3, v _ _ -
Botassék ké;/:{’( & - ,.—'-."’;’f:’: P Ry —————— 0-50 %
o T s R W . feaee’ ‘ot -300 -
o= \ [J‘/'A’e'r/'al Ha/e'le/eh iskolo \.n/ . 50 -/00
E. . serre 100-200+
4 H Bdcsolmos * “Jrobaoka .
g - /.I meee———— 200~300
H . . ~, i . . . .
: 3 Veeres .  MSSEmESSES. 300- -
H 2R Y P [T .. 3200
E [ Sy Q . ' A B
Y S weriagonints F:gure 3. Changes in the rail goods trafficin the southem part of the Great Plain (1959—1970)
smae
C." © A=decrease - B=increase

suone[al yodsuen; oYL

6S



60 Gy. Krajko—R. Mésziros

TABLE 3.
Rail traffc in goods in individual microregions

sending
Region ;:)nflg(())ggs transit Region delg';i'gs()f Region . Total .
tons . :
1. Szeged 3334 4206 1. Szeged 4559 1. Szeged 7893
2. Baja 1133 2. Békés 2211 2. Békés 3234
3. Békéscsaba 1023 1736 3. Orosh. 1396 3. Kecskemét 2093
4. Szentes 950 4. Kecskemét 1251 4. Oroshaza 2074
5. Kecskemét 878 5. Kkhalas 979 5. Baja . 2012
6. Oroshaza 679 6. Baja 879 6. Szentes 1657
7. Kiskunhalas 548 7. Szentes 707 7. Kkhalas 1527

Szeged holds a prominent place in every respect. In goods traffic (without transit)
the region of Békés is second, coming before the region of Kecskemét which can be
explained mainly by the higher ratio of bulk goods (coal, stones, pebbles, sugar beet,
grains, etc.) Between the reception and sending of goods in the different regions there
are great differences of order and amount. The region along the Danube is secons in
regard of the-amount of goods sent out, while it is sixth as regards the reception of
goods. The very great difference is due to the rail transport of sand from the Danube .
and pebbles. A similar difference can be seen in the region of Oroshdza, only the other -

.- way round; here the sand arriving from outside adds to the amount of goods received.

On the other hand, if we count also the transit traffic, it comes to the third place.

‘Railroad transport

Transport by road as we have mentioned earlier is slighly more efficient than trans-
- port by rail but it does not follow from this that it is the more important branch of
transport and even the posing of the question in this way is not correct because both
branches of transport-have their 6wn spheres of function that must not be left out of
" consideration in the case of a comparison between them. As is well known it is the
task of road transport to handle short distance traffic and the more valuable long dis-
tance traffic especially as a means of the internal traffic of goods in the mesoregion.

The density of the road network of the southern part of the Great Plain (100 km
'29.1 km) is somewhat lower than the national average (100 km? 31.8). Not even the
relatively better developed road network of Csongrdd county reaches the national
level. Nearly 17% of the public roads of the country are in the tegion. The length of
the roads has only slightly increased in the last ten years but the road network has
undergone a very important qualitative change which is reflected also by the decrease
of waterbound macadam roads (45%) and the increase of dust-free roads (19%)
(Table 4). Besides this.the lenght of not well built roads has considerably decreased.
In spite of the development the ratio and breadth of up-to-date roads does not reach
the national average; at the same time the ratio of poorly built roads, by-roads, and
approach roads is far higher. The quality of the road network of the region meets less
and less the requirements of the rapidly developing industry and the fast growing
loading due to home and international traffic.



TABLE 4.

- . Pavement of the roads

(km)

. C . percent percent

County Pavement of the roads 1965 % of 1970 % of
: ) : change change

Bécs-Kiskun A dustless 1941 2031 +4,6

A macadam road .61 — —100,0

A unbuilding road 187 . » 186 .—0,5

Togather 2189 43,8 2217 43,9 +1,3

Békés © Adustless 582 767 - 4318

: A macadam road . 836 . 659 -21,2
A unbuilding road 88 - . 88 —

Togather. i " 1506 30,1 1514 30,0 +0,5

Csongréd A dustless 842 1206 +43,2

A macadam road - 400 52 —87,0

A urbuilding road 66 ) 62 ) -=6,1

Togather 1308 . 26,1 1320 26,1 +26,9

Regions - A dustless 3356 4004 +19,0

togather A macadam road 1297 711 —45,2

A unbuilding road 431 336 -1,5

Togather - 5003 . - 100,0 5051 100,0 +0,9
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The average traffic load of the road network of the southern part of the Great
Plain is below the national value; e. g. while there is 5030 tons of loading for 1 km

of stretch in the country, the same index in the region is not half this value: 2240 tons

for 1 km. The traffic values compared with the population show roughly the same ra-
tio. Thus in the whole country 14.7 tons fall to | person (277 tons/km) while in the re-
gion 7.7 tons/137 tons/km).

In the past 5 years road traffic in the region grew nearly 30% (in tons of goods per
km 7.2%), 1. e. more than the national value. The rate of growth was highest in Csong-
rad county. In Bacs county the change can be considered only very moderate. Thus

the national imbalance has decreased as a result of the development of the last years, -

but the territorial differences have increased in the region (Table 5). )

At present 9% of the bus stations, 13% of the truck stock, and 20% of the traction
engines are to be found in the region. Considering further the kinds of vehicles we
find that the number of automobiles in 1970 was 31 327 (i. e. 13% of the automobiles
of the country) and the number of motorcycles of 125 cm? capacity is 59 000. The
number of automobiles per 10 000 inhabitants is here 214, that is slightly less than
the national average. (In fact the number of automobiles in Csongrad and Bacs-Kis-

kun counties is higher than the national average, being lower only in Békés county). -

The ratio of the number of motorcycles to the population is much higher than the
national average. The rate of growth of the automobile park in the last 5 years has
been faster in the region than in the other regions of the country, and in consequence
of it now surpasses the average of the regions. This fact reflects.in part dynamic eco-
nomic development of the region. The economic growth will continue in the future
and therefore it can be expected that the stock of road vehicles will frow similarly.

In addition we must reckon the sudden increase in international traffic mentioned -

_earlier, and then it is easy to see that the road network must be modernized and the
service establishement must be developed if we are to keep up with this growth.
Earlier we have referred to the fact that the structure of the goods sent by rail
reflects in part the production profile of the microregion. The same cannot be said of
the structure of the road traffic in goods in spite of the fact that it is just as closely
connected with the economic life because the structure of road taffic in goods depends
on the production profile only in a small degree. The transportation of mining pro-
ducts (stones, pebbles, sand, earth, etc.) is of such dimensions that the amount of
transported industrial materials agricultural products and especially- the amount of
. industrial finished products is quite small in.comparison (Table 6).
It is difficult to judge the road traffic relations between the microregions for want
of more recent data concerning traffic. In the nearly 10 years since the last collection of

data (in 1963) the regions themselves and of course alse their relations have changed

considerably. The figures shown here permit the drawing of well-founded conclusions
only through comparison with the present situation. This unfortunately can be done
only later (Figs. 4, 5,6).

The road traffic of goods and passengers is very closély connected with the inter-

nal economic and social processes of the microregions. We ‘will deal with this later
in detail. ' ‘ . ' ' :

" The network of energy transmission lines influences the relations of the micro-
regions to a lesser degree; therefore we do not want to deal with this in detail and men-
tion only that the length of the high tension (120—220 Kw) electric long-distance

T
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TABLE 5.

The most important fact of the heavy tra ffic

. Percent Percent
County Naming 1965 % - of 1970 % of
change. change
Bacs-Kiskun : 'Weighf of the :
- transporting goods 1000 t. 3264 37,6 3479 31,0 + 6,6
goodstons/km 45 685 38,9 60 099 29,8 +31,6
Békés Weight of the :
transporting goods 1000 t. 2243 26,0 2912 25,9 +29,2
goodstons/km 27 821 23,7 551737 27,6 +100,4
Csongrad Weight of the : .
transporting goods 1000 t. 3156 36,4 4 846 43,1 " +43,5
goodstons/km 43-848 37,4 85 763 42,6 +95,6
Regions Weight of the , .
togather tr_ansport'ing goods 1000 t. 8 673 - 100,0 11 237 _100,0 +29,6
goodstons/km 117 344 201 599- . 100,0 T 4+71,8

100,0
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"TABLE 6.

Transport of goods of the carriing (VOLAN) in the southern part of the Great Plain
(sort of goods)

- 1970 Division
Naming tons %
1. Coal, briquette, coke 620 331 5,5
2. Iron ore, manganese ore, bauxite 53536 —
. 3. Stone ) 1077 778 9,6 -
4. Pebble 1771272 . 15,8
5. Sand, earth, clinkers 2 526 142 22,6
6. Lime, cemuet ) 919 065 8,2
7. Brick, tile ‘ 331916 3,1
8. Wood, timber ) ) 193 084 1,7
9. Milling-product 119 572 1,1
10. Sugar-beet, sugar, potato ) ) 177 299 1,6
11. Fruit, greens ’ ’ 307 305 2,7
12. Other food-products 995 817 8,9
13, Other goods : ' 1411137 12,6
14. Iron and metal (steel) ware - ) : 364 748 3,3
15. Chemical product S : 361 282 3,3
Togather ‘ 11 177 284 100.0 .

transmission line for the southern part of the Great Plain is 5.1 km, 1 e. 11% of teh
national network.

The'length of the natural gas pipelines is 491 krn The region yields 42% of the
" natural gas gained in the counfry. Thus it is understandable that it has a large share
\(24%) of the plpelme network. :

Determination of the transport geographic situation of the settlements

The transport geographic situation of a given point is a relative concept. The judg-
tment of it depends on what it is related to. Several settlements on main roads and
railroad lines have excellent transport facilities and yet their situation far away from
the center of their region is less favorable than that of some settlements near to the
-center which are connected with the center only by an approach road. It follows from
the internal life thythm of the microregion that the economic, social, and cultiral
life, production and consumption (in the agriculture in large part also selling) are
connected with the centers. Thus the accessability of the centers is indicative of a
certain kind of transport geographic situation that is in several respects 1mportant in
the research of microregions.

For the research of economic microregions and the delineation of their bounda-
ries it is expedlent to consider particularly the following elements of land transport:

a) the size of road vehicle traffic,

b) the frequency of buses, :

¢) the ratio of the public traveling with railway and bus season tlckets to the .

population,
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d) the time needed for reachmg the center by the most suitable of the regularly

running vehicles.

The other aspects of transport, such as the structure of the goods transport, its
territorial dlstrlbutlon and the direction of transport yield complementary data con-
cerning the economic structure and external relations of the regions. The analysis
of these factors, as we have seen earlier, is necessary for the judgment of another set
of problems.

a) The road traffic map prepared on the basis of the vehicles passing through
shows well the centers, that is the traffic nodes, the rate of the gradually increasing
traffic streaming toward them, and the road stretches with little traffic usually on the
border of the microregion. Unfortunately the data -of the last KPM survey have not
yet been summarized and so we can only count with the road traffic data of 1963.
The difference between the two dates is no doubt considerable but the main ratios
we need have not changed basically. In order to facilitate further analysis of the roads
crossing the settlements it is convenient to class them into categories.

Traffic is

— slight, if the transit traffic is below 500 tons per day,
— medium, if is between 500—1000 tons per day,

— heavy, if it is 1000—2000 tons per day,

— very heavy, if it is above 2000 tons per day.

According to the traffic of the roads the settlements can be classified into cate-
gories, and if these are mapped the -territorial differences express certain transport
geographic situations. This is natural since depending on the size of the center the sett- -
"lements with short-distance or heavier transit or local traffic are distinct from the
others. However, the figure is only partly suitable for drawing far-reaching conclu-
sions for in itself it does not reflect the situation of the settlements, but shows the
traffic nodes of different size, the lines with heavier traffic and the areas with little
~ traffic, and thereby indicates the boundaries of the microregions. Road traffic is ab-

. solutely necessary for analyzing the internal economic dynamism of the microregions

since it expresses the relations of the centers and the areas under their influence.
Yet we will disregard thls here .and deal with the terrltorlal ration and differences
(Fig 7). |
b) For the analysis of the frequency of bus runs the freshest statrstlcal data are
available and thus they reflect the present situation. The inclusion of the frequency
of bus runs is justified by the fact that the mapping of it reflects both the ratio and the
direction of road travel. Accordingly the number of bus lines shows the transport
geographic situation of each settlement, the place where it belongs and its traffic
attraction. Similarly to the scale of traffic the map gives a zonal picture corresponding
to the situation of the settlements and at the same time shows the boundaries of the
attraction zones of the traffic nodes. The use of the cartogram so constructed is mani-
fold: its zonal character is suitable for categorizing the settlements under conside-
ration of the other factors of transportation, while the directions of traffic are neces-
sary for delineation of the microregions (Fig. 8.). '

It is convenient to classify the settlements on the basis of the frequency of bus
runs as follows:

— their frequency 1s low, if the number of daily runs is less than 6,

" — medium, if the number of daily runs is 6—15,
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— high, if the number of daily runs is 15—30,
— very high, if the number of daily runs is over 30.

The values of the categories were chosen seemingly arbitrarily; this is not really
so because the value limits were determined by the sharp differences in the frequ ency
of bus runs.

¢) The ratio of those traveling with railway and bus season tickets to the popu-
lation is also very illuminating from the point of view of the microregions. The inclu-
sion of this factor in the analysis is justified by the fact that so far we have not taken
rail traffic into consideration. The transportation of goods is less interesting in this.
respect. On the other hand the majority of regular travelers do not leave the micro-
regions and thus this fact must be reckoned with. The heaviness of road traffic doest
not fully reflect the frequency of bus runs, but the frequency of bus runs does reflect
the ratio of the traveling population because the vehicles passing through the settle-
ments are used in different measures by the suburban and rural populations. Conse-
quently there is a difference also between settlements with the same amount of
goods traffic or same number of bus runs. The number of those traveling by bus is
essential because it corrects the afore-mentioned difference and reflects the relation
between the center and the settlements; at the same time it is possible to show by it
the influence of road and rail traffic combined. Of course the statistical material of

- the regular travelers does not reflect the full number of commuters beacuse many
people of the settlements near to centers travel also by other vehicles and this is not.
included in our data. Yet the limits of error are not wide because in the winter season
the majority of even those otherwise using their own vehicles buy season tickets. The
difference does not alter the essence anyway, because those traveling with their own
vehicles are counted in the survey of road traffic (Fig. 9.).

. The numbers of those regularly traveling by rail and bus compared with the num-
ber of populatlon can be classified simas above. shus the number of regular rail and .
bus travelers is - : :

— low, if the ratio of regular travelers is below 0—5%;

— medium, if the ratio of regular travelers is 5.1—10%; -

~— high, if the ratio of regular travelers is above 10%. :

According to the figure the number of regular travelers is high in the settlements
near to centers and having rail and road connections. The other extreme is represented
by settlements with unfavorable transport conditions farther away from traffic nodes. -
Besides assessing the transport geographic situation of the seitlements these data,
similarly to the other data concerning transport, can be used also independently
for the examination of other phenomena such as the reorganization or mobility, etc.
of the population.

d) In the assessment of the transport situation the time or distance of traveling is
an indispensable factor. In transport, distance is a seemingly constant, in reality ho-

" wever, a very relative factor, the judgment of which depends on the vehicle used;
therefore it is better to reckon with time. The different branches of transport are much
better united on this basis because in the determination of the time zones that vehicle
can be considered with which the destination can be soonest reached. This is roughly
identical with the isochronic maps; the difference is that we consider the settlements
as points independently from their extent in order to make therr categorlzatron easier
(Fig. 10).
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Under consideration of the time of approach counted from the centers the sett-
lements can be clas51ﬁed according to the categones mentioned earlier. Approacha-
bility is

- — excellent, if the center can be reached within 30 mmutes

— good, if the center can be reached in 3160 minutes,

— medium, if the center can be reached in 6190 minutes, and

— poor, if the time of reaching the center is more than 90 minutes."
~ In the classification we considered the economic and administrational centers as
destinations which at the same time are centers of attraction also from the point of
view of traffic. Disturbing factors may be some centers with lesser attraction wich
offer a little advantage to the settlements of the area and at the same time figure with
the same weight as.the more important centers in the determination of the time zones.
It is well known that the influence of a center within unitary time zones depends on its -
. size and (the number of )its functions. The influence of Szeged 20 km from the town is
.incomparably stronger than that of Kisk6ros for example. The time zone of settle-

ments near to smaller centers is indeed irrationally favorable, but as we will see, this
is marred by the ratio of other indicators.
In the following the problem is how the factors mentloned can be combined. so - -
that they should indicate with the least possible distortion the transport geographlc'
. sitnation of the settlements.

In the course of the description of the factors we have seen that, although not
always in the same degree, their territorial variations point in the same direction, for -
* they reflect essentially the.same process. On this basis they can be combined mecha— _
nically. It is only the time of approach that shows an opposite tendency; thus we can
count thisin as divisor. The combmmg formu]a 15 . '

a+b+c.

K= —, where

K=transport situation

a =category value of bus runs,

b =category value of goods traffic,

‘¢ =category value of ratio. of travelers to the populatlon
x =category value of the time of approach

* If we increase the number of categories for the factors we receive finer and
more precise data. For the present purpose the number of categories is sufficient
because even a more detailed analysis does not give an essentlally more prec1se p1c—
ture (Fig. 11).

The survey table reflects excellently the zone of settlements with favorable trans-
port facilities around the centers together with the other extreme, the zone of villages
~ with unfavorable, peripheral situation the development of which just for this reason

differs in many respects from that of the former group. Very low are the values of the
villages around Szeghalom, the settlements around Mez8kovécshdza, and Kiskun-
halas (not counting a few neighboring villages and the area of the recently- abolished
district of Dunavecse. The last mentioned is equally far from Kecskemét and Kalocsa;
this is why its indicators are poor. The difference between the centers is also striking,
which is understandable because the stronger the economic and socidl influence of a
center, the more settlements it attracts. (See the difference between Baja and Kiskun~
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halas). The figure clearly shows that the centers exert their influence .on the settle-
"ments of the microregions also through the transport geographic situation.

The ﬁgures of transport geography partly bring us nearer to the determination
of the microregions, partly — and this is even more important — they are indispen-
sable for analyzing and _]udgmg the ecomic and social movement of the regions. We
shall see later that there is for example a very close conhnection between the transport -
situation and migration. Its 1nﬂuence on the reorganization of the population s alse
demonstrable ' .
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