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Fig. 1. The eliff face. The lower part is composed of gray sandstones, exfoliating
along fissures. Above are quartzitic sandstones. Locality: Palifyodden, Sorkappland,

Vi -l-[lll-"n rgen.

Fig. 2. The surface of a layver of gray sandstone, The shells accompanying fissures
g I !

and roundish shape of weathering blocks are clearly visible
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12 MIECZYSLAW KLIMASZEWSKI

RESULTS OF INVESTIGATIONS IN THE SCOPE OF THE GLACIAL GEOMORPHOLOGY
oF THE TATRA MrTs.

Compared with the Alps, the Tatra Mts. are a small mountain massif;
still, here appear all forms known from the Alps. Their dimensions are much
smaller, but their shapes are very typical. In virtue of this fact, various pro-
blems of glacial morphology can be better investigated and easier explained
with the Tatra model as example.

My own investigations comprised field studies and mapping on a 1 : 10.000
scale of all forms appearing in the Tatra Massif and showing a defined origin
and a determined age [6]. This research made it possible to recognize not
only the distribution of forms of different origin and various age but also
to define their mutual relation: of Pleistocene-glacial to Pliocene-preglacial
forms and the relation of Holocene to Pleistocene forms. This data enable us
to establish the magnitude of the transforming activity of glaciers as well as
of the transforming activity of late-glacial and Holocene agencies [7, 8, 9].

Our investigations so far made imply that the extent of glacial erosion
depends on the magnitude of glaciation, and that the magnitude of glaciation
in turn depends mainly on the preglacial relief of the glaciated area.

a) The preglacial relief. In the preglacial Tatra relief there came to
light late-mature forms produced during the Lower Pliocene and younger
forms of the Upper Pliocene period. The Lower Pliocene relief shows dome-sha-
ped peaks and rounded ridges in the Western Tatra, upper sections of Tatra
valleys hanging at altitudes from 1400 to 1800 m a.s.l. and numerous erosion
surfaces of pediment type, penetrating by valleys into the interior of the
Tatra Massif. In the Upper Pliocene there took place a carving apart and
a rejuvenation of the relief of the Tatra Massif and its foreland, brought by
oblique tectonic movements and climatic changes (Fig. 1). This dissection

L]
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Fig. 1. Morphological section across the Tatra Mountains and Podhale
A — Lower Pliocene planation surface, M — Upper Miocene sediments in Domatiski Wierch, P — Middle and Upper
Pliocene sediments at Mizerna, B —floors of Lower Pliocene river valleys, rejuvenated in the Upper Pliocene and
deepened in the Pleistocene, a — completely rejuvenated in the Upper Pliocene, b — incompletely rejuvenated in the
Upper Pliocene, ¢ — only partly rejuvenated in the Upper Pliocene.

proceeding in an inverse direction, with diverse ranges depending on the
resistance of the substratum, led to a complete or a partial rejuvenation of
the valley forms. Due to this aetion, the long profiles of many Tatra valleys
revealed a stepped pattern towards the end of the Pliocene. Sections of var-
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Fig. 2. Longitudinal profile of strongly transformed Dolina 5 Stawdw Polskich (Valley of 5 Polish Lakes), Roztoki (Eastern Tatra Mountains)
A — erosive fluvial steps glacially transformed, B — rock basins sculptured by sliding jce masses, C — confluence basins, D — glacler surface during Wirm period, E — snow
line during Wirm period, I, Il — glacially transformed section of valley not rejuvenated in Upper Pliocene, IT, 111 — glaclally transformed section of valley rejuvenated in

Upper Pliocene, I11, IV — glacially transformed main valley, rejuvenated in Upper Pliocene and Lower Plelstocene

AT

R

s § 3588

3 i ' ’
Fig. 3. Longitudinal profile of feebly transformed Koécicliska Valloy
(Western Tatra Mountains)

A — erosive fluvial steps glacially transformed, D — glacier surface during Worm period,
E —snow line during Warm period, 1, 11 — glacially transformed section of valley not
rejuvenated in Upper Pllocene, 11, 111 — glacially transformed section of valley rejuvenated
in Upper Pliocene, IIL, IV — section of fluvial valley, rejuvenated in Upper Pliocene and
Lower Pleistocene
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PREGLACIAL RELIEF AND GLACIAL EROSION 15

depended on the capacity of the basin and the volume of firn masses stored
up in this basin. Large valley basins in which great masses of firn snow and
glacier ice had accumulated, were strongly transformed and altered into typical
glacial kettles and cirques (Eastern Tatra). On the other hand, small valley
basins filled with firn of minor thickness were transformed less intensively

CAva™ O

Fig. 4. Longitudinal profiles of glaciated (G) and non—glaciated (N) valleys in the Bystre drainage
basin (Western Tatra Mountains)

A — erosive fluvial steps glacially transformed, E — snow line during Wiirm period, I, II, III, IV — identical as in
profile Fig. 3

Fig. 5. Longitudinal profile across stepped cirques in the valley heads of Rybi Potok

Kn — cirques not overdeepened, Kt — cirques overdeepened, A — erosive fluvial steps glacially

transformed, B — rock basins dug out by slides of ice masses, C — confluence basins, D — snow line
during Wirm period

(Western Tatra). This seems to indicate that the degree of transformation
of firn basins mainly depends on the volume of the firn and ice masses accu-
mulated.

Firn basins, formed by transformation of long sections of non-rejuvenated
Lower Pliocene valleys (Eastern Tatra) are bordered by steep and, mostly,
rocky walls; their floors are uneven, with protuberances and, frequently,
deeply incised. In such deep depressions and channels, created by the scou-
ring activity of glaciers, numerous lakes exist to this day. In the valley heads
there occur stepped glacier cirques, lying one above the other (Fig. 5). Firn
basins, developed by transformation of short sections of non-rejuvenated
Lower Pliocene valleys, are surrounded by steep ridges, rarely rocky; here
the valley floors are flat or inclined, but never overdeepened (Western Tatra).



16 MIECZYSLAW KLIMASZEWSKI

An analysis of firn basins in the Tatra Mountains leads to the differentia-
tion of

1) simple cirques, developed from the transformation of but one preglacial

valley,

2) compound cirques, formed due to the transformation of several source

valleys.

The course and the extent of the transformation of compound cirques
depended on the pattern of the preglacial valley system and on the resistance
of the substratum. Where this pattern consisted of a parallel-concentric system
of smaller valleys, there took place a gradual demolition of the separating
ridges, and in that way an uneven floor of the cirque developed. However,

Fig. 6. Distribution of rock basins dug out by slides
of glacier ice (S) and of confluence basins (C) in
Dolina 5 Stawow Polskich (Valley of 5 Polish La-
kes) with regard to direction of flow of firn and ice

masses (G)
1 —ridges, 2 — steps, 3 — depth contour lines at 10 m inter-
vals

where the pattern was dendriform, the masses that were flushed down from
tributary valleys caused the formation of confluence hollows in the floor of
the main valley; such confluence hollows show steeper slopes on the distal
side (Fig. 6).

The firn basins observed in the Tatra Mts. are of the one-step (Fig. 4) or
the multi-step type (Fig. 5). One step firn cirques (Western Tatra) usually show
feeble symptoms of glacial transformation, whereas striking in the longitu-
dinal profile of multi-step cirques is the feeble transformation of merely the
highest cirque (lack of overdeepening) and, in contrast, a marked overdee-
pening of the lower cirques. Here are found glacial hollows with steeper proxi-
mal slopes. These hollows are caused by deepening erosion by firn and ice
masses sliding or crashing down from the cirques above. In conformity with
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20 MIECZYSEAW KLIMASZEWSKI

preglacial relief must have exerted on glacial erosion and on the rate of trans-
formation, determined by De Martonne [13, 14] at the rise of the present
century, has since been confirmed by many scientists (Distel, Lehmann,
Lautensach, Burchard, Fels, Klebelsberg, Nussbaum, Ahlmann, Nangeroni,
Solch, etc.) and is commonly admitted today. According to the opinion of
these authors, the preglacial relief governed the occurrence and the shapes
of the glacial troughs, of their shoulders, of some of the glacial cirques and
of numerous valley steps. On the other hand, taking the Tatra as example
it may be asserted that the preglacial relief bore not only upon the develop-
ment of these forms, but that it also accounts for both type and magnitude
of the glaciations [8], thus for the sizes and thicknesses of the firn fields as
well as the lengths and thicknesses of the valley glaciers and, ultimately, for
the rate and character of the movement of the masses of firn and ice. And
on these latter factors depends the type and the intensity of glacier erosion.
On the basis of the relation of the glacial to the preglacial forms it can be
assumed that the glacial forms were not developed anew during every successi-
ve glaciation (De Martonne, Fig. 7), but that during these periods there only

Fig. 7. Evolution of longitudinal profile of glaciated
valley, after E. de Martonne

1,2,3, — successive longitudinal profiles of river valley (dash-dot-

ted), I, II, IIT — successive longitudinal profiles of glacier valley

(full line), tied up with profiles of river valleys, A, B, — terminal

depressions, C — rock bar, D — overdeepened trough, occupied by

lake, E, F, G —rock bars holding up overdeepened lake basins

occurred a superposal of younger glacial forms on top of older glacial forms,
little transformed during interglacial, and more intensively altered during
ana-and cataglacial periods. This repeated modification of glacial forms led
to the evolution of the present-day forms. They are larger, deeper and more
typical than were the forms shaped during one glaciation.

The study of the origin and the distribution of glacial cirques clearly in-
dicates that no interrelation exists between the occurrence of these cirques
and the snow line. Above the snow line they developed simultaneously at
various altitudes, wherever suitable orographical conditions created conditions
for the formation of glacial cirques.

Institute of Geography, Polish Academy of Sciences, Krakéw
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Fig. 1. Extension of the ico-shect of the Middle Polish (Riss) glaciation in southern Poland

= Hmit of the Cracovian (Mindel) glaciation at the foot of the Carpathians, 3 Hmit of the Middle Polish (Riss) glaciation: a

shed, b presumed, 4 zone of piled up fce front, & State fronther,
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26 KAZIMIERZ ELIMEK

position. Though Riss glacial deposits contain much locally derived debris
(up to 809,) [22], both the distribution of these sediments in relation to the
occurrence of parent rock, and the rounding of boulders point to a very short
transport not exceeding a few kilometres. The locally derived boulders are
rather small (10-50 cm in diameter). Only a few of them are larger than the
erratics of Scandinavian origin. The material was removed from the top
layer of the mantle of rock-waste which covered the upland summits in pre-gla-
cial times, and not eroded from the solid rock-floor. Furthermore, deeply
weathered rocks are found under a cover of boulder clay at numerous points.
This suggests that the ice did not erode the rocks over which it passed.

In the extensive depressions which separate the upland ridges the ice-sheet
covered the less resistant Quaternary deposits (mainly varved sands, silt and
clay). Despite their small resistance to glacial pressure [1] these sediments
are lying almost flat. Pronounced pressure effects are rare. Similar undisturbed
varved deposits with a sheet of boulder clay above them have been found by
W. Pozaryski in the Vistula gap [19], by J. Czarnocki in the surroundings of
the Swietokrzyskie Mts. [2], by E. Passendorfer and E. Riihle in the upper
Pilica depression [18, 23], by I. Jurkiewiczowa and J. Premik in the drainge
basin of the Widawka river [9, 20], by K. Klimek in the northern part of
the Silesian Upland [13], and by S. Gilewska and W. Nechay in the southern
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Fig. 2. Sequence of Middle Polish (Riss) deposits in the up-
per Warta depression.
1 — sub-drift surface, 2-3 — sub-morainic varved deposits (silt and
sands), 4 — boulder clay, 5 — deposits laid down during a phase of
retreat of the Middle Polish (Riss) ice-sheet
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Fig. 3. Influence of the sub-drift surface on the main directions of ice-flow
1 — major buried domes, 2 — main directions of unchecked ice-flow, 3 — altitude of the sub-drift
surface in metres

On the top of the Pomeranian-Kujawy anticlinorium the ice-mass, here of
no great thickness, moved more slowly. The salient northern foothills of the
Swietokrzyskie Mts. obstructed the passage of ice and caused the ice-margin to
divide into the accessory Pilica and Vistula lobes as already has been suggested
by J. Czarnocki [2]. The existense of an interdependance between the limits
of the younger glaciations and the gravimetric anomalies in the European
Lowland has also been established by B. Halicki and T. Olczak [25].

*

The main cause of small ice-erosion on the northern slope of the Malopolska
Upland during the Middle-Polish (Riss) glaciation was the reduced activity of
the advancing ice-sheet. This was due to the existence of protruding rock-mas-
ses in the sub-drift surface — i.e. the Pomeranian-Kujawy elongated dome
which extends far to the north. It may be concluded that the erosion effected
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Fig. 1. Curves illustrating degree of roundness or degree of abrasion of
sands of Gléwna creek, a right-hand tributary joining the Warta river
at Poznan. The correlation between the graphs obtained by geometrical
methods (Cailleux, Kuenen) and by the author’s mechanical method is
clearly visible
Gr8 and Gr 1 — different types of graniformameters, —s — direction of river flow,
A, B, C, D— grain fractions (curves plotted by E. Kosciblek)
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TABLE 1. ABRASION INDEX OF SANDS

Abrasion Index W,
Abrasion Index Des

after Khabakov of abrasion o

after the author’s
theory

roundness

0 3.81 very thorough roundness
2100 3.54

1 904

160 intermediate degrees of roundness

118 no roundness

ABRASION CURVES FOR SANDS FROM KwIisA AND Biarka-DuNAJEC

Sand and gravel samples were collected in the river channels (Fig. 2) and
the degree of abrasion of quartz grains of 1.00-1.25 mm diameter was determined
by means of a graniformameter [9]t, applying the formula:

S(nk)
N

Wo = 2400 — 100

where: W, index of abrasion
n number of grains in angle classes,
k  mean angle characterizing a given angle class,
N number of grains in sample examined.

Also determined was a second parameter, the index of dissimilarity Np =
= @5 — G-

The diagrams plotted were based on 82 samples examined of sand from
the Kwisa (Fig. 2, IT) and on 47 samples from Bialka-Dunajec sand (Fig. 2, ITI).
In view of the fact that both rivers issue from zones of crystalline rocks
(granites, gneisses) and subsequently pass zones of sedimentary rocks, it
was possible to establish a preliminary differentiation of the following processes:
1) an initial abrasion of “granite’’ grains in the stream reaches of the crystalline
zones, and 2) an intermixing of grains from the crystalline and the sedimentary
zones taking place beyond the crystalline zone.

Studying Fig. 3 showing abrasion of Kwisa sands, we readily observe
enormous leaps, especially in the curve of the abrasion index W,. Even so,
notwithstanding this chaotic pattern it is evident that, in its general trend
grain abrasion rises in a downstream direction, as expressed by the mean
values of the W, index, calculated for successive sections of the river:

W, N,
for mountain section 834 2.89
for upland section 901 2.46
for lowland section 1070 2.79
for full length of river 940 2.73

! An apparatus for grading sand grains according to their degree of abrasion.

3 — Geographia Polonica
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The balanced values of the dissimilarity index N seem to indicate relatively
uniform hydrodynamic conditions in the channel of the Kwisa river.

The rapid increase in roundness (or abrasion) in the upper reaches of a river
often determined in other rivers [2, 8, 14, 17], has thus also been confirmed
in the case of the Kwisa river.

The causes of the marked rising and falling of the W, curve appearing
within short river sections, are manifold, often rather complex. Let us mention
some of them:

1) The tributary streams, carrying into the main stream grains of a dif-
ferent degree of abrasion, are bound to distort, often quite abruptly, the
abrasion curve in the main river. This is seen particularly clearly in the initial
seven kilometers of this river, with its sharp zigzag turns.

2) “Streams‘‘ of granite talus with a marked granular grain pattern, sliding
down into the stream channel from adjoining scarps.
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Fig. 2. Maps showing localities of collecting samples
I — general layout of rivers examined. K — Kwisa, D — Bialka-Dunajec, II — localities of collecting samples of
Kwisa sand, III — localities of collecting samples of Bialka-Dunajec sand, 1 — mountain zone, 2 — frontier line
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Fig. 3. Curves Wy (heavy line) and Ny, (thin line) for quartz grains of 1.00-1.25 mm dia. of Kwisa
sand. Generally speaking, the curve of grain abrasion (W) rises in a downstream direction (the

degree of abrasion grows) showing marked breaks. The course of the N, curve is rather balanced.

Lithological zones indicated at top of figure: II — alluvial cones, III — Pleistocene sands and clays, IV — loesses,

V — Mesozoic sandstones, VI — Palaeozoic shale, conglomerates and greywacke rocks, VII — Iser gneisses, Rumbov

granite, VIII — micaceous schists, quartz schists, and other rocks, IX — Karkonosze granite, X — Tertiary basalts.

On left side of graph: values of indices W, and Nm. White circles — right-hand tributaries, black circles — left-hand
tributaries. %, — river gradient

3) The differentiation of lithological zones passed by the river. The conspi-
cuous increase in grain abrasion, noticeable after the Kwisa enters the zone
of Pleistocene deposits known by their strongly rounded grain [6], indicates
the significance of the lithological factor.

4) The river gradient. In rapids and waterfalls, grain disintegration by
splitting is very intensive, causing a lowering of the value of W,. Proof were
measurements made at waterfalls of the Kamienna river in the Sudety Mts.
undertaken in 1962 by A. Kostrzewski (Table 2).

All the data mentioned above show that the W, curve for Kwisa sands
is a function of a number of agents.
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Only partly justified seems to be the belief expressed by many scientists
[3, 12, 14, 17] that, after strong abrasion in upper river reaches, there takes
place a slower but continuous abrasion in the subsequent lower reaches.
This probably explains why the diagrams of abrasion of river sands frequently
differ very much from the abrasion pattern inferred formerly.

TABLE 2. ABRASION INDEX W, ON THE KAMIENNA RIVER

Waterfall | Wo value of sand grains measured

e above the fall | below the fall
1214 866
101 1036 988

The W, curve for the Kwisa sands also deviates notably from the inferred
typical pattern. This deviation shows, in a downstream direction, for certain
river sections not an increase in the W, value but, on the contrary, an abrupt
decrease of W,. This peculiar inversion, which years ago has been pointed
out by Russell and Taylor [15] in their investigations of the rounding of
Mississippi sands, is probably chiefly caused by: 1) the joint action of tribu-
taries (a factor not sufficiently taken into account by Russell), and 2) the
alternate part played by processes of abrasion and selection.

The second diagram shown (Fig. 4), illustrating grain abrasion of sands
from the Bialka-Dunajec river, also presents some data on the intricacies
occurring in the abrasion process of sediments carried by streams. Here
also the deviation from the ideal curve discussed above is strongly marked. To
start with, we observe an abrupt rise in the value of the W, index (extending
over the first 40 km section), followed by a notable decrease of this value
(in the 40 to 162 km section) and, again, a substantial increase. Whereas
the initial intensive abrasion can easily be explained by the effect of wear on
the sharp edges and corners of the angular sand grains during rapid headwater
flow, the interpretation of the marked inversion in the abrasion index within
the middle course of the river is difficult.

The abrupt decrease in the value of the W, index after the inflow of the
Bialka into the Dunajec river (which latter river carries sand of markedly
angular shape, its W, being 724) seems to indicate that it is the Dunajec
river that causes this peculiar inversion in the course of the abrasion curve
for Bialka-Dunajec sand. In view of the fact that the sands of the upper
Dunajec reaches (in the Tatra section) show, similarly as the Bialka sands,
first an abrupt rise and afterwards a decrease in the W, index, it seems justified
to suppose that, following the initial phase of intensive grain abrasion in the
upper river reaches, a splitting of sand grains gradually dominates in further
river sections, causing the inversion observed. The subsequent gradual down-
stream rise of the W, curve within the inversion section may, perhaps, be
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explaiined by the splitting of grains coming to an end with the gradual flat-
tening of the river gradient, so that abrasion again becomes the dominant
factor:.

As may be seen in Fig. 4, the sand grains of Flysch sediments, carried into
the Diunajec channel by tributaries from the Flysch zone, affect the pattern
of abrasion of the Bialka-Dunajec sands only to an insignificant degree.

As regards the renewed intensive increase in the W, value observed downstre-
am from km 162, it seems to be brought about by at least several factors, such
as: 1) abrasion, 2) selection, and 3) participation of more abraded sands from
sediments of the Silesian Nappe pierced by the river. The high W, value
(1107) of the sands of one of the “Flysch tributaries” seems to confirm this
assumption. The Pleistocene sands of the lower reaches of the Dunajec river,
being intensely abraded, may also contribute to raising the value of W, of
the Bialka-Dunajec sands in this part of the river. Furthermore, here in the

I i} o v Vo v vV vl

fi { 0G| /

|/ 11 [

: i SR 1 41/J
[ / i \\"“'\-.._V »M,“' N [\\ __'?_AA{_ —\ /,/\ ~
N

TINT LA
[ | MY

40 48 5 64 M O

38 06 104 117 10 128 136 W4 157 A S8 176 B2 N

Fig. 4. Curves W (heavy line) and Ny, (thin line) for quartz grains of 1.00-1.256 mm dia. of Bial-

ka-Dunajec sands. White circles — right-hand tributaries, black circles — left—-hand tributaries.

On left side of graph: values of index W, and of dissimilarity index Nn. Lithological zones indicated on top of

figure: I — Tatra granites, II — Podhale Flysch, III — Pieniny Klippen Belt, IV — Magura Nappe, IVa — Pliocene,
V — Silesian Nappe, VI — Miocene

lessened slope of the river channel, abrasion is probably rather replaced by
selection. It seems to be a fact that a stream of reduced energy takes hold
of and carries off rather the angular grains, leaving the more abraded and
rounded sand grains. This viewpoint has been expressed by various authors
investigating other rivers [6, 11, 13].
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2. CONDITIONS D’ACCUMULATION DU LOESS DANS LA ZONE PERIGLACIAIRE

En Pologne, la poussiére loessique ne provenait pas seulement des dépots
fins du substratum. Elle était aussi partout et continuellement produite, durant
la glaciation, par gélivation de matériaux & grains plus gros, comme le prouve
la granulation des formations périglaciaires de couverture, communément
rencontrées {3, 4, 6]. L’accumulation de grandes quantités de poussiére en
couches de loess d’une épaisseur dépassant quelques meétres s’est produite,
de nombreux faits en témoignent, principalement sous l’action des vents.

Les loess apparaissent en Pologne presque exclusivement sur les plateaux
et ’avant-mont carpathique, au relief fortement accidenté. Elles forment une
napp couvrant les divers éléments du relief, des terrasses des vallées aux
lignes d’interfluve. Ce n’est pas une nappe continue, cohérente mais plutét
des plaques isolées, distinctes, qui, trés souvent du reste, traversent les gran-
des vallées (Fig. 1). De nombreuses données témoignent que ce sont 1a les
caractéres primitifs de la répartition de ces formations. Les processus de
destruction, en effet, n’ont pas modifié fonciérement ’extension des loess
apres I’achévement de leur accumulation [10]. Voila pourquoi les faits avancés
indiquent que le réle principal dans cette accumulation a été joué par le
transport éolien qui s’est fait, conformément & la conception de A. Malicki
[9], & de petites distances et dans les basses couches de I’atmosphére. A I’appui
de cette these, on peut attirer ’attention sur la ressemblance minéralogique
et du degré d’usure des grains de sable se rencontrant dans les loess et dans
la couche sous-jacente (Tableau 1). Dans le cas de prédominance du transport
a grande distance il n’y aurait pas de ressemblance aussi marquée et la ré-
partition des loess serait plus uniforme.

TABLEAU 1 COMPOSITION MINERALOGIQUE ET DEGRE D’USURE DES GRAINS DE SABLE DE FRAC-

TION 0,25—0,1 mm, DES ECHANTILLONS PRELEVES DANS LA COUVERTURE LOESSIQUE ET DANS

LES ALLUVIONS SOUS-JACENTES, DANS LA VALLEE DE LA BYSTRZYCA (LUBLIN) ET DANS CELLE
DE COLENTIN (BUCAREST).

Composition minéralogique Proportion de grains
Localité Echantillon en %% en %%
(zone 0'1' accu- prélevé, de Genre de | 1 I |
mulation du prof. (en formation | feld- carbo- | autres Shouss ] angu-
loess) métres) quartz nates | mine- | usés {
spath sés | leux
i (cale.) | raux
Lublin (zone périgla- 2,0 loess 96,2 18 1,3 07 | 185 | 660 | 155
ciaire) 8,0 loess sableux 96,1 2,5 1,0 0,4 30,0 49,0 21,0
10,6 sable fluviatile 98,3 1,5 0,2 — 20,5 60,5 19,0
—_— |
Bucarest (zone tem- 2,0 loess au-dessus | 90,7 1,3 30 | 50 0,8 29,3 69,9
pérée) du sol fossile |
4,0 loess sous le 51,3 0,4 19,3 | 29,0 4,3 42,1 53,6
sol fossile |
6,0 sable fluviatile 75,0 4,4 — | 20,6 0,3 26,7 73,0
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GEOGRAPHIA POLONICA 2,196%

A MATHEMATICAL METHOD OF CORRELATING PLAIN LEVELS
WITH RYTHMS IN CORRELATIVE DEPOSITS

LESZEK PERNAROWSKI

1. In zones with scarps and sills produced by foldings and faults we note
on the one side traces of former erosive horizons, while on the other we pene-
trate, by bore holes sunk in correlative deposits, fossil horizons of accumula-
tion. The lack of a direct contact between both these horizons presents the
problem of correlating them.

2. This problem is closely connected with the problem of the change in
the altitude of the lithosphere surface caused by tectonics, accumulative and
erosive processes. The simplest solution of this problem is a diagram of the
altitude of a point of the lithosphere considered as a function of time in the
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Fig. 1. Palaeogeographical curve (above) and tectonic curve
(below) for North Wales (after S. v. Bubnoff)
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54 LESZEK PERNAROWSKI

In an analogous manner, starting from Equation 5 and making + 7, = + T,
we obtain the present-day altitude of the »-th erosive level:

Zo, = 2o+ T —Ea (25)

In spite of today’s difference in their altitude, the n-th accumulative level
and the n-th erosive level formed initially a common level of the hydrogra-
phical system. If the deposits of the n-th rhythm have been dated, the same
age should be, allotted to the n-th erosive level.

The altitude of the erosive level, calculated by means of Equation 25,
corresponds only approximately to the altitude observed in the field, due
to the fact that since its formation this level has suffered further changes.

6. I have used the method described above for correlating young erosive
levels of the Middle Sudety Mountains with correlative rhythms of deposits
found in the Sudety foothills. On the basis of my own field observations [14]
and of data from other literature [4. 12] I have ascertained that the amplitude
(throw) of the marginal fault in the Sudety Mountains in their middle section
is more or less uniform, amounting to 350 m. On evidence from bore holes
sunk in the Dzierzoniéw depression, I succeeded in distinguishing in the
correlative deposits 5 Neogene rhythms [14] and in determining their thic-
knesses A,. Using this data I calculated: ATy, An, Th, AEn En, as presented
in Table 1.

TABLE 1. DEVELOPMENT OF THE SUDETY MARGIN IN THE NEOGENE

Increase in Relative
: Total Tetaliam: altitude of height of
Thickness f A margin and  Sudety mar-
thickness litude of -
Rhy- of depo- Increase s Gt p v magnitude gin and de- Period referred
thm sits of  inamplitude | . T - " marginal of phasal  pthofrivers | toin data calcu-
rhythms of fault T e dissection incising the lated
A AT sits Tn 5 <
44n n An by rivers margin
AE", Eﬂ
v 21 65.5 112 350.0 44.5 238.0 Decline of Plio-
cene
Iv 19 59.5 91 284.5 40.5 193.5 Lower Pliocene
111 13 40.5 72 225.0 27.5 153.0 Decline of Mio-
cene
II 20 62.5 59 184.5 42.5 125.5 Upper Miocene
I 39 122.0 39 122 83.0 83.0 Middle Miocene
5z 112 350.0 —_ — 238.0 = =

This Table not only supplies a concept of the devolepment of the Sudety
margin, but also aids us in the reconstruction of the position of the rock
stratum of the foothills with regard to the Sudety Ridge during the successive
phases of the upheaval of this ridge (Fig. 3).
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This figure already enables us to define the age of the successive Sudety
froms by applying the following principle viz.: any forms lying above an
investigated foothill profile of a defined age are older than this profile, and
any forms lying lower, are of younger age.

Working on the assumption that the values 7' and 47, are constant for
the marginal fault of the Middle Sudety Mountains, and defining on the
basis of field observations or of calculations the values of £ or 4 for various
points situated along the Sudety margin, I calculated the present-day alti-
tudes of the erosive levels surrounding these points. The results of these cal-
culations are presented in Table 2. In this Table I gave, alongside of the
values calculated, the altitudes of the erosive peneplains as were observed
by various authors [1, 4, 12, 16].

TABLE 2. AGE AND ALTITUDE OF EROSIVE PLAINS IN SOME REGIONS OF THE MIDDLE SUDETY

MOUNTAINS
N, todzk: Sowi f o
ysa Klodzka owie Gjnjry ‘Watbrzych Bolko Upland
water gap margin Sudety
Age ofierosive Altitudeinm |  Altitude in m Altitude in m Altitude in m
plain . p A G el LR
d d
catews "M gigre | caleu- [ itpe- caleu- 199 | giffe- caleu- U9 gigge-
obser- obser- obser- bser-
lated " rence | lated . rence lated . rence lated = rence
vation vation vation | vation
Decline of Palaeogene 560 560— 0 548 ¢. 500 -48 530 500 +30 570 @ comple-
—580 tely de-
stroyed
Middle Miocene 455 c¢. 450 +5 465 ¢. 450 +15 443 c¢. 450 — 7 | 465 -
Upper Miocene 402 100 +2 423 ¢. 400 +23 398 400 — 2 417 420 —3
Decline of Miocene 366 360— 0 395 360— +15 369 360— +0 384 380 +4
—380 —380 —380
Lower Pliocene 316 300— +6c 355 — 5 326 315 +11 335 320—340 40
—310
Decline of Pliocene 260 260 310 310 280 280 280 280

Table 2 illustrates a satisfactory concordance between the calculated
absolute altitudes of the erosive levels and the levels observed in the field.
The differences show mostly a plus sign, — thus they may partly be ascribed
to subsequent degradation of the levels assumed.

Moreover, this table is the first to define the age of all the levels. In previous
studies the age of only some of the levels were defined [1, 4, 8, 9, 16] and,
partly, erroneously. As regards the Bolko Upland I was able even to calculate
the heights of levels which were completely degraded, — data probably of
importance in palaeogeographical discussion.
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62 LESZEK STARKEL
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Fig. 1. The types of sequence of fluvial and slope deposits in pro-

files of the last glaciation. For explanations of the particular

sections see the text (I—VIII)
1. gravels —stream bed facies, 2. haugh-loams, sands, peats — terrace
(flood) facies, 3. solifluction covers, 4. proluvial (deluvial) covers, 5. loess,
6. fossil soil

series, on the whole poorly rounded, indicate the occurrence of two cool stadial periods. The
upper gravel series are covered by proluvia (sometimes by solifluction). These profiles occur
in the upper section of the larger valleys, the axial zone of the terrace.

III. The lower gravels and clays of the flood facies (with interstadial peat e.g. at Brzeziny,
Maniowy [2]) are overlain either by a thick series of solifluction clays with detritus and a thin
bed of proluvial deposits, or by fans of the tributary streams of Maniowy and Wolkowyja. This
sequence pattern is encountered in the marginal zones of the floors of large valleys. The absence
of upper gravels — a deposit of the main stream — indicates that during the younger stadial
(the coolest period of the Wurm glaciation — comp. Wolstedt [26]; the B pleniglacial according
to the terminology of Zagwijn [27]) lateral transport was more intense than previously had been
the case.

IV. A thick (up to 10-15 m) solifluction series, containing Dryas flora, and with the top
occasionally covered by proluvial deposits, rests on the bottom gravels. Among the solifluction
clays, in about the middle of the series, occur horizons of fairly well rounded gravels which,
in this case, represent a warmer period — of the outwashing of solifluction deposits. No deep
erosion, however, has occurred here (comp. profile II). Such profiles have been noted by the
writer in the axial parts of small valleys where fluvial deposits intertongue with solifluction
deposits (Lipowe [20], Dziurdziéw). These profiles are also typical of parts of the moderately
large velleys, adjacent to the slope (Dobra [12]), where lateral erosion continued during the
interstadial [20].

V. On the gravels or sands rest flood haugh-loam series, covered by proluvial or solifluction
clays that grade towards the top into a loess series. The haugh-loam horizons indicate deep
erosion. On the basis of peat intercalations in these loam fluvial sediments, the erosion may
be ascribed either to the interstadial period [4, 24], or to the cooler stadial period (at Zator
[25] according to radiocarbon!® dating more than 40,000 yrs.). Such profiles occur in the mar-
ginal zone of the Carpathian foothills, and in the sub-Carpathian basins (Kaniéw, Oswiecim,
Zator [23], Sciejowice [4], Rzeszéw [10]). They indicate that the relief of the so called loess
terrace was carved out by fluvial waters during the early glacial period or the still older stadial
of the proper glacial period) pre-Paudorf, in the A pleniglacial)*

1 If it is recognized that no major interstadial interval occured between the Brorup and the
Paudorf interstadials [26].
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64 LESZEK STARKEL

and with the accumulation of haugh-loam or proluvial deposits on terraces.
In small valleys (Lipowe, Dziurdziow) or in those with a very abundant
slope transport (Dobra) the whole valley bottom was buried under solifluction
deposits. During the interstadial periods these were outwashed. The gravels
represent here the warmer oscillations [20]

The resistance of the rocks influenced the type of slope transport during
the glacial period. On slopes built mainly of argillaceous shales solifluction
was predominant throughout nearly the whole period of glaciation (creeping
occurs there even now [21]. Hence, coarser proluvial deposits are absent at

e

Fig. 2. Typical schematic terrace sections from various sectors of the large

valleys of the Carpathians.
A. In the Beskidy zone (upper) grading into covers mantling the slope,
B. in the Carpathian foothills (middle) zone, C. at the exit of the Car-
pathians into the forefield
Key as in fig. 1.
the foot of slopes in the Beskid Wyspowy range [12, 20]. Occasionally a thick
series may consist of horizons some of which display stronger solifluidal than
others. This indicates the occurrence of climatic oscillations (Kros$cienko
[14]). In narrow tributary valleys of the Slaski and Wysoki Beskid ranges,
carved out in thick-bedded sandstones, the weathering waste sliding down the
steep hillsides filled the valleys with monotonous talus covers. On the other
hand, in mixed sandy-shaly complexes that supplied large amounts of sandy-
clayey detritus e. g. in the San river basin, the transport could be heterogeneous
as a result of climatic oscillations. The heterogeneity of transport varied
depending on climatic oscillations. This most distinctly indicated at the
foot of the undercuttings in the rock (Wadowice [17], Zabrodzie [7]). It was
there possible to trace the predominance of solifluction transport during
the maximum of the stadial periods and that of downwash transport at the
beginning and the close of these periods.

The strong variability of deposits in sections of the terraces is observable
along the course of the larger Carpathian valleys (of the Vistula, the Skawa, the
Dunajec, the Wistok and other streams). In the upper sectors of the Beskidy
fluvial accumulation as a rule reaches the top of the terrace, bipartition
being indicated within the alluvia (Fig. 2A). Stadial gravels intertongue
with solifluction covers. In the middle sectors (within the greater part of
the Carpathian foothills and in the intramontane depressions), the lower
gravels are overlain by fossil haugh loam and proluvial deposits (the intersta-
dial break), which are coated by a thick horizon of clayey-detrital soil flow
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material, lateral fans and proluvia (Fig. 2B). Hence, it can be deduced that
the terrace plain had already been cut during the younger pleniglacial period.
In the “lower‘ sectors — on the escarpment of the Carpathian foothills and
in the sub-Carpathian basins the early-glacial alluvial covers and alluvial
fans had in many cases been covered already during the older stadial (before
the Paudorf interstadial) by proluvial and haugh loam covers and later on
by loess (Fig. 2C). This means that the cutting of the alluvial surfaces occurred
during the maximum of the Wurm and that the rivers did not again attain
the level of the loess terrace [25]. And yet late-glacial deposits, and even

 yoor slope bose of |valley-
! ors
e beroo the siope e
¥ RRRHNRHRIIICROOODL: (R Py
' Al NN |l - '."'.
rolocene 1 Uy
oy NN
FIO=——————— oy sl :
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20— |
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Poudortf-
30— Interstadial
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Fig. 3. Variability and sequence of processcs on slopes and valley
floors of the Carpathians during the last glaciation.
A-1 period of chemical weathering and weak downwash, A-2 period of chemical
weathering and weak accumulation (deluvial, proluvial), B-1 period of strong
downwash — degradation, B-2 period of strong downwash — accumulation of pro-
luvial covers, C-1 period of soil-flow degradation, C-2 period of accumulation of
soil-flow covers, E- predominance of deep erosion in valley bottom, F-1 predominance
of fluvial accumulation in stream-bed facies, F-2 predominance of fluvial accumu-
lavion in terrace facies.

cool Dryas-flora-bearing deposits (of cool oscillation) [11, 24] have been
found at the bottom of a Holocene terrace. The age of the terrace surface
from the last glaciation varies along the stream course. The farther upstream,
the later was the cutting. Differences in the pattern of the intersection caused
differences in the sequence of terrace deposits. Hence, the slope series cropping
out at some distance from the stream beds (Wadowice, Zabrodzie) gain in
significance for the study of the phases of denudation.

5 — Geographia Polonica
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HEAT BALANCE 71

variations as well as irregular changes depending on the weather. Therefore
it would seem necessary to survey one particular component during different
seasons, during different times of the day and in different weather conditions.
Such a survey, even on a small scale, would require too much work and ex-
pense, and therefore it would be practically impossible to execute it with the
required degree of accuracy.

For this reason it is necessary to resolve this problem in another way. The
method which has been applied is not based on the direct mapping of the
individual components of the heat balance but on that of those numerical
parameters which determine quantitatively the influence of the local factors
mentioned above on the balance structure. The parameters undergo much
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Fig. 1. Map of the area investigated.
1 — Research Station at Wojcieszow, 2 — Built up area, 3 — Forests, 4 — Streams, 5 — Limits of the area investi.
gated
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HEAT BALANCE 73

In other cases, however, it is necessary to delimit their validity periods.

As a result of field investigations conducted by the Department of Clima-
tology, detailed maps of the parameters mentioned have been prepared. The
topoclimatological mapping of the described area was carried out on a scale
of 1 :10000. Three examples of such maps are given: the map of the albedo
(Fig. 2); the map of the index of horizon screening (Fig. 3); the map of the
heat capacity of soil (Fig. 4).

The map of albedo [5] was prepared partly using measurements made in
the field, and partly on the basis of data found in the extensive literature deal-
ing with this problem [3]. In regard to forests, results already received by
different investigators were used because technical difficulties made it im-

77
7 .,/ )

2 22 722 @2Ae s

SO0 m

Fig. 2. Map of the albedo.
1— 25-30%, 2 — 20-25%, 3 — 15-20%,, 4 — 10-15%,, 5 — Limits of the area investigated



74 JANUSZ PASZYNSKI

possible to perform the direct measurements of the albedo over the woodland.
This map, as well as the others presented here, concern the main vegetative
period July — August. It shows the albedo values in intervals of 5%, Two
different types of terrain were differentiated: those in unchanging use (forests,
meadows, barren land and built-up areas), and lands with a changeable use
(agricultural fields). For this last type of terrain the average albedo value was
computed as 219,. Taking into consideration the crop rotation that has been
applied, this value would be characteristic not only for the year 1962 when
the measurements were made but also for other years. The map enables us
to compute the short-wave radiation balance in any chosen place using the
recordings of global radiation made at the Research Station.

Fig. 3. Map of the index of horizon screening
1— 95-100%, 2 — 90-95%, 3 — 85-90%, 4 — 80-85%, 5 — Below 80%
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The map of the index of horizon scereening [6] presents the percentage
valies of atmospheric back-radiation for clear sky conditions relative to the
corresponding values in the flat terrain with unscreened horizon. This map
enables us to compute the long-wave radiation balance, knowing its value
from the direct measurements made at the Research Station and assu-
ming that the surface temperature of the entire area investigated and its
vicinity is uniform. Isolines were plotted on the map at intervals of 5%, The
map was based on one hand on the results of horizon screening measure-
ments, and on the other hand on the known anisotropic distribution of at-
mospheric back-radiation on the sky [2]. It takes account of differences in
atmospheric radiation resulting from the screening of the horizon by slopes,

\.-C N \
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Fig. 4. Map of the heat capacity of soil
1 — Below 0.4 cal. per cm® and °C, 2 — 0.4-0.5 cal. per em® and °C, 3 — 0.5-0.6 cal. per cm® and °C, 4 — Above 0.6
cal. per em® and °C, 5 — Limits of the area investigated
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86 IRENA DYNOWSKA

In the west the plateau is built of Jurassic rocks, consisting mostly of marly
platy limestones; the remaining area is made up of Cretaceous marls, gene-
rally covered with loess, while the valley bottoms are covered with poorly
permeable alluvia.

The lithological development of the Cretaceous marl lacks uniformity. This
is a calcareous rock containing a varying admixture of clayey and siliceous
parts. In their water conductive properties, marls with a low clay content

Fig. 1. Situation of the upper Szreniawa basin

resemble limestones but owing to their numerous interstices they are water-
bearing. The clayey marls on the other hand have fewer interstices because
of the lubrication of the smaller interstices, and marls thus developed are
impervious. The marl with a high silica admixture is another facial type,
and it is this facial differentiation of the Cretaceous marls, both in the ver-
tical and horizontal section, that is the decisive factor controlling the ground
water regime.
The Mesozoic sediments here generally have an eastward dip of 2-7°.

MATERIAL

A solution of the above problems was attempted with the aid of detailed
investigations and measurements carried out by the author in the years 1956
to 1958. These studies included hydrographic mapping, and measurement
of ground waters, in about one thousand wells, of the water yield of all the
springs (73) in this area, and of the water flow of the Szreniawa and its tri-

butaries.
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Fig. 3. Amount of unit flow (1/sec/km?®) of the Szreniawa and its
tributaries in 1956/57

Fig. 4. Value of the flow coefficient (9,) of the Szreniawa and its
tributaries in 1956/57
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90 IRENA DYNOWSKA

the amount of the subsurface-water supply it was assumed that the total
water flow in the river bed during a rainless season comes from a subsurface
water supply.

The relation of the total yield of all the springs to the area of the river
basin is defined by the author as the unit yield per 1/s./km?. The sketch map
in Fig. 6 shows the unit yield of the springs for the particular catchment areas
and their unit flow values in rainless seasons.

From the differences between these two values can be determined the
uncontrolled amount of subsurface water supplied directly to the river channel,

H

g
i
3

H

5

|
—

Fig. 5. Section showing the water flow beyond the Szre-
niawa basin without water supply into the river channel

or else the amount of water that escapes from the given catchment basin.
In the area here considered the balance of the subsurface water supply is
a negative one. The total yield of the springs amounts to 990 l/s. while the
flow is hardly 564 1/s. This shows that 579, i.e. more than one half of the
river water escapes from the river channels into deeper substratum. In rela-
tion to the area, the yield of all the springs is 3.7 1/s./km? while the flow is
hardly 1.6 1/s./km?. Hence in the upper Szreniawa basin more than 509, of
spring water escapes from the river channel.

Reliable evidence of the amount of water escaping from the river channel
into deeper strata is provided by the comparison of the mean annual river
flow (by means of measurements of the flow in the tributary streams) with
the results computed by empirical formulae. These are as follows:

mean flow m3/s  unit flow 1/s/km? flow coefficient 9,
Results of empirical formulae 1.5 — 1.8 5.9 —6.8 30— 35
Results of measurements 0.8 3.2 16

The results obtained by empirical formulae exceed by 1009, the true wa-
terflow. This agrees with the calculated amount of the loss of water from
the river channel, showing that 509, of the stream water escapes from it.
Hence, empirical formulae should not be used to determine the water balance
of areas with similar physiographic conditions.
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Geology has a strong bearing on the water circulation of a given region.
Owing to the numerous interstices in the marls the subsurface retention capa-
city is markedly high, which in turn contributes to a well balanced river
regime during low precipitation seasons. The relatively permeable soils and
the extensive flat highland inliers facilitate the seepage of rain water and

¢ 0V 2 ) 4 Vam T
A — e

Fig. 6. The unit yield of springs (1) and the unit flow (2) per 1/sec/km?

the supply of subsurface water resources, whereas downpours or sudden thaw
water is quickly lost through surface run-off. This rapid run-off is favoured
by the plateau being broken up into numerous young valleys and by the
lack of larger wooded tracts capable of retaining the water.

The strikingly low flow values are due to the escape of water into lower
strata and beyond the river basin. This escape of water is made possible by
the monoclinal tectonics, the lithological differentiation of the marl and the
consequent occurrence of subsurface water in the overlying horizons.

Associated Departments of Geography
Jagellonian University
Krakow
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96 TADEUSZ WILGAT

ivodie, on trouve aussi bien des eaux libres que des nappes captives, générale-
ment subartésiennes, exceptionnellement artésiennes. Le troisiéme caractére,
c’est le rendement unitaire des puits, pour suppléer le défaut d’évaluation de la
richesse desnappes. Enfin, on a pris en considération la profondeur jusqu’a
leau, extrémement variable & lintérieur de la voivodie et importante du
point de vue pratique.

Les quatre autres caractéres se rapportent aux eaux de surface. Il a été tenu
compte avant tout de la densité du réseau hydrographique, élément le plus
apparent et présentant de vifs contrastes dans la voivodie. On a considéré
a ce propos le caractére des cours d’eau et des réservoirs naturels et artificiels.
Autre élément important pour la régionalisation hydrogéographique de la
voivodie, les sources présentent aussi une grande variété quant au site, type
et débit. Les riviéres ont été caractérissées par ’évaluation, pour toutes les
stations hydrométriques en possession d’observations suffisantes, des coeffi-

&

1
) A
2

gl
"
- “\‘15‘\;!; Podl ~
P S ' v |
\\ y / ,’/ 7

Fig. 1. Régions hydrogéographiques de la
voivodie de Lublin

1 — Limites des régions, 2— Limites des sous-ré-
gions.

cients d’écoulement. Les régimes, il est vrai, ne présentent pas de différences
radicales, celles qui existent néanmoins ne sont pas sans importance pour
I’économie. Le dernier caractére est constitué par les écoulements unitaires
moyens qui caractérisent jusqu’a un certain point les bilans.

Comme matériaux de contrdle on a utilisé de plus la carte des excédents et
des déficits d’eau, calculés par K. Wojciechowski par la méthode de Thorn-
thwaite et Mather!,

1 Ces évaluations ont été présentées par I'auteur en janvier 1963, & la conférence consacrée
& 'aménagement des ressources hydrauliques de la voivodie de Lublin.
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NATURAL UNITS IN REGIONAL GEOGRAPHY 111

Work on physico-geographical regionalization is advanced in the Soviet
Union, Poland, in both the German States and in many other countries,
although they do not always support a comparative system of taxonomy.
For this reason, it is necessary to discuss and determine a system of physico-
geographical units analogically, as was done considerably earlier in the field
of biological study — the system of the animal and vegetable world — and
geological study — the division of the history of the Earth.

We can determine the natural units in two ways — “from above’” — that
is to say from the biggest unit to the smallest and — “from below’’ — starting
from the smallest territorial complexes. In this sphere there also exists a cer-
tain divergence of opinion because a group of Soviet authors consider “land-
scape’’ as the smallest regional unit and this should be composed of a certain
number of smaller units which are typological not regional. This point of
view however, may seem a little scholastic because even some of the smaller
units such as peat bog, sand dune or morainic hill are not only types but
also individualities. Also the landscape can be classified as a typological unit
of the higher rank. There is another group of Soviet authors, among them
Armand, Milkov, Raman, Efremov, Gvozdetski and also a group of German
authors: Gellert, Schulze, Paffen, Schmithiisen and many others who hold
the opinion that basic physico-geographical unit is that part of the Earth’s
surface which is of a homogeneous geological structure, relief, soil, water
conditions, vegetation and microclimate. Such a unit is called biogeocenose,
facies, Landschaftszelle, Fliese, physiotop, oecotop, site etc. The distinguishing
of such a unit is possible on the basis of a detailed phytosociological and
pedological survey on the scale of 1:1,000 to 1:10,000 and is of great practical
use.

TABLE 1. COMPARISON OF TAXONOMIC REGIONALIZATION SYSTEMS

Soviet System German System Polish System

(Gvozdetski 1960) (Schmithiisen, Meynen 1953) (Paffen 1953) (Kondracki 1961)
land (strana) — arca (obszar)
zone (zona) — zone (strefa)
province or area (provincia, oblast)y = Gruppe von Grosslandschaften province (prowincja)
subzone (podzona) — subprovince (podprouincja)
district (okrug) Grosslandschaft AMacrochor macroregion (makroregion)
subdistrict (podokrug) — JMezochor nmezoregion (mezoregion)
region (rayon) or Landschaft Microckor  microregion (mikroregion)

landscape (landshaft)

The higher rank units are the group of facies which form a genetic entity
in its whole: peat bog, gorge etc,. This is called in the Russian language wuro-
tshishtshe and in German Fliesenkomplex, Landschaftszellenkomplex etc. Then
the groups of these genetic homogeneous units form the regional units known
in literature as “natural region’, Landschaft, “landscape’ etc.



112 JERZY KONDRACKI

These three or more steps in the scale of differentiations can be observed
and directly surveyed on topographic maps of various scales.

The units of the highest rank can be distinguished on a small scale, taking
the basic maps of single components and bearing in mind, on one hand the
relief and structure of the Earth’s surface, on the other hand, the relations
of the climate, soil and vegetation. That integral point of view, bv the diver-
sity of the Earth’s surface, establishes an occasion for subjectivism on the
construction of a system of division but therefore it would seem possible
to establish the principles and criterions.

TABLE 2.

AN EXAMPLE OF DIVISION INTO THE SUB-PROVINCES

Province Sub-Province

19. Central European Plain Jutland Peninsula
Danish Islands
Rhine Lowland
Lithoral of Southern Baltic
Southern Baltic Lakelands
German Plain
Polish Plain

20. Middle-German Mountains Rheinische Schiczfergebirge
Central Rhine-Land
Schwiibisch-Frinkischer
Becken
Thiiringer Becken

2. Bohemian Massif Sudety Mountains
Erzgebirge (Krusné Hory)
Northern Cretaceous Plateau
Berounka Plateau
Czecho-Moravian Plateau
(Ceskomoravska Vysotina)

22. Lesser Poland Plateau Silesian and Cracovian Platcau
Central Polish Plateaus

23. French Plateaus and Basins Massi{ Armoricain
Massif Central
Aquitanian Basin
Parisian Basin

On account of the vastness of its territory the Soviet geographers have
the most experience in the determination of the large natural units. We can
touch here on the system of regionalization of the European part of the
U.S.S.R. presented on the Third Congress of the Geographical Society of
the U.S.S.R. in Kiev 1960, comparing it to the system accepted by the Bun-
desanstalt fur Landeskunde and also to the Polish system of physico-geographi-
cal regionalization, published by the author in 1961 (Table 1).

In this table of comparisons the units smaller than landscapes and also
the continents are omitted.
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Fig. 1. A. Les directions des migrations pastorales des ovins de Podhalo et Tatras vers les autres parties des Carpathes Polonaises. B. Répartition des régions d'alpa-
ges dans les Carpathes Polonaises.
| = directions depuis 1948, 2 — directions depuls 10562, 3 — les traces de I semitmushumance (Fig. B uniquement), 4 — régions d'alpages, 5 — fronticre politique (Fig, A uniquement), 6 — frontidres
de volvodie, 7 — froutidres de districts, 5 — chef-licux de districts, 9 — poms de réglons d° alpages (Fig. A uniquement), 10— fleaves et rivibres
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Fig. 1-—-3. Migrations of population in East-Central Europe from 19391955, (1) Departure of Germans from East-Contral Europe during and
after the Second World War. (2) Transfors of non-German population during the Second World War. (3) Transfers of non-German population after
the Second World War
1 — International boundarkes in 1937, 2 — International boundaries In 1041 (occapled territories Included into the appropriate countries), 3 — International boundaries In 1055,

4 — Number of people transferred, 5 — Germans, a. repatriation during the war, b. evacuation, flight, deportation at the end and after the war, 6 — Poles, 7 — Russlans, Belorus-
slans, Ukralnlans, 8 — Creehs, Slovaks, 9 — Hungarians, 10 — Rumanians, httpnmmzorgup*\x 13 — Groeks, 14 — Itallans, 15 — Turks, 16 — Arcas of postwar sottlement



TABLE 1. MIGRATIONS IN EAST-CENTRAL EUROPE IN 10301955 (IN THOUSANDS) §
Ethnie Evacuation and flight at the end of
groupe War transfers, 1039 — 1044 war, postwar ranefers, 10451088 Total Remarks
Germans— Repatriation from Italy, Evacuation, flight and tran- About 500 are counted twice (repatriates from the REast,
malnly so U.S.S.R. (Incl. Baltic States sfer from: settled temporarily during the war in Poland)
called and other incorporated are- ~~ lost eastern territories and Moreover during the war ab, 1200 evacuated from the bomb-
Volkedeutsche | us), General Gowrernement, former Free City of Dan- ed-out areas of Western Germany were temporarlly moved
Rumania, Bulgaria, Yugos- g 7300 into the E. provinces (lost after the war)
lavia and Hungary 1060* — Coechoslovakia 3000
| (incl. about 500 who were — Poland (within 1939 li-
settied In the Polish arcas in- mits) 1200
corporated Into the Releh) — Hungary 200
Influx from the Interior of ~— Yugoslavia 170 | 13,000
Germany Into newly-conque- = Rumania 120
red Polish territories
(mainly administrators) 8OO
Poles ' Flight and deportation from | Repatriation from the | Morcover ab, 2500 forced labourers transported into the Reich,
the W. areas Incorporated L USSR, 2000 ’ transports of Jews Into the ghettos and extermination camps,
into the German Releh 1000*  Repatriation from other co- besides several waves of flight and evacuation when the front
Transfers  within - General untries 200 line moved across the country
Gouvernement 200* | Colonization of western areas
by the settlers from central !
[ arcas 2000 | 5400 '
Crechs and Flight and deportation from ‘ Repatriation from the Morcover transfer of foreed labourers to the Reich
Slovaks the areas Incorported into ‘ USSR, Hungary, Rumania
the German Relch 400* | and Yugoslavia 160 1,830
Repatriation from W, Europe 20
Colonlzation of Border land
vacated by Germans — by
Czeehs and  Slovaks 1260
Yugoslavs Deportation from the arcas | Repatriation from Hungary 40 Morcover transfer of foreed labourers to Germany and depor-
mainly Serbs | Incorporated Into the Reich Colonization of Voivodina 200 tation of Slovenes from the areas incorporated into Germany E
and Croats | and Italy 90° | =
Transfers within Croatia ‘ o
and Serbia 190 | 560 =
Deportation from  Macedo- =
nia Incorporated into Bul- 3.9
garia 10 l 41
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= — e = -
Russians, Repatriation from the areas Repatriation from Poland 520 Besides repatriation from Rumania
Ukralnlans, under German control 60* | Repatriation from Czecho- l 620
Belorussians, | | slovakia, Yugoslavia, Bul-
Lithuanians \ garia ml ‘
Hungarinns | Migration from S.to N. Tran- Influx from (‘ncbo-lonlh | Moreover possibly further repatriation (ab. 1307)
forumers 160° | Yugoslavia, Rumania a2 | | Migration losses In 105657 (ab, 150)
Repatriation from Rumania 20 |
Repatriation from Yugoska- 430
via |
Rumanians  Migration from N.to S, Tran- | llm internal mmnh settlement of arcas uuusd by
sylvania 220° | Germans and Hungarians
Repatriation from S, to N.
Dobrudja 110 370
Migration from Bessarabla
and Bukovina 10
Bulgarians Repatriation from N. to 8, lawm podbly lnlend mmmne-u replacement of depar-
Dobrud ja 00 ted Turks
Temporary settlement in 180
parts of Incorporated Mace-
donla and W. Thrace 120
Others Greeks — deported from Turks — emigration from ! Moreover exodus of Jews to other countries (e.g. US.AL)
areas incorporated into Bul- Bulgaria (19045--55) 160
garia 100* | Armenlans — emigration
Turks — emigration from from Greece, Bulgaria, Ru-
Bulgaria (1938—44) 60 | mania into Soviet Armenla 30
Jews born in Poland, Ruma-
nia, Bulgaria, Czechoslova- 020
kia, Hungary — emigration
to Israel (1946--57) 380
Italians — from Yugoslavia l
to Italy 200
Totals 4740 19470 I 24,210
returning 1 their homes

* Impermanent migrations — most of the people involved kephllfbw
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MIGRATIONS IN EAST-CENTRAL EUROPE 129

in 1950-1951), Armenians were leaving for Soviet Union and Italians depar-
ted from Yugoslavia. The total of non-German postwar migrants reaches
6 million.

The grand total of migrations has been estimated at 24.2 million. This
figure is far from complete, since it includes neither all the war movements
(e.g. deportations of forced labourers, of Jews transported to the annihila-
tion camps) nor all the postwar ones (e.g. some internal movements were
excluded).

One of the results is a great simplification of the ethnic structure of the
area. The size of ethnic minorities is now about 7 million as compared to
the total population of 95 million. The average proportion of ethnic minorities
dropped from 269, before the last World War to about 79,. The highest
proportion, even though lower than before the war are in Rumania (14.39%,),

Ml o

——
Germans Ukrainians lews Hungar:ans Poles Turks Albanians Gipsies
Belorussians Tatars

Russians

Fig. 4. Major ethnic minorities in East—Central Europe before and after the Second World War

and Yugoslavia (12.29,). There was a dramatic decline of three of the most
numerous prewar minorities: of Germans — due to migrations, of Jews — due
to extermination and of Ukrainians, Belorussians and Russians — due to terri-
torial shifts and migrations. At the present moment to the three largest mino-
rity groups belong Hungarians (in Rumania, Yugoslavia and Czechoslovakia),
Turks (in Bulgaria) and Poles. Their number have not changed considerably.
However, the location of Polish minority groups has changed. Before the
war, they were concentrated in the Eastern parts of Germany, now they
are represented by Poles living in neighbouring Soviet republics.

Unlike the pre-Second World War period there no longer exist treaties
protecting the political right of minorities. However, protection of individual

9 — Geographia Polonica



http://rcin.org.pl



http://rcin.org.pl



http://rcin.org.pl



- -

- e

WY A : _Tf"-c}?".“ T P iy ) g
3 B ot TG P SRR, LS,

i ST TIBN SeRExe i o B
B e e XS] I v gl T W

e
awe

AR N UASS.
o o ety e, ey MBSOV i
R LG ¢ } 3 e
Y ‘_::7~ .\_,‘t_;:r;\ £ "'.'? o ‘$ -t
L : ¥ 4
- ~

L S v A

Lew 3

AP

- L P e S
‘Vidh 7‘p~‘- e

A

L ]
"
‘?.}c‘? ?45"‘ e ‘J't_‘f-O":‘;-
¥ : &
.»'.’--".'ﬁ‘ <3 -

R

! olvd' N
L e .?l.,','. Ajd-'ﬁ V-



http://rcin.org.pl



TRANSITIONAL TYPE SETTLEMENTS 135

are 1577 settlements with very clearly defined central functions (type A),
as well as 473 centers with a lesser number of elements. From among those
determined as sub-district centers, 480 settlements 23,49, are practically
towns or urban settlements. From the remaining, 1570 settlements qualified
as sub-district centers and 1527 constituted seats of the gromada councils.
On the other hand, 43 settlements belonging to this category at present do
not fulfill any administrative role.

TABLE 1. THE FUNCTIONAL HIERARCHY OF SETTLEMENT UNITS IN POLAND

Number of centers

Grade Denomination
Strongly developed eakly developed Total
1 Village and hamlet ? ? 63 090
m Hamlet centers ? ? 3718
III Sub-district centers 1577 473 2 050
v District centers 297 2 297
v Sub-regional centers 53 20 73
VI Regional centers 27 2 29
VII Capital City 1 1

1 The grades I and II and their relations to the above are problems which have
not yet been considered at the present stage of the investigation. Grade II centers
were included because the figures for the hamlet centers were less than the required
qualitative figures for grade III centers (sub-districts).

Our next task was to select from those already isolated these functional
elements which are characteristic to the centers of a sub-district grading.
This problem was solved by a cross section of the voivodship, proportioning
the total number of the specifications of socio-economical management with-
in the voivodship, with those figures located in the sub-district centers. The
following grades were recognized as characteristic of the centers, (commen-
cing with the most characteristic). 1. Saving and loan cooperatives. 2. Agen-
cies for the purchase of animals for slaughter. 3. Cooperative community
centers of Samopomoc Chlopska (Peasants’Mutual Aid). 4. Collective gastro-
nomic establishments, food bars and inns. 5. Bakeries. 6. Permanent and
semipermanent cinemas. 7. Abbatoires, pork butchers and small slaughtering
establishments (apart from the eastern voivodships this element is not cha-
racteristic). 8. Health centers (apart from the northern voivodships this
element is not characteristic). 9. Veterinary clinics and consulting points
(apart from the voivodships of Katowice and Opole this element is not charac-
teristic). 10. Local administration as well as the police station.

The investigation also showed that the following are characteristic features
of the sub-district centers.

1. Communication junctions, characterized by at least 4 directions of train
or bus connections. The study of the frequency of the train or bus on a planned
route indicates the service irrespective of the expected passenger count, it
does not necessarily determine a sub-district center.



R A v o

p " .r)‘ e S WU

» e'ﬂww’;"‘k”wyw l.“‘l .-.‘
R l‘-q's'a,J~ 1.”‘-  {

\;v'l-_ =y i

‘, - .V;—-Or.l

e v*ﬂ’w
'41?*!2"\ N

V

“b' Py i:.i :, z m_ 1
e .«wrﬂfl a;w“»vgv\-ak y

BTIRSE. + i s PRt 287 A 7

7’ .sayw<~ ).‘.'?wv-ﬁwt“ﬂﬁ S ilas ;
, ,;wgmzuewg -




“owm fypah L
‘ e < 300
OPoD tpeb |
G eug 17, e 301-8B0C
L o AL
. ew > 1Y gﬁ e 801-1300
] e 1301-2000
1 LI 00 .
(N .s \ + L
‘ omy e 0 *920 I
. emj-u’oggg_gg_w-
— 1 L 4 M
TS w " v E 214 o o w

Fig. 1. Functional hierarchy of settlements

Typo A — Local centre (ceatee of & group of villages) with a distinct concepteation of certaln estegorics of services and production of pon-local character; Type B — Local contre (centre of » group of villages) with insigniZicant concentration of cettain categorles of services and production of non-local character, 1 — sub-distriot centres,

2 — diatrict contres, J — sub-rogional centzes, 4 —— rogional contres, G — capital of the country, 6 — less than 25% of non-agricnltural popalation, 7 — ﬁq[nféh_;f/'.‘.’ﬁi

noowm popalation, 8 — sub-district centres ascording Lo the dumber of inhabitants, 9~ towns and cithes, 10— urban settiements, 11 — villages

FAT BF




http://rcin.org.pl



v ®
{ e s o
e - 1 B S A - s -q. v

— b AL » i T
3 ' weilk N A " ) GRR hahC
,5 ._»‘.!_1 4 gotejheily . ol _ L e A "Q'J Rﬁﬂ.
Yo dod | vk v east Tegit s 4’.‘}”.-.,‘95&;\-3 W Thes;  aam

-

SRR BN B R T I o S0 s S T R S
— 2adimd IR TR N (G e S s a';'_‘,"." o) s 2aa {ﬁ_ma:i: Bt '?'5 —"&.ﬂ
n o TTANIAS UL gl Do mie >na- sl e A Aoy TRIRAOR O | s ST {EatE

E Y . . . v P $ - -
23 i Ead et A TIRAN S it SRS G T ete o iy
b . A er B o . Pt S R .
s ' e 4 AR 1 vf"$;;! 250 11' BT t.d__:.-'\:e-'-, ‘y'u!’ ' i 0: L »
‘ > et - L - b
v S8 s L 3 374 SMD 1 S«

eLHINING ) &

L el G B0y Tl
A 2 .
TYPOLOGIOLY, PROBIINS YN UESAW GREOGRAPEY "5y
A4 M . SRR - ra AU

A o
. A )
r | . Ao
T 2 ) ~ & e
.--o‘de v',‘ W AT AR A%

ety Bl ey "'_‘t
o N s vﬁ i 3 ﬂ-jp\‘«: -
& 4 ’l

- #
| s -
g bRy i A A w2 ¢ ey G aka
¥ [ - ‘R 2 ! g B
AT i o el N e iy
. Sl s 1 . ) AL

Ry Ry
-.gk'.:wh_)x-fv.‘f'.'i- P A
AN U



" e s ¥

- ‘!.44;;?-:, - v
nush 4\*.

%r-mdw -a,x S
CUREY {an SRR g

x:‘“‘ s ‘,';.;.;. o e
wﬂ" m

~_

-
A Qk.'

’ 3y VVA‘.U
mf!:ﬁ'f - waa»,.» TR - F
-'o-r' B oA ol L0 ,.'..-q__..u,,
- ’»y«-r,-mrv. SR fmaad.-,-w;gx-;pqw

e M.a_.\ﬁ.n-" »1 -'? [ET

*"P‘ 3
“ZI.M_




,‘. W.'J_'sub&g!f ‘u“ uy

of o : O "“"*““ &2
- o A P e
Sl It-\ar w&-} 7 fesar -&-»-5.

W'Qiﬂk '.“"—"!".'—"- LT F&L}‘x
g By

"" ‘3' )..04 \‘}s..:v 'l“‘i &-«‘\4"\-

By iy - t)—-&u’.--

R
‘.‘-A.tr---, . '8 ~q,"' s w ARt
- et & 5 13 =
%&v “*:";—Q'n ‘L 8

w‘
‘; .plw,...,.t;,':A V»nr,r_,’b, e

o oo Sosghosbpms S ot
07? : “' BTN “-’." =55 ] ... 4 T VERRA St

. 'd" -i\“vp -«r oy
oM . * r'- ﬁ'&"h "~ PR vy .




R 1, s D A
s ;‘g‘?’-aa -
u3 é l‘b'f-. PR N S
» ap e i .
o /'.*4 r’ ey
SRR S ot - (S P o iy with i DR - 4
e =AM MW’M'*?:_"._J‘ \\},‘\L‘ é 0.-- X
‘.'j- e 4 P‘:‘ i .4"'} » -‘.t"-{,—b s-\-« i ? : v
e »x L &.sot . 5 '~'_;'r\ - }?‘,{__ . ',Q %’ w "’"
= ol x,"',h,’*i “—‘A - il —&T 128 "Lm
a oy Wo\l‘ -h-x-)e' --ﬂr‘-‘—pd‘-d“‘(‘l} *w
Ll v .»“‘ fp“ﬂ k’ﬂ\" _RW

.4-—9 AML' ! .

x
T

q.-

oy
...'

w..u.-l

\ Amw LW

R T Kl ‘v ) "‘li IF.-—..F '.,: E!

’ [

M{‘-ﬁd‘ e
f- &"uﬁi

"‘ ]

_.A

of
;__ ,9'?‘3?



hJ. 5 - ' 2 4 : A | o :
b LN &> SAL. 7 ‘:’ e e .- .‘. - N
R --!-0“ - } P J " e i I . K -, 4 f ’ 'rv ot "*
- & .' -

oA -U'ﬁﬂlﬁfwm‘ :ﬂgxﬁ' 3?. o : 44—11
“:.-uw.ﬂ;ci“n.uwt'-ntacm.a- '—'*_ Y :_1_

k- B Sty Wy Qv piniall o5 NS I Tuach e
i ,rm-.«—-&;.M- :1-6,,{‘\\&9&3{" {L e
=Wgiiny <€ Eeiatl Suadv anberh Sogls LK f"' 3 Sal (1

Y23

e ." .

- s--..«-&kw—‘é TR ek SRS Vs X "
&:.ﬂz-" ol gIly et Be bﬁtu-t?*’;”w\ "—L' l‘

by oAy .vens?,-.:::afa—mg-_fwvgra ,__‘,A s
0, ok Freciplot et st ,gﬁgﬂ.!

o
.

L SN0

—‘l
Fy

5—»' ",,..'.; 'I LB R -3 ﬂ‘. -”.. 'v".- o .___.
v 4t wgi@w«.y.; it s '

- ?s égg&.& et
® & 5] ‘- =
e - ti'xé‘ﬁﬂes‘.‘ Ui

0*17,1"‘ ﬁ—** ‘

AN

m "a!ut PN lr:Jch,p
“D" 3‘(‘4~‘ ‘lL RS

e
[ ot P 4
P 4

f R, '.Z;':".' .:’B.J:':'i'

A

*d"“:)l —b-‘thCLﬁh iy

e S a ] A O

HZEH n‘:k*:a,. P

R 1 http://rcin.org.pl' .



s ~}-:a SR w‘ﬁ‘-«‘"‘
';—'wgm ,u-m;‘-u =

> ‘.NP 5 R e *m
s .-..b"" -A..x ‘ --C&\:\
‘f*\.,\vh ¥+ S g s ~VE --ﬂ‘v £
B s !‘ - L Jw-"l”w-" W M. -a.u
A S P uptfx ol s 250 < r'...amalr
R ST e e :(A. e
' i ¥t R BB

v§~r\m" - ~‘N-,-¢\I =

v SIS BER Py, o
b iy o nmm
tq'.ub“ ,M [')lr“ HEdne 4,

A ) 'a. ‘.“-' vu\'».. v L ")
'mvn; s, -".f s®
y 4 i u ’ 'qh-l. ..' 44 (i 4
,5\ .sq t,,).-‘)d PR PN fpm'.° "-‘F}l'& nvluo i u“
o .
vind :--:q,.u gt ’jw'.u'.tf sl




http://rcin.org.pl



http://rcin.org.pl



http://rcin.org.pl



http://rcin.org.pl



CURRENCY CIRCULATION AND TYPOLOGY OF TOWNS 149

(3) with indices of 10 to 159, or more indicating their role as important
centres of state offices and institutions.

All the towns analysed are industrial in type. They fulfill no other function
than that of production, and they are not administrative centres for neigh-
bouring rural districts (they are not the seats of district local government).

Despite this they differ greatly in their wages structure. In the towns of
L6dz area state offices and institutions play a greater role than in Upper
Silesian towns. In Pabianice the wages and salaries paid by state officies
and institutions amount to 8.99, of those paid by enterprises operating on
the basis of full economic accounting, and in Tomaszéw Mazowiecki 8.89%,,
whereas in Upper Silesian towns this proportion is much lower, amounting
to 6.89, in Myslowice, and to only 4.19, in Swigtochlowice.

TABLE 1. INCOMES OF TOWN DWELLERS IN 1962

Average annual wage Wages, salaries,
- pensions, allo-
per person per inhab- index of wa- | wances, bonus-
fLepns employed itant ges range SESHetC ) per
inhabitant
1 2 1:2) 3
Pabianice 16,300 8,040 2.03 9,690
Tomaszéw 17,500 8,180 2.14 10,160
Swigtochlowice 20,300 8,408 2.40 10,170
Myslowice 26,000 10,900 2.39 12,500

Consequently the Upper Silesian towns analysed, and particularly Swie-
tochlowice, can be included in the first group of towns, in which enterprises
predominate, while the towns of £.6dz area will fall into the second group of
towns, in which state offices and institutions play a minor role.

The ratio of average wages per person employed to the average wage per
head of population is another criterion based upon the wage structure. This
ratio is in fact the index of occupational activity of the inhabitants, and can
be called the index of ,,wages range’’.

The various branches of industry represented in the towns analysed differ
greatly in size of wages. The 1961 Statistical Year Book states that the average
wage in coal mines was 2,822 zloties per month, in iron foundries 2,308, and
in the power industry 2,142. In other branches of industry they were, howe-
ver, much lower. In the chemical industry they amounted to 1,817 zloties
per month and in the texstile industry to 1,466.

In the Upper Silesian towns under investigation the vast majority of the
workers are employed in coal mining, the metallurgical industry, and power
generating, and in £.6dZ area in the textile and chemical industries. It can be
deduced that the average wage in Swietochlowice and Myslowice is 309, high-
er than in Tomaszéw Mazowiecki and 30-409 higher than in Pabianice.
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Fig. 1. Areas of fragmented lands
1 — Percentage of arable land, 2 — Villages with fields in chessboard pattern
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156 WLADYSELAW BIEGAJLO

used in common for pasturage when lying fallow, while all pastures and wood-
lands are common property. These ownership relations imply the existence
of numerous features in the economic community such as methods and dates
of land cultivation, sowing with uniform crops, dates of main field, work, etc.

The whole village is bound to apply regularized agricultural techniques.
There is no first ploughing after the harvest, winter ploughing is done spora-
dically, and there are no after-crops, or inter crops. More careful is the culti-
vation of the fallow land which is ploughed and harrowed three times. Manur-
ing is uniform and based mostly upon dung; it is used particularly on fallow
before rye as well as before potatoes crops. The use of agricultural machinery
is made more difficult by the fragmentation of farms. The main work (sowing,
harvesting, potato-lifting) is done by hand, using very primitive implements
such as scythes, sickles, or hoes. The average yield is achieved by hard manual
work and is oriented towards producing cereals, particularly rye, and the
breeding of cattle of sheep is extensive.

2. The three-field system in its transitional stage is to be found exclusively
in villages with fragmented fields. Numerous features of the classic three-field

Fig. 2. Pattern of lands in the three-field system in the village of Holody, powtat of Bielsk
Podlaski
1 — highways, 2 — field tracks, 3 — settlement buildings with orchard, and gardens, 4 — common pastures,
5 — grasslands used interchangeably as mown meadows or pastures (winter—crop and spring—crop fields used
as meadows), fallow field as pasture, 6 — cultivated meadows, 7 — woodlands in commonuse, 8 — bounda-
ries of fields, I st field — fallow land, II nd field — winter—crop, I1I rd field — spring-crop 9 — plots of arable
land belonging to one farm
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160 JERZY KOSTROWICKI

perience and effort of a large group of experts in agricultural geography of
various countries and zones should be united, preferably within the frame-
work of activities of the International Geographical Union.

The present paper does not pretend of course to solve the difficult and com-
plicated problem of geographical classification of agriculture. Based on
a number of studies by various authors from different. coutries as well as on
the experience of Polish agricultural geography and that of the present aut-
hor, its aim is only to initiate the discussion on criteria, methods and techni-
ques of such a geographical typology of agriculture.

TABLE 1. THE DIFFERENTIATING FEATURES USED BY VARIOUS AUTHORS TO DEFINE TYPES OF

AGRICULTURE
I. Land ownership and land tenure P. George, N. Helburn
Size of farms N. Helburn
Organizational forms of farms P. George
Amount of time spent off the farm by the operator Generalized...
II. The use of land R. Dumont, L. D. Stamp, G. Blohm, D. Whit-

tlesey, N. Helburn

Crop rotation (and land rotation) D. Faucher, R. Dumont, N. Helburn
Tools and methods used in farming D. Whittlesey
Labour and capital ratios to land and to each other R. Dumont, L.D. Stamp, N. Helburn,
A. Rakitnikov
Value of land N. Helburn
D

The complex of structures associated with farm enterpri- . Whittlesey
ses
Intensity of land use . Dumont, P. George, D. Whittlesey,

P
N. Helburn

TI1I. Value or volume of production (per unit area) R. Dumont, G. Blohm, Generalized...
N. Helburn, G. Studenski, A. Rakitnikov
Balance of crop and livestock (share of particular sec- D. Faucher, L.D. Stamp, D. Whittlesey,
tions of agric. production) N. Helburn, G. Studenski
Labour efficiency (production per 1 person employed) R. Dumont
Processing and disposal of products D. Whittlesey
Commercial production per unit area G. Studenski
Degree of commercialization N. Helburn
Structure of commercial production Generalized..., G. Studenski, A. Rakitnikov
Specialization R. Dumont, P. George, Generalized...,
N. Helburn
TUniformity versus non uniformity L.D. Stamp
IV. Balance of farm income and expenditure G. Blohm, Generalized...,
Level of living N. Helburn

As has been already said the criteria and methods of such a classification
adopted by various authors either differ from each other, or no definite and
uniform criteria are followed, and very often the criteria and methods used
are not even revealed by the author so that they may be deciphered only by
careful analysis of his study.

Since a considerable number of typological studies of agriculture have been
already published only the most representative examples of those which
either define the criteria of such a typology or follow them in classifying the
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C Fig. 1. The orientations in agricultural production of Poland
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176 LUCJA GORECKA, JERZY GRZESZCZAK

THE INFLUENCE OF THE DEPOSITS OF MINERAL RAW MATERIALS ON THE LOCATION OF PLANTS,
THEIR SIZE AND RANGE OF PRODUCTION

Analysing the degree of dependence between the location of a cement mill
or a brickworks, and the existence on the spot of deposits of the appropriate
mineral raw materials, it is necessary to take into consideration the phenomenon
of substitution now in progress, as more and more often subsidiary raw ma-
terials (e.g. blast-furnace slags in cement production) are in use together
with traditional natural raw materials. This phenomenon, resulting from
technological progress, does not diminish the demand for natural raw materials
as the cement and brick production generally increases in quantity.

TABLE 1. PRODUCTION OF BRICK-INDUSTRY PRODUCTS IN POLAND ACCORDING TO THE TYPE
OF RAW MATERIALS AND THE SIZE OF THE BRICKWORK

Brickworks according to the annual production in millions of
ceramic units

1 i less more Annual
Geolggical ChatacteliBies | gy 17 o2 afoa|a—s 5—7,5 754 10=H15= | i an | Totals | avera-
of the raw material 1 -10 —15 —20 20 I

in percentages of the total production of the given group of

brickworks
Quaternary formations:
Alluvial 0.3 5.2 6.4 7.4 9.6 10.2 20.6 14.8 8.7 4.4
Loesses and looss clays 18.6 9.7 8.1 4.3 7.8 3.3 5.1 2.0
Boulder and waethering
clays 41.3 377 241 21,5 25.1 7.8 4.5 17.0 2.0
Pleistocene loams and
silts 8.6 13.7 17.0| 251 185 26.2 15.5 20.4  16.6 36.8 20.8 1.0
Tertiary formations:
Pliocene loams 45 11.3| 21.8| 16.6 11.0 4.7 7.3 19.2 154 46.4 14.5 3.8
Miocene loams 5.5 5.6 9.9 11.1 14.3| 189 233 31.1 35.7 16.8 15.9 4.8
Oligocene and Eocene
loams and shales 0.9 2.4 1.0 1.9 3.2 3.7 1.7 3.7
Mesozoic and Palaeozoic
formations:
Cretaceous, Jurassic and
Trias loams and shales 1.3 3.3 3.7 5.1 3.9 7.3 16.3 16.8 5.4 5.0
Permian and Carbonife-
rous loams and shales 2.7 1.9 4.7 5.0 18.4 8.8 145 155 7.8 5.4
Undefined formations 19.0' 10.8 4.9 3.2 2.9 3.1 1.1
Total 100.0 100.0 100.0 100.0 | 100.0 100.0 100.0 100.0 100.0 100.0 100.0 3.3

* Percentage of the home brick production based upon a given raw material.

** Annual average of the volume of production in a brickworks processing a given raw material, in millions of
ceramic units,

The increase in the volume of production, together with its simultaneous
concentration in big or at least medium-sized plants, cause demands for
localization of these plants to grow stronger and stronger in proportion to
the volume of raw material deposits. The quality of raw materials becomes
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more and more important as a result of the transformation of the standard
of output (in brick production e.g. the percentage of thin-wall and hollow
products, made of a higher-quality raw material).

Some of these interrelations are illustrated in Tables 1 and 2, presenting
the influence of various raw materials on the volume and range of brick pro-
duction. The figures included in the Tables justify a statement that as the
volume of production increases and the standard of output of a brickworks
becomes more and more differentiated, the role played by quaternary raw
materials decreases but the significance of older-formation compositions
increases. The reasons for this fact should be sought in a better (because of
the increased scale of production and range of produced goods) selection of
deposits (and raw materials found in them) from the viewpoint of their greater
wealth and qualitative features. In the category of the brickworks with an
annual production of over 7.5 million ceramic units, the decisive role of pre-
quaternary raw materials, which in most cases are much richer and more
adaptable to brick production, is clearly visible. The production of all more
valuable brick products is based predominantly on these raw materials.
Pliocene and Miocene loams, for instance, taken together, are the basis of the
almost three quarters of the Polish production of tiles.

TABLE 2. PRODUCTION OF BRICK-INDUSTRY PRODUCTS IN POLAND ACCORDING TO THE TYPE OF
RAW MATERIALS AND RANGE OF PRODUCTS

Range of products

Brick
2 g
5 = =l
Geological characteristics 2 = = 3 <]
of the raw material = K o = c} > Z =
ey S 2 - 15 =) = 3}
= S A2 = &= =
= > 5 = g = 3 =2 8 &
& 8 = S & et = & =) )
in percentages of the total production of a given product
Quaternary formations
Alluvial 10.0 5.2 11.9 7.4 405
Loesses and loess clays 7.1
Boulder and waethering clays 22.2 7.5 1 1.0 33
Pleistocens loams and silts 20.0 | 30.6 99.5 9.2 26.5 6.1  20.7  14.1
Tertiary formations
Pliocene loams 10.3 | 34.0 11.6 5.7 9.2 | 16.8  55.9 45.2
Miocene loams 10.1 | 13.0 0.5 ' 86.1  29.2 91.7 36.8 58.9 7.0 0.2
Oligocene and Eocene loams and shales 1.2 4.8 2.5 2.9
Mesozoic and Palaeozoic formations;
Cretaceous, Jurassic and Trias loams and
shales 6.3 1.7 2.3 9.3 2.4 141 0.2 2.7
Permian and Carboniferous loams and
shales 8.6 3.0 46.6 5.9  13.0 2.6 0.1
4.2 0.2 0.4
Undefined formations
Total 100.0 1 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

12 — Geographia Polonica



LUCJA GORECKA, JERZY GRZESZCZAK
THE INFLUENCE OF NATURAL FACTORS ON PRODUCTION COSTS

This problem was investigated on the basis of the analysis of factors influen-
cing the unit cost of production of cement and brick products. The following
features, as essentially connected with the geographical environment, were
taken into consideration in the analysis: for cement production, two production
phases (the extraction of raw material and clinker burning), and for brick-pro-

duct production, three phases (extraction of raw material, production of
raw bricks, and natural drying).

All natural features influencing the production costs of cement and brick
products were classified as constant, that is influencing the cost during a longer
period of time, or “variable, resulting from the periodical changes in the
weather conditions of the region in which the production plant is located.
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Fig. 1. Dependency of exploitation costs of raw material on the conditions of exploitation and
distance between quarries and cement mill

A — Cost of raw materials per unit, B — Distance of raw material site from cement mill. Scale of conditions of ex-
ploitation: 1 — very difficult, 2 — difficult, 3 — medium difficult, 4 — good, 5 — very good.
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The constant factors, in which the natural conditions of the exploitation
of a deposit and its distance to the production centre were included, influence
the unit production cost in a decisive manner, which permits the differentiation
of defined classes of plants according to the height of the costs. The variable
factors, however, cause this height to vary (within a given class) in various
periods of time. The characteristic feature of the variable weather factors is
that in relation to the geomorphological situation of the deposit and the
quality of raw materials they influence the production costs with various
degree of delay, reaching even a year (e.g. the influence of precipitation in
deep quarries of cement raw materials).

TABLE 3. BRICKWORKS* IN POLAND ACCORDING TO THE COST OF EXTRACTION AND TYPE OF RAW
MATERIALS

Cost of extraction of 1 cubic meter of the raw
material in zloties

less more
Type of raw material -than 10—20 20—30 30—40 40—60 : than Total
10 60

in percentages of the total of brickworks
processing a given raw material

Quaternary formations

Alluvial 2.4 34.2 31.7 26.8 4.9 100.0
Loesses and loess clays 37.0 44.5 14.8 3.7 100.0
Boulder and waethering clays 6.5 29.0 23.4 18.7 17.7 4.7 100.0
Pleistocene loams and silts 8.9 14.8 24.8 18.8 17.8 14.9 100.0

Tertiary and older formations:

Pliocene loams 6.2 375 23.8 13.8 17.5 1.2 100.0
Older Tertiary loams 1.1 20.2 16.9 16.9 35.9 9.0 100.0
Mesozoic loams and shales 11.1 26.0 22,2 37.0 3.7 100.0
Paleozoic loams and shales 3.4 34.5 44.8 13.8 3.5 100.0

* 500 brickworks with an annual production of over 2 million ceramic units.

The dependence of the height of the unit production cost in phase I (extra-
ction of raw materials) on the constant factors is presented in Figure I (for
cement mills) and Table 3 (for brickworks). A very low cost of raw material
extraction was noted for the deposits of Turonian marls exploited by the ““Po-
kéj‘“ cement mill at Rejowiec, endowed with best-exploitation conditions (the
considerable increase in the raw material costs of the “Pokéj C* deposits is
connected with the great distance of this deposit from the production centre).
The cement mills in the Opole centre are run on exceptionally low costs as
primarily these plants are exploiting very simple, undisturbed tectonics of
deposits. In Table 3 items like the relatively low cost of exploitation of easily
accessible and malleable loesses and loess clays with a simple structure of de-
posits, and the high costs of extraction of older Tertiary loams, often lying
in disturbed stratas and under thick layers of younger compositions, are also
particularly striking.
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THE INFLUENCE OF THE EXPLOITATION OF DEPOSITS AND PROCESSING OF RAW MATERIALS
ON CHANGES IN THE GEOGRAPHICAL ENVIRONMENT

The investigation of this problem was carried out primarily in the cement
industry, and included in particular: (a) changes in the topographical features
of the surface, (b) changes in the ground water resources.

Changes in the topographical features of the surface were investigated
from the aspects of (a) the speed of the changes occurring, and (b) the forms
of transformation of the surface.

It was estimated that since the beginning of their activities cement mills
now existing in Poland have destroyed about 600 hectares by the extraction
of raw materials. The average speed of the destruction of the surface by indi-
vidual plants grows with the development of cement production and amounts
to about 25 hectares annually for the whole country (Table 4).

TABLE 4. TRANSFORMATION OF THE SURFACE BY THE EXPLOITATION
OF BASIC RAW MATERIALS FOR CEMENT PRODUCTION IN POLAND

Year Surface exploited in hectares
i ; Quarries | °T313Tt] prior 1956—1958
No Cement mills (desposits) of fax- to nnual
pl?lta 1958 |average  (otal annual
tion total average
1  “Bolko” “Bolko” 1901 10.8 0.19 0.6 0.28
2 | “Golesz6w” “Gérna Leszna” 1951 11.7 } 2.0 } 1.03
“Pod Chelmem” 1958 0.1 0.53 0.1
0Old quarry 1898 | c. 20.0 =
3  “Grodziec” “Rogoznik"” 1949 8.9 } 0.50 1.7 0.34
0ld quarry 1856 | c. 42.0 - =
4 | “Groszowice” No. 1 (“right’’) 1872 | 57.3 5.1
No. 2 (“left™) 1872 | 27.4 } ik 8.0 } =
5 “Odra” “Odra” 1913 ‘ 31.6 0.70 3.3 1.64
6  “Piast” “Piast” 1911 20.5 0.44 2.0 0.98
7 | “Podgrodzie” “Podgrodzie
I 1946 21.3 } 1.40 3.2 1.58
Old quarries 1912 | c. 45.0 = o
8 | “Poké6j” AN 1924 14.4 0.5 ]
“B” 1954 8.5 1.45 3.1 4.05
“C” Chelm 1924 26.1 } 8.1
9 | “Saturn” “Gawczyce”’ 1930 59.7 2.13 1.6 0.79
10 | “Szczakowa” “Sadowa Gora” 1955 3.1 1.0 0.49
“Grédek” 1883 | 239 } 0.49 — —
Old quarries c. 8.0 —_ =
11  “Wejherowo” “Orle 111" 1952 | c.19.0 } 0.77 3.5 1.77
Old quarries 1872 | c. 47.0 — o
12 “Wiek” “Wiek” 1913 26.9 0.60 3.8 1.91
18  “Przyjain”’ “Rzeczk6w”’
and“Wierzbica” 1952 10.0 } 1.67 1.0 0.52
“Marylin” ? 5.7 — =
14 “Wysoka” “Wysoka” 1885 36.5 0.50 3.8 1.91
15 “Goérka” “Gérka”” 1912 c.19.6 0.43 ? ?

Total 605.0 0.69 50.4 25.16
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184 BRONISEAW KORTUS

of its production potentials. On the other hand, from the point of view of
their significance, the situation is reversed because Upper Silesia has a conside-
rably greater economic significance for Poland than Donbas has for U.S.S.R.

TABLE 1. SOME PARTICULARS ON THE SIZE AND PRODUCTION POTENTIALS OF BOTH THE REGIONS

1960
Role in ¢,
Upper Donbas .
Specifications Donbas ! Silesia® Upper IDonbas ;if:::
Silesia - et
ERELE Poland
Area (in km?) about 33000 4800 6.8 0.15 1.5
Population (in 1000 inhabitants) 7000 2614 2.7 3.2 8.8
Industrial employment (in 1000 per-
sons) 1500 681 2.2 6.5 22,7
Coal resources (in billion tons) 240 150 1.6 6.0 99.0
Coal output (in million tons) 188 101 1.9 50.0 97.0
Coke production (in million tons) about 20 about 6.2 3.2 33.0 50.0
Electric power production (in billion
kWh) about 23  abond 10.0 2.3 8.0 33.0
Production of pig iron (in million
tons) about 10 1.9 5.3 21.0 11.0
Steel production (in million tons) about 12 3.6 3.3 18.0 54.0
Production of rolled steel (in million
tons about 10 PG 3.4 20.0 66.0

1 The so-called “Industrial Donbas’ comprises an area in which about 75%, of the area and coal resources fall within
the administration of the Ukraine (in the districts of Donetsk and Lugansk) and the remaining part to the Russian
Federation (in the Rostov district) [1, 10, 13,].

2 In the present study the “Industrial Upper Silesian Region’ comprises the central part of the Katowice voivod-
ship, the urban powiats of Bedzin, Bytom, Chorzéw, Czeladi, Dabrowa Gornicza, Gliwice, Katowice, Myslowice,
Ruda Slaska, Rybnik, Siemianowice Sl., Sosnowiec, Swietochlowice, Tychy, Zabrze, and the rural powiats of Bedzin,
Gliwice, Rybnik, Tarnowskie Géry, Tychy and Wodzislaw Sl., as well as the western area of the Krakéw voivodship
namely the powiats of Chrzanéw, Oswigcim and the town Jaworzno.

I1. The size and structure of the coal resources

As a result of the most recent post-war geological investigations new bounda-
ries and resources in the Donets Basin, known as the “New Donbas‘‘, have
been determined, comprising an area of 40 thousand km? and with resources
of about 240 billion tons! [1, 13]. The resources of the Upper Silesian Basin,
which has an area of about 4240 km?2, contain about 80 billion tons for the
thickness of beds above 0.8 m and to the depth of 1000 m [7]. However,
taking similar criteria as in the Donbas into consideration, they contain
about 150 billion tons [3]. Because of the thickness of its coal deposits Don-
bas is a basin with thin coal-beds (average 0.9 m), opposite to Upper Silesia,

1 In the years between both World Wars the ,,0ld Donbas’ was known, comprising an area
of 23 thousand km? and with resources amounting to about 90 billion tons.
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where for example in 1959 the average thickness of the exploited deposits was
2.8 m [12]. Apart from this, the coal-beds in the Donets Basin are strongly
tectonically disturbed [13], and this on the whole creates considerably more
difficult conditions for its mining than in Upper Silesia. In the analysis of
the coal fields, an important element is the “index of coal content or the
percentage rate of the deposits suitable for exploitation in relation to the total
thickness of the productive carbon-beds, characterising the degree of concen-
tration of coal-beds. In the Upper Silesian Region this index is three times
higher than it is in the Donbas (Table 2)2.

TABLE 2. SOME OF THE PARTICULARS CONCERNING THE DUNBAS
AND UPPER SILESIA COAL BASINS

Upper Silesia

Specifications Donets Basin :
Basin
The area of coal field (in km? ) c. 40 000 1240
Geological coal resources (to a depth of
1800 1n for coal beds over 0.3 m thick)
(in billion tons) c. 240 c. 150
Mean thickness of beds suitable for exploi-
tation (above 0.5 m) 0.9 m above 2 m
Index of coal content? (vertical concentra-
tion of resources) 0.7—0.8% 2.2—2.5%
Resources on one km? of the coal field
horizontal concentration of resources
(in million tons) c. 6 c. 35
Calorific value of coal (in cal. kg.) 7 100—38 100 4 800—7 800
The qualitative structure of resources:
anthracite 30°% —
coking coal 28%, 14%
meager coal 14% =
gas-flame coal (energetic coal) 28% 86%

1 The percentage of coal-beds in relation to total thickness of the productive
carbon.

This “index of coal content‘ is lower in the Donets Basin and this in its

turn bears upon the low horizontal concentration of the coal resources. For
(240 billion tons \

40,000 km? ;,

150 billion tons \3

4——\ . This tact
4240 km? }

of the greater dispersion of the coal resources, not only in the vertical direction
but also in the horizontal direction in the Donbas affects in its turn the spatial
structure of the whole region and also the localization of the mines, the industry,

each km? there are about 6 million tons of coal resources

whereas in Upper Silesia about 35 million tons(

? For comparative reasons the value of ,,index of coal content’ of the Kuznetsk Basin was
1.8 [2] and for the Ruhr Basin 2.2-3.5 {2,6].

120 billion tons
3 For the Ruhr Basin the index shows about 20 million tons 61.
. 6200 km?
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population, settlements etc. Indeed the above mentioned quantitative indices
for the Donets Basin are less profitable but the qualitative ones much higher
than those of the Upper Silesia Basin (Table 2). Apart from the higher calorific
value of the Donets coal there is a considerable amount of high grade anthra-
cite (309), coking coal (289;), and meager coal (149,). Therefore a much
larger diversity occurs in the Donbas as opposed to Upper Silesia and as
a result coal in the Donbas creates many more complete possibilities for
its advantageous economic management.

III. Historical Development

The historical development of the Donbas Region and that of the Upper
Silesian Region are quite varied. In the Table 3 several facts in the economic
history of both these two regions are referred to, which, in a certain sense,
influenced the degree and rate of their economic development.

TABLE 3. SOME PARTICULARS CONCERNING THE HISTORICAL-ECONOMIC DEVELOPMENT

Further details

Upper Difference
Specifications ,,_pp, Donbas 3 g e
Silesia in years pp! Donbas
Silesia
The opening of the first coal mine 1751 1795 44 in Ruda Sk in Lisichansk
The first steam engine used 1788 1795 7 in lead mine in the arms
Tarnowskie factory in
Gory Lugansk
The first rail-road 1845/46 1863 18 (Wroctaw) rail-road sec-
Gliwice-Mys- tion 67 km
towice (Shakhty-
Aksay on the
Don)
The application of coke in me- 1796 1372 76 in the Gliwice in the Yuzov-
tallurgy iron works ka Donetsk
ironworks
The liberation of peasants 1809 1861 52

TABLE 4. THE DEVELOPMENT OF COAL PRODUCTION IN THE DONETS BASIN
AND IN THE UPPER SILESIAN BASIN (THOUSAND TONS)

Years Upper Silesia Donbas Years Upper Silesia Donbas

> [8, 10] [2. 10, 11] ’ [3. 10] [2. 10. 11]
1790 10 2 1920 38,561 4.524
1300 43.4 2.4 1929 63,232 30,980
1810 97.0 2,5 1933 | 42,996 51,060
1820 163.3 4.1 1940 | 72,128 85,510
1340 656.2 14.0 1945 | 24,620 36,934
1860 2,825 98 1950 | 74,300 89,680
1880 11,600 1,414 1955 90,586 135,330
1900 30,105 11,003 1960 101,300 188,200
1913 52,591 25,288




DONBAS AND UPPER SILESIA 187

The growth of Upper Silesia took place much earlier — in the second
half of the 18th century, mainly as a fortunate result of the mercantile politics
of Prussia. Within the boundaries of that country the greater part of this
coal region was to be found. Apart from this, capitalism developed considerably
earlier in this part of Europe than in Russia. The beginning of the development
of the Donbas Region commenced only in the first half of the 19th century,
its real development, however, took place after the abolition of the overlords,
that is to say, after the formal liquidation of feudalism in 1861. How far
Upper Silesia was in advance of the Donbas is illustrated by the fact that
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Fig. 1. Coal output in the Donbas and Upper Silesia (in million tons)
1 — Donbas, 2 — Upper Silesia
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in the Upper Silesian Region, during the period 1861-1917, about one billion
tons [8] of coal were produced and in the Donbas Region during the same
period scarcely 411 million tons [2]. On the other hand, the Donbas Region
after the October Revolution developed at a considerably faster rate. In
1932 it had already for the first time outdistanced Upper Silesia in regard
to the coal output (Table 4 and Fig. 1). Today it is rebuilt after almost complete
destruction during World War II. The Donbas Region, as regards the whole
of its economic potentials, exceeds several times Upper Silesia.

IV. Industrial structure

The industrial potential of the Donbas is several times larger than that of
Upper Silesia, as can be seen in Table 1. In Upper Silesia the degree of indu-
strialization is rather higher assessed in the figures of those engaged in industry
relative to 1000 inhabitants. The appropriate index shows that in Upper
Silesia it is 260 and in Donbas 214. In regard to the proportions between
different branches of the industry both regions are on the whole similar.
Both represent the typical coal-metallurgical complexes. In both the conductive
element is the coal industry, on which all the branches of industry are based,
such as the power plants, metallurgy and machine industries, chemical and
building materials industry and others.

TABLE 5. THE PROPORTIONS BETWEEN DIFFE-

RENT BRANCHES OF INDUSTRY IN THE UPPER
SILESIAN REGION IN %% OF EMPLOYMENT, 1960

Branches of industry

Industry as a whole 100.0
Production of electric and thermic energy 3.9
Coal industry 42.0
Ferrous metallurgy 9.8
Non-ferrous metallurgy 3.0
Machine building and metal industry 149
Chemical industry including chemistry of coke 10.3
Mineral industry 5.5
Timber and paper industry 1.7
Textile industry 2.6
Leather and shoe industry 1.8
Food-processing 3.4
Others 1.1

I am able to show the proportions between different branches of industry
of the Upper Silesian Industrial Region. Unfortunately the analogical data
for the Donets Region are missing and this makes it impossible to analize
the Donets Region and compare these problems.

The coal industry therefore is the most important branch of the Upper
Silesian Industry. In it were engaged in 1960 about 300 thousand persons
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that is to say about 429, of all those engaged in industry in this region. On
the other hand, the coal industry in the Donbas employs over 500 thousand
persons and this represents about 1/3 of all those engaged in industry [11].
As well as this, certain differences exist in the proportions between different
branches of industry in both regions, revealing that the part played by the
mining and foundring of non-iron metals in Upper Silesia is larger. Any
considerable mines of this kind are lacking in the Donbas. On the other hand,
the role of the chemical industry is greater in the Donbas, where there are
bases of raw materials in the form of a suitable quality of coal as well as salt.

V. The coal industry

The coal industry in the Donbas Region was represented in 1957 by 530
mines while in Upper Silesia there were 74 such mines. In regard to their
size however, a considerable difference arises in the two regions. Namely,
the Donbas is a region of small mines, the average yearly output barely
reached 340 thousand tons, when the same index for the Upper Silesian
mines was 1240 thousand tonst.

Since the October Revolution there has been a considerable reconstruction
of the coal industry in the Donbas, including the concentration of itsoutput.

TABLE 6. THE COAL INDUSTRY IN THE DONBAS REGION AND IN THE
UPPER SILESIAN REGION

Specifications Donbas Region Upper Silesian Region
L ' [2.10,11] [10,12]
Number of mines (1957) 530 74
Coal output in million tons (1957) 180 91
Outpury of one colliery in thousand tons 340 1240
Structure of mines according to their number output number output
size (1955) of mines % of mines %
Mines with year output up to 100
thousand tons 135 6.5 — —
100— 300 269 43.0 —_ =
300— 600 75 26.7 10 5.2
600—1 000 33 23.8 17 15.5
1000—2 000 — — 40 61.8
over 2 000 —_ — 7 17.5
Total 512 100.0 74 100.0
Productivity in kg for one working
shift 1260 1480
Rate of labour costs in the struc-
ture of coal output costs about 67% about 409%

4 In the Ruhr Basin where in 1953 there were 140 mines with an output of 120 million tons,
this index for one mine was 860 thousand tons [6].
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In 1913 there were about 1200 active mines in the Donets Basin, with an
output of 25.3 million tons, which for one mine can be assessed at 21 thousand
tons. On the other hand, in 1940, the number of mines diminished to 314 and
the average output of one mine arose to 230 thousand tons. A similar process
of the concentration of coal production took place in Upper Silesia and in
the same way the yearly output index for one mine in 1850 was 15.4 thousand
tons, in 1911 640 thousand tons and in 1938 800 thousand tons [8].

The considerable differences in the structure of the mines, as is evident
from Table 6, are of course the result of varied geological conditions of both
these basins, especially for the noticeably lower “index of coal content‘‘in
the Donets Basin. Moreover, as a result of the less favourable geological
conditions, the productivity of the Donbas mines are lower in comparison
to Upper Silesia. Furthermore, the considerably more difficult working
conditions are reflected in the very high rate of labour cost in the cost of the
coal output as a whole.

VI. The spatial structure

The basic differences that exist between the Donbas and Upper Silesian
Regions, apart from their size and varied industrial potentials, occur however
in their spatial structure, in the degree of concentration of the population,
settlements, industry etc. For the documentation of these differences, the
following table shows some of the economic elements in both regions in relation
to their areas (Table 7).

TABLE 7. SOME OF THE ELEMENTS OF SPATIAL STRUCTURE AND
URBANIZATION (1960)

s Upper Sile- Donbas Upper Sile-
SLeciticationy sian Region Region sia/Donbas
Population density (per km? ) 545 212 2.6
Industrial employment (per km?2 ) 142 46 3.1
Coal output per 100 km? (thousand
tons) 1 554 570 2N
Density of rail network (per 100 km?)  about 26 about 9 2
Urban population (in thousand) 2165 about 6 000
Percent of urban population in re-
lation to total population 83 84 —
TUrban population (per km?) 450 180 2.5
Number of towns 40 63 —
Number of settlements of urban
type 40 260 -—

In the’light of the above table, Upper Silesia is proved to have an almost
three times larger concentration of population, industry and railway network.
A similar difference occurs in the concentration of towns and urban po-
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pulation in comparison to the same degree of urbanization in both regions.
The urban agglomeration of Upper Silesia comprises 40 towns and 40 set-
tlements of an urban type with over 2 million urban inhabitants. On the
other hand, in an almost 7 times greater area of the Donbas there are 63
towns and 260 settlements of an urban type with 6 million urban inhabitants®.

Fig. 2. Industrial regions of Donbas and Upper Silesia
A — Upper Silesia, B— Donbas, 1 — Boundaries of the republics, 2 — Boundaries of administrative units of
I order (voivodship in I’oland, oblast in T.S.S.R.)

Donbas is therefore a region from every point of view spatially dispersed,
whereas in Upper Silesia the degree of concentration is particularly high. In
this regard, Upper Silesia resembles the coal regions of Western Europe,
especially the Ruhr and the Saar, even revealing a greater degree of concentra-
tion than most of the English mining regions. These differences in the spatial
structure of both the compared regions are mainly caused by the dissimilar
distribution of the coal industry. Thus the coal output of the Donbas is dis-
persed over several separate areas such as Donetsk-Makyevka, Gorlovka-Ye-
nakiyevo, Kadiyevka, Lisichansk, Shakhtiorsk-Krasnyj Luch, Shakhty and
others. On the other hand, in Upper Silesia 60 mines and 769, of the coal
output are concentrated in the central part of this region between Gliwice,
Katowice and Jaworzno. Such a dissimilar arrangement of the coal industries
is in its turn the result of the varied geological conditions existing in both
the basins. In Upper Silesia the vertical as well as the horizontal concentration

5 Even greater differences occur in the actual distribution of towns in the two regions. The
agglomeration in Upper Silesia basically represents one large and coherent urban area consisting
of the 20 largest towns and settlements (from Gliwice and Labedy in the West to Jaworzno
and Strzemieszyce in the East) and including the population of 1670 thousand, which is 809
of the total urban population. The remaining 209, of the urban population devolves on the
smaller, scattered towns around the central area. In direct opposition to this urban agglome-
ration, Donbas is noticeably scattered, dispersing itself into 20 separate centres.
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In spite of this the development programmes for the cement industry must
also consider the problem of the optimal distribution of outputs. The material
presented in this paper includes the results of an attempt made for the first
time in Poland to apply the method of linear programming to the econo-
mic-geographical analysis. It aims at a verification of hypothetical locations
included in the plan for the development of the national economy in 1961-1980.

Minimal costs of cement in the place of demand, that is jointly the processing
costs and the costs of transportation, have been accepted as the criterion
of the optimal distribution pattern for the cement industry. This is not,
however, a problem of the minimal costs for each individual mill, but of find-
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Fig. 1. Regions of the cement industry in Poland 1946-1980

Areas of deposits: 1 — limestone, 2 — marl, 3 — chalk, 4 — chalk marl, 5 — dolomites, 6 — chalk marl and dolomi-
tes, 7— gypsum and anhydrites, 8 — cement mills in operation in 1960, 9 — planned cement mills, construction
1960-1980
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ing a solution that will reduce to a minimum the joint costs in all the cemen-
mills of the country as a whole, or in a given region. The method of the sot
-called “open transport solution’ has been accepted which in this place means
that the volume of supplies of cement exceeds that of demand by a definite
quantum of the demand from a “fictitious recipient’”’. It has been assumed
that: (1) there are 34 production points with a joint output of 29 million
tons (1980), while the total home demand amounts to 25 million tons, the
difference being the demand by a “fictitious recipient’’; (2) the spatial struec-
ture of cement consumption included 17 points, voivodship towns. Further-
more, some simplified assumptions have also been introduced as to the fu-
ture trends in the formation of processing costs, types of cement produced
and transportation costs.

TABLE 1. BALANCE OF TRANSPORT COSTS IN THE POLISH CEMENT
INDUSTRY IN 1960*

Costs of transportation

Commodity in million | in per-

zloties centages
Basic raw materials 11.6 —
Blast furnace slag 35.5 =
Clinker 31.4 —
Gypsum 9.6 —
Coal 40.0 =
Cost of transportation of inputs 128.1 5.0
Costs of transportation of outputs 351.5 13.8
Total costs of transportation 479.6 18.8
Total processing costs 2067.0 81.2
Total processing and transportation costs 2546.6 100.0

1 Only for commodities sent by long distance transport

The first conclusions of this analysis is that the processing costs are most
important. As the transportation costs are rather slight in comparison with
the total costs of cement production, it can be accepted that Poland’s terri-
tory is in fact one single region as far as the balance of production and sale
of cement is concerned. Small mills with high production costs predominate
among mills producing cement in non-optimal conditions for supplies to the
“fictitious recipient”’. There was a single case only in the northern region
where owing to the low transportation costs the mill belonged to the optimal
pattern despite high production costs. This, however, is an exception which
proves the general rule. The analysis also reveals that in the southwestern
region relatively small differences in the production costs shifted 10 cement
mills into the non-optimal pattern.

The analysis also leads us to formulate a question whether or not there
is any point in closing some obsolete mills with high production costs in the
viecinity of mills with low production costs.
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value of industrial products in Katowice voivodship increased by 116.79,
that is it more than doubled. The post-war evolution will be analysed upon
the figures of 1946, the first post-war year of normal work in industry, and
of 1960, which gives a picture relatively very close to the present situation.
It is also worth noting that in 1946-1960 the per capita productivity increa-
sed greatly, the average for the whole industry rising approximately three-
fold. But the increase was much less in the extraction industries than in
manufacturing, particularly machine-building and chemical industries, as
in 1950-1960 the total per capita production in the machine-building industry
increased 4.4 times, and in the chemical industry 3.3 times. Thus, the same
number of workers did not produce equal values in 1946 and in 1960.

TABLE 1. PROPORTION OF VARIOUS BRANCHES OF INDUSTRY BY NUMBER OF INDUSTRIAL
WORKERS IN KATOWICE VOIVODSHIP IN 1946 AND 1960

1946 1960
Branch of industry
number % number %

Total 402,781 100.0 776,885 100.0
Production of electric and thermal

power 8,268 2.1 14,038 1.8
Fuel industry and coke chemicals 173,459 43.1 297,959 38.3
Ferrous metallurgy 64,212 15.9 91,875 11.8
Non-ferrous metallurgy 12,023 3.0 19,929 2.6
Machine-building and metal structures 55,705 13.8 141,246 18.2
Chemical industry 12,395 3.1 22,032 2.8
Rubber industry 149 0.1 1,101 0.1
Mineral and building-material indus-

tries 15,961 3.9 31,596 1.1
Glass and pottery industries 3,495 0.9 6,673 0.9
Timber industry 6,916 1.7 17,233 2.2
Paper industry 6,124 1.5 8,192 1.1
Textile industry 25,799 6.4 57,623 7.4
Clothing industry 2,106 0.5 13,931 1.8
Leather and footwear industry 1,397 0.4 9,016 1.2
Food industry 9,413 2.3 34,525 4.4
Other branches of industry 5,163 1.3 9,916 1.3

As the damage to industry in the Katowice voivodship was relatively
insignificant, it can be accepted that the proportions between different bran-
ches of industry in 1946 was almost the same as in the pre-war period. Table
1 shows the structure of industry, as reflected by percentages of workers
in the various branches in 1946 and 1960. It appears that in 1946 649, of
all industrial workers were employed in coal and ore production, metallur-
gical production, and power production, which confirms that the industry
was predominantly of an extractional character. The machine-building and
metal industries employed slightly more than 13%, the mineral and building-
material industries even less than 4%, the textile industry slightly over 69,
and food production over 2%. These branches, however, were to a great
extent localized outside the main industrial complex of the coal basin, in
the southern and north-eastern part of the voivodship.
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The spatial structure of employment in industry is shown on the maps.
The first two present this aspect for the years 1946 and 1960 as to area, the
following two in percentages of the population, the last two show changes
which occurred between 1946 and 1960 expressed as numbers of industrial
workers in relation to the area and population. The units in all maps are
powiats and towns of powiat status.

The analysis of employment in industry in 1946 expressed in relation to
the area (Fig. 1) shows great contrasts. Towns situated in the centre of the
region employed from 100 to 1000 industrial workers per km2, and the town
of Swietochlowice even more. Similarly the centre of the textile and metal
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Fig. 1. Employment in industry per km? in  Fig. 2. Employment in industry per km? in
1946 1960

industries, Bielsko-Biala, situated in the southern part of the voivodship,
employed more than 500 workers per km?2, whereas other towns with inde-
pendent local authorities, dispersed throughout the whole territory, employ-
ed from 100 to 300. Rural powiats show the reversed situation. In the middle
of the voivodship the number of industrial workers per km? varied between
20 and 50, but in the south, and even more in the north, it amounted to less
than 20 or even as few as 10 per km2. With an average for the voivodship
of 42 workers per km? in 1946 the powiat of Klobuck employed only 0.5,
the powiat Pszczyna 0.8 and the powiat of Lubliniec 2.5.
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As employment in industry in relation to area is greatly influenced by
the distribution of settlements and population, the index relating to popu-
lation is of greater value to illustrate the intensification of the process of
industrialization (Fig. 3). In the most industrialized towns of Bielsko-Biala,
Ruda Slaska, and Katowice, industrial employment was more than 400 in-
dustrial workers, whereas in other towns, situated in the middle of the region,
200-400 and in other large towns 100-200 per 1000 inhabitants. In the four
rural powiats also the number of industrial workers exceeded 100, but the
powiat of Klobuck had only 6, Pszczyna 8, and Lubliniec 42 industrial wor-
kers per 1000 inhabitants. The differences were smaller than in relation to
area, but the domination of the highly industrialized coal basin and of the
Bielsko-Biala region over other parts of the voivodship is clearly visible.
Shortage of space does not permit the detailed analysis of Figs. 2 and 4,
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Fig. 3. Employment in industry per 1000 in- Fig. 4. Employment in industry per 1000 in-
habitants in 1946 habitants in 1960

which show the same relationships for the year 1960. Let us concentrate on
Figs. 5 and 6 which also present changes in 1946-1960. Fig. 5 shows that
with the sole exception of the town of Bedzin where employment in industry
in relation to area dropped by 6%, everywhere else there was an increase.
It was smallest in the towns situated in the middle of the district (with the



INDUSTRY IN UPPER SILESIA 201

exception of Gliwice), varying between 17% and 79%. The greatest increase
affected the little-industrialized powiats, such as Klobuck, Pszczyna, and Gli-
wice, and the towns of Cieszyn and Zawiercie, where the increase exceeded
2009, amounting in Pszczyna powiat to as much as 280% . This proves that
between 1946-1960 the distribution of industry became more even, which is
a favourable situation. In fact industrialisation is more even since employment
is related to the locality in which the factories are situated and not to the
places of residence.

The correctness of this assumption is confirmed by analysis of Fig. 6, which
presents changes in industrial employment in relation to population. It appears
that in five towns of the central part of the region the number of industrial
workers dropped in comparison with the whole population. The town of
Tychy which is also included in them was redeveloped on a large scale as
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Fig. 5. Changes in industrial employment per  Fig. 6. Changes in industrial employment per
km? in 1946 -—1960 1000 inhabitants in 1946—1960

a residential centre without any large factories, its population commuting
to neighbouring towns. All other towns and neighbouring powiats, already
strongly industrialized, show an increase of industrial workers in relation
to the number of inhabitants from 1% (Chorzéw) to 50% (powiat of Bedzin).
This increase is much greater in powiats which were poorly industrialized,
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and exceeds 200% in the least industrialized powiats of Klobuck (2839%)
and Pszczyna (225% ). Thus, despite the existing domination of the industrial
complex of the coal basin, a relative deconcentration of industry occurred
systematically in the Katowice voivodship, whereas the biggest development
took place in the hitherto neglected territories.

TABLE 2. PERCENTAGE OF EMPLOYMENT IN KATOWICE VOIVODSHIP
IN RELATION TO TOTAL EMPLOYMENT IN POLAND IN VARIOUS BRAN-
CHES OF INDUSTRY IN 1946, 1956 AND 1960

Branch of industry 1946 1956 1960
Total 32.4 26.5 23.5
Production of electric and thermal power 24.5 32.1 )
Fuel industry and coke chemicals 74.5 77.9 78.9
Ferrous metallurgy 84.5 73.6 69.8
Non-ferrous metallurgy 90.7 56.4 49.8
Machine-building and metal structures 249 19.6 16.7
Chemical industry 37.4 15.5 13.9
Rubber industry 2.4 4.1 3.9
Mineral and building-material industries 24.7 16.6 16.4
Glass and pottery industries 14.4 15.3 11.2
Timber industry 10.3 8.7 3.6
Paper industry 25.7 21.4 13.0
Textile industry 12.9 16.0 1+.9
Clothing industry 6.1 6.3 8.6
Leather and footwear industry 6.8 5.5 6.8
Food industry 6.5 3.6 8.5
Other branches of industry 16.2 14.2 13.5

Besides these changes in the spatial structure of industry there were also
some characteristic changes in the pattern. As is apparent from Table 1,
in the period under analysis the percentage of workers employed in the fuel
industry, metallurgy and power production in the Katowice voivodship
dropped from 64Y% to 54%, whereas the respective share of manufacturing
industries, particularly the machine-building and metal industries (18.2%),
the food industry (4.4%), the timber, textile, clothing, and building-material
industries increased. Upper Silesia was then gradually changing from an
industrial region producing mostly raw materials to a district with a wide
range of production.

Let us add a few words about the localization of some of the more impor-
tant branches of industry. Coal production is situated mainly around the
towns in the central part of the voivodship and in the powiats of Rybnik,
Tychy, Bedzin and Wodzistaw. The most important centres of iron me-
tallurgy are the towns of Chorzéw, Katowice, Czestochowa, Ruda Slaska,
and Dabrowa Gdrnicza, whereas the powiat of Czestochowa plays an essen-
tial role in the excavation of iron ores. The extraction and metallurgical pro-
cessing of zinc and lead are concentrated in Katowice and Bytom, and in
the Tarnowskie Goéry powiat. In the machine-building industry the most im-
portant role is played by the towns of Katowice, Bielsko, Gliwice, Sosnowiec,
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206 RYSZARD DOMANSKI

Fig. 1. Road network in the middle part of the Poznan voivodship on triangular mesh.

1 —roads, 2 — directions of roads in accordance with the directions of triangular mesh
the conditions of its evolution. The system created by organic evolution is
as a rule triangular, and can be found in its most regular form in Europe.
The system shaped arbitrarily, as in areas colonized by Europeans, is rec-
tangular, and has been established most consistently in North America. The
degree of conformity of geometrical systems with actual is shown in Figs. 1
and 2.

The geometrical systems are based on some rather simplified assumptions.
In consequence, their theoretical and practical value, although doubtless,
is restrained however. This is less evident as long as real systems are under
analysis, but becomes striking when optimal systems are conceived in re-
gional planning. What are these assumptions? (1) The homogeneity of tran-
sport; (2) the homogeneous use of geographical space; (3) statics.

The real conditions for the development of transport are much more com-
plex. So, the transport is not homogeneous but differentiated. Various forms



“
. - .- o — ——
'ia
.
L : 1 -~ 3 == ) ' : = - ‘W
! 2 2 2
| AW | L1 . : )
- 3 3 A St
C \ 3 | A——
s (¥ | b P4t i
! ""f’*ﬂ - - A_‘] 3 -
a1 \ B e
T T { WANSAS
v . ciTyY

L
==
N

| | 1 ) |
e el 1 y

T

=3
I
4
i
piadd

.':“ : 1 1_/ : :L - '

5
Z | = | P
| b : ) IS ra ’-
i ‘1 '
_':F“*L - = F'Tﬁ
‘ g l

- - e DY A i 8 TR

Fig. 2. Road network in the eastern part of the State of Kansas on the square mesh.
1 —roads, 2 — directions of roads in accordance with the directions of square mesh.
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210 RYSZARD DOMANSKI

The elementary complexes deduced on the basis of the principle of refrac-
tion must be supplemented then by an additional factor resulting from the
principle of parallelism, i.e. by the parallel transport lines (Fig. 4).

The transport lines which form network complexes are characterized by
some features depending on directions. These features have been called ani-
sotropic, by analogy with the anisotropy of the physical qualities of materials.
Features characterizing transport lines running in main and secondary direc-
tions show the most obvious dissimilarities. Anisotropy characterizes tran-

Fig. 4. Parallelism of transport lines Fig. 5. Reorientation of marketing area
(or services area) along the main trans-
port line.

sport-network complexes even in those areas least differentiated from the
physical-geographical viewpoint. This results from the requirements of the
transport itself and from the anisotropy of the spatial use of the geographical
area. The most obvious manifestation of anisotropy in the spatial use is the
concentration of settlements, population, and production along transport
lines and particularly main arteries.

The differentiation of the spatial structure of the transport network is
closely related to uneven condensation of economic activity in the geographi-
cal area. This differentiation can be explained and described in two ways,
assuming either 1. changes in the marketing areas, or 2. condensation of
transport masses. In each case we come to the conclusion that the system
of secondary transport lines deviates from the regular pattern along main
arteries, and this deviation occurs in the form of a flattened pattern of secon-
dary lines (principle III).

Changes in marketing areas are influenced by improvement of the tran-
sport system by such means as the redevelopment of transport lines, intro-
duction of new cars etc. These areas then become somewhat alongated and
flattened along the perfected artery. This process is shown in Fig. 5. During
our investigations we have succeeded in expressing this flattening by a mathe-
matical function: K — y cosa + ¢, where K signifies the shape of the area,
yp — the coefficient of proportionality, and ¢ a constant independent from
direction. It is obvious that such changes in marketting areas must involve
a deviation in the pattern of secondary transport lines. The peripheral lines



Fig. 6. Deviation of the transport line pattern,
A — Hexagonal-triangular regular pattern, B — Anisotropic pattern.
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Fig. 7. Anisotropic model of a transport-network complex.
1— I class junctions, 2 — II class junctions, 3 — III class junctions, 4+ — IV class junctions, 5 —rivers
6 — railways, 7 — roads.
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216 TEOFIL LI JEWSKI

of road transport. In reality, however, the reverse has occurred. Since the
war the influence of the railways, particularly the electrified ones, has be-
come even more evident, whereas towns deprived of railways have been cha-
racterized by stagnation of population.

TABLE 1. GROWTH OF POPULATION IN TOWNS OF THE WARSAW VOIVODSHIP IN 1921—1960
BY POSITION IN RELATION TO WARSAW AND RAILWAY LINES

Growth of population

Groups of towns 1) e

1921-1939 1946-1960 1921-1960

Towns of the inner-suburban Warsaw ring 69 89 257
Towns of the outer-suburban Warsaw ring 46 54 34
Distant towns 29 20 0
Towns along electrified railways 64 76 186
Towns along standard-gaugr non-electrified

railways 31 36 26
Towns along narrow-gauge railways 22 21 9
Towns without railways 20 3 —43
Towns of the Warsaw voivodship — total 38 45 53

Almost entire increase of population in the inter-war and post-war periods
fell on towns and settlements round Warsaw, the great majority of them having
been built during that time, as the old urban network had been very loose
in this area. In the inner-suburban Warsaw ring only four towns have a histo-
rical past, Blonie (city status in the 14th century), Piaseczno (15th), Grodzisk
Mazowiecki and Karczew (16th).

Le )

e
oK

Fig. 1. Indices of growth of population in towns of the Warsaw voivodship in

1921—1960
A. by the distance from Warsaw, 1 — towns of the inner-suburban Warsaw ring, 2 — towns of the
outer-suburban Warsaw ring, 8 — other towns, B. by transport position, 1 — towns along electrified
railways, 2 — towns along other standard—gauge railways, 8 — towns along narrow-gauge railways,
4 — towns far from railways
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222 JULIUSZ MIKOLAJSKI

railway net the main railway lines leading to the Baltic Sea followed the
natural routeways of the Vistula and Odra terminating at the sea-ports of
Szczecin and Gdansk.

The above notes are of great significance because they are related to such
basic problems as the hinterland as well as the foreland of ports and to
geographical aspects of planning. Therefore it is necessary to approach some
problems dealing with port-geography from the methodological standpoint,
the more so since they are continually full of interest and many terms have
not been strictly defined. A sea-port constitutes an important item of study
in economic geography because it reflects the economic structure and its
disposition in a geographic economical region called the hinterland. In ad-
dition to this concept, the term foreland has recently been introduced, making
it possible to get a further understanding of port geography.

PoLISE SEA-PORTS (GDYNIA, GDANSK, SZCZECIN)
AND THEIR ECONOMIC CHARACTERISTICS

r The situations of the three Polish ports in regard to the sea are different.
The port of Gdynia has the most advantageous situation because it is close to
the sea, has deep roads and being built after World War I is the most modern
Polish sea-port.

Close to the youngest Polish port, at a distance of some 6 km from the
sea, lies her oldest port, the port of Gdansk whose documents reach back as
far as the end of the 10th century.

The port of Szczecin is situated at a distance of 65 km from the sea, near
the mouth of the Odra River into the Haff of Szczecin which makes possible

----- : P

Fig. 1. Total traffic, export and import of the port of Szczecin
1 — Total traffic, 2 — Export, 3 — Import
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mitlion
Ons

Fig. 2. Total traffic, export and import of the port of Gdynia
1 — Total traffic, 2 — Export, 3 — Import

Fig. 3. Total traffic, export and import of the port of Gdansk
1 — Total traffic, 2 — Export, 3 — Import

the extension of water transport for sea-going ships into the interior and a direct
linkage with inland water transport.

The traffic of the ports up to World War I and after it is illustrated by
Figs. 1-3. The rapid expansion of the traffic of the ports not only shows
the pace of their recovery after war damage and destruction but also the
rapid integration of the port of Szczecin with the Polish Republic within her
new political frontiers.
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The traffic of the three sea-ports amounted to 24,447,000 tons in 1962
of which the port of Szczecin participated with 9,989,000 tons, the port of
Gdyvnia with 8,094,000 tons and the port of Gdarnsk with 6,363,000 tons.
The total traffic as well as its division into import and export in the particular
years is shown by Figs. 1-3.

Szczecin and Gdansk are universal ports whereas Gdynia has been transform-
ed into a general cargo port. These details already give a fairly clear reflection
of the national hinterland of that port.

To a great extent, particularly in export, the structure of port traffic reflects
the geographic-economical situation of its hinterland. Coal held first place in
export by weight both during the period between the two wars and immedia-

Fig. 4 Structure of traffic in 1962
1 — Coal and coke, 2 — Ore, 3 — Grain, 4 — Timber, 5 — Liquid
cargo, 6 — Other bulk cargo, 7 — General cargo

tely after World War II. In the year 1949 the coal handled in the ports
amounted to 71% of the total traffic, yet in the year 1962 it amounted to only
339%. Coal still occupies first place in the ports of Szczecin and Gdansk with
30.9% and 32.6% respectively, in the structure of the handled tonnage
(Fig. 4).

In all Polish sea-ports a favourable change can be observed not only in
the structure of the traffic (Fig. 4) but also in its very good balance
(Figs. 1-3).

Transit traffic participates with 17% of the total tonnage handled in the
three ports. The principal transit port of Poland is Szczecin, through which
passes 68.7% of the total transit traffic; the remaining transit traffic passes
through Gdynia 18%, and Gdansk 13.3%. As far as the proportion of transit
traffic to the total traffic in the particular ports is concerned it amounts in



POLISH SEA-PORTS 225

the port of Szczecin to 30.4%, in the port of Gdynia to 9.9% and in the port
of Gdansk to 9.7%. From the standpoint of transit the geographical situation
of the port of Szczecin is the most advantageous in respect to its exterior hin-
terland, if we look on the territory of Poland as its interior hinterland. Czecho-
slovakia as an exterior hinterland is of decisive importance to the Polish ports.
The total transit traffic passing through the Polish sea-ports in 1962 was
4,447,500 tons, Czechoslovakia participating with 3,088,000 tons i.e. nearly
70% . Second place is held by the German Democratic Republic with 865,000

million
tons
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Fig. 5. Transit traffic according to countries
1 — Czechoslovakia, 2 — German Democratic Republic, 3 Hungary, 4 Soviet Unlon, 5 < Others

15 — Geographia Polonica
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Fig. 6. Structure of transit traffic in 1962
1 — Coal and coke, 2 — Ore, 3 — Grain, 4 — Timber, 5 — Liquid
cargo, 6 — Other bulk cargo, 7 — General cergo

tons '(19%) and third by the Hungarian Republic with 498,000 tons (10%).
These three countries make up nearly 99% of the total transit traffic.
First place in the structure of transit traffic is occupied by general cargo
(1,727,000 tons), second place by ore (1,493,300 tons) and third by wood
(284,000 tons) these three groups of goods together amounting to 3,495,900
tons i.e. more than 70% (Fig. 6).

THE CONCEPT OF HINTERLAND AND FORELAND OF A SEA-PORT

Geographic-economic considerations of a sea-port are impossible without
investigating its hinterland and foreland. Although the concept of the hinter-
land has been used for a long time it has not yet been strictly and adequately
defined, neither have the methods which would allow it to be precisely deli-
mitated. The following denominations of hinterlands can be found: natural,
marginal, incontestable, contestable, basic, geographical, political with tariff
walls, economic, kilometric, real, theoretical, empirical, regional, extraregio-
nal, national concerning a communication area, interior, exterior, facultative,
import hinterland, export hinterland, exclusive, provincial, local, within politi-
cal frontiers, international, foreign, supraregional, primary, secondary, primi-
tive raw material hinterland, liner port hinterland, physical, static, [5-8, 10,
12-14]. It must be remembered that the hinterland may be different for each
group of cargo [2, 4]. A simple parcelling out of an area behind the port is an
inadequate interpretation of the concept of hinterland, as is correctly stated by
Morgan [8]. In his opinion a port has a great number of hinterlands of various
areas and structures. The main factors delimiting the different hinterlands of
a sea-port are: 1) the nature of commodities, 2) the port equipment, types of
ships calling at the port and the number of regular lines, 3) the influence of
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232 KAROL BROMEK

Poland’s largest industrial agglomeration, the Upper Silesian industrial
district, and the statistical population of the whole country has been analysed
as a function of the distance from Swigtochlowice. In the third case the starting
point has also been the town of Swietochlowice, to which other districts of
the Upper Silesian industrial district have been added successively, in accor-
dance with the criterion of descending density of population employed in
industry and in such a way as to avoid spatial gaps. Outside the conurbation
of the Upper Silesian industrial district the spatial pattern of railways run-
ning from it in the following directions: ~Bielsko-Biata; —Rybnik; —Sudety
(Walbrzych); —-Opole-Wroclaw—Zielona Géra; —Poznan—Szczecin; —Bydgoszez
—Gdansk; —Czestochowa-Koluszki (L.6dz); —~-Warszawa-Bialystok; Kielce-Ra-
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Fig. 1. Curves of the geographical concentration
of industrial employment in Poland in 1956
1— localized concentration, 8 — geometrical concentration,
g — concentration in the spatial pattern

dom-Lublin; and Krakow—Rzeszow, has also been investigated. These railways
link some smaller agglomerations and industrial centres, as well as bigger
towns, and the Upper Silesian industrial district. Most goods and passengers
are carried by these lines. Groups of powiats have been created along them
and their branch lines, in such a way as to form unbroken zones and to secure
greatest averages of density (e.g. the zone of powiats from Zawiercie to War-
saw). Groups and individual powiats have been ranged according to descen-
ding density.

Industrial problems have been analysed on the basis of production forces.
Three groups of production forces which are mutually interlinked geographical-
ly and economically, and which are becoming successively more concentrated,
have been investigated; namely (A) the total of population; (B) population
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employed in industry; (C) population employed in industry A (production of
means of production). Existing statistical data permit the analysis of changes
in the concentration of these production forces in Poland in 1946, 1956 and
1960, an analysis which should be continued in future. This article describes
the methodological experiment for one unit of time only, 1956.

In Polish literature the first analysis of problems of concentration was
published by S. Fogelson in 1933 [1]. Then, S. Szulc’s handbook of statistics
[3, p. 271] gives an example of how to use concentration as a measure in
a geographical comparison.

In this study concentration has been measured with the Lorenz curve [2]
which is also a graphic presentation of concentration. The ratio of concentration
(n), that is the ratio of the area between the straight line OB and the Lorenz
curve (e.g. !) to the area of the triangle OBC (Fig. 1) has been accepted as
the measure of concentration. It may theoretically vary from 0 to 1.

The Lorenz curves have been based upon a cumulative series composed

Fig. 2. Employment in industry in 1956. Areas limited by quartiles of the cumulative series of
localized concentration
1 —first quartile, 2 — median, 3 — third quartile
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Fig. 3. Employment in industry in 1956. Areas limited by quartiles of the cumulative series of
geometrical concentration
1 —first quartile, 2 — median, 3 — third quartile

of 59, of representative agglomerations of production forces (total population,
population employed in industry, population employed in industry A) and
upon a cumulative series of relevant areas.

The cartographic presentation consists of drawing in on the maps of groups
of powiats, limited by successive quantiles of the statistical series of geographi-
cal concentration of the three representative groups of production forces (total
population, population employed in industry, population employed in Industry
A) according to the three criteria of concentration (localized concentration,
geometric concentration, and concentration in the spatial pattern). As a result,
a set of nine maps has been prepared. The three maps included in this publica-
tion present a simplified picture of the concentration of the total population
employed in industry, drawn by means of quartiles (Figs. 2, 3, 4). The first
cartographic presentation of the series of concentrations limited by quantiles
was published in Polish literature by F. Uhorczak for the 1946 population
of Poland [4].
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As shown in Table 1, the ratios of localized concentration (7)) have the
highest values, those of concentration in the spatial pattern (5s) are interme-
diate, and those of geometrical concentration (#,4) are the lowest.

TABLE 1. RATIOS OF CONCENTRATION OF PRODUCTION FORCES IN
POLAND 1IN 1956

Agglomeration | m | | m | meny] neme| v
(A) Total population l 0.39 | 0.32 | 0.24 | 0.15 | 0.08 | 0.53
(B) Population employed in industry 0.77 | 0,71 | 0.47 | 0.30 | 0.24 | 0.80
(C) Population employed in industry A 0.84 | 0.77  0.58 | 0.26 | 0.19 | 0.73

Among selected groups of production forces the highest values are to be
found in the ratios of concentration of population employed in industry A)
production of means of production), the intermediate in the ratios of concentra-
tion of population employed in industry, and the lowest in the ratios of con-
centration of the total population (Table 1). The differences in concentration
are great; e.g. the difference between #; people employed in industry A
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Fig. 4. Employment in industry in 1956. Areas limited by quartiles of the cumulative series of
concentration in the spatial pattern
1 —first quartile, 2 — median, 3 — third quartile
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and #; of the total population amounts to 0.45, i.e. it comes close to the median
value of the whole theoretical range of the ratios of concentration. This means
that great disproportions exist in Poland between the distribution of population
and the distribution of the industry of means of production. The difference
between ; of the total population employed in industry, and #; of the total
population is also outstanding; it is high for #; both agglomerations of industry.

TABLE 2. QUARTILES OF AREA OF CUMULATIVE SERIES OF PRO-
DUCTION FORCES IN POLAND IN 1956

Concentration
Quartiles localized injepatial geometrical
pattern
km? % km? % km? %
(A) Total population
I quartile 12,649 4.1 20,656 | 6.6 43,732 14.0
median { 65,752 21.8 75,949 24.4 105,926 34.0

III quartile 154,511 49.6 158,933 51.0 177,932 57.1
(B) Population employed in 'ndustry

I quartile 1,787 0.6 4,416 1.4 9,103 2.9

median | 11,715 3.8 20,139 7.4 60,393 19.4

IIT quartile 45,640 16.6 | 67,779 21.7 131,547 42.2
(C) Population >mployed in industry A

I quartile 810 0.3 1,028 0.3 2,777 0.9

median 7,469 2.4 13,062 4.2 35,276 11.3

ITI quartile 26,172 8.4 47,653 15.3 111,776 35.9
Poland 311,730 100.0 311,730 100.0 311,730 100.0

The significance of the spatial pattern in the distribution of production
forces can be assessed with the coefficient of the spatial pattern (y), which
can be conceived as:

/s Ul

m—"ng
There is then simultaneously the ratio of the area between the curves s and
g to the surface between curves ! and g in Fig. 1. The coefficient y is the
highest in the agglomeration of population employed in industry (0.80),
lower in the agglomeration of people employed in industry A (0.73) and lowest
in the agglomeration of the total population (0.53).

TABLE 3. RATIOS OF CONCETRATION OF POPULATION
EMPLOYED IN INDUSTRY A IN 1946 AND 1956

Years mn MNs e
946 0,89 0,83 0,65
956 0,84 0,h7 0,58

946 — 956 —0,05 —0,06 —0,07

The concentration of production forces is also shown in Table 2, comprising
quartiles of the area of the three groups of the production forces, corresponding
to the three criteria of concentration.
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on the investor’s suggestion which refer to localization of the investment in
a cnosen site (i.e. specific localization).

The above named relationship is of two kinds:

1. When general localization of the investment connected with utilization of
resources i3 made in an area, it seems necessary to adjust the specific localiza-
tion and the type of development of the investment area and the neighbouring
area to the actual conditions and the changes that will follow the exploitation
of the natural resources. In this case it is necessary to supplement the physio-
graphic survey needed for making the local plan with the investor’s prognosis
of the changes in the geographical environment.

2. If the investment, as in the case of a large industrial establishment, is
not connected with utilization of the local natural resources, then — as
a rule — several possibilities of general localization are considered. In such
a case every variation in general localization demands an estimate of physio-
graphic conditions also from the point of view of specific localization in relation
to the local plan of spatial development. Eventually the conclusions drawn

Fig. 1. Estimate of the Conditions of the Geographical Environment (For explanation of

signs see page 242-243)

16 — Geographia Polonica
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Explanation of signs to Fig. 1.

MICHAL WILLCKOWSKI

Estimate of the Conditions of the Geographical Environment
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for Settlement in the Bieszczady Mountains, scale 1:25,000

243

The Properties of Particular Components of the Environment Affecting an Estimation

Water Conditions

Contour Climatic Ground Soil
of the Surface Underground | Conditions Conditions Conditions
Ground Haters Waters
6 1 8 9 10 11
Declivity over | Kumerous At the depth| Strongly On flat lands suitable| Mountainous
35%, relative | narrow of more than| shaded for building. soils
altitude currents on 12 m from valleys Uniform rock on the strongly
100-300 m, slopes, surface of high surface or covered washed out
numerous tiny | springs, humidity, with a clay-debiis
and deep swampy areas persistence | layer 3 m thick
valleys with of snow
steep slopes
Surface Surface run At 8 depth Good Weathering cover Mountainous
declivities off following | 6-12 m if ingolstion | 1-3 m thick in upper | soils IV, V¥
0-5%, on sloped heavy showers | substratum and airation layers, 5-20 m in class
5-15% scarcely | on unpermesble! is permeable lower layers
cut by valleys | soils in lower
parts
Declivities Prequent locall At a depth Depending on{ Clay-debris cover
5-15¢ water bogs 6-12 m exposition | 5-20 m thick
Declivities Bun off of At the depth| Effective Thin l-5 m Mountainous
15-35% rainfall below 12 m at south clay-debris cover s0oil V class
facing
Declivities Surface run Weathering cover
35-100% uff,intensive = S very thin, often
washout uniform rock at the
surface
Declivities Permanent or | At a depth Less Gravels with sandy Alluvial
not exceeding | temporary boge| of 1-8 m advantegeous| alluvial soils dusty III, IV
5% at the foot than class
of the slopes uplends
Declivities Flooded at At a depth Inversion River sands and Usually VI
not exceeding | high water of 0-4 m area and gravels class
50% level
Flat velley Boggy or Mostly at a | Flow of cool Clay formations
floors flooded depth of air, heavy -
lo shadow
Declivities At a depth
of different of lm

kinds, mostly
high
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Fig. 2.
Estisste of the Conditions of Geogrephicel Eavironment for Settlesent
fros the Ares of Centrsl Folend

Scale 1:25,000
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from the local planning scheme for conditions of specific localization of the
investment, and its influence upon the environment (which must be considered
in analysing geographical environment) can definitely determine general
localization, i.e. the choice of the locality when the investment will be realized.

To sum up, it can be concluded that in regional planning — physiographic
surveys comprising first of all the various components of the geographical
environment are supplemented with concise estimate of its properties and of
the changes it is expected to undergo, whereas in local planning it is necessary
to make comparative estimates of the utility of particular areas for settlement,
road network ete.

The enclosed maps represent examples of numerous physiographic surveys
for local planning schemes comprising complexes of rural settlement units.
According to the directions of the Committee of Construction, Town Planning
and Architecture, a concise estimate of the conditions of the geographical enviro-
ments is given there; everything that refers to particular components of the
environment is treated as either commentary or motivation of the estimate.
In the physiographic atlas that is being worked out as well as in the materials
of the regional planning offices most important are the maps of the particular
components wihch make possible estimation of various resources.

Committee of Construction,
Town Planning and Architecture
Warszawa

10 - 30 = high scerp;

7-12% anéd bigher slope

Forests

The aress of exploitetion

e far
Surfece waters of sand resources

—
The eress within the range Sites of suggested exploitation
of pormal flooding of sand and gravels resources

Pite - ares demolished after

» Aam
ihe existing dazs exploitation

B - The planned daze Towns, villages and roads
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254 ZBIGNIEW WYSOCKI

Fig. 2. Economic territories in Poland

1 — main units of the structure of spatial economy, 2 — similarity of economic development of pouiats to the types
N and W (in %), 3 — international boundaries during partition time, 4 — international boundaries in 1939, 5 — lar-
gest urban concentrations, 6 — boundary of Poland in 1945, 7 — limits of voivodships

It divides the areas B from C,. It indicates the traditional division of the
country into a better developed West and still relatively underdeveloped East.
Within the postwar limits the continuation of this differentiation was sta-
ted here for the first time in an exact way.

The location of lines of the same level of economic development suggests
several geographic directions for further development e.g. the Lower Vistula
valley or the S. and S.W. parts of the country.
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PLATE I

| — (tarda Lake in Diercke's School-Atlas (enlarged edition), 2 — Garda Lake in Sticler's Hand-Atlas (1925 edition),

3 — (iarda Lake in Atlante Internazionale del Touring Club Ttaliano. 4 — Garda Lake in Atlas Mira (Moskva 1954),

5 — Bavarian moraines SE from Munich, after Hettner. 6 — Bavarian moraines SE from Munich in Stielers Hand-

-Atlas, 7 — Bavarian moraines SI from Munich in Dierke’s enlarged atlas, 8 — Bavarian moraines SE from Munich

in Slanar's-Lautensach’s Atlas zur Erdkunde, 9 — Bavarian moraines SE from Munich in Slanar’s- Keyser’s Welt -
—Atlas (Vienna-Heidelberg 1962)



PLATE II

10 —— Eastern Mecklenburg o Times Athas, 11 Eastern Mecklenburg in Stieler’s Hand-Atlas, 12 Eastern
Meckionburg, morphology after Woldstedt, 13 Eastern Mecklenburg in Atlas Swinta (Warszawa  1963),
1F ] South-Eastern Lithuanls on the Interpational Map of the World, 15 South Eastern Lithuania on the

Soviet Hypsometrie 1 1L.5 milllon map



PLATE 11

"

16 — The State of Wisconsin in Atlante Internazionale del Touring Club Italiano, 17 — The State of Wisconsin in
Times Atlas, 18 — The State of Wisconsin in Goode's World Atlas, 11th ed. (1960), 19 — Moraines of middle
Pomerania on a Polish school wall map, 20 — Turkestan dunes in Diercke’s Atlas, 21 — Turkestan dunes on the
Soviet academic wall-map ,,Pamir i Tyan-Shan’ (Moskva 1951), 22 — Turkestan dunes on the 1:4 millions
hypsometric map of the U.8.8.R., 23 — Turkestan dunes in Times Atlas



PLATE I\

24 — Torun dunes (middle Poland) in Stieler's Hand-Atlas, sheet 7, 25 — Toruii dunes (middle Poland) in Stieler's

Hand-Atlas, sheet 19. 26 — Torun dunes (middle Poland) on a Polish school wall-map, 27 — Dunes of the lower

Warta valley on Woldstedt’s morphological map: I = dunes. <as = higher terrace, § = morainie plateau, 28 — Du-

nes of the lower Warta valley in Atlas Swiata (Warszawa 1963): Kotlina = basin. POJ. = Pojezierze = lake plateau.

Puszeza = forest. 29 — Dunes of the Warsaw Basin in Atlas Swiata (Warszawa 1963). For explanation of terms xe¢
Fig. 28
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