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32 DANUTA KOSMOWSKA-SUFFCZYNSKA

only be seen in the sides of deep erosion cuttings (F'ig. 4). The basement
rock here is made up of Silurian, Triassic and Liassic rocks. Lithologically
shales and sandstones predominate, with a falling decline towards the
NE. Of the Quaternary formations loess has the greatest thickness, and
gives the area a characteristic appearance. The usual height of the loess
summit plains is 270 to 290 m ahove sea level. To the north of the undu-

Baltow
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Fig. 1. Geological sketch
C — Cambrian, S — Silurian, Ordovician, D — Devonian, Z — Zechstein, Tr — Triassic,
J1 — Lower Jurassic, J? — Middle Jurassic, J3 — Upper Jurassic, K, — Middle Cretaceous,
K, — Upper Cretaceous, M — Marine Miocene deposits

3

lated loess upland a flat denudational plain extends with hillocks of the
older bedrock and fossil valleys which are no longer active. For the most
part the land here is 190—200 m above sea level, Quaternary deposits
have an insignificant thickness, and there is a complete absence of loess.
There are frequent outcrops of pre-Quaternary rubbles, almost exclusi-
vely of limestone from the Middle and Upper Jurassic periods.

The boundary between the loess uplands and the denudational plain
is formed by the Kamienna River valley.

Up to now detailed research has been concentrated mainly on the
stratigraphy and lithology of the Paleozoic and Mesozoic rocks [21]. Work
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Ph. D. Kosmowska-Suffczynska

Fig. 3. The Jeleniow Range of the Holy Cross Mountains from the north, with a loess plateau in the foreground
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Fig. 4. Topographical and geological cross-secticn through the NE slope and marginal zone of {  Jeleniow Ridge of the Holy Cross

Mountzins
C — Cambrian, § — Sllurlan, Ordovician, Tr — Triassic, JI — Llassic, Jb — Bajoclan, Bathonian, Jc — Callovian, Jo — O» ‘dan, Jr — Rauraclan, Ja —
Astartian, 'l" — Paleogene, 1‘, — Neogene, Q — Quaternary, 1 — boulder clay, sands and gravels covered by loess sediments . — remnants of boulder clay,

sand and gravels, 3 — sands with debris and clay admixture, 4 — rock debris with cley and silt
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34 DANUTA KOSMOWSKA-SUFFCZYNSKA

on the terrestrial deposits and morfogenetic processes of the Tertiary
has been negligible. A clear gap is also apparent in the work on
Tertiarly tectonics.

DEVELOPMENT OF PALEOGENE RELIEF

The Turonian Upper Cretaceous sea was the last to cover the whole
of the Holy Cross Mountains [17]. In the Upper Cretaceous period at the
end of Maestrichtian and beginning of Danian times Laraminian move-
ments took place, which caused the retreat of the Turonian sea. Amongst
other land massifs the present Holy Cross Mountains and the Sando-
mierz Upland emerged at this time.

The subaerial relief, then, developed from the decline of the Creta-
ceous to the Quaternary Epoch, when the area which is now Poland
was covered by glaciers.

Tertiary gradation processes belong without doubt amongst the most
important of those which influenced the development of relief. They
have caused the removal of a range of Paleozoic and Mesozoic deposits
from this terrain, the partial destruction of the original geological struc-

Fig. 5. Geological cross-section along the line Waéni6w—Ostrowiec Swigtokrzyski—

Lemiesze
P — Paleozoic, Z — Zechstein, Tp — Bunter Sandstone, Tm—Tk — Muschelkalk, Keuper,
L — Liassic, Jb — Bajocian, Bathonian, J¢ — Callovian, Jo — Oxfordian, Jr — Rauracian,

Ja — Astartian

ture and the exposure on one level of rocks of different ages (from the
Cambrian to the Kimmeridgian) and of contrasting lithological proper-
ties (Figs 1 and 5). Earlier gradation periods (post-Hercynian and post-
early Kimmeridgian) helped by removing part of the deposits earlier.

A period of very strong gradation occurred in the older Paleogene
and the planation surface is the surface of the older Paleogene (Paleocen).
This may be deduced from the age of the youngest destructed element,
the oldest sediment which lies on the surface of the planation and from
the karst, erosional and other- forms which are cut in it. A certain con-
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firmation of the Paleocene age of the planation surface would be the
occurrence of altered clays on the Paleozoic floor which have been iden-
tified as probably pre-Helvetian.

S. Lencewicz [12], W. Pozaryski [15] and M. Klimaszewski [17] deal
with the Paleogene surface in the Holy Cross Mountains and their Meso-
zoic surrounding without closer dating. According to Lencewicz two de-
nudational flats were formed in the Paleogene, at 400 m and 350 m
above sea level. Lancewicz’s explanation applies mainly to the central
and southern parts of the Holy Cross Mountains. A comparison of the

m SW
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Fig. 6. Inclination of the Paleogene surface north of the Jeleniow Range of the
Holy Cross Mountains
1 — Quartzites, 2 — sandstone, slates, clays, 3 — limestone

altitude of the Paleogene surface, which in the NE part of the mountains
does not rise more than 280 m above sea level, with the levels of 400 m
and 350 m described by S. Lencewicz [12] reveals an unmistakeable lack
of agreement. A similar situation is found when comparing these surfaces
with the Paleogene levels on the Miechéw [4] and Silesian [5] Uplands,
where their altitude is 370 to 400 m. The Paleogene level on the NE slope
of the Holy Cross Mountains can be clearly seen to lie appreciably lower
than the neigbouring terrain. An analysis of the extent of the Miocene
seas shows that the changes in altitude of the Paleogene surfaces in the
Holy Cross Mountains must have taken place after the end of the Mio-
cene period.

The Paleogene surface from the forefield of the area under investiga-
tion was treated in detail by C. Radlowska [18]. She confirmed the exis-
tence of one destruction level of Paleogene origin at 240—200 m above
sea level. It is fossilised to the north, where it is covered by Oligocene
sediments [19].
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On the investigated profile corresponding to that of C. Radlowska
a lack of continuity is clearly evident in the Paleogene surface which has
been traced. It is obviously broken, and the line of the break lies along
what is now the Kamienna Valley. The zone where the gradient changes
is also generally speaking the houndary between the areas of occurrenc:
of different geological facies (Fig. 6), since the east-west stretch of the
Kamienna River is bounded on the north by an area 210—230 m above

4

Fig. 7. Paleomorphological contour map of Eocene relief of Koszary—Katy Den-
kowskie area

sea level, made up mainly of limestone or similar formations, while to
the south sandstones, shales and clay predominate, and the altitude is
about 260—280 m above sea level. Above this surface rise at first gentle
and then steep slopes of quartzite outlier, which form the Jeleniéw Ridge.
It is interesting to speculate whether this incline structure of a Paleogene
surface is the result of mountain-forming movements causing the diffe-
rences in altitude or of development dynamics depending mainly on the
type of rock subjected to gradation. It appears resonahle to assume that
chemical weathering in a very wet and warm climate must transform
and wear down a limestone surface much more severely than one com-
posed of sandstone, shale and clay. The best evidence for the varied
severity of gradation processes depending on lithology is provided by the



SUBAERIAL RELIEF 37

Lysogéry quartzitic ridge, which has the character of a monadnock. It is
also possible that the change in this surface may be connected with the
extent reached by the Upper Cretaceous seas which, apart from the
Turonian sea according to W. Pozaryski [17], stopped more or less along
the line of the present Kamienna River between Starachowice and Cmie-
low. The Tertiary differentiation of the land on the higher and lower
parts undoubtedly had an influence on the further development of these
areas, which today have a completely different relief and differently
{ormed Pleistocene deposits.

The problem of the basic nature of the Paleogene planation surface
on the forefield of the Holy Cross Mountains is not easy to solve. C. Rad-
towska [18] feels that it is difficult to accept it as a pedyplain since it
came into being mainly in hot and humid conditions. M. Klimaszewski [7]
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Fig. 8. Cross-section through Koszary valley near the villages of Koszary and Katy
Denkowskie
Je Callovian sandstone Jo Oxfordian limestone and dolomites, ‘!" Lower Tertlary
(Paleogene) rock debris with clays and silts, T, — Upper Tertiary (Miocene) sands with
rock debris, clays and silts admixture, Q — Quaternary boulder clay and sands

on the other hand thinks that it was not a peneplain, but embraced areas
at different stages of development. W. Pozaryski [15] asserts that in
Paleogene times the surface appeared more or less as it does today. It
seems impossible to settle the problem definitely, since the surface in
question is polygenetic and has been formed by many mechanisms acting
at different times, often in widely varying climatic conditions. For this
reason it is easier to say what the surface is not, than it is to accomodate
its formation to one of two opposed conceptions — those of the peneplain
and pedeplain, which are in a way theoretical constructions assuming the
most appropriate climate for the processes involved. An additional diffi-
culty in defining the character of a Paleogene plain in the Central and
Southern Polish Uplands is their geological construction. For the most
part they are made up of limestones, sandstones and shales, which accor-
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40 DANUTA KOSMOWSKA-SUFFCZYNSKA

The second, Koszary Valley, is not visible in present relief. Its exi-
stence has been confirmed only by means of bore holes. On the surface
some evidence of its occurence may perhaps be provided by the series
of dunes at some distance from the Kamienna river which contain an
appreciable admixture of Miocene sands. The Koszary Valley cut the
valley of the Kamienna river in the same way as the pre-Sudol valley
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Fig. 9. Paleomorphological contour map of the Miocene relief of Koszary—Katy
Denkowskie

and continued in the direction of Ozar6éw along the wide dry Korycizna
Valley [9], and then along the upper stretch of the Czyzow Valley. In the
neighbourhood of Koszary the bottom of the valley lay at an altitude of
170 m above sea level.

The third valley which is probably Miocene is today completely exhu-
med. This is the valley of the Kamienna River from Kunéw to Cmielow.
It may be dated from the Tertiary on the basis of the remnants of
Miocene sands in its side near the villages of Kraszkow and Wolka Bodze-
chowska. The southern stretch of the Kamienna from Cmieléw to Baltow
had not yet come into existence in the Miocene and the river pro-
bably flowed along what is now the wide dry Wyszmontéow Valley and
the lower stretch of the Gierczanka Valley.
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46
Table I
Comparison of pre-Quaternary relief with present day relief
il Pre-Quaternary elements of relief Present day relief
on map

1 Cambrian outlier ridge, 460—430 m | Jeleniow Range of the Holy Cross
above sea level. Mountains.

2 Planation surface of Old-Paleo- | Loess upland.
gene origin — upper part made
up of shales, clays and sandstone,

280—260 m above sea level.

3 Planation surface of Old-Paleo- Denudational plain.
gene origin — lower part made
up of limestone, 230—210 m above
sea level.

4 Boundary between upper and lo- | South slope of Kamienna River
wer surface. valley.

5 Valleys cut in debris or rocky | Valleys: Sudol and Kamienna.
Jurassic floor with an accumula-
tion of Miocene sands.

6 Denudational elevation between | Elevations: Koszary, Maksymilia-
old valleys. néw and Karczma.

7 Pre-Miocene karst forms. Fossil forms not visible in pre-

sent day relief.

8 Miocene and younger karst forms | Partially visible, mainly along the

Sudot valley.

9 Erosional cuttings of Upper Plio- | Valleys: Sudol, Kamienna, Ka-
cene, Preglacial and Interglacial | mionka, pre-Waéniéwka, pre-Opa-
age, with accumulation of Quater- | téwka and others.
nary sediments.

10 Fragments of valley floor of Up- | Flattening on north slope of Ka-

per Pliocene and Preglacial age.

mienna River valley in vicinity of
Denk6éw and Wodlka Bodzechow-
ska.

other valleys further to the north may be dated in the Upper Pliocene.
It is 175 m above sea level, about 5 m higher than the Kamienna meadow
terrace, about 20 m higher than the rock bottom hidden under the pre-
sent Kamienna Valley, and about 14 m under the rocky summit level.
Exhumation of the old relief took place in the Sudol Valley as in the
Kamienna Valley. In the former the cut was of the order of 15 m and one
may judge that the Pliocene erosion caused the separation of the Miocene
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Fig, 6. Bungebreen. Transition from surface flow tu subglacial drainage
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ACCUMULATION IN STAGNANT ICE 55

Fig. 9. Keilhaubreen. Surface forms in glacier forefield
1 — debris squeezed into ice crevasse, 2 — debris strip, produced at line of glide plane

parallel to the axis on the other hand, must have been squeezed into
bottom crevasses of the glacier during its stagnation. The height of these
forms, not exceeding 2 m, seems to prove that the crevasses must have
been relatively narrow.

The examples of glacial accumulation cited above show that under
conditions of stagnant ice this process leads to a differentiation in land
relief. Ridges, cones and lakes may occur in close proximity to flat areas.
Accumulation takes place principally on the ice surface. Afterwards, its
melting out is the main cause of structural deformation of the deposits.
Under certain conditions of accumulation, the pattern of the land-forms
may reflect the previous structure of the glacier.

Section of General Geomorphology
Institut of Geography

Polish Academy of Sciences

1.6dz
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Annus/ mean temperature

Fig. 1. Relation between mean (1954—1958) annual temperature and number of

days with temperature minima < —10° and maxima < O° and maxima + mini-

ma < 0° on convex (1) and in concave (2) land forms, as well as on slopes of
northern (3) and southern (4) exposure in the Western Carpathians

of a number of climatic elements and indices for the different land forms
mentioned if the mean annual temperature is known. Thus, from the
mean annual temperature and the equations given in Table 1. one can
gain detailed characteristics of the thermal regime and of the number of
days with a snow cover; in other words one can define accurately the



Fig. 2. Relation between mean
(1954—1958) annual temperature
and mean dates of last and first
light frosts on convex (1) and in
concave (2) land forms, as well
as on slopes of northern (3) and
southern (4) exposure in the
Western Carpathians
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Fig. 3. Relation between mean
(1954—1958) annual temperature and
duration of period without light
frosts on convex (1) and in concave
(2) land forms, as well as on slopes
of northern (3) and southern (4)
exposure in the Western Carpathians
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most important components of the mesoclimate for all convex and con-
cave land forms and for northern and southern exposures within the
vertical profile of Southern Poland, from the Vistula valley to some
1700 m above sea level.

L0*

S LN -

temperalure

m

Absolute mexmy

24

! 3 5 7 g
Annua/ mean temperature
Fig. 4. Relation between mean (1954—1958) annual temperature and absolute maxi-

mum temperature on convex (1) and in concave (2) land forms, as well as on slopes
of northern (3) and southern (4) exposure in the Western Carpathians

The method is based on the mean annual temperature and its con-
nection with further elements and indices of the climate. The determina-
tion of this temperature at any point of the vertical profil is, therefore,
of fundamental significance. In paper [7] the author demonstrated that
the mean annual temperature over a period of many years varied in the
vertical profile of the Western Carpathians from +8° at the foot to —4°
on the highest Tatra peak. Thus it decreases by 0.5° for every 100 m
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altitude above sea level. This is the mean vertical temperature gradient
referring to the whole of the Western Carpathians, but it would be a se-
rious error to draw conclusions as to mean annual temperatures in the
individual parts of the profile from this gradient, because in fact the
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Fig. 5. Relation between altitude and mean (1952—1961) annual air temperature on
convex (1) and in concave (2) land forms as well as on slopes of northern (3) and
southern (4) exposure in the Western Carpathians

vertical temperature gradient is much differentiated, being a direct illu-
stration of the influence of individual elements of land relief upon ther-
mal conditions.

In order to obtain an accurate value for the mean annual temperature at
any given point at any given altitude and for each of the discussed elements
of land relief, the author has defined, on the basis of data given in [7], the
dependence on altitude of the mean annual temperature on convex and in
concave land forms and on slopes of northern and southern exposures.
This interdependence differs for each of the land forms discussed (Fig, 5),

5 — Gceographia Polonica



Table 1

Correlation coefficients (r) and straight-line equations y=ax + b, defining the interrelation between the mean annual tem-
perature (t) and the values of a number of other climatic elements and indices (y) on convex and in concave land forms and
on slopes of northern and southérn exposure in the Western Carpathians

Convex land forms

Concave land forms

Slopes with northern

Slopes with southern

Climatic elements and sxposvre SXposire
Indices (y)
r Equation r Equation r Equation r | Equation
Mean annual minimum :
temperature 099 |y =104t—4.1 092 [y=096t—4.7 094 |y= 0._65 t—20 094 |ly=072t—19
Mean annual maximum
temperature 099 ly=112t-434 L 097 |y=114t+445 098 |y =113t-}32 098 |y =1.00t+4 4.5
Absolute annual maxi- |
mum temperature 099 |y =158t 23.2 098 |y=164t-4 246 097 |y == 120t 4247 097 |y =132t 249
Number of days with ' :
min. temp. < —10° —0.95 |y =60.0—500t | —0.90 |y =816— 7.20it —083 |y =531 ps 383t | —084 |y =152.0—3.00t
Number of days with 7 Fed dal | s s PR ‘ . .
max. temp. < 0% T =099 {y=1214— 1080t —099 |y =102.0 —8560t | —0-95 |y = 134.0 —1250t| —096 |y = 1143 —1067¢
Number of days with ' 1 |
max. temp. -+ min. . =, * LA -
temp. < 0° —0.98 |y ==219.0—14.00t] —0.87 |y = 221.8 — 12,60 t| —0-98 |y = 223.3 — 12.54t! —0-09 |y == 2234 — 14.20:¢
: . W ;
Mean dates of last
light frosts *) —099 y=816—1780t —0.79 |y =79.0—5.001 —094 |y =797 583t —0-94

http://rcin.org.pl
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Mean dates of first
lght frosts **)

Mean duration of frost-
less period

Duration of period
with:
mean diurnal tempe-
rature < —5°

mean diurnal tempe-
rature < 0°

mean diurnal tempe-
rature > 0°

mean diurnal tempe-
rature > +-5°

mean diurnal tempe-
rature > +-10°

mean diurnal tempe-
rature > +15°

Number of days with
snow cover

0.99

0.99

0.98

0.98

0.92

Yy = 43014154

y =12.00t + 87.0

y = 97.0—15.00t
y=206.6 —17.20 t
y = 17.23t 4 158.2
y=1140t+4 1238
y=1730t+ 274
¥y =30.33t— 134.6

y =230.3 —20.66 t

092

081

—0-81

0-98

0-98

0-92

—0-96

y=280t+ 12.4

y=620t4914

y=1085—14.751
y = 206.6 —17.20 t
y=17.23t+ 157.9
y=1140t- 1238
y = 1670t 4 35.6

y=30.33t— 134.6

y=237.7T—20831

0.80

0.98

—(0.86

—0.99

0.99

0.99

0.99

0.98

—0.98

y = 283t-419.3

y=86Tt+4917

y=1945—13251¢

y = 208.0 — 18.00 t

y ==18.00 t 4 157.0

y=1120t 4 122.6

y=1480t 1474

y=3100t— 1475

¥y == 233.6 — 20.69 t

0.80

0.98

~0.80

-—0.99

0.99

0.99

0.99

090

—0.96

y =3.00t 4 23.0

y = 9.67T1+494.7

y=820—13.00t

¥y = 208.,0—18.00t

y = 18.00 t 4 157.0

y = 10.50 t 4 132.0

y=1530t448.4

y=3100t— 1475

y=2282—21531t

*) counting from April 1 on
**) counting from September 1 on
Note: 1) the data for period with mean diurnal temperature <Z—5° apply for annual temperature -6.5°

2) the data for period with mean diurnal temperature > +15° apply for annual temperature > +5.0°
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and this is a proof of the marked difference in the mean annual tempera-
ture depending on these elements of the land relief. For instance: at alti-
tude 200 m, the mean annual temperature reaches +8.4° on southern slo-
pes, while it is only +7.9° in concave land forms. With increasing altitude
the difference in the mean annual temperature grows larger between the
different land forms, reaching as much as 1.4° at 1500 m above sea level.
On southern slopes the mean annual temperature rises to 2.2°, while in
concave land forms it is only 0.8° (Fig. 5).

The influence of the various land forms on the dependence of the
mean annual temperature on the altitude is also the reason why the
vertical gradients (y) of the mean annual temperatures differ conside-
rably. On convex land forms v = —0.43°/100 m, in concave forms it is
—0.55°/100 m; on northern slopes y=—0.49°/100 m, while on sout-
hern slopes it is —0.44°/100 m. Hence, the mean annual temperature
drops quickest in concave land forms, and most slowly on convex
forms and on southern slopes. This is one reason for the marked
climatic asymmetry found between northern and southern mountain
slopes [7].

As shown by the coefficients, a close linear relationship exists between
altitude and mean annual temperature for all important elements of the
mountain relief. This interdependence can therefore be expressed by
straight-line equations of pattern v = ax -} b, where the independent
variable x represents the altitude (H) and the dependent variable
y is the mean annual temperature (t). These equations and correlation
coefficients, computed by the method of least squares, are tabulated in
Table 2.

Table 2

Equations and correlation coefficients (r) defining the relation between the altitude

(H) in metres above sea level and the mean (1952—1961) annual temperature (t) in

degrees Celsius for different forms of land relief in the Western Carpathians
with H varying from 200 to 1700 m

Land form Equation Correlation coefficient (r)
convex t = 8.82 — 0.00433 H — 0.986
concave t = 9.02 — 0.00552 H — 0.977
N slopes t =9.24 — 0.00496 H — 0.994
S slopes t =9.27 — 0.00441 H — 0.991

With the aid of the above equations and the altitude of a given place
as read from any topographical map, one can determine in a very simple
manner and with great accuracy the mean annual temperature for any
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Mean (1954—1958) annual values of certain climatic elements and

MIECZYSEAW HESS

Table 3

indices on

convex (1) and in concave (2) land forms, as well as on slopes of northern (3) and
southern (4) exposures at different hypsometric stages of the Western Carpathians

1 a [ Bl[e 1 2 | 3| 4 1 2 3 4 1 2 3 4
Alti-
tude
(in m number of days number of Jdays
32:;’e rtneer::eer]::uurzl t‘en;pe;a‘t;;rve : with minimum thp. with maximlimat};mp.
level) g =9
200 | 8.0| 7.9/ 8.2| 8.4|35.8/37.6/34.5/36.0/ 20 | 25 ‘ 22 | 18 35| 35 32! 25
500 | 6.7| 6.3| 6.8 7.133.8/34.9/32.9/34.3| 26 | 36 | 28 | 24 49| 48| 49| 38
800 | 5.4| 4.6/ 5.3| 5.8 |31.7/32.1 31.1/32.6| 33 | 48 ‘ 33| 29 63| 63| 68 52
1100 | 4.1| 3.0/ 3.8| 4.4,29.7/29.5/29.3/30.7| 40 | 60 | 39 | 34 771 T 86} 67
1400 | 2.8| 1.3 2.3| 3.1/27.6/26.7/27.5/200| 46 | 72 | 45 | 40 9] 91| 105| 81
1700 | 1.5|—0.4| 0.8| 1.8|25.6|23.9| 25.7| 27.3 | 52 ' 84 ' 51 | 45 | 105| 105 124‘ 95
number of days | number of days
AT % EG] with min. temp. mearll dates of last mean dates of
min. temp. <0° <0° light frosts first light frosts
200 |107| 122|120|104| 72 | 87| 88 791191V|{1I0V 2V [26IV|20X | 4X 12X [18X
500 |125| 142|138|123| 76 | 94| 89 851|291V 18V 10V | 4V |14X [|30]X| 8X [11X
800 |143| 164|157 |141| 80 | 101 | 89 89|10V |26V 19V |12V | 9X [251X| 4X [10X
1100 |162| 184|176 |161| 85 | 107 90 94|20V | 3VI28V |21V | 3X |211X]30IX| 6X
1400 | 180 205|194 |179| 89 | 114 89 98|30V |11 VI 5VI|29V |271X|161X 26 IX| 2X
1700 | 198 | 227 /213|198 | 93 |122| 89 | 103 | 9VI|20VI14VI] 6VI|22]1X|111X221X|281X
mean duration |duration of period| duration of period | duration of period
of period with- |with mean diurn: ]| with mean diurnal | with mean diurnal
out light frosts temp. << —5° temp. << 0° temp. > 0°
200 | 183 140|163 |176 . . 69| 71 60| 57| 296| 294 | 305|308
500 |167| 130|151 |163| - 16| 4 91| 98| 86| 80| 274| 267| 279285
800 |152| 120|138 |151| 16 | 41| 24 T 114 128| 113| 104 251 | 237 | 252|261
1100 |136| 110|125|137| 36 | 64| 44 | 25 | 136| 155 140 | 129| 229 | 210| 225|236
1400 |121| 100|112|125| 55 89| 64 42 | 158 184 167 | 152| 207 | 181 | 198 213
1700 | 105 89| 99|112| 74 |114| 84 | 59 | 181 | 214 | 194 | 176 | 184 | 151 | 171|189
duration of duration of period| duration of period
period with mean |with mean diurnsl| with mean diurnal n.umber of days
diuinal temp. > 5° temp. > 10° temp. >15° SRR s e
200 |215| 214|214 220|166 168|169 | 177 108‘} 1¢5| 107 | 113| 65| 73| 64| 47
500 |200| 196|199 /207 |136|141|148| 157| 69| 56| 63| 73| 92106 | 93| 75
800 |185| 176|182 193|121 112|126| 137, 29 5| 17| 32 119 | 142 | 124 | 103
1100 | 170 | 158|165 |178| 98| 86 |104 | 116 | - ‘ 146 | 175 | 165 | 134
1400 |156| 139 148|165| 76| 57| 81| 96 172 | 211 | 186 | 162
1700 |141| 119 /132 151| 53| 29| 59| 76 ‘ 199 | 246 | 217 | 189
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macroclimatic - conditions and with the number of days with a snow
cover growing correspondingly, the difference gradually increases and at
1700 m above sea level it is as much as 57 .days.

For-each contour line it is easy to ohtain four groups of the following
combinations of differences

1) Convex form — concave form 3) N slope — convex form
Convex form — N slope N slope — concave form
Convex form — S slope N slope — S slope

2) Concave form — convex form 4) S slope — convex form

" Concave form — N slope S slope — concave form
Concave form — S slope S slope — N slope

Examples of the differences between certain climatic elements at the
top and bottom of 'thie Carpathian profile are given in Table 4. This table
gives a picture of the mesoclimatic differences between the elements of
the mountain relief. If, for instance, we compare the number of days
with light frosts (minimum temperature << 0°), we note that the differen-

Table 4

Differentiation of values of certain climatic elements between different land forms
at two points of the vertical Carpathian profile

Differences in Differences in S e i
Alti y % duration of vegetative Differences in
titu-| number of- days number of days N Lo (off Gl
de E| | with heavy frost with light frost ( eriog o S enowteoter
above | © (t tin. < — 10°) *“*~(t min. < 0% dit?r &1 taip, & Hogt) ;
sea i ! G, 2>
level = Land forms Land forms Land forms Land forms
sel o de2 §osg]as 1a] 2] e ] s skal 2] s 3 N N B
1 0|+ 5+ 2|— 2 0415|4164 7 0l— 1|— 1|4 5 0|+ 8[— 1| —18
so0s bk 0—3—7|—15 o+ 1/—s8/+ 1 o of+6|—8 o— 9—26
o 31— 2|+ 3 0l— 4|—16/— 1 o— 9|+ 1 0 0|+ 6|4+ 1]+ 9 0] —17
—| —|—— e s | e st | et
4+2—|—47—||-4i 0/— 174+ 8+ 9 0|— 5|— 6|— 6 0 |-+18|4+26|+17 0
1. 0/+32—1—."7 0-+29— 4/4+10: 0|—22/— 9|+10 0|+47/+18/ —10
1700 2 |—32 1..,;9 —33|—39 |—29 0/—33|—19 '-|-22 0|+13|+32 —47 0|—29| —57
m '3[+ 1/433] 'o/— 6+ 4/433] o|+14|+ 9[—13] of+19|—18/+29] o —28
? 4 |+ 7/4+39|+ 6 g(—10+19 —14 0/—10/—32/—19 0|+10/457|+28 0

Legend::.1 — convex land forms 3 — N slopes
2 — concave land forms 4 — S slopes
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to do this, it suffices to determine the mean annual temperature for any
given land form at any point of the vertical profile (Table 2.), and then
to establish on the basis of the equations given in Table 1. the correspon-
ding values of the desired climatic elements and indices, so as to obtain
on the basis of the gradients determined (Table 5.), the data desired for
any point of the discussed vertical profile of the mountains.

It also seems worth while verifying how far the values of the different
climatic elements and indices, calculated from the equations given above,
agree with the results obtained from direct measurements at stations. For
this purpose four climatological stations have been selected (Luboh Wielki,

Table 5

Vertical gradients (differences per 100 m) of mean annual values of certain
climatic elements and indices on convex (1) and in concave (2) land forms and on
slopes of northern (3) and southern (4) exposures in the Western Carpathians

" r oy e
Sl i e A T s e ’ convex | concave | N slopes|S slopes| mean

|forms (1)|forms (2) (3) (4) gradient
Mean annual temperature | —043°| —055°| —0.49°| —044°| —o0.48°
Absolute maximum temperature —0.68° | —0.92°| —0.59°| —0.57°| —0.69°
Mean minimum temperature —0.45° | —0.53°| —0.32°| —0.32°| —0.40°
Mean maximum temperature —0.50° | —0.63°| —0.55°| —0.43°| —0.53°
Number of days with min. temp. +-2.2 +3.8 +1.7 +1.8 +2.4
< —10° days days days days days
Number of days with max. temp. +47, | +47, | +6.0, +4.7, | +5.0,

<o°
Number of days with min. temp. +13, | +23, | 402, | 4117, | +1.3,,
>0°
Number of days with max, and +6.0, | 470, ; +62, | +64, | 464,
min. temperature << 0°

Mean date of last light frosts +35, | +27, | +28, | +27, | +29,
Mean date of first light frosts —1.8,, -—1.5,, 18355 —1.3,, —1.5,,
Mean duration of period without | —52, | —33, | —4.2, | —42, | —43,

light frosts
Period with mean diurnal temp. +64, | +8.1, | +617, +58, | +6.8,,
<—5°
Period with mean diurnal temp. | 475, ( 495, | +88, | +78, | 484,
<0°

Period with mean diurnal temp. —17.5,, —9.5,, —8.8,, —178, | —84,
>0°

Period with mean diurnal temp. —5.0,, —6.3,, —5.5,, —4.7,, —5.3,,
> 5°

Period with mean diurnal temp. —15,, —93 ., —13%, —6.7,, — i1l
> 10°

Period with mean diurnal temp. —13.2,, | —16.7,, | —15.0,, | —13.5,, | —14.6,,
> 15°

Number of days with snow cover +88, | +11.5, | +102, | 9.5, | 4100,




Table 6

Comparison of annual values of certain climatic elements and indices obtained from measurements and calculated from-equations

(1954—19058)
< gl
= 3| 8 s Mean date Duration of period | =
. § Bl R il R0 0 3F[ it mean daily |3
& £ £ -4 G irost = = temperature
Morpho S i St | E| & £ g
logical Source of data z|8s]| 2|2 g s
position 3155| 5| ¢ . o= %
e R
= ® p TS - < 5
E - - E HHE. 5 g 5 - - - c= o - E
522 z |2 |ev|gviev|eE| 8| & |BF :2§
from measurements: Lubon Wielki —
convex 1024 m | 4.1 | 304 7.6/ 1.0/ 38| 79| 84| 163|123V | 7X | 136| 141 | 224| 171/ 103 | 146
land from equations: for annual temp. =4.1° 207| 80| 02| 39| 77| 5| 162{21V | 3X| 136| 136| 220 | 170 98| 146
form L = = B
difference —0.7/4-0.4/—08/+1|—2|+4+1| —1|—2|—4| O|—5|+4+5(—1|—5| O

- from measurements: Chocholow Valley — .
concave 1028 m | 34| 295/ 8.1/—08 55| 73| 106 179128V [171X| 111 | 146| 219 | 163| 80| 165
land from equations: for annual temp. == 3.4° 30.2| 84/—14| 57| 73] 106 179 | 1vI221X| 12| 148| 217 | 163 92| 167
forms — — SR E— S —

: difference +0.7/403/—06 42| 0| 0| O0|+3|456/4+1 42 —2| 0/ +2|+2
slope from measurements: KuZnice — 1023 m | 3.8 | 30.1] 8.1|—0.3] 46| 80| 96| 176 |27 V |221X| 117 | 141 | 224| 167 | 102 152
with from equations: for annual temp, ==3.8° 20.3] 7.5/ 0.5/ 39| 86| 0| 176(28 V(301X 125| 140 225| 165| 104 | 155
northern 4 e S P T ooy G e [T Y § EwdS Ca——1
exposure difference —0.8/—0.6(+-08/ —7|+6|—86| O|+1|+8(+8|—1|4+1|—2|42|+3
slope | from measurements: Gubaléwka —
with ; 1000 m | 4.8 30.7| 88 1.1] 38| 68| 92! 160/16 V| 6X | 142 125| 240/ 180| 120 129
souithern from equations: for annual temp. == 4.8° 31.2] 93] 1.6/ 33| 63| 92| 155(19V | 7X | 141 | 122| 243 | 182 122| 125
B ROeLS difference +o.5+oxs+s.o|—a —8| o|—6|+3|+1|—1|=3|+3[+2|+2(—4¢
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Fig. 1. Equidistantpﬂ': rﬁ/‘/ai;agtlep ir? (& R/Jieprz drainage basin



Fig. 2. Hydrogralmgg:ﬂggicq Qggﬂgl)rz drainage basin
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84 TADEUSZ WILGAT

Area of zones at different distances from

Upper YLabunka ’ Wolica Wojstawka

Distances Wieprz Wieprz Por ‘

of zone | { | -
from water ‘ |

(in km) km? % km? % km? % | km? % km? % km? %

0=1 6048.9| 58.6| 264.6 | 42.1|220.5| 37.0|279.9| 54.4 | 157.5| 44.3 114.3| 40.4
1f=="2 2631.5{ 25.5/156.6 | 24.9|178.2| 29.9150.3 | 29.9 |107.1| 30.1 95.4 | 33.75
2—3 1166.4) 11.3/118.8| 18.9|107.1| 18.0| 66.6 | 12.9 | 73.8| 20.8 56.7| 20.1

3—4 359.2| 3.5/ 62.1 9.9 648/ 109 16.2| 3.15 16.2 4.6 135| 4.8
4i—=5 101.7 1.0f 23.4 3.7 234 3.9 1.8 0.35| 0.9 0.2 2.7 0.95
5—6 8.1 0.1] 27 0.4 1.8 03] — | — | — | — oz e
Total ’10315.8’ 100.0’ 628.7 { 100.0 ‘ 595.8 ’ 100.0 | 514.8 [100.0 ‘ 355.5 ‘ 100.0 | 282.6 ‘100.0
(T | "
0—0.5 135.9| 21.6 180.9 | 35.1
1—1.5 81.9| 13.1| 90.9| 15.8 47.7] 16.9

Where there is an abundance of surface water, the percentage of zones
near water assumes higher values. On the other hand, the less frequent
the occurrence of water, the higher the percentage of zones further away
from water. To cite an example, the Swinka drainage basin shows 85.7%
distant up to 1 km, while in the Zélkiewka basin this figure is only
30.259/.

These relations can be illustrated by a diagram in which zonal sur-
faces are represented as abscissae, and distances from water as ordinates.
Joining all points of this coordinate system by a continuous line one
obtains a curve showing the distance from water for the whole drainage
basin. But areas can also be expressed by percentages instead of by
absolute figures. Then the unequal surfaces of the drainage basins are
not of importance. In Table 2 are shown the total values of the percentage
share of the individual zones, separated by equidistant contour lines.

The graph (Fig. 3) shows the conditions which exist in the different
drainage basins. The slower the rise of the curve, the higher is the percen-
tage of areas near water, — in other words, the greater is the hydrogra-
phical density. The height to which this curve rises depends on the maxi-
mum distance occurring within a given drainage basin.

Curves like these make it possible to read the coordinates for any
point, indicating the percentage of the basin which lies at a distance from
water nearer than the distance of that point. The ordinate of a point re-
presenting 50%, of the basin surface on the x-axis, indicates the value of
the equidistant dividing the drainage basin into two equal parts. All
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Table 1
water in the Wieprz drainage basin
]
Z6tkiewka Gielczew Stawek Swinka Bystrzyca By;t;zyca Minina
|
km? % km? % km? % km? % km? % km? % km? %

64.8 | 30.25/155.7| 43.1| 87.3| 50.0 | 232.2| 85.7| 560.7| 43.15/519.3 | 71.05/283.5| 67.3
62.1 | 29.0 | 116.1| 32.2| 43.2| 24.7¢| 38.7| 14.3| 394.1 30.3 |180.9 24.75/109.8| 26.1

56.7| 26.5 | 66.6| 18.5| 27.9| 1565 2295 17.7 | 27.9| 38 279 6.6

25.2| 11.75/ 18.9 52| 12.5| 1.7 78.3| 6.05| 2.7| 04 0.0 0.0
54| 25 3.6 1.0 2.7| 1.55 34.2| 2.6
09| 05 - 2.7 0.2

|
214.2 {100.0 360.9| 100.0 ‘ 174.6 |100.0 ’ 270.9 ‘ 100.0 !1299.6‘100-0 \730.8 100.0 l 421.2 ’ 100.0

52.2 | 29.9 |152.1 56.1 278.1| 38.1 |171.9| 40.8
| | 217.8| 16.75

points of one half of the basin lie nearer to water, and all points of the
other half lie farther from it, than the distance indicated. The numerical
value thus obtained is the median of that distribution series, in which the

0

w

() 20 30 0 » 00 70 80 w0 00 %
Surface of drainage basin

Fig. 3. Distances from water in different drainage basins

distances from water of all points of the drainage basin have been inclu-
ded. This value of the equidistant halving the basin may be called the

medial distance, d,, or d .
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Table 2
Percentages by area of the Wieprz drainage basin, within given distance from
water
g S £ « @
Sy e i Sl QRO B B WSO Gl RE. T S £
rd .'f-’ 2 @ . a ° =4 ] — 1723 0 £
& S | B R - I R el ] S Il O |
0.5 km 21.6 35.1 15.1 29.9 | 56.1 38.1 40.8
g 586 | 42.1| 37.0| 54.4 | 44.3| 40.4 | 30.25| 43.1| 50.0 | 85.7| 43.15| 71.05| 67.3
L5 5 55.2| 52.8 57.3 59.9
28 », 84.1| 67.0| 66.9| 83.6 74.4 | 74.15| 59.25| 75.3| 74.75| 100.0 | 73.45| 95.8 93.4
3L 95.4| 85.9| 84.9| 96.5 | 95.2| 94.25| 85.75| 93.8| 90.25 91.15| 99.6 | 100.0
A9 98.9| 95.8| 95.8| 99.65| 99.8| 99.05/ 97.5 | 99.0| 97.95 97.2 |100.0
5 & p 99.9| 99.5| 99.7 100.0 [100.0 {100.0 [100.0 |[100.0| 99.5 99.8
6 , |100.0/100.0]|100.0 100 0 100.0

In order to ascertain whether the wide intervals between the equidi-
stants affected the accuracy of the medial distance assessment, further
work was carried out. In certain drainage basins, especially those where
d;, is less than 1 km, zones with 0.5 km equidistants were calculated. For
other basins, the zones between the 1 km equidistant and an additional
one at 1.5 km were computed. The results obtained are shown in the
tables. In some cases such additional points made it easier to plot the
curves correctly, especially in their lower sections. This demonstrates the
necessity of applying smaller intervals between equidistants for certain
types of drainage basins.

Characteristic distances from water within the Wieprz drainage basin
and its component basins are set out in Table 3. Apart from d, the dis-
tance at which 1/4 of the drainage basin lies (d, 4, or “lower quarter dis-
tance’) has been shown, as has that at which 3/4 of the basin area lies
(ds54 or “upper quarter distance”). For each of the drainage basins the

Table 3

Characteristic distances from water for the Wieprz drainage basin (in km)

]
§ X 5 © 5
£ E3 2 > = >
v o © g N < 2 @ © 9 & N
e B & -— S & o @ = = = -] a
= ) 2, = b7 3 g 2 E I Y 2
3 I Q= o & > S s i = > = z =
~ & BB E G} @ 2 » ~ = (da| @ B2

d25% 0.8 | 0.65 @ 0.6 0.6 06 [ 055|055 04 | 035 |03 0.3 0.2 0.35

d 1.7 | 14 1.3 1.256 | 1.2 | 1.2 115 | 1.0 | 0.9 0.65 | 0.65 | 0.45 | 0.8

d75% 2.6 | 24 235|205 2.0 | 20 2.0 2.0 | 1.65 | 1.2 1.1 0.75 | 1.55
d max| 46 | 5.1 5.6 4.6 54 | 54 4.2 56 | 5.0 3.2 3.3 2.0 5.6
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Table 1

The population of Poland according to the Census of December 6th, 1960
(de facto population)

Population

Voivodship Area Total Urban Rural
Sqkm v |

000’ | per sqgkm | 000’ % 000’
Poland — total ‘ 311730 | 29 775.5* 96 14 206.1 47.7 15 199.6
Bialystok | 23146 1090.2 47 321.8 30.1 762.4
Bydgoszcz 20798 | 1708.3 82 820.8 | 480 887.5
Gdansk 10978 1222.8 111 811.5 66.4 411.3
Katowice 9518 3 274.5 344 2480.0 75.7 794.5
Kielce 19469 | 1815.7 93 495.7 27.3 1320.0
Koszalin 17974 | 6879 38 307.0 | 44.6 380.9
Krakow incl. the city | 15800 2471.7 159 1033.8 41.8 1437.9

City of Krakow 230 481.3 2092 | 481.3 100.0 X
Voivodship 15350 1990.4 130 552 5 27.8 1437.9
Lublin 24829 1801.4 73 444.6 24.7 1 356.7
£.6dz incl. the city 17277 2 304.7 133 12135 52.7 1091.2

City of R6dz ‘ 212 7097 3348 709.7 100.0 X
Voivodship 17065 1595.0 93 503.8 31.6 1091.2
Olsztyn | 20996 | 881.3 42 315.7 35.8 565.6
Opole 9506 929.0 98 354.2 38.1 574.8
Poznan incl. the city 26943 2 400.9 89 1126.3 46.9 1274.6

City of Poznar! 220 408.1 1855 408.1 100.0 X
Voivodship 26723 1 992.8 75 718.2 36.0 1274.6
Rzeszow 18657 1586.2 85 387.0 24.4 1199.1
Szczecin 12677 | 757.9 €0 470.3 62.0 287.6
Warszawa incl. the city 29816 | 3454.1 116 | 1867.2 54.0 1586.9

City of Warszawa 446 11392 | 2554 | 1139.2 | 100.0 X
Voivodship 29370 2 314.9 79 728.1 31.4 1586.9
Wroctaw incl. the city | 19052 | 2236.8 117 | 1368.9 61.2 868.0

City of Wroctaw 225 430.5 1913 430.5 100.0 X
Voivodship 18827 1 806.3 96 938.3 51.9 868.0
Zielona Goéra ‘ 14514 782.3 54 381.9 48.8 400.5

* Includes 369.8 centrally registered and not distributed according to administrative units.
Source: Biuletyn Statystyczny, Seria L, No. 23, Warszawa 1964, pp. 5—6.

The postwar period was characterised by a very rapid growth of urban
population from 7,500,000 in 1946 and 9,600,000 in 1950 to 14,200,000 in
1960. At the same time rural population decreased from 16,100,000 in 1946
to 15,000,000 in 1950 and during the subsequent decade experienced only
a very limited increase to 15,200,000 in 1960. As a result the percentage
of urban population, a generally accepted measure of the degree of urba-
nisation, increased from 31.8 in 1946 to 39.0 in 1950 and 47.7 in 1960. The
percentage of urban populaticn varied in different voivodships — in eight
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voivodships it exceeded the national average: Katowice, Gdansk, Szczecin,
Wroclaw, Warszawa, ¥.6dZ, Zielona Gdéra and Bydgoszcz. In the first six
voivodships urban population exceeded 50%.

Urban population was concentrated in 746 towns and cities and 143
urban settlements. In 1950 the number of towns was limited to 706. The
total number of urban units increased by 183 and their average popula-
tion rose from 13,600 to 16,000. The distribution of towns and urban set-
tlements according to their size is shown on Fig. 1, where the number
of towns in each size category and their population has been indicated
in each voivodship. Corresponding data (in per cent) are given in Tables 2
and 3.

Table 2

Distribution of towns and urban settlements according to their size and their
population in 1960

Size of towns and urban settlements in thousands
. of inhabitants
W | —
be'; 5—10 | 10—20 20—50 (50— 100 '3020[);222;2" Total
Number of towns and urban
settlements 405 236 138 68 20 13 9 889
Urban population in thou- : ,
sands 1.208 | 1.652 | 1.880| 2.081 | 1.273 ' 1.885| 4.227 | 14.206
Percentage of total popula-
tion in each size class 4.1 5.6 64 7.1 4.3 6.4 | 14.4 | 483
Percentage of urban popu-
lation in each size class 85| 116 | 132 | 126 9.0 | 13.3 | 29.8 | 100.0

Source: Rocznik Statystyczny (Statistical Yearbook) 1966, table 5 (24), pp. 23—24.

The large majority of the urban population was living in towns and
cities. Urban settlements accounted for less than 5%,. As far as the
number of urban units was concerned, the smallest ones predominated;
however, their population was only a relatively small fraction of the
total urban population. The cities with more than 100,000 inhabitants
contributed almost half the urban population.

Again the situation in individual voivodships varied a great deal.
Not all size categories were represented everywhere. The highest per-
centage of the metropolitan population (living in cities above 100,000)
occured in the most urbanised voivodships. On the other hand more than
a half of the urban population was concentrated in small towns and set-
tlements (below 20,000) in those voivodships with low or average percen-
tage of urban population — Bialystok, Olsztyn, Koszalin, Zielona Goéra,
Opole.
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Table 3

Percentage of urban population in towns and urban settlements according to their
size in 1960 by voivodships

Total

Size of towns and urban settlements in thousands

tban Towns | Urban of inhabitants
Voivodships i :.an.d settle- below T00-0] above
oo cities | ments 5 5—10 | 10—20 | 20—50 |50—100 200 200
Poland — total
1950 1000 | 1000, — 11.1| 11.6| 10.8| 15.9 8.6 17.1| 9249
1960 1000| 95.2 48| 85| 11.6| 13.2| 146 9.0/ 13.3| 299
Bialystok 411000 976| 24| 15.2| 17.7| 235 67| — | 369 —
Bydgoszcz 100.0| 99.1 09, 104 13.3| 138 57| 15.6| 12.8| 28.3
Gdansk 100.0| 97.9 2.1 4.9 4.7 3.2| 24.1 9.5| 183| 353
Katowice 100.0| 90.8 9.2 3.7 8.1 8.1| 15.3| 10.2| 43.7| 109
Kielce 100.0| 96.4 3.6/ 10.9| 153 77| 21.8| 18.0| 263| —
Koszalin 100.0| 99.3 0.7 143| 300| 163| 218 176 — o
Krakéw incl. the
city 100.0 | 94.4 56| 17.5| 13.9 92| 107| 121 — 46.6
City of Krakow 100.0 | 100.0 — -_ — — — > — | 1000
Voivodship 100.0| 89.4| 10.6| 14.0| 26.1| 17.3| 200| 226, — I
Lublin 100.0| 97.3 27| 111 11.5| 187| 17.8| — | 409| —
¥.6dz incl. the city | 100.0| 99.4 0.6 3.9 4.9 8.6| 15.2 9.0 — 58.5
City of Lodz 100.0 | 100.0! — — — — -— — — | 100.0
Voivodship 100.0 | 98.6 1.4 9.3| 11.7| 207| 366| 21.7| — —
Olsztyn 1000| 96.8 3.2 165| 27.9| 340| — 216 — =
Opole 100.0 | 90.1 9.9| 182| 13.9| 21.6| 284| 179 — —
Poznan incl. the
city 100.0| 98.3 17| 140! 115 18.8| 132 6.2 — 36.3
City of Poznan 100.0 | 100.0| — = — — — — — | 100.0
Voivodship 100.0 | 97.4 26| 21.9| 181| 29.4| 208 98| — —
Rzeszow 1000 | 97.2 2.8 19.9| 12.9| 14.8| 363| 161| — —
Szczecin 100.0| 99.4 06| 12.4| 149| 83 70| — — 57.4
Warszawa incl.
the city 100.0 | 94.2 5.8/ 3.2 75| 17.5| 108| — — 61.0
City of Warszawa | 100.0| 100.0| — — —_ — - - — | 100.0
Voivodship 100.0| 85.1| 14.9| 81| 19.3| 449| 27| — — —
Wroctaw incl. the
city 100.0| 90.9 9.1 10.6| 155| 15.3| 13.9 47| 86| 314
City of Wroctaw 100.0 | 100.0| — — — — — — — | 100.0
Voivodship 100.0| 86.7| 13.3| 15.4| 226| 224, 203| 6.8 125 —
Zielona Gora 1000 95.2| 4.8| 16.1| 23.2| 17.2| 137| 298| — —

Based on the data contained in reference (3).

In 1960 there were in Poland 22 cities with a population exceeding
100,000 as compared to 11 in 1946 and 17 in 1950. With the exception
of two, almost completely destroyed during the war (Warszawa and
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Wroclaw — both about 80%, destroyed) all the cities had more inhabi-
tants than before the Second World War. First place was occupied by
the capital but the largest urban complex, consisting of several units,
was the Upper Silesian Industrial Area with a population in excess of
1,500,000. Second (or third) place was occupied by £6dz. In general the
dominating position of the largest city is not so pronunced in Poland as
in many other countries.

The rural population has not changed very much during the decade
under consideration. In 1960 a large portion of it was concentrated in the
southeastern voivodships.

Population of the largest cities in Poland, 1939—1965 (in thousands)

Table 4

Years

1939 19462 ] 19500 1960° 19654
Bialystok 107 57 ’ 69 121 140
Bydgoszcz 141 135 163 232 257
Bytom 101 93 ‘ 174 183 191
Chorzéw 110 111 129 147 154
Czestochowa 138 101 112 165 175
Gdansk 250 118 195 287 321
Gdynia 120 78 ‘ 103 148 166
Gliwice e 114 96 w 133 150 163
Katowice £ 134 149 225 270 286
Kielce 69 50 61 90 103
Krakow 259 299 344 481 520
Lublin 122 99 117 181 204
}.6dz 672 497 620 710 744
Poznan 272 268 321 408 438
Radom 86 69 80 130 144
Ruda Slaskag . 33 110 132 141
Sosnowiec 130 78 96 132 140
Szczecin 268 73 179 269 312
Torun 81 68 81 105 115
Watbrzych 64 73 94 117 125
Warszawa 1289 479 804 1139 1253
Wroctaw 621 171 309 431 474
Zabrze 126 104 172 190 199

a Data of the Census of February 14th, 1946;
b Data of the Census of December 3rd, 1850; administrative division of April 15th, 195:.

¢ Data of the Census of December 6th, 1960.

d Estimate at the end of the ycar.

e Since 1950 including Eabedy.

f Since 1946 including Szopienice.
g Including Nowy Bytom.

administrative division of April 1st,

Source: Rocznik Statystyczny (Statistical Yearbook) 1966, tabl. 8, p. 28.

1947.
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Table 5
Density of urban network in voivodships in 1960
Number of towns and urban
Ateh settlements Urban
Voivodships units per
A Total Towns Urban 11000 sq km
settlements

Poland — total 311,730 889 746 143 2.85
Bialystok 23,146 34 32 2 1.47
Bydgoszcz 20,798 58 56 2 2.79
Gdansk 10,978 31 25 6 2.82
Katowice 9,518 93 52 41 9.77
Kielce 19,469 37 33 4 1.90
Koszalin 17,974 35 34 1 1.95
Krakow * 15,580 55 44 11 3.53
Lublin 24,829 32 29 3 1.29
1.6dz * 17,277 40 38 2 2.31
Olsztyn 20,996 39 35 4 1.86
Opole 9,506 37 28 9 3.89
Poznan * 26,943 102 97 5 3.79
Rzeszow 18,657 46 42 4 2.46
Szczecin 12,677 40 38 2 3.15
Warszawa * 29,816 70 57 13 2.35
Wroctaw * 19,052 98 70 28 5.14
Zielona Gora 14,514 42 36 6 2.89

* Including city — voivodships.
Sources: Rocznik Statystyczny (Statistical Yearbook) 1963, table 5, pp. 15—23; Biuletyn
Statystyczny (Statistical Bulletin), Ser. L, No. 23, Warszawa 1964, pp. 5—6.

In the central part of the country the largest concentrations of the
rural population are to be found south-west of Warszawa, around the
largest cities and also scattered in voivodships Kielce, Lodz, Poznan and
Bydgoszcz, especially in those areas with higher agricultural producti-
vity.

However, the largest areas with relatively high density of rural popu-
lation are to be found in the south with the exception of the extreme
south-east. The high density is due both to the fragmentation of agri-
cultural land and to industrialisation based partly on commuting from
the overpopulated countryside. Here the spatial pattern of population
agglomerations corresponds to a great extent with the relief.

In the overall picture of the distribution of population in Poland
parallel zones are a very characteristic feature. This long lasting situation
is associated with the spatial pattern of economic life, with the distri-
bution of industry and types of farming.
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m | m
(2) ° X0 =YX =% Y 2,43 2,
'~ o =~ o i—1
m
(3) et 2 T
=]
(4) X D r . (where j 1, 2) n)
]
m I
(5) X V32 G D YA T4 el
:—‘l —|..~1 ‘ )—-l -
n
(6) L N 2
— J
jw=]
m n n m
(7) = M\ x_ DNy REE )
i=19=1 .. j=1i=1

Equations (1) show how the collection of the inhabitants of settle-
ment i is subdivided into separate subsets according to their places of work;

here the first term of the right side of the equation: (Z xi,-) indicates
ye=1

the number of inhabitants of the investigated region employed within
the given region, while the second term: (x;) shows the number of inha-
bitants who travel daily to work outside the region.

Table 1
Extended Matrix of Daily Commuting
i =7/
X b.4
i 1 2 . f i
i
1 X1. x11 x12 . X1in x1.
Xa2. x21 X922 4 X2n x2.
m Xm, Tml Tme2 g Imn ZTm.
x? x.1 x.2 4 . T.n "
x® it 2 TN X WS

Equation (2) shows how the population of all inhabitants of the given
. o o g m n \
region is subdivided into those commuting within the region: (2 Z xi,,‘,
RIES i=1 j=1
and commuters traveling bevond the region \}‘ xi}. Since, in confor-
Gt \i=1
mity with equation (7), the first term of the-sum is given by x@? and,

in conformity with equation (3), the second term is given by x’ equa-

tion (2) can also be written as Version (2%): . -, ... . .

(&) zow o wiosly 2o XM szl L oM IR0 0r ocld L0 sliiiilnk
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Any relation based on a system of equations (4) expreses the subdivision
of the collection of workers from settlement j into separate subsets
showing, first, the places of work occupied by inhabitants of settlement

-
? |\ 2 a:u) and, secondly, by workers commuting from outside the regicn
\fw=]

(3-”.1)-
Equation (5) shows how the workers employed in the region investi-
/' n m \
gated are subdivided into intra-regional commuters ( 2D a:tj) and inflow

=1i=1
n

from outside the region {Zw.ill . Making use of equations (6) and (7),
\Jo1
equation (5) may also be written as Version (5%):

(51 X = i) & )

Finally, equation (7) represents the common part of sets X® and X,
that is, the product of these sets. Graphically Equation (7) can be shown
as in Fig. 1.

Fig. 1. Equation (7)

Inspection of the extended Matrix of Daily Commuting immediately
shows that the collection of settlements falls into two subsets. The first

consists of n first settlements which possess working places — we shall
call them “work-place settlements”; the second embraces m-n settlements
with no work places, — called “residential settlements”.

Further, the extended Matrix of Daily Commuting can be used for
constructing two types of matrices: 1) one giving coefficients of the
distribution of the inhabitants according to their places of work (A):
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b of} X,
(8) au=;: and ai'—)(_i ; and 2) a second one giving the coefficients of

the derivation of the workers according to-their dwelling places (B):

Cid X.§

(9) byy=— and b.;—
Xij X.j
The forms of both these matrices are given below:

o PO PP J 1 b1 E1z...bin
gy Qg . . . Qon Qg by bog . . - Den
A = }{ .................
AmyQmg - - . Amn Qm bmibma...bmn
by by...by

The coefficients of distribution of the inhabitants indicate the pro-
portion of the total number of inhabitants of a given settlement i com-
muting from i to j. At the same time q;, gives the share of outflow from
a settlement to work beyond the given agglomeration. These coefficients
add up by lines to unity, and therefore:

n

(10) zaij—i—ai.=1.

1=1
The coefficients of derivation of the workers according to their place
of residence show, in turn, the share of the total number of places of
work in settlement j occupied by inhabitants of settlement ¢ who com-
mute to j. Similarly b, gives the share of inflow of commuters to a given
settlement from outside of the region being investigated. Hence, sum-
ming these coefficients by columns, we obtain unity in each case:

(11) glbi,+b.,= %

It is seen that the lines of matrix A present the structure of the
distribution of the inhabitants of individual settlements i according to
their places of work j, while matrix B gives the structure of places of
work according to the settlements where the workers reside.

By considering both these matrices together one can analyze the
problem of commuting to work in detail. A few typical cases will now
be taken as examples.

a) If the elements in matrix A of type a;; have high values, i.e. near
1, this indicates that the inhabitants are predominantly employed in the
settlement where they live. The comparison of these coefficients with the
coefficients of derivation of the workers of type b;; indicates whether
it has been possible to fill the places of work adequately with local
inhabitants. If a high coefficient a;; is associated with a low coefficient
b,;, it means that the local inhabitants have been insufficient to fill the



Ay . Wt = & Lo

http://rcin.org.pl



w

PES

=Zau+¢c-

$£4

http://rcin.org.pl
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the less the difference between coefficients d; and d; the higher the
degree of employment of the inhabitants of settlement i within the area.

(15) fi'= 3 bus
i=1

We may call the coefficient of coverage of the labour demand by the
inhabitants of the investigated agglomeration, and

(16) = élbu + by

=)

the total coefficient of coverage of the labour demand.

Similarly, high coefficients of coverage of the labour shortage from
outside are associated with low coefficients of self sufficiency of set-
tlement j, and conversely.

The difference f;— f;¥ gives an indication of the degree to which
labour requirements are met by inhabitants traveling from other settle-
ments in the investigated area. This degree is highest when the difference
is lowest.

The matrices of commuting need not be limited to the above methods
of treating the various settlements of the investigated region but may
be applied to the investigated region as a whole.

When applied to the whole region, the coefficients corresponding to
a;; and b;; will be:

{th) {tj)
(17) A= and (18) Bi=gm-

The former we shall call the coefficient of the linking power of the
inhabitants of the region, the latter the coefficient of its self sufficiency.
Coefficient A; can also be expressed as the sum of two coefficients, one
being that of the stability of the inhabitants of the region given by
equation:

(19) m__ iz

the other being the coefficient of the intra-agglomeration mobility of the
inhabitants, given by the equation:

n
X —‘ZIxu

(20) 2 __
A X!U
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Table 2

industrial and residential
agglomeration (conditions in 1960)

Locality of work within the agglomeration, 2
and number of persons employed =
23 & &S
. Place of resi- § %‘-‘—3 = 3 § g
No.| dencein the |&% 2 = E ) 8 g &osg
agglomeration ‘c o™ 5 oz = 5 g = = E u = uEnE
529 R £ g 2 S £y ] € 2 lsse
EoRDES Gl - = £ = o 5 8 |2 EE
ERERall O RS S 3 g £ 3 ] SRIENERS.
St I A ARG~ gl & 2|28
1 2 | 8 | ¢ 5 6 7 8 | 9 10 11 12 13
12 | Turoszéw 140 120 1 6 2 — — — — — 11
2 |Trzciniec with
Zatonie 1,911 704 | 1,173 27 1 — B ||= — 1] —
3 |Bogatynia 4,576 | 1,350 270 2,919| 21 = 6 3 = 7l —
4 |Biedrzychowice| 154 83 5 17| 40 — 5 3 = 1] —
5 |Opolno-Zdraéj 592 269 155 95 3 70‘ —_ — _ —_ —
6 |Sieniawka 2,552 75| 1,970 166 1 31 | 307 2 — — ==
7 |Rybarzowice 212 48 18 34| 30 7 1| 74 — ot —
8 |Radomierzyce 244 — = 1| — — — — | 238 5 —
9 |Zgorzelec 5,341 288 170 148 | — 12 — — — 14,563 | 160
10 |Jasna Goéra 47 33 2 12| — — — - — — R—
11 |Porajow 587 430 84 20 2 — 50 | — = 1| —
12 |Strzegomice 66 58 4 4| — — — - S — —
13- |Wigancice 382 364 i 11| — e — — — — —
14 Dzialoszyn 132 69 21 34| — —_ — — — = 8
15 |Bratkow 24 16 7 — — — e — 1] —
16 |Kopaczow 28 22 2 4| — — | — — - -
17 |Krzewina 29 23 = 4| — 1 = — = = 1
18 |Posada 22 19 1 2 = -— — -— -— - _—
19 |Jedrzychowice 51 —_ — —_ _ _ _— —_ —_ 43 8
Number of wor-
kers arrivingfrom | y oq6 | 974| 200| 97| 8 | 66 6| — | — | 425| 188
beyond the agglo-
meration
Number of non-
17,090 | 4,245| 4,083 | 3,608 | 108 | 187 | 380 | 82~|238 |5,047 17,978

agricultural work-
places

number of employed inhabitants of the agglomeration, amount

Note: The above data were assembled by the author.

Equation (2) is taken from .column 3 of Table 2; it gives the total

17,090.
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Fig. 2. Turoszéw productive and residential agglomeration, 1961

a — number of departures, b — number of arrivals, ¢ — number of inhabitants actively
employed outside agriculture, d — number of non-agricultural work-places, e — 100 personc
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In accordance with the first section of this paper a matrix was con-
structed from Table 2. showing coefficients of distribtution of the inhabi-
tants of individual settlements according to their places of work, together
with a second matrix of coefficients of employees origin according to
their place .of residence. These two coefficients have been calculated from
Equations (8) and (9) and tabulated in Tables 3. and 4.; these tables consti-
tute the matrices A and B. In accordance with Equations (10) and (11), all
lines of Table 3. and all columns of Table 4. total 1. The comparison of
Tables 3. and 4. leads to the following conclusions:

a) In Table 3. the element of type a,; is of highest value for Turoszéw,
Radomierzyce and Zgorzelec, indicating that most of the inhabitants of

Table 3

Coefficients of distribution of the inhabitants of individual settlements, groupea
according to their places of work

xil-
il o X,
i = o s @
No. | Place of residence 1;‘ 2 E ;': ;, g ]
@ Eg ® 3 & & ] g 8 1l
e IS B 5 ) ] o ° S g
& PN ] @ 1) @ & & N s’
1 2 3 4 5 6 7 8 9 10 11 12
1 | Turoszéw 0.857 | 0.007 | 0.043 | 0014| O (] 0 0 0 0.079
2 | Trzciniec with
Zatonie 0.368 | 0.615) 0.014 0 0 0.003 0 0 0 0
3 | Bogatynia 0.295| 0.059 | 0.639| 0.005| O | 0.001| O 0 [ 0.001 0
4 | Biedrzychowice| 0.541| 0.032| 0.110| 0.260| O 0.032| 0.019| O 0.006 0
5 | Opolno-Zdréj | 0.455| 0.262| 0.160 | 0.005| 0.118| 0O 0 0 0 0
6 | Sieniawka 0.029| 0.773| 0.065| O | 0.012| 0.120| 0.001| O 0 0
7 | Rybarzowice | 0.226 | 0.085 | 0.160| 0.142| 0.033| 0.005| 0.349( 0 0 0
8 | Radomierzyce 0 0 0.004| O 0 0 0 | 0976] 0.020f O
9 | Zgorzelec 0.054| 0.032| 0.028| 0 | 0.002| O 0 0 | 0.854| 0.030
10 | Jasna Géra 0.702| 0.043| 0.255| O 0 0 0 (] 0 0
11 | Porajow 0.733| 0.143| 0.034| 0.003| 0 | 0.085| © 0 | 0.002 0
12 | Strzegomice 0.878| 0.061| 0.061| O 0 0 0 0 0 (]
13 | Wigancice 0.953 | 0.018| 0.029| O (] 0 0 0 0 0
14 | Bratkow 0.666| 0.292| 0 0 0 0 0 0 |0042| O
15 | Dzialoszyn 0.522| 0.159| 0.258| © 0 0 0 0 0 0.061
16 | Kopaczéw 0.786 | 0.071| 0.143| O 0 (] 0 0 0 0
17 | Krzewina 0794 0 | 0138 O |o0.034| O 0 (] 0 0.034
18 | Posada 0.864| 0.045| 0.091| O 0 0 0 0 0 0
19 | Jedrzychowice | o 0 0 0 0 0 0 0 0.843 | 0.157

8 — Geographia Polonica
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o A B Table 4
= Coefficients of the derivation.-of workes, according to their places of residence
y % = .g ' )
No. | Place of residence = EY ) o o
n X E c 5 Z 9
Z e E S N £ 2 8 8
5 EE z i 2 z 8 E 2
e gs ) B 5 g £ S 5
= — o = o & > < B
; = =N m m | O w (a4 (4 N
1 2 3 | P TR I 8 9 10 11
1 | Turoszéw 0.028 | 0.000 | 0.002 | 0.019 0 0 0 0 0
£2 | Trzciniec with
Zatonie 0.166 | 0.286 | 0.007 | 0.009 | 0 | 0.013| 0 0 0
3 | Bogatynia 0.317 | 0.066 | 0.813 | 0.194 0 0.016 | 0.037| 0 0.001
4 | Biedrzychowice| 0.020 0.001 0.005 0.370 0 0.013 | 0.037 0 0
5 | Opolno-Zdroj 0.063 | 0.040 | 0.026 | 0.028 A 0.375| O 0 0 0
6 | Sieniawka 0.018 | 0.480 | 0.046 | 0.009 | 0.166| 0.807 | 0.024| © 0
—7 | Rybarzowice 0.000 | 0.004 | 0.009 | 0.278 | 0.037| 0.003 | 0.902| 0 0
8 | Radomierzyce || ¢.011 0.000 0 0 0 0 0 1.000 0
9 | Zgorzelec 0.068 | 0.042 | 0.041 0 0.064| 0 0 0 | 0.906
10 | Jasna Géra 0.008 | 0.000 | 0.003 |! O 0 0 0 0 0
11 | Porajow .| 70.101 | 0.021 | 0.006 |; 0019 | 0 |0.132| 0 0 0
12 | Strzegomice 0.014 | 0.001 | 0.001 0 0 0 0 0 0
13 | Wigancice 0.086 | 0.002 | 0.003 0 0 0 0 0 0
14 | Bratkow 0.004 | 0.002 0 0 0 0 0 0 0
15 | Dziatoszyn 0.016 | 0.005 | 0.009 0 0 0 0 0 0
16 | Kopaczéw 0.005 0 0.001 0 0 0 0 0 0
17 | Krzewina 0.005 0 0.001 0 |0005| o0 0 0 0
18 | Posada 0.005 0 0 0 0 0 0 0 0
19 | Jedraychowice | 0.000 0 0 0 0 0 0 0 | 0.009
o A ’
x.f |
b= x; 0.065 | 0.050 | 0.027 | 0.074 |0.353 0.016 | O 0 |0.084
1

‘these settlements work locallv. However, the corresponding coefficients
of type b;; in Table ‘4 have values like 0.028 for Turoszow, 0.906 for
Zgorzelec ‘and 1.000 ifor Radomierzyce. This indicates that Turoszéow
suffers a labour shortage and obtains workers from outside, while at
Radomierzyce all placés of work, and at Zgorzelec nearly all, are occupied
by"local people,

b} The elemient of type a;; for Opolno-Zdréi is near zero (0.118),
while the ‘elements of type b:: is also low, being only 0.375. Therefore
this settlement has little opportunity of employing its inhabitants locally,
and they must look for work elsewhere.
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In Table 5 elements of type a;; and type b;; are set out together with
the coefficient of the degree of balance between work-places and labour
resources, computed according to Eqution (12). From column 5 of

Table 5

Coefficienis of balance between work-places and labour resources

No. Name of settlement & b ;”
n

1 2 3 4 5

1 Turoszow 0.857 0.028 30.7

2 Trzciniec with Zatonie 0.615 0.286 2.1

3 i Bogatynia 0.639 0.813 0.8

4 Biedrzychowice 0.260 0.370 0.7

5 | Opolno-Zdréj 0.118 0.375 0.3

6 | Sieniawka 0.120 0.807 0.1

7 | Rybarzowice 0.349 0.902 0.3

8 | Radomierzyce 0.976 1.000 0.9

9 Zgorzelec 0.854 0.906 0.9

10 | Jasna Gora 0 0 0.0
11 | Porajow 0 0 0.0
12 | Strzegomice 0 0 0.0
13 Wigancice 0 0 0.0
14 Bratkow 0 0 0.0
15 Dzialoszyn 0 0 0.0
16 Kopaczow 0 0 0.0
17 | Krzewina 0 0 0.0
18 | Posada 0 0 0.0
19 Jedrzychowice 0 0 0.0

Table 5 we can see that Turoszow suffers an acute labour shortage, with
a coefficient as high as 30.7. In Trzciniec with Zatonie the coefficient is
also greater than unity, being 2.1, so therc is a certain shortage of labour
here also.

It can also be seen that to a greater or lesser degree 7 settlements have
a surplus of labour, while Bogatynia, Radomierzyce and Zgorzelec pro-
vide local employment for their own inhabitants, since the degree of
balance is clos2 to 1. The remaining settlements have no work for their
non-agricultural inhabitants at all. All these conclusions are confirmed
by Fig. 2.

For the productive and residential settlement agglomeration as a whole,
the degree of balance between work-places and labour resources is

X9 17978

€= x= 17090 ~

1.05,
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so the region does show an inflow of labour from outside, but only a very
small one.

Table 6. forms the basis for a sensu stricto analysis of the inhabitants
mobility, calculated from Equations (13) and (14), and of the coefficients
of coverage from outside of the labour shortage, calculated from Equa-
tions (15) and (16). In both cases the interrelations between settlements

Table 6

Coefficients of the mobility of inhabitants, and of the coverage of labour shortage
from outside

1 1
No. Name of settlement d(i) d; di_(di) ‘(i” 1 i ) [i_“)
1 2 3 [ 4 B | 6 | 7 \ 8
1 | Turoszéw 0.064 0.143 0.079 0.907 0.972 0.065
2 Trzciniec with
Zatonie | 0.385 0.385 0 0.664 0.714 0.050
3 Bogatynia 0.361 0.361 0 0.160 0.187 0.027
4 Biedrzychowice 0.740 0.740 0 ‘ 0.556 0.630 0.074
5 | Opolno-Zdréj 0.882 0.882 0 | 0.272 0.625 0.353
6 | Sieniawka 0.880 0.880 0 ' 0.177 | 0.193 0.016
7 Rybarzowice 0.651 0.651 0 0.098 | 0.098 0
8 Radomierzyce 0.024 0.024 0 ! 0 | 0 0
9 Zgorzelec 0.116 0.146 0.030 0.010 ‘ 0.094 | 0.084
10 | Jasna Gora ' 1000 | 1.000 0 o | o 0
11 | Porajow 1.000 1.000 0 0 0 0
12 | Strzegomice 1.000 1.000 0 0 0 0
13 Wigancice 1.000 1.000 0 0 0 0
14 Bratkow 1.000 1.000 0 0 0 0
15 Dzialoszyn 0.939 1.000 0.061 0 0 0
16 Kopaczow 1.000 1.000 0 0 0 0
17 Krzewina 0.966 1.000 0.034 0 0 0
18 Posada 1.000 1.000 0 0 0 0
19 | Jedrychowice 0.843 1.000 0.157 0 0 0

within the agglomeration and links with outside regions have been taken
into consideration. Columns 3 and 4 of Table 6 indicate, that for the
majority of the settlements the intra-agglomerational mobility and the
overall mobility is equal or close to unity. The exceptions are Turoszow,
Trzciniec with Zatonie, Bogatvnia, Radomierzyce and Zgorzelec, all set-
tlements with numerous places of work. The remaining settlements of
high mobility are to a greater or lesser extent residential settlements of
people employed principally within the agglomeration: as shown in co-
lumn 5, few of the inhabitants of the agglomeration commute to work
outside the area investigated. The coefficients of coverage of labour de-



~ 3= 17978 = 0.058.
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The sum of this and the coefficient of self sufficiency of the region (B))
is unity. This coefficient also is very small, since only 1076 workers arrive
daily from outside the agglomeration, a percentage very low compared
with the total number of available work places.

The synthetic coefficients for the whole agglomeration investigated
show convincingly that the boundaries of the region have been drawn
correctly. The coefficient of balance of work-places within the whole
area (C), the coefficient of the linking power of the inhabitants of the
area (4;), the coeifficient of self sufficiency of the region (B,;) and the
coefficients A;*” and B, all confirm this.

e premsnede—
1
i .
) Me Me Me

Fig. 3. Scheme of settlement classification
1 — all settlements, Z < 0 — settlements with labour deficit, Z >> 0 — settlements with labour
@ (2)
e e < Z
. 3 . ; 1
- productive settlements of rank 1I, Z < M;l) — productive residential settlements, Z = M(e)
— residential producitve settlements

surplus, Z = 1 — residential settlements, Z < M — productive settlements of rank I, M

Finally, an attempt has been made to classify settlements on the basis
of two variables: 1) the difference between the number of inhabitants
employed outside agriculture and the number of non-agricultural work-
places in other words, the absolute labour surplus; and 2) the ratio of this
difference to the number of inhabitants employed outside agriculture, in
other words, the relative labour surplus.

Settlements with non-agricultural centres of employment may have
a labour shortage or surplus and this will be expressed by the difference
!X;,— X ;| mentioned in item “a”, which distinguishes settlements by
their absolute labour surpluses and shortages.

Here the author is compelled to introduce an arbitrary subdivision of
settlements into groups, according to the scale of existing differences.

X —x.)

The relative labour surplus or shortage - e L = Z, mentioned in
i
item “b”, enables us to distinguish the following types of settlements:
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Fig. 4. Types of settlements in the Turoszow productive and residential agglome-
ration, 1961

1 — types of settlements: a — productive of rank I, b — productive of rank II, ¢ — produc-

tive-residential, d — residential-productive, e — residential; 2 — surplues and deficits of labour

Residential settlements for which Z =1 are devoid of non-agricultural
centres of employment merely serving as dormitory areas for workers
commuting to outside work. This type leaves nothing open to doubt. Con-
siderable differences may exist between settlements with Z <<0 or Z = 0.
These in turn may be subdivided into two groups by using the medians
of the index Z. Consequently we obtain, for Z <<0, settlements with
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Table 7

Settlements grouped according to absolute and relative differences between
actively employed inhabitants and places of work

- X.:
No Name of settlement No—Xg ‘ ;’(— !
1.
1 Turoszow — 4,105 — 29.30
2 Trzciniec with Zatonie — 2,172 — 1.10
3 Bogatynia -+ 968 -+ 0.20
4 Biedrzychowice + 46 + 0.30
5 Opolno-Zdroéj + 405 + 0.70
6 Sieniawka -+ 2,172 -+ 0.80
7 Rybarzowice -+ 130 -+ 0.60
8 Radomierzyce -+ 6 -+ 0.03
9 Zgorzelec -+ 293 -+ 006
10 Jasna Gora + 47 | -4- 1.00
11 | Porajéw + 587 1 4 1.00
12 Strzegomice + 66 -+ 1.00
13 Wigancice -+ 382 ‘ + 1.00
14 Bratkow + 24 | 4 1.00
15 Dzialoszyn -l 132 ‘ -+ 1.00
16 Kopaczéw + 28 + 1.00
17 Krzewina + 29 | -+ 1.00
18 Posada + 22 w -+ 1.00
19 Jedrzychowice 4 51 | + 1.00
Table 8
Classification of settlements
X3 — X5 | :
2y z < me? \Memgz<o ooz M me <z <t Z=1
X, X j z
large Trzciniec Sieniawka
from 500 to 5000 | Turoszow | with Bogatynia | QOpolno- | Porajow
persons ‘ Zatonie Zdroj
medium-sized | | l Rybarzo- Wigancice
from 100 to 500 ’ IZgorzelec w}i'ce Byoiitoszyn
persons
small { Radomie- Jasna Géra
from 1 to 100 { rzyce Strzegomice
persons Biedrzycho- Bratkow
wice Kopaczow
' Krzewina
Posada
[ Jedrzycho-
| ‘ wice
types productive ]productive productive- | residential- | residential
of I rank |of II rank |residential |productive
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Let us accept for the sake of this analysis that the country is divided
into two regions. In the first region there are two points (1 and 2)2 in
which existing grinding capacities were concentrated in 1965. The figu-
res denoting their capacities were duly corrccted with losses and gains
incurred during organizational and technical activities, and/or during de-
velopment or redevelopment carried out in the period up to 1970. These
two points will also be taken into consideration for the location of new
mills to meet the deficit in grinding capacity. In the first region there
exists, moreover, a single point (No. 1) in which the demand for flour in
1970 is concentrated. In the second region, however, there are the follo-
wing: one point (No. 3) in which all grinding capacity is concentrated,
another one (No. 4) for the potential location of the deficit capacity, and
two other (2 and 3) where flour demand is concentrated. The theoretically
assumed figures in this respect are included in Table 1. The costs of

Table 1
Ny i
1 2 3
N { 65 i
1 | 3 4 6 70
5 3 5 90
3 7 6 8 140
300
b, 1 120 Hiico Wl Tor 2 | e
70 j 400\

flour transportation per unit are shown in the inner part of the table.
For the sake of further comparative analysis both flour (wheat and rye)
demand and grinding capacity are cxpressed in units of grain weight
(70°j and 652 respectively). The deficit capacity amounts, therefore, to
106 grain weight units (400—300).

The selection of sites in which new grinding capacities ought to be
localized to eliminate this deficit, should begin with solving the problem
presented in Table 2 by means of a transportation algorism %. Column 4 of
this table represents a fictitious consignce. Parallel lines 1” and 2" enable
analysis to be made of some additional locations of grinding capaci-
ties in such points in the territory of the first region where its 1965
grinding capacity is concentrated. For the second region this function
is fulfilled by point No. 4 (line 4). Table 3. provides the solution of the
problem.

2 Numbers of respective lines or columns of the tables are given in brackets.

3 The explanation of the transportation algorism can be found in a publication
by W. Sadowski, Teoria podejmowania decyzji (The Theory of Decision-making),
Warszawa, 1960, PWE (Polish Economic Publishers).
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It shows that new grinding capacities should be located entirely in the
first region, in its points 1 and 2, and that theyv should amount to 50 units
each. Such locations will guarantee the minimal costs of flour transpor-

tation in 1970.

Table 2

j '
; 1 2 3 4 h

1

1 3 4 6 M 70
1 3 4 6 0 100
2 5 3 5 M 90
2! 5 3 5 0 100
3 7 6 8 M | 140
4 6 5 6 0 100
7Obj 120 | 180 | 180 | 200 | 600

* The symbol 65a’, which appears as from Table 2. onwards, denotes grinding
capacity in 1965 in point i, or its total deficite of grinding capacities.

Having established the global increases of grinding capacity in both
regions, we proceed to locate concrete variants of grinding capacity in the
territory of both regions, but this time we have to take into consideration
not only transportation but also investment and current costs.

Table 3
j | 7
" 1 2 | 3 4 65 i
l
}
1 70 70
1/ 50 50 100
2 90 | 90
2/ 50 50 | 100
3 90 50 140
4 100 | 100
70"j 120 | 180 100 | 200 | 600

New locations of additicnal grinding capacity being already known,
let us assume that a region R will have to increase it global grinding
capacity by 50 units. The analysis on the national scale shows that such
an increase in the region R will secure the balance between the regional
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grinding capacity and local demand for flour. If such a balance is not
achieved, i.e. where there is for example a surplus supply, demand will
have to be increased by means of directing flour to neighbouring regions
selected on the basis of the national location scheme.

In the further course of our analysis we should assume that in 1965
in the territory of region R we have one mill in operation (No. 1) and
two points of flour demand (1 and 2). Theoretically assumed figures
denoting 1965 grinding capacity, 1970 flour demand and the flour trans-
portation costs per unit from the\mill to consignees are presented in
Table 4.

Table 4
i y 1 ’ 2 6521
1 } 7 ‘ 5 50

50
e 100\

Our next assumption is that in region R there exist two points where
new mills could be located (Nos. 2, 2°, 3 and 3’)%. Their distance to the
points of flour demand is expressed in units of transportation costs in-

Table 5 Table 6
3 j The variant
i 1 2 . of capacity
: 20 | 30
2 4 6 2 25 18
3 i 5 3 30 21
Table 7 Table 8
J ]
; 1 2 3 652" 1 2 3 | 658
]
1 7 5 M 50 / 1 50 50
29 31 0 20 2 20 20
2! 22 24 0 30 2 25 5 30
3 37 35 0 20 3 20 20
3 28 26 0 30 3 20 10 | 30
70bj 25 75 50 150 70bj 25 75 50 150

4 Each of these points has a double numeration to indicate two wvariants of
Zgrinding capacity of mills to be located.
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cluded in Table 5. Their grinding capacity can be either 20 or 30 units
per annum. The task consists in choosing such locations as to quarantee
in 1970 minimum transportation, investment and current costs. Table 6.
presents unit investment and current costs for both variants of capacity,
computed separately for each point of potential location.

To solve the problem we first apply the transportation algorism, using
Table 7. as the starting point. Results can be found in Table 8.

The answer thus obtained is that to secure minimal investment, cur-
rent and transportation cests the mill with a capacity of 30 units should
be located in point No. 2 and that with a capacity of 20 units in point
No. 3, provided that it has the same investment and current costs as the mill
with a capacity of 30 units if localized in that place. Following this assum-
ption in line 3" of Table 7. we rewrite values included in its line 3. and
again solve the new arised task. Results obtained are presented in Ta-
ble 9. It appears that when investment and current costs of mills with
grinding capacities of 20 and 3C units are the same, it is more profitable
to locate a mill with a capacity of 20 units in point Ne. 2, Consequently,
on the basis of results obtained in table Nos. 8 and 9 we reach the conclu-
sion that mills of both capacities, i.e. of 20 and 30 units, should be located
in point No. 2.

Table 9
] ’
1 2 3 652 i
|
1 50 50
20 20
2’ 25 5 30
3 20 20
3 30 30
70bj 25 75 50 150

The above described procedure can be applied, however, only to minor
locaticn problems, that is when we are dealing with small numbers of
demand and supply points. When the number of such points is greater,
such a procedure would be too long and laborious. But it can be modified
according to the structure of each actual task. A modified method is

5 The problem was formulated by the Subcomittee, headed by the author, which
had been organized by the Ministry of Food Industry, within its Commission of
Perspective Planning. The Subcommittee was entrusted with the task of preparing
the programme of optimal distribution of grain economy. The programm for the
computor was prepared by Mr R. Solich, M. A., from the Computing Centre of the
Polish Academy of Sciences. '
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ERRATA

| item
PREE |  from from is should be
above below
49 3 ke the
] 20 valleys of dales valleys or dales
(] 2 + 6.5 =485
84 3 Fichtelberge Fichtelgebirge
04 Table 2,2 in thousands iz millions
m m
103 2 =3 x ol =¥r,
i=1 =1
m m
108 5 (2 y ) N, )
=i famml
m i
104 4 ? ( Naij ) i (Z‘ xij )
fe=] =1
106 1 au-:% “*":?}3}'
(1) (1)
108 11 A—fi fi—fi
113 Table 3,1 0.857 0.875
115 3 Eqution Equation
117 2 Were where
117 ] refering referring
118 16 producitve productive
119 T surplues surpluses
89 10 and 9 1845 — 1960 1945 — 1965
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