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12 TERESA KOZLOWSKA-SZCZESNA

the snow cover lasts longest. The lowest values (below 28%) are found in the
warmest areas (west and south-west) where the snow cover is shortest and
spring comes earliest. The mountain areas usually have higher values (32%
to 36%6) due to the longer snow cover.

Fig. 6. Geographical distribution of the mean albedo in the period from November
to March

In the warm period the values of the albedo are small and fluctuate from
about 16% to over 20%. The vegetation cover obviously plays a leading part
in the areal distribution of the albedo during this period. The north and north-
west have the highest values, about 20%, and the south of Poland is about 18%s.
Forested areas have a lower albedo than their surrounding regions.

Apart from these two cold and warm periods one can also distinguish two
transitional periods on the basis of the albedo’s annual course: a period between
the cold and warm periods from April to May, and that between the warm
and cold periods in September and October. These transitional periods have
the lowest albedo values of the year.

A comparison of our albedo maps with those in the atlas of the thermal
and moisture balances in the Ukraine (A. R. Konstantinov, N. I. Goisa (eds)
1966) does not reveal any significant differences for either the monthly or
yearly values.

From our results it can be stated that:

(1) The areal distribution of the albedo during the year is as follows; the low-
est values of around 20% are found in the west and the highest, approaching
30%, in the east of the country;

(2) The areal distribution of the albedo depends in the warm period (April-Oc-
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20 CECYLIA RADLOWSKA AND ELZBIETA MYCIELSKA-DOWGIALLO

Investigations of small sections of this area have been done (Jurkiewiczowa
1965, Zolnierz 1971), but the problem as a whole is still open.

The problem of the relation between glaciation and deglaciation in the
Swietokrzyskie Mts. and the relief of the substratum has been studied by
S. Z. Rozycki (1972a). He reconstructed the incursions of the Mindel glaciation
into the mountain area by analysing the distribution of erratics local origin
(tortonian limestone) occuring in situ on the south-east part of the mountains.
In another article on the quaternary problems of the Swietokrzyskie Mts. R6-
zycki also attaches great importance to the features of relief and the changing
direction of the mountain ranges, and again stresses the advisability of fol-
lowing the transport routes of local materials, especially those which are found
over a limited area (1972b).

The present paper gives the results of our investigations in the western
and central areas of the Swietokrzyskie Mts. (Fig. 1).
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Fig. 1. Location of the analysed landforms in the Swietokrzyskie Mts.

1, 2, 3, etc.. — observation points: 1 — Miedzianka; 2 — Polichno; 3, 10, 12 — Zajgczkéw; 4 — Mile-
chowy; 5, 6 — Zgorsko; 7 — Postowice; 8 — Grabki; 9 — Radkowice; 11 — Gorgolowa; 13 — Mako-
szyn; 14 — Belno

The Swietokrzyskie Mts. are composed of a series of ridges, trending
WNW-ESE and NW-SE and divided by longitudinal depressions. The rock
substratum is petrographically highly differentiated and its relief is largely
Tertiary in origin. An important part of the relief are the stratified sand for-
mations in the mountain passes and high up on the slopes and along the bot-
toms of the intra-mountain depressions. Their location in the passes is most
important as it clearly indicates that they owe their accumulation to the pro-
cess of deglaciation. Stagnant and dead ice could easily develop in these longi-
tudinal depressions.

The first stage of deglaciation was marked by sediments and landforms
within passes. An example from Mt. Miedzianka will be discussed in detail.
In the pass between Mt. Miedzianka (358.5 m) and Mt. Sowa (304,1 m) lies
a cover of sand up to 318 m (Fig. 1, pnt 1 and Fig. 2). In the outcrops one can
see stratified sands cut by faults and covered with gravitational and solifluc-
tional materials (Fig. 3). Measurements in places which have a more orderly
sand structure indicate that the strata dip in south or south-east direction.

The level reached by these sands, 318 m is much higher than that at Mt.
Sowa, 304,1 m and testifies to the fact that during the accumulation which took



DEGLACIATION IN THE SWIETOKRZYSKIE MTS. 21

place here Mt. Miedzianka constituted one slope, whereas the other one was
glacier ice and not Mt. Sowa. This second slope most probably covered the
pass and at least the lower mountain parts, including Mt. Sowa (Fig. 2).
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Fig. 3. Exposure in kame terrace at Miedzianka pass (318 m a.s.L.):

1 — soil; 2 — cream-coloured structureless sands; 3 — light-brown silty sands with a fluidal

structure, containing sandy erratic pebbles; 4 — fine grained structureless sands; 5 — silty sands

with a fluidal structure with pebbles of local limestones; 6 — stratified sands, strongly dissected
by fissures; 7 — silty sands with fluidal structure at the top

The presence of the sands above one of the peaks crowning the pass, plus
the fact that they are fissured and cut through dislocation, also support a con-
nection between the origin of the sediment and mountain deglaciation. The
presence of moraine loam is not necessary to support the argument. The land-
form in the pass near Mt. Miedzianka is a kame terrace.

Sediments of kame terraces were also found in a pass site in the Polichno
Hills, in Polichno (Fig. 1, pnt 2; Photo 1), and in Zajaczkéw (Fig. 1, pnt 3), in
Zgorskie Mts. (Fig. 1, pnts 5 and 6), and in Grzaby Bolminskie, a village of
Milechowy (Fig. 1, pnt 4).
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Fig. 4. A slope kame terrace in Poslowice
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Fig. 5. Kame terrace in Grabki, in the Przedboérz-Malogoszcz range

Fig. 6. Topographical map of an esker type crevasse landform near Radkowice
P.A. P.B, — lines of cross sections
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DEGLACIATION IN THE SWIETOKRZYSKIE MTS. 25

Photo 4. Grabki — The variable character of the sedimentation can be seen. Frag-
ment of exposure

tinually undergo these disturbances. Tilting of dislocated packets and subsiding
is northerly presumably in the direction of the dead ice lying in the longtitu-
dinal depression. In the examined section this was taken advantage of a tribu-
tary of the Fososina; a terrace is found about 30 m above this tributary.

Fig. 7. Transverse sections across an esker type crevasse landform near Radkowice

P.A.—section across Checiny valley north of Radkowice, 1 — esker type crevasse landform,
P.B. — section across esker type crevasse landform with exposure marked (a, b)

http://rcin.org.pl



26 CECYLIA RADLOWSKA AND ELZBIETA MYCIELSKA-DOWGIAZZO

Photo 5. Radkowice — one of the longitudinal hillocks of an esker type crevasse
landform
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Fig. 8. Exposure in southern wall of an esker type crevasse landform near Radkowice

1 —soil; 2 — stratified sands, gravels and angular débris. Much chert, pink sandstones and

slates. Stratification emphasized by position of gravels and by hornstone streaks. Visible uneven

relief of top surface; 3 — top surface of series full of mounds containing gravel cores. Medium
grained sands with slightly marked stratification. Slight gravel admixture

SW-NE

Fig. 9. Exposure in northern wall of an esker type crevasse landform near Radkowice

1 — soil; 2 — structureless deposit (sand with gravel admixture); 3 — stratified sands with solitary
small gravel grains and pebbles, dissected by fissures. One can see push and drag movements
of compacted sand blocks. Streaks emphasized by hornstone bands
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28 CECYLIA RADLOWSKA AND ELZBIETA MYCIELSKA-DOWGIAELLO

To this kind of formation belong the hillocks, arranged in a slightly circular
series for 1 km along the axis of the depression of the so-called “Checinska
Valley”, near the village of Radkowice (Fig. 1, pnt 9). Their position is shown
on the topographical sketch (Fig. 6) and on Photo 5. In the road-cuting 2-3 m
in depth, layered sands with gravel admixture crop out. These are often cov-
ered by unlayered brecciated or gravelly sandy forms. The gravels are also
composed of local Swietokrzyskie Mts. material as in the northern one. In
Figs. 7, 8, 9 and in Photos 5, 6, 7 one can see the structure of these forms.

The dip of layers of the undisturbed series is generally easterly and is
almost concordant with the morphological axis of the zone of uplift.

Fig. 10. Topographic map of hillocks and kame terraces near Zajgczkéw

3 — pass kame terrace; 10 — kame hills; 12 — slope kame terrace (nos. refer to those in Fig. 1);
P.A. —section across kame hills

The described forms are not overlaid by material where the substratum is
elevated, and to not run across but along the axis of the depression. Thus
they have not the character of a kame ridge found in areas of similar relief,
as for instance in the Cracow-Czestochowa Jura (Klimek 1966, 1969) or in the
Sudetes (Jahn 1969). They may rather be classified as fissure forms of the
esker type (Baraniecka 1969, Boerman 1950, Charlesworth 1957, Flint 1957,
Lliboutry 1965, Radlowska 1969).

In the pseudo-valley depression lying south of Zajaczkéw is a kame field
with numerous small hillocks (Fig. 1, pnt 10). The detailed topographical
sketch map shows a whole wealth of these miniature forms, built of sands and
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gravels of fluvial origin. Boulders from the north as well as local ones can be
found on the surface (Figs. 10 and 11).

The kame hillocks at the foot of the Gorgolowa Mt. in the Malogoszcz Range
are similar (Fig. 1, pnt 11 and Fig. 12), but their origin is not entirely under-
stood.

Fig. 11. Transverse section across valley south of Zajaczkow
1 — kame hillock landform

All these examples of various types of kame landform and esker-type and
our observations on the trend of the dip of the strata and of the relief features
suggest the following hypothesis into this part of the western Swigtokrzyskie
Mts. the ice came most probably from the NW, first filling the longitudinal
depressions and then irrupting into the mountain passes. This subject can be
looked at again when the results of laboratory analyses of samples, taken from
various landforms caused by deglaciation, are known.

For comparison two longitudinal raised landforms discovered in the depres-
sion of the Y.agowska Trough will also be discussed. This trough lies in the
central part of the mountains.

It lies south of the Lysogéry, the main range of the Swietokrzyskie Mts.
The bottom of the trough is coated with Pleistocene sediments, originating
from various types of aggradation: glacial, glaciofluvial and fluvial, as well as
secondary Pleistocene, supplied to the trough depression by processes of denu-
dation. In these Pleistocene archives, glacial landforms and sediments may also
be distinguished. They seem sometimes to have been skeletoned by fluvial
erosion, which has partly remodelled the bottom of the trough. The expression
“partly” is used here to stress the existence since this time of a watershed.

In Makoszyn /Belnianka, (Fig. 1, pnt 14; Fig. 13) an oval-shaped hill trend-
ing parallel with the morphologic axis is found north of the village. Its general
appearance is shown in Photo 8. In the open cuts down to 2.5 m ortstein sands
with erratic boulders in the top are visible, but deeper down they are cross-
stratified in thin layers. The sands have many faults. A repeated dip of the
layers may be seen in the WNW sector. The inner structure of the landform
is illustrated in Photo 9. This elevated form in Makoszyn has the features of
a kame-hill.

The structure of the ridge in Belno (Fig. 1 pnt 13; Fig. 14) looks a little dif-
ferent, and can be seen in Photos 10, 11 and 12. In the top down to 1.5 m are
loam packets, sands and gravels, sometimes a stratified but generally an
unstructured material. Below this is a sandy-gravel series, with fine grained
gravel but a prevalence of sand. Numerous faults and fissures are visible,
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i2. Topographic map showing the kame landforms south of the Gorgolowa ridge

Fig.

1 — kame forms
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Fig. 14. Topographic sketch of an esker type crevasse landform in Belno

along which the sediment has subsided (Photo 12). At the base a barely strati-
fied thick-grained gravel series (average diameter 3-6 cm), crops out. Tortonian
limestone (lithotamnian), originating from the south-east margin of the Swie-
tokrzyskie Mts. is found in this sediment. The presence of gravel, sands, loam
pocket and locally a continuous loam cover suggests that the origin of the
Belno ridge may be connected with crevasse accumulation. Its present form
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DEGLACIATION IN THE SWIETOKRZYSKIE MTS. 35

is very little admixture of the coarser and finer grains; this gives narrow and
high maxima on the diagram and indicates that the whole sediment has been
thoroughly sorted.

The curves showing the frequency of the sandy sediment in the central
part of the area, where a much larger variability may be seen, are a little dif-
ferent (Fig. 15 Nos. 11-14). The regional similarity of the deposits, and their

i " — — - v
-4 -7 -2 -1 0 o/
L d 1 2 ’

L4 3 ¢ ¢ 4
as (72 (i7a] Q0625w

Fig. 15. Size frequency of granulometric composition of investigated sediments (nos.
refer to those in Table 1)

inter-regional differentiation, hint at a variety sources of the based material
for the western and eastern parts of the area. On the other hand, the similarity
between the sandy deposits found under various topographical situations in
the western part but that they compose genetically different forms, suggests
that this source was the same for all the group.

A similar picture is found when one compares the medians and quartiles, as
well as by Doeglas’ classification of deposits (1968). The sandy sediments from
the western part of the Swietokrzyskie Mts. whatever type of genetic forms
they build, are poorly differentiated and may be assigned to three granulitic
classes: medium sands, fine grained medium sands and medium sandy fine
sands. In the central part of the area where the variability is greater we find:
very fine sandy fine sands, medium sandy fine sands, coarse sandy medium
sands and very fine gravel medium sands (Table 1).

The coefficients of grain abrasion (Wo) and irregularity of abrasion (Nm) of
the sediment were calculated by analysing them with Krygowski’s graniforma-
meter (1964). The fraction 0.5-0.8 mm from 10 samples of the western part of
the Swigtokrzyskie Mts. was taken from various genetic forms connected with

3s



36 CECYLIA RADEOWSKA AND ELZBIETA MYCIELSKA-DOWGIALLO

TABLE 1

Numerical

No. determination

af ‘poifit Name 9f outcr‘op and  Analysis Q Q of sediment

in Fig. 1 genetic description number > after Doeglas

of landform in mm (1968) in
@ units

11 Gorgolowa t.k.z. 1 0.262 0.350 0.215 223
2 Polichno t.k.p. 2 0.340 0.390 0.230 223
8 Grabki t.k.z. 3 0.261 0.365 0.198 233
9 Radkowice o. 4 0.285 0.410 0.200 223
9 Radkowice o. 5 0.350 0.480 0.260 222
4 Milechowy t.k.p. 6 0.225 0.285 0.158 233
3 Zajaczkow t.k.p. 7 0.245 0.360 0.175 233
1 Miedzianka t.k.p. 8 0.240 0.300 0.205 233
7 Poslowice t.k.z. 9 0.320 0.435 0.235 223
12 Zajaczkow t.k.z. 10 0.230 0.295 0.170 233
13 Makoszyn p.k. 11 0.150 0.190 0.110 334
13 Makoszyn p.k. 12 0.215 0.280 0.160 233
14 Belno o. 13 0.320 0.440 0.200 221
15 Belno o. 14 0.940 2.200 0.360 212

o — ekser type crevasse landform
p.k. — kame hill

t.k.z. — slope kame terrace

t.k.p. — pass kame terrace

deglaciation (Fig. 16). The degree of abrasion of the quartz grains in the investi-
gated sands showed that the index Wo had high values and little variation.
The coefficient of grain abrasion (Wo) was calculated basing on the Kry-
gowski’s formula (1964)
(n-k) IQO

Wo = e NS
o = 2400 N

where N — is the size of the analyzed sample, n is the size of the angular classes,
k is the mean angle of a given angular class.

The values of the abrasion coefficient vary from 1265 to 1423 (Fig. 16). In ac-
cordance with the classification of the degree of abrasion coefficient given by
Krygowski, the sands of the western part of the Swietokrzyskie Mts. may be
classified as mature ones, showing distinct grain abrasion.

The coefficient of irregularity of abrasion of a sediment (Nm) was calculated
using the formula:

Nm = Qa_Qx

where @, and @, are quartiles corresponding to 259 and 75%0 read from the
cumulative curve of abrasion.

The index Nm has high walues, from 7.4-10, in the sediments examined (Fig.
16). This shows that there is great differentiation in the degree of abrasion of
the particles in the investigated sands. The reason for this is difficult to esta-
blish; it could be due to characteristic differences in the base materials (glacier
forms), or to a contribution of local material.
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Fig. 16. Curves compiled from histograms of sand grain abrasion
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DEGLACIATION IN THE SWIETOKRZYSKIE MTS. 39

To numerically sum the degree of sorting of a particular set, its standard
deviation o, was calculaterd using a formula from the log normal distribu-
tion:

4y
o T Ax
where Ay is the accretion of ordinates expressed along the scale of probabili-

ty, and Ax is the accretion of the abscissae (expressed along the scale ) on any
arbitrarily chosen segment of the line.

Probobility Scole

J 4 ’ l 1¢ Scale
J & 1 a5 025 Q12s 00625 mm Scole
Fig. 18. Curves and diagrams in cumulative percentages and on probability scale
for sediments of pass kame terraces

8 — Miedzianka; 3 — Zajgczkéw; 4 — Milechowy; 2— Polichno; A — saltation population; B —
suspension population

Next, sediment diagrams from four genetically different forms connected
with deglaciation in the Swietokrzyskie Mts. were compared (kame terraces
on passes and slopes, kame hills and crevasse forms of the esker type in the
wide intermontane depressions). This gave some interesting data to investi-
gate the dynamics of water which helped to form them. The diagrams are most
similar for formations composing the slope kame terraces (Fig. 17). The saltation
assemblages (A) of the sediments from the four investigated forms show an
almost identical degree of sorting, as shown by their similar standard deviations
(0ar within the limits 0.56-0.66). The percentage content of the suspension as-
semblage is different, although its degree of sorting is similar (og = 1.47-1.66).
The truncation point of both assemblages (A and B) falls within the fraction
0.14-0.19 mm.
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pension population; C — surface creep population
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DEGLACIATION IN THE SWIETOKRZYSKIE MTS. 43

Other interesting data was found by petrographic and mineralogical analyses
of the light and heavy fractions (Fig. 22) carried out for the western part of
the Swietokrzyskie Mts.
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Fig. 22. Petrographic composition of sands on basis of an analysis of the 0.5-0.8 mm
fractions

Petrographically the richest sediments are from Zajgczkéw, Grabki, Polich-
no, Miedzianka and Poslowice (Fig. 1, pnt 3, 12, 8, 2, 1, 7), with at the same
time a high weathering coefficient (W), indicating some relation between the
durable, average durable and non-durable heavy minerals.

According to Racinowski and Rzechowski (1969) the weathering coefficient
is determined by the following formula

St
W= "
TN

where T is the durable minerals, resistant to weathering (zircon, tourmaline,
rutile, staurolite, disten, andalusite), St — the average durable minerals (garnets,
epidote, clinozoisite), N — perishable minerals (augite, hornblende, actinolite,
biotite).

The present group of sediments (from Zajgczkow, Grabki, Polichno, Mie-
dzianka and Postowice) contains between 86 and 92%o quarts, 2-4% of feldspar,
2-4% detrital crystalline rocks, 1-5% of lydites and 0-5% limestone.

The coefficient of weathering ranges from 17.6 to 28.6 and indicates the
presence of heavy non-resistant minerals in the assemblage, but there are rela-
tively few of them (Fig. 22).

The second group of sediments compose the sands from Radkowice and
Milechowy (Fig. 1, pnt 9,4), which contain from 92 to 95% quartz, 1-2% feld-
spar, 0-3% detrital crystalline rocks, 1-3% lydites and 0-3% limestones.

Their coefficient of weathering is much lower (4.8-16.8) indicating that
heavy non-resistant minerals are insignificant in the assemblage.
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DEGLACIATION IN THE SWIETOKRZYSKIE MTS. 45

The material collected in the area of the deglaciated Swietokrzyskie Mts.
has only a fragmentary value; it does not justify synthetical opinions, espe-
cially on the age of the discussed forms.

According to most opinions so far expressed our investigated area was sub-
mitted only to the Mindel glaciation. The Riss glaciation did not intrude upon

Krakow // / \( v' ) R,og,o\',v”o

'
;
»

W
i
>

o,

w— 7 228

’

-1 i o

Fig. 23. Extent of the Riss glaciation in central Poland according to Galon and Rosz-
kéwna (1967)

1 —maximum extent of the Riss glaciation (a) according to S.Z. Rézycki, (b) according to

W. Karaszewski: 2 — Warta stage; 3 — stage of recession; 4 — supposed course of continental

glacier front; 5-—outwash fan, 6 — Wurm glaciation; 7 — valleys and pradolinas; 8 — areas
investigated by the present authors
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50 P. J. VINCENT

matical details of the method should consult a suitable textbook such as Har-
man (1967).

Factor analysis may be carried out in two distinct but related procedures.
in R-mode factor analysis attention is focussed on an nXn matrix of relation-
ships (usually taken as product moment correlations) between all pairs of

Variable

Sample A

Sample B

Variable 2

Variable 3

Factor Loadings
Factor 1

54

v—y Factor 2
6 8

o d

Rotation
F1

F1

2  Fig. la, 1b, lc. A geometrical explanation
Before After of cosine theta, factor loadings and factor
rotation
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59 P. J. VINCENT

local grey tills. In the present study it was hoped that factor analysis might
help structure this continuum of reddish, intermediate and grey tills.

In the laboratory as much information as possible was gathered from rou-
tine sedimentological, chemical and petrological investigations. A total of thirty
separate items of information were gvailable for each sample of sediment
(Table 1).

As a preliminary stage in the analysis the raw data were transformed by
dividing each value by the highest observed value for that particularly consti-
tuent. This transformation gives equal weight to each variable; such a transfor-
mation is useful because not all variables were measured on a percentage scale,
e.g. pH, ® mean. No additional transformations are necessary in Q-mode analy-

3
o Ll TR N
‘ > - L T I
% Vi > |
i ¥
<, r % ‘
N h X g
oy O} 8 \ / > NORTHERN \‘
2 7 PENNINES
LOCALITY MAP ‘\ (AK
¥ [0’32,9/ $’~
2 -~ 4
4 Vg 7 7 .
i ' .
X .
' \
5 A
77 Land above 200 metres
> Main Werchselian Ice movement oLEEDS
Kilometres
0 23 0 s -

Fig. 2. Location of study area

sis because the correlation matrix is built up from cosine-theta and not product
moment correlation coefficients. The cosine theta matrix thus consisted of
a 52X52 array, thirty variables being measured for each of the 52 till samples.
At this stage the usefulness of the factor analytical approach is clear. It would
be difficult, if not impossible, to visually assess such a matrix of coefficients.
Here the high speed computer is invaluable. In this study a factor analysis
was performed on the IBM360/67 computer at Durham University using a For-
tram program written by Klovan. This program allows the abstraction of up to
ten factors from a cosine theta matrix.

After a varimax rotation of the factor axes the first three factors accounted
for 81%6 of the variance of the cosine-theta matrix and for this reason it was
decided to limit further study of the results to these three factors. Examina-
tion of Table 1 indicates which of the thirty variables are most closely related
to each factor and thus characterize the factor axis. The variables which appear
most closely related are as follows:
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Factor I Hematite, limonite, pH, ferric iron, phi sorting,
phi mean, per cent day, silt, and gravel,

per cent shale.

Factor II Amphibole, pyroxene and tourmaline, per cent erratics,
ilmenite, magnetite, par cent sand and clay.

Factor III Per cent sandstone.

TABLE 1. Factor weightings for the first three variables

Variable

Per cent sandstone
shale
erratics
limestone
coal

pH

Coal in matrix

Ferric Iron

Carbonate

Per cent gravel
sand
silt
clay

Phi mean

Phi sorting

Sphene

Monazite

Garnet

Biotite

Rutile

Zircon

Staurolite

Kyanite

Epidote

Amphibole/Pyroxene

Tourmaline

Sillimanite

Hematite/Limonite

Magnetite/Ilmenite

Pyrite

Factor I

0.5492
1.3702
—0.5286
0.1550
—0.0973
2.0182
0.5890
1.8156
0.7079
1.1248
1.3174
1.4061
1.4312
1.5497
1.6264
—0.1059
—0.3544
—0.2481
—0.1326
0.0396
—0.1859
—0.3603
—0.1409
—0.2826
—0.5972
—0.5088
—0.0950
2.4437
—0.3962
0.1406

Factor II Factor 1
0.2721 5.2935
—0.8425 0.8574
2.2105 —0.0902
—0.3008 —0.1211
0.3409 0.0005
0.7365 —0.4004
—0.2079 —0.2594
—0.0712 —0.3563
—0.1667 —0.1545
—0.2816 —0.2708
1.3126 —0.2435
—0.2527 —0.3286
1.4413 —0.2529
1.0249 —0.2741
0.8143 —0.2391
0.4154 —0.0452
0.8815 0.0245
0.8420 —0.1000
—0.0103 0.1078
0.0798 0.1001
0.3570 0.0059
0.4701 —0.1073
0.0245 0.2082
0.6844 0.2464
2.5180 0.1248
2.4934 0.0093
—0.5185 —0.1400
—0.2375 0.1019
1.6036 0.1668
—0.4776 0.1569

Having decided on the make-up of the factors it is necessary to examine the
factor loadings to see which samples are most strongly associated with each
factor. The loading on each of the first three factors for the 52 samples are
illustrated graphically in Fig. 3. Inspection of Fig. 3a would seem to indicate
that three reasonably distinct categories of till are to be found in the study

area.

Category 1. This group, which contains the majority of the samples analysed,
loads heavily on Factor I and relatively lightly on Factor II. The sediments
included in this category are associated with high pH values, high Ferric Iron
contents, high shale percentages in the stone counts and with high hematite
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and limonite percentages in the heavy mineral fraction. These variables suggest
a strong influence of Pennine rock on the tills.

Category 2. This group loads most heavy on Factor II and relatively lightly
on Factor I. Factor II, it will be remembered, is associated with high percent-
age of tourmaline, amphibole and pyroxene minerals in the sand fraction.
This factor then is an expression of those variables which are particularly char-

10+ EAST
84
“ e
o
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v "84
-
® 3
— R
841
o
e
~ WEST
24 Sample Position
in Study Area
4 (See Figure )
o S e ————
(4] 2 4 6 8 10

Factor 2 Loadings

Factor 1 Loadings

Factor 2 Loadings

™% ' jo Fig. 3a, 3b, 3c. Graphical plots of the fac-
Factor 3 Loadings tor loadings for the first three factors
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acteristic of tills which are not of Pennine provenance and which have re-
tained much of their extra-Pennine character.

Category 3. This consists of one sample which loads relatively lightly on
both Factors I and II.

The existence of these three groups of samples is further demonstrated
when the loading Factor II are plotterd against Factor III (Fig. 3c). These two
factors together only accounted for 19.7 per cent of the total variance and are,
therefore, rather weak explantations of the total correlation matrix. However,
it is shown that three groups of samples are still reasonably distinct.

Broadly speaking the usefulness of such factor analysis studies within the
study area, as demonstrated here, may be seen to be twofold.

a) As a tool for classification

0

94

74

Factor 1 Loadings

Category 1

5
5 T 3 © Y v v
2

Factor 2 Loadings

Tills with high Local tills without
limestone content erratics
Tills with small Tills with high

amounts of erratics shale content

Fig. 4. Subdivisions of sediment types within Category 1

Geographers, in company with other scientists, are finding it increasingly use-
ful to classify and order the immense amount of data which are being amassed
day by day. The Geomorphologist may find it useful to classify the sedi-
ments he has studied so that additional information, if collected at a later date,
may be included with some organized framework and its relevance within
the conceptul framework judged.

In the example presented here it is possible to arrive at a reasonably ob-
jective classification of till samples analysed in the laboratory. It has already
been suggested that it is possible to classify 52 samples of till, collected by the
writer, into three broad categories representing those tills which are essentially
of Pennine provenance, those which are essentially of extra-Pennine prove-
nance and one sample which is not strongly associated with either of these two
groups. The latter, anomalous, sample may be interpreted as being very poorly
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60 KAZIMIERZ KLIMEK

steps are under cultivation. The rendzina terrace, which varies from a height
of 4 m in the foreland of the Lower Beskid Mts. to 10 m in the Carpathian
foreland, in many places makes up the valley-floor proper and is nearly every-
where under cultivation. On the surfaces of the flood plain and the rendzina

A/ND S

T A I
il s

05 %,
V7
777 )\1, E/S"r/O
42 % ‘,//,, 74 2 1
Fig. 1. The Wisloka valley and the main geological-geomorphological units of the
Carpathians and its foreland
LOW BESKIDY Mts|CARPATHIAN FOOTHILLSISA NDOMIFR7 RASIN
m 400 \ k
: - 3 v
X 3 5 S o
% 8 s ]
— ~ @ S
0 . 7* Y 3
"= —\% |
0 20km
RS ‘ Ls o D, et 0 v

Fig. 2. The longitudinal slope of the Wisloka water-level: 1 — water-gauges mention-
ed in the text, 2 — analysed bank undercuttings, RS —right side, LS —left side,
LWL — low water-level
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deepening of the channel floor (Fig. 3). This is particularly well marked in the
direct foreland of the Carpathians, and was earlier noted by L. Starkel (1960)
and B. Osuch (1968). About 20 years ago an acceleration in the vertical erosion
took place so that today, the deepening of the Wisloka channel averages 10 cm
per year. Besides neotectonic and climatic reasons and changes in the land
utilization of the Wistoka drainage basin, the exploitation of gravels and sand
also greatly influences the deepening of the Wistoka bed. Flood-control works
also affect this process. The local exploitation of gravels or sands from the
bottom of the river bed disturbs the equilibrium of the river profile. This is
a stimulus for deep erosion to move quickly upstream. The narrowing of the
river bed causes local increases in the velocity of the current; it speeds up the
removal of bed load thus causes local deepening of the channel bottom.

The study of the mechanism and rate of erosion of alluvial banks of varying
height was carried out in three selected parts of the Wisloka valley—near
Krajowice, Deborzyn and Brzeznica (Fig. 1, 2).

THE KRAJOWICE SITE

At Krajowice the Wisloka channel cuts across alluvial deposits in the ex-
amined stretch of the valley (Fig. 4). The valley floor (215-220 m a.s.l.) 0.5-1 m
wide, is a flood plain consisting of a few steps up to 3.5 m in height above the
mean water-level. The rendzina terrace, which forms the valley-floor in the
western part of the stretch under examination, rises from 5 to 7.5 m above the
mean water-level in the channel. Active undercutting of the 2 m turfed flood-
plain is going on the right-hand side of the channel (Fig. 5). In the lower part

Fig. 4. A geomorphological sketch of the Wisloka valley-floor near Krajowice: 1 —

present channel, 2 —axis of channel in 1964, 3 —axis of channel in 1880, 4 — axis

of channel in 1885, 5 — gravel bars, 6 — active bank undercuts, 7 — edges of inactive

undercuts, 8 — ox-bow filled with silt and peats, 9 — steps in the flood-plain, 10 —

rendzina terrace, 11 — valley sides, 12 — major patches of riverain vegetation (osier-
bed, alder)
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of the undercut bank there are sandstone gravels, mostly 0.4-8 c¢m in diame-
ter. Their upper height is irregular from 0 to 1,2 m above the mean water-level.
The gravels are overlain by a consistently loamy mada 0.8 to 2 m thick (Fig. 6)
and with a predominance of particles below 0.02 mm in diameter (58%). In
this portion of the valley the annual fluctuation in the water-level is about
2 m. Every few years floods occur, then the water-level rises by about 3 to
4.5 m (Fig. 3). During this period the flood-plain is inundated.

Fig. 5. Upstream view of an active undercut in the flood-plain at Krajowice (Photo
K. Klimek, Febr. 1972)

KRAJOWICE

1 Flood stage
4}

L
'

1= o

Low water stage

8

Fig. 6. A developmental scheme (A, B, C) of the Krajowice undercut. Arrows show
the direction of waters infiltrating from the channel

Detailed observations of the undercut bank were carried out in July and
October of 1971 and in February and August of 1972, a few days after meltwa-
ter and rain floods. During the bankful stages water percolates into sandy-
gravel channel deposits as well as into the overlying mada complex (Fig. 6B). It
loosens the sandy-gravel complex and liquefies the mada, mainly in its lower
parts. This causes block slamping of the mada; much more rurely columnar
slumping occurs. Bank slumping also takes place at.the raised water-level,
reaching barely a few centimetres above the base of the mada (Fig. 8). Where
the grass on the flood plain has a well developed root system, niches 0,5 m deep
develop in the undercut banks. The falling blocks of mada are slowly washed
away by the flowing water. After the passage of the flood-wave, one usually
finds a gravel point bar overlain by fallen blocks of mada at the (already) low
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Fig. 9. A geomorphological sketch of the Wisloka valley in the region of Deborzyn:

1 — present-day channel, 2 — axis of channel in 1880, 3 — gravel bars, 4 — active

bank undercuts, 5 — edges of inactive undercuts, 6 — ox-bow, 7 —steps in the flood

plain, 8 — rendzina terrace, 9 — valley sides, 10 — major patches of riverain vegeta-
tion (osier-bed, alder)

Fig. 10. Deborzyn. An active undercutting of the 8 m rendzina terrace (Photo
K. Klimek, August 1972)

http://rcin.org.pl
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68 KAZIMIERZ KLIMEK

ried out in July and October and in August of 1972, a few day after the flood.
During the high water stage the water reached the base of the mada and per-
colated into the gravels and overlying sands of the lower part of the bank.
This loosens the compactness of the gravel and liquefies the sand. Thus dis-
turbing the stability of the overlying layer of mada brings about it slumping
(Fig. 12). The slumping blocks are usually up to 1 m wide and a few meters

DEBORZYN

&m

N Low waler slage )
\\}—*i 5 \‘ 4
Low waler stage
Fig. 11. Profiles of an undercutting in the 8 m rendzina terrace at Deborzyn after
the passage of the flood wave. A — undercutting without efflux of ground-water,
B — undercutting with the efflux of ground-water causing bank slumping

Fig. 12. Deborzyn — an undercutting in the 8 m rendzina terrace after the passage
of flood wave. Slumping blocks of mada cause squeezing of the underlying sands
and gravels (Photo K. Klimek, August 1972)



-t
-ﬁj "‘ ”J‘" -
w:&wr-- =
T e e
B i

=
il 4 : e < .
'g‘!.s-n":‘." A

o .. d V V48

M‘vmw r&,{u R L\,., .

13




70 KAZIMIERZ KLIMEK
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Fig. 13. A geomorphological sketch of the Wistoka valley near Brzeznica: 1 — pre-
sent-day channel, 2 — axis of channel in 1878, 3 — axis of channel in 1780, 4 — sandy-
gravelly bars, 5 —active bank undercuts, 6 —edges of inactive undercuts, 7 — ox-
bow filled with loams and peats, 8 — flood plain, 9 — rendzina terrace, 10 — Pleisto-
cene terrace, 11 — bushes of willow or alder
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Fig. 14. Profile of the lower part of an undercutting in the 14 m Pleistocene terrace
at Brzeznica

In the valley sector under consideration the annual average range of the
water-level is 2-2.5 m (Fig. 3). During flooding the water-level rises by 5-6 m.
Observations of this undercut bank were made in June 1970, July 1971 and in
May, August and September of 1972. Before the flooding in August 1972 the
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78 LESZEK PERNAROWSKI

All subsets 4, C,, Z,, F,, H,, P,n, P,, L, fulfill equation 2. These subsets can

be identified in virtue of two facts: first, because the geographic environment
is spatially differentiated, and moreover because definite geographic phenom-
ena occur simultaneously with one another in the individual spheres of the
epigeosphere. These phenomena, which ‘include definite geographic objects too,
are elements of sets and subsets in our set-theoretical analysis.

Figure 1 shows the territorial extent of each of the subsets A,, C,, Z,, F,,
H,, P, , P, L, their respective contents are defined by the elements they
include. All subsets occur in the hatched area. The contents of this area, which
is equivalent to the contents of this fragment of the epigeosphere E,, a total
of the contents of all subsets:

En=AnUanJanFnUHnUPtnUPnULn' (4)

However, as each of these subsets has a limited territorial extent only, to each
corresponds a separate subset of points of definite geographic situation. The
sets of points of properties of the given subsets are denoted as A, (g, 4), C.(p, ),
Z.(p, 4), etc. Figure 1 shows that the area E,(p, y) is always smaller than or
equal to the area of the subset of the smallest extent and moreover it is equal
to the product of the territories of all subsets:

E (@, 1) = Au@, £) (Y Col@, ) () Zn(@, 4) () Ful, 4) (M Hol, 4)()
M P, (@, 2) M Pa(@, 2) (M Lal, )

The delimited area E,(p, 4) is a territorial unit (or units) which can be either
of regional or of typological character. Hence it follows that the contents of
the identified territorial units is described by the sum of elements of the sub-
sets pertaining to each of the spheres of the epigeosphere (equation 4) whereas
the situation in space of those units is determined by multiplying their specific
subsets of geographic coordinates (equation 5). The extent of each such unit
can coincide — in its different fragments — with the extent of any of the sub-
sets of the set E,,.

6)
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X =F,AFMN..-

M A
MNCa
MNZ,
(M F.

Al = A-\XA
C,= C,"\Xc
Z, =2 \X,
F,= F.\X,

Ap.2) = Alfp, 4)
Cup. 2) = Cip, 4)
Z(p, #) = Z (e, )
Py, 4) = F (g, i)

A, )N AP, AN - (N Aulp 4) = 0
Cile. )MCi@, A ) --- (N Calgps4) = 0
Zi(p, YN ZAps () (120 4) = 0
Fi(g, )\ Fi@, ) ... (\Falp, ) = 0

s =H,NH, (N..NH,
X.-,=P.,f1P.,ﬂ---ﬁP..
X, =P, NP, )i (Y Ps

X, =L NL; M eee M Lo

H; =H, \X,,
P,; = P,'\X,
P = P,\X,
L, =L, \X,

H,(p, %) = H, (g, %)
P, (¢.7) = P (¢, 4)
P,(p, %) = Py (9, )
L, (¢, 4) = L, (¢, 4)

Hi@)MH (@A) ... Ha(@. 2) =0
P (@ )P Up. ) ... NP @, 4) = 0
Pi(@ NP (@) ...\Pal@,2) =0
Li (@ )L (@ () oo (Ln(@s 4) = 0

9)

By virtue of equations 8 and 9 and using formula 5, the territorial units differ-
ing in contents from the neighbouring units can be described thus:

-(?” ") —

@ Pl,.(wv AN Pulgy 2) () La(p, 2) =
(VZa(@: 2) (M Folp, ) (VHog, ) (VP 2) () Paleps 4) () L@y 4)-

-(‘P- ;') ﬂ C-(Q" ") m zn(w' /') ﬂ Fn(q;' ") M "I-(‘P' l) ﬁ

E (@ 4) = A(p, )M Crpr AN
(10)
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REGIONALIZATION METHODS 81

subsets X, are the foundation for integrating the basic territorial units into
bigger wholes.

The delimited territorial units are also regional units only if the sets of po-
ints of their location E, (¢,4) or X,(¢,2) constitute a unique, closed and indivi-
sible area and thus the contents of this unit, E, or X,, does not occur in any
other delimited area of the world. If this is not the case, that is when their
contents can be found in many other areas in the world, the delimited terri-
torial units are typological units.

* *
*

The above method of making territorial divisions in terms of the set theory
can be fully adequate only when we take into account all elements describ-
ing the constituent spheres of the epigeosphere within the territory to be
divided (the criterion of identity is meant here). If we neglect to identify
all such elements or else if we select them without strictly observing the rules
of the above method the procedure becomes arbitrary and the results obtained
cannot but be arbitrary too. An unequivocal result can be obtained by deli-
miting the basic territorial units E, (or E;). The delimitation of the higher-
order units X, (@, 4) is simple and methodologically adequate but it is not
always unequivocal. Let us consider an example.

n-1
Suppose we have an area X (¢, 1) with contents X, = U Ef = {a, biticy,
n+m z
and another area X,(¢, 4) with contens X, = «_:#_= {c, d, e}. Suppose moreover

that in between these two areas there is the basic territorial unit E (¢, 4) which
has in its contents element c, that is ¢ ¢ E, (see Fig. 2). This basic territorial
unit cannot simultaneously be an independent unit of higher order, it has to
be incorporated either into area X,(g, 4) or X,(p, 4). This unit is clearly of
intermediary character and hence it would be highly arbitrary to incorporate
it into either area. This example shows that in the set-theoretical method of
dividing territories has a slight trace of arbitrariness, especially when it is
necessary to join the basic units into bigger wholes. Hence it follows that this
method cannot be recognized as fully objective, either.

X a.b ~\
/ \\\ X, 38

/ \

{ E,.- \

\ \
Ty \
= ';

Fig. 2

Notwithstanding this flaw, the method has been widely employed in the
methods of qualitative regionalization mainly because: 1. as elements of sets can
be treated both geographic objects and phenomena, both their qualitative and
quantifiable features, 2. areas characterized by definite contents can be easily

6 Geographia Polonica
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88 STANISLAW OTOK

ria must first of all be normalized before one can find their sum. When the
criteria have been normalized one can then find the ordering function accord-
ing to the following:

F = 1/"(51+$2+53+ En)

The values obtained are called the indices or coefficients of location depending
on the given grouping of the criteria. The indices of location are used for
grouping territorial units by the method of point collection. J. Perkal’s work
formed the background to this method. All six criteria on which this study is
based were taken as equal in importance. Thus the basic division of the points
(territorial units) should be done according to the vector value, i.e., the value
of the ordering function. To geometrically illustrate the vector value of the
points we used circles whose radii depend on the values as follows: 1. the low-
est value has a radius of O; thus the point for this value will be the centre
of all the circles; 2. other values of the points have radii of corresponding size.
In this way we get concentric circles illustrating the distribution of the vector

Fig. 1



ECONOMIC REGIONALIZATION OF AUSTRALIA 89

value of all the points, which allows us to single out several groups separated
by radial distances (Fig. 1). To show the values of each criterion of the points
we used a similar method to Perkal’s.® Instead of calculating the location of the
points in six-dimensional Cartesian space as suggested by Perkal we geometri-

cally marked out the directions of the vectors OP in such an arrangement that
it could be treated as a projection onto a suitably chosen plane of an arrange-
ment of co-ordinate axes of six-dimensional space. Our previously mapped
concentric circles were drawn on this plane. On the plane one of the six axes
(because there are six criteria) is drawn every 30°. Since we have both *posi-
tive” and "‘negative” values for the criteria we take as positive revolutions of
the axis those revolutions of the rays lying in the upper half of the plane, and

. / X
\ /
. o fe
e \ - X s

Fig. 2

4 J. Perkal, O zbiorach punktéw materialnych i abstrakcyjnych w badaniach
przyrodniczych (The point collection of materials and abstracts in the natural scien-
ces), Spraw. Wr. TN, 1957.
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ECONOMIC REGIONALIZATION OF AUSTRALIA 9]

urbanization and well developed services and industry. Zone II has the largest
mining and metallurgical conurbation in Australia and is second by concen-
tration of population. Zone III is an area of developed agriculture. It is the
largest and most important compact area in Australia of highly commercial
agricultural production. Zones IV and VI are also agricultural but because of

|

Fig. 3

TABLE 1. The average values of the typological criteria
of the zonal regions 1964/1965

2 Employment Value of
Density of % of in srvice l?m[)loyment agricultural Length of
Zone popula- urban industries f Latdiasy production railways per
tion  POPUa- (her 1000 per 1000 (et 100 km?) 100 km?
tion T aT2d) inhabitants) $ A
I 168 93 219 111 1045 4.1
IT 8.5 78 145 109 701 1.6
I 3.5 59 142 57 2387 2.9
10Y% 2.4 55 137 50 1128 1.9
v 2.2 64 138 72 650 1.3
VI 0.9 47 116 50 793 1.3
v 0.2 65 118 105 1712 0.3
VIIIT 0.2 65 181 121 73 0.2
IX 0.1 30 136 57 130 0.2
Australia 11.8 58 150 73 285 1.7

(average)
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94 C. R. BRYANT

may partly account for a deterioration of agricultural land around cities; hence,
Wibberley writes, * “Knowing that the land is soon to be taken, the occupier
may begin to farm ‘to quit’”, so that the “unused residue of fertility is at
a low point when the land is finally taken”. Further, Clawson, considering the
farmer, notes® that “If he has high fixed investment in land improvements
such as an orchard, it will pay him to operate it as long as he can”, i.e., at the
edge of urban expansion. Recently, then, interest in this topic has been tsken
a step further, and Sinclair ® has made an attempt to investigate the effects of
this anticipation in a more formal way. Sinclair’'s model, despite certain criti-
cisms, is a valuable contribution. Hence, this initial framework is reviewed,
and an extension to it presented, which, it is suggested, can partly account for
the development of idle land near expanding urban areas. Finally, the rele-
vance of the consideration of this factor in relation to land use zoning in metro-
politan areas is considered.

2. A REVIEW OF SINCLAIR'S MODEL

Sinclair argues’ that the relative importance of location factors in agricul-
ture has changed dramatically in certain areas during the twentieth century,
particularly the decline in transport costs and the initiation of almost ton-
tinuous urban expansion in some regions. Hence, as the urbanized area is ap-
proached, the degree of anticipation of urban expansion increases, and coase-
quently the ratio of urban to rural land values decreases. As a result, capital
and labour investment in agriculture decreases. ® Hypothetical value curves are
shown in Figure 1;° use (a) is more intensive than (b), giving a higher net

Value of agricultural land

in uses (a) and {b),
per unit area

p——————
" (b)
,r»*.:'//
B -
J - ———— -~ L distance to odp
z -
b Za of urban expanswon

Fig. 1. Hypothetical value curves when only the anticipation of urban expansicn is
considered

4 G. P. Wibberley, Agriculture and Urban Growth: a study of the competitior for
rural land (London: M. Joseph Ltd., 1960), p. 65.

5 M. Clawson, Urban sprawl and speculation in suburban land, Land Econ 33,
May 1962, p. 107.

8 See R. Sinclair, Von Thiinen and urban sprawl, Ann. Ass. Amer. Geogr. 57,
1967, pp. 72-87. Comments and criticism have been made by J. R. Peet, The present
persistence of Von Thiinen theory; R. J. Horvath, Von Thiinen and urban sprawl;
R. Sinclair, Comment in Reply, Ann. Ass. Amer. Geogr., 57, 1967, Annals Comnen-
tary, pp. 810-815; and M. Chisholm, The relevance of Von Thiinen, Ann. Ass. Aner.
Geogr., 59, 1969, Annals Commentary, p. 401.

7 Sinclair, 1967, op. cit., p. 76-77.

8 Ibid, p. 78.

9 This formulation makes the usual simplifying assumptions with respec: to
homogeneous conditions as the classical case.



ANTICIPATION OF URBAN EXPANSION 95

return per unit area under normal conditions; but under conditions of continu-
ous urban expansion, in areas near the city the value of agricultural invest-
ment such as represented by use (a) declines rapidly relative to the more exten-
sive use (b). A slightly different interpretation to that of Sinclair !* is given to
the points z, where the value curves flatten out. Sinclair interprets this as the
point where anticipation of urban land prices becomes zero; in the present
context, to retain consistency with the extension presented below, it is inter-
preted as that point where the estimated time available for agricultural use is
so long that “normal” conditions of amortization pertain for that particular

7/ Fd o Jisliace %o edge
of udan wea

Fig. 2a. Hypothetical potential-rent curve for an agricultural use when transport
costs are excluded and a linear TLFA schedule is used

polential = rent
per unit el

- distance 1o edge
- Zz of whan aed

Fig. 2b. Hypothetical potential-rent curve for an agricultural use when transport
costs are excluded and a non-linear TLFA schedule is used

» Jistance 10 edge
of wdan wea

Fig. 2c. Hypothetical potential-rent curves for agricultural uses when transport costs
are included and a linear TLFA schedule is used

10 Sinclair, op. cit., 1967, Figs. 5 and 6, p. 79.
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ANTICIPATION OF URBAN EXPANSION 103

twentieth centuries, the region (especially Groslay) began specializing more and
more in fruit, taking advantage of the growing Paris market so that, for exam-
ple, in 1942 3¢ 240 out of the 290 ha cultivated by Groslay farmers were in or-
chards of which 70%¢ were in pears. For Groslay, orchards accounted for 62%o
of the area farmed in 1913, 82% in 1942, 95%0 in 1954 and 96% in 1967. By the
latter date, vegetables were of very minor importance, and were concentrated
on the very smallest units. The area presents generally a very favorable physi-
cal environment for orchards. The limon of the plateaux is generally good,
except where decalcified in the extreme south of the plain, while the soil
formed by the mixture of limon, limestone and sands on several of the slopes in
the area is very favorable. Climatic conditions are good, except on the more
central parts of the Plaine de France, where climate is harsher; nevertheless,

30
] .2
3
M
2s |
' 4 -5 &
N
i Jo 0 n
L20 i 13
& 36 .18
¢ . 4
> 27
29, o 5 15
.26 .
~BF 8 32 4 P
< = : . 24 25 16
§ 37 3 2 7n
7 VP v
-« 10
5
34
0 | - A ' J
S 10 15 20 a5
1 Viarmes 14 Ecouen 27 Piscop
2 Seugy 15 Villiers le Bel 28 Domonlt
3 St. Martin du Terlre 16  Gonesse 29 Andilly
4 Belloy—en—France 17 Bonneuil—en—France 30 Monimorency
5 Villaines s/Bois 18 Stains 31 Soisy
6 Mareil-en—France 19 Pierrefitie 32 Eaubonne
7 Monsoult 20 Villelaneuse 33 Enghien
8 Attainville 21 Montmagny 34 Gagny
9 Mesml Aubrey 22 Epinay s Seine 35 Roissy—en—F,
10 Moisselles 23 Deutl-la-Barre 36 St Prix
11 Fontenay—en—Parisis 24 Groslay 37 St. Gratien
12 Bouffemont 25 Sarcelles 38 Ermont
13 Ezanville 26 St. Brice

Fig. 3. Centroids of the communes used in the standard distance and mean arithmetic
centre analyses

3 Tricart, op. cit., Chapter 3, L'Organisation de la Production Fruitiére.



104 C. R. BRYANT

physical conditions are far from deterministic, witness recent extensions of
orchards into the Plaine de France. The market forces had already led to the
extension of orchards into the communes to the north (see Figure 3), such as
Ecouen, Sarcelles, and Villiers-le-Bel, by 1945, a movement which has in-
creased in the last ten years. The increase in the metropolitan market for fruit
has clearly provided an incentive for farmers of the area to increase their pro-
ductive capacity.

On the other hand, a contradictory force has appeared in the area, viz., ur-
ban expansion. The post-war housing crisis, especially in the late 1950’s, has
led to an increasing rate of conversion of orchard land to non-agricultural uses.
In the period 1954 to 1962, Deuil’s population increased by 30% and Groslay’s
by 15%0 3% while the number of dwellings increased by 24.9% and 5.9% respec-
tively. Construction in the surrounding communes has been high also (see
Table 1): an important part of this development has taken place since 1958: for
example, until 1962, 18,9% of all principal residences at Gonesse were built be-
tween 1958 and 1962, as against 31.7% between 1949 and 1962; and 54.4% as
against 76.1% at Sarcelles. Thus, at the very time the fruit farmers studied
below were increasing the productive capacity of their units by acquiring new
land, the rate of construction round about was particularly high. Furthermore,
in this area until 1968, the bulk of urban development had been largely piece-
meal development, generating considerable uncertainty for the farmer having
to make investment decisions.

TABLE 1. The evolution of the number of dwellings
in Groslay, Deuil and selected surrounding communes

Total number of Number of construction permits per year Total
dwellings 1962-1968 (b) 1962-1968
1954 (a) 1962 (a) 1968 1962 1963 1964 1965 1966 1967 1968
Groslay 1397 1480 1858
5.9 25.5 17 199 26 21 29 34 52 378
Deuil 3494 4365 5951 i
24.9 36.3 567 113 140 380 54 226 106 1586
Gonesse 1572 3074 5155
95.4 67.8 226 773 810 103 63 88 18 2081
Ecouen 876 997 1320
13.8 32.4 14 5 16 80 12 186 10 323
Villiers-le-Bel 1682 3612 6614
114.7 83.1 33 853 1676 26l 120 33 26 3002
Sarcelles 2853 9316 13453
226.5 45.4 153 1153 421 775 548 1067 110 4227

(a) Figures between the columns give the percentage change in dwellings between the two dates
(b) Source: provided by the Mission d’Etudes d’Amenagement Rural de la Region Parisienne

This anticipation of urban development could influence costs of agricultural
production by the effects it would have on the amortization period of certain
types of agricultural investment. Clearly, if the degree of anticipation of ur-
ban development is high the anticipated “life” of an investment could be much
shorter than “normal”; consequently, the costs of agricultural production in

37 Based on data from the Recensements de la Population of 1954 and 1962.
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ANTICIPATION OF URBAN EXPANSION 109

productive capacity largely did so in order to improve their living standards
or simply as a response to the expanding market opportunities for fruit during
this period. Of the gross 27 ha acquired by these farmers, 66 per cent was
acquired beyond the ring of immediately encircling communes at Domont,
Ecouen, Attainville, Ezanville, Villaines-sous-Bois and Roissy-en-France. Other
acquisitions were made near their farmsteads, but these are distinguished from
the first ones mentioned in that they represent amalgamations (via leasing)
with existing orchard units, so that the general hypotheses would not be con-
tradicted, such land already having been amortized for the most part. The
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N.B. Only those on both lists have shifts in centres of gravity. The point
with farm number attatched is the 1967 centre.
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D.G: the centroids of Deuil and Groslay respectively.
A.B.C.D: refers to the respective strata ( see text).
67,55: refers 1o date of the respective stratum cenire

N.B. The radn are the respective standard distances ( not standard errors )
and refer o the distribution of farm centres of gravity.

The centres for 1955 are_not the 1955 population strata centres. for they
refer to units at present In the respective strata in the sample and which
consequently need not have been in the same strata in 1955

Fig. 5. Standard distances and mean arithmetic centres for the sample units com-
bined by strata between 1955 and 1967

Shifts in the strata centres

Stratum Degrees (a) Distance (kms.)
A 118 3.89
B 120 1.33
C 59 0.52
D 316 0.30

(a) Reading clockwise, a reading of greater than 180° indicates a contraction towards the
urban area. Obviously, these readings are not invariant with the grid-orientation.

between these two dates that are positive is considered as the total positive
change in area, which is used as a surrogate for gross additions of farmland).
The independent variables are: negative change in farm area per farm (X,;
calculated in a similar fashion to variable X,); the registered farm-size in 1955
(X,), and farmer-status (X;; 1 if the registered farmer is in fact a farmer, full
or part-time; and O otherwise). The results of a stepwise regression show that
variables X, and X, are significant. The simple correlation coefficients are:
Ty, = 0.56; 7, = 0.29; r,, = —0.27; r,, = 0.68 and 7,, = 0.46. The 7° value for
the most significant variable (X,) is 0.45 with an F value significant at the
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time shows that they have become greater (see Figure 6). All these particular
conclusions have been supported by independent analysis of the region %, using
for the region between Groslay and Gonesse, and from Bonneuil-en-France to
St. Martin du Tertre (an area of approximately 170 square kilometres) data
derived from air photo coverage for 1949, 1950, 1955 and 1968. A simulation
model was constructed to simulate the conversion of arable to orchard land;
while it was demonstrated that distance from the farmsteads is a limiting fac-
tor, and that size of parcels available for conversion is also important, it was
also evident that a complete interpretation of the conversion process could not
be made without introducing the influence of potential urban development.

The question of how this movement has affected farm fragmentation is
a difficult one owing to the various dimensions of fragmentation. Clearly, it
should be noted that any increase in farm size could result in a greater degree
of farm fragmentation; unfortunately, it is difficult to find a control situation.
The first index applied is the standard distance measure of dispersion. It is
interesting to note how the relationship between standard distance and farm
size has changed over time. In 1955, farm size accounts for 54% (r = 0.74;
n = 66) and 39% (r = 0.63; n = 111) of the variation in the standard distance
values per farm for Deuil and Groslay respectively, showing the tendency for
larger farms to have a greater degree of dispersion of their holdings relative
to the centres of gravity. But in 1967, for the 36 sample units, 7% is only 0.22
(r = 0.47); given the fact that several of these farms have increased in size
considerably, one must conclude that the increase in farm size has not neces-
sarily led to an increase in standard distance, and that even the reverse has
occurred. This is easily explainable; in fact, the process of farm size increase
has often been accomplished by the acquisitions of parcels of land whose sizes
represent a considerable proportion of the “new” units; consequently, the degree
of dispersion relative to the new centre of gravity has decreased.

Using Symon’s Fragmentation Index (F.I.), a significant relationship exists
between this index and farm size for Deuil in 1955 (r = —0.67; 72 = 0.45) indi-
cating a tendency for larger farms to be more fragmented; but no such rela-
tionship exists for the Groslay farms at that data (r = 0.004; 2 = 0.00001). The
difference is related to the fact that the Groslay farmers had already acquired
substantial blocks of land prior to 1955 which clouds the relationship between
farm size and fragmentation. For the sample data, r = —0.49 and r® = 0.24.

TABLE 4. Relationship between increase in farm size and fragmentation
for sample units identifiable in both 1955 and 1967

Tendency
Tendency oAt Total
towards Stable number
g greater )
consolidation ST ) of units
Increase in farm size 3 10 14
Stable I
Decrease in farm size 10 1 6 17
Totals 13 3 16 32

(a) I e., a decrease in Symons’ Fragmentation Index between 1955 and 1967.

48. Bryant, 1970, op. cit., pp. 129-169.
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INTERNAL STRUCTURE OF THE POLISH CITY 121

per km?). However the industrial and storage areas of the separate structural
units sometimes account for as much as 36°/0-64%0 of their total in the whole
city.

The fifth fuctional zone of every settlement system, called the outer or
suburban zone, lies outside the administrative boundaries of the city. Its size
varies according to type'. The area of the outer zone within an open system is
much larger than that of all the other structural components together. The
undeveloped types account for only 15%% of the total area of the settlement
system. In elongated outer zones, situated usually along main transport lines,
two types of areas are found. Semi-urbanized rural areas, inhabited by agri-
cultural and non-agricultural population (the non-agricultural population just
exceeding 5009 of the total), are the most common type. The second, much less
frequent type, are neighbouring independent production centres, small towns
and industrial towns. The average density of population in the outer zones
is between 100 and 400 per km?

When the degree of concentration of the internal structure and of the func-
tional zones in medium-sized Polish cities is known, spatial interrelations be-

Fig. 2. A model of the internal structure of the medium-sized Polish city
| central zone, 2 — transition zone, 3 industrial and residential sector, 4 industrial sector,
5 — residential sector, 6 — special service districts, 7 — open areas of the marginal zone, 8 —
separate residential districts of the marginal zone, 9 — separate structural units of the mar-
ginal zone, 10— semiurbanized rural areas of the outer zone, 11 — independent production
centres of the outer zone

1 The author differentiated three basic types of outer or suburban zones: open,
closed and undeveloped. In type I the outer zone of one town merges with the
outer zone of another similar urban centre and can therefore not easily be delimited.
In type II the outer zone is an easily differentiated complex, surrounded on all sides
by non-urbanized agricultural land.



122 ANDRZEJ WERWICKI

tween the separate zones can be analysed; in other words a model of their in-
ternal structure can be constructed.

Research carried out so far has included only those cities which are region-
al service centres, and one industrial town. Recently, investigations have been
started into a two-functional town, Inowroctaw, which is an industrial centre
and a health resort. Even from the limited amount of data gathered together
so far one can venture that, irrespective of its economic base, the pattern of
the functional zones can be represented in one model, namely the concentric-
sectoral-polynuclear model (Fig. 2). Its concentric components are: I. city cen-
tre, II. transition zone, III. internal residential and industrial zone. IV. periph-
eral zone, and V: outer zone. Sectoral components occur only in the internal
industrial and residential zone and include 1. industrial, 2. mixed industrial and
residential and 3. residential sectors. The industrial sector is the only one which
is typically sectoral, whereas the other two are often shaped as interlaced rings.
Service districts and peripheral settlement centres of the peripheral and outer
zones make up the polynuclear elements. The genesis of their polynuclear char-
acter is however completely different. In the case of service districts it has
been caused by localization tendencies, typical of service establishments, where-
as the polynuclear character of the marginal industrial and residential zone is
due to the history of the settlement system of the area in which the city lies,
and in particular to the rate of its spatial expansion. The character of the pe-
ripheral zone in a developing town resembles a protoplasm, as it is a part of
the town in statu nascendi. The gradual formation of new districts takes place
within its boundaries; the districts may appear as belts situated along the trans-
port lines or develop as planned locations of new industrial works and resi-
dential estates. The polynuclear character of the peripheral zone is therefore
identical with that associated with the elements contained in the model con-
structed by Ch. D. Harris and E. L. Ullman (1945).

The model presents the ideal pattern, and the internal structure of the me-
dium-sized Polish cities analysed so far, is similar. Differences in the economic

TABLE 2. Relative size of functional zones in industrial and service cities

Industrial city Service city
Zone (Tarnow) (7 voivodship cities)
area population area population
% % % %
Total settlement system
(zones I-V) 100 100 100 100
I. Central zone 0.6 18.1 1.8 29.0
II. Transition zone 2.4 9.8
II1. Internal industrial
and residential zone 7.6 36.2 21.3 38.2
IV. Marginal zone, total 31.8 22.5 24.3 2.3
of which: (A) separate
structural units 6.7 9.7 2.0 1.2
(B) separate
residential districts 10.0 12.8 0.7 1.1

City within its administrative

boundaries, total (zones

1-1V) 40.0 76.8 49.8 79.3
V. Outer zone 60.0 23.2 50.2 20.7
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base do not cause any great deviation from the model, but make the functional
zones or their components (Table 2) vary in size. This phenomenon is illus-
trated in Fig. 3, and is compiled on the assumption that the area and number of
inhabitants are equal in both types of the cities. From the picture obtained one
can see the differences in the internal structures of the cities, resulting from
their varied economic bases.

Fig. 3. Relative size of functional zones in industrial and service cities

1 — in relation to the areas: A — industrial city, B — service city, II —in relation to the popu-

lation: A — industrial city, B — service city, 1 — central zone, 2 — transition zone, 3 — internal

industrial and residential zone of the industrial city, 46 — internal industrial and residential

zone of the service city: 4 — industrial and residential sector, 5 — industrial sector, 6 — residen-

tial sector, 7-9 — marginal zone, 7T— open areas, 8 — separate residential districts, 9 — separate
structural units, 10 — outer zone

The most striking difference is the much larger area of the city centre in
service towns than in industrial towns. The percentage of population in the
centre was however almost the same in both types of towns.

The service towns are characterized by a much larger internal industrial
and residential zone and by a greater population in this zone. This is particu-
larly evident in the residential sector. Their peripheral zone (Table 2), the sepa-
rate structural units and residential districts (Fig. 3) in particular, are smaller.
In the industrial towns the above mentioned components of the peripheral
industrial and residential zone are much larger, especially their separate struc-
tural units where big industrial works have been located. The percentage of
population in the peripheral zone is also much higher in industrial towns than
in service towns.

Differences in the size of the outer zone in both fuctional types, covered by
the described analysis, are negligible. However, the industrial town has a slight-
ly larger outer zone; its population is also more numerous (Table 2).
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To complete these remarks on the model of the medium-sized Polish town
it seems worth while pointing out that this study was based upon completely
different data to those used in the American models mentioned at the beginning
of the paper. In the concentric scheme the main emphasis is laid on the social
differentiation of urban areas, and not on economic differences. The main ob-
jective in the sectoral scheme is the delimitation of residential sectors, corre-
sponding to residential districts inhabited by various social classes. The poly-
nuclear scheme mainly serves to explain the genesis of the settlement system
of the studied cities and not to determine their current internal structure.

Because of the different approach to the problem of the internal structure
of cities the Polish model does not resemble the American. Although there are
similarities in the terminology of the functional zones, those terms are however
semantically different, which is clearly evident from Table 3 (cf. the definitions
of the zones).

TABLE 3. Functional zones in Tarnow and the 7 studied cities
compared with the Burgess model

Tarnow | 7 voivodship cities | E. W. Burgess
Centre proper (1) Central zone (1) Central business
district
@ Mixed industrial Transition zone (II) : Zone of (in)
§ and residential | transition
= < ring (2) ; ‘
:’% ~ | Industrial and Residential sector (3) Internal Zone of
] storage sector (3) Mixed industrial and residential | industrial and independent
sector (2) residential working-men’s
Industrial sector (1) zone (IIT) homes
Intermediate ring! Belt of open area (1) Marginal Zone of better
o New industrial i Separate struc- A Marginal in- zone (IV) residences
© A& | and storage zone| tural units (a) | dustrial and
: ERN() . | residential zone
Z & | Newresidential = Separate resi- | (@
and service zone dential districts
(©)] (6) \
Transition zone (C) Outer zone (V) Outer zone (Com-
Outer zone (D) muters’ zone)

The model of the internal structure of the medium-sized Polish city is nei-
ther purely concentric, sectoral or polynuclear. The elements of all the three
patterns are reflected in the model and this is evidence that the separate func-
tional components are distributed within the city according to various spatial
schemes. However the dominant form is the concentric pattern resulting from
the distance separating such areas from the centre of the settlement system.
The shorter the distance the greater the concentration of its functional com-
ponents and the greater the integration of the individual districts of the city.
Consequently there are few elements of the polynuclear pattern within the core
of the settlement system, but they occur more frequently in the peripheral
areas of the city, i.e. in the peripheral industrial and residential zone. Sectors
(in zone III, see Table 1) are related to localization tendencies, characteristic
of the separate functional components of the city.
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128 JERZY DEBSKI

tions 3. In general the available literature has been limited to the affairs of
the port and its influence on the hinterland and foreland, and has isolated these
questions from the totality of the port’s activity. Therefore the purpose of the
present study is to investigate the spatial links in the economy of the Gdansk
Agglomeration * and its hinterland. To do this we looked at the flow of goods.
The choice of the Gdansk Agglomeration as our object of study was dictated
by its being the largest settlement structure on the coast and thus the port
and neutral functions could be more easily compared and contrasted.

INTRODUCTORY MATERIALS AND THE METHOD USED

The statistical investigation required by our topic necessitated gathering da-
ta on the following: 1. employment in the socialized economy of the Gdansk
Agglomeration, in 1965, 2. incoming and outgoing goods in the area of the set-
tlement group mentioned.® For both of these the basic statistical unit was the
place of work. Two quantitative criteria were looked at: employment and goods

TABLE 1. The objects and field of the statistical
investigations (1965)

: r Field of
No. Unit Features studied - o
Investigation
1 Socialized economic units Number of employed The 7 towns of
of the Gdansk Agglomera- Factory excluding apprentices the agglomera-
tion tion
2 Goods sent out from the Tonnage above | ton Poland by voi-
Gdansk Agglomeration and Value above 100,000 zI vodships
goods brought in Factory per factory

3 According to P. de Rousiers the port fulfills three functions: (a) a regional
function, in relation to incoming and outgoing goods, which represent the size of
the production and the consumption potential of the surrounding region, (b) an in-
dustrial function, in relation to raw materials and semi-manufactured goods arriving
by sea to factories located in the port, to be processed and refined, (c) a trade
function, in relation to goods arriving by sea, and which after several trade proce-
dures are re-exported to other ports. T. Szczepaniak looks at this in detail (1967,
pp. 12-16), and also distinguishes a transport function of a port concerned with
loads.

4 The Gdansk Agglomeration includes the core, i.e,, Gdansk, Sopot, and Gdynia,
and an internal zone taking in Pruszcz Gdanski, Reda, Rumia and Wejherowo. An
external zone (according to E. Iwanicka-Lyra 1969, p. 70) was excluded from
this study.

5 The statistical data on goods flows (for 1965) was collected from 25 despatch
centres and regions of the Polish National Railways, from 5 centres of the National
Despatch Company, and from 8 public and trade car transport enterprises within
the Gdansk Agglomeration. The loads transported, which were investigated using
estimates, make up 92-95% of all incoming and outcoming external flows. Since the
lowest goods flow figure was 102,000 z1 for one factory for one year, any economic
unit with a value exceeding 100,000 z1 was assigned to the group of external facto-
ries.
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132 JERZY DEBSKI

volved in the goods links with the hinterland. This part of the external econo-
my was divided into two sectors: port oriented and neutral.

To the first sector were included all those factories having direct links with
port activities and whose location outside the area of the agglomeration is
economically unsuitable. In the case of industry these will be: (1) factories con-
cerned with shipbuilding, i.e., construction dockyards and some units belonging
to the Union of Shipbuilding Industries which act within a framework of so-
called internal co-operation; (2) factories concerned with navigation and sea
fishing, i.e., repair dockyards and units subordinate to the Union of Sea Repair
Dockyards, and enterprises concerned with fishing and fish processing; (3)
factories connected with unloading and loading, which include units that repair
and hire out the necessary equipment, cold storage units, places where southern
fruits can ripen and factories which process easily perishable goods unloaded
at port.

TABLE 2. Number of employed and the value of the flow for each economic division of the
Gdansk Agglomeration (1965)

Flow in million zl

e U] i (according to factories)

Index
LA External External 6/3
Together _ Together
Number %, Number Ya
S | .-_3 R 2 ;—»—— W :37— - <-— —h 7 o A

Industry 94,253 86,608 91.9 17,289.1 14,310.1 82.7 165.2
Building 24,617 19,325 78.5 1,518.8 1,109.5 73.0 57.4
Transport 43,380 31,765 73.2 33,802.6 33,360.9 98.7 1050.2
Goods turnover 26,389 20,434 77.4 16,240.3 14,519.6 89.4 710.5
Other 58,405 7,051 12.1 294.7 217.9 73.9 30.9
Total 247,044 165,183 66.4 69,154.5 63,518.0 91.8 384.5

In the case of building we included in the port oriented sector those build-
ing-assembly enterprises which carry out specialized port and sea dockyard
work. In transport we include those enterprises concerned with sea transport
and despatching (port administrations, ship brokers, charterers, freight consign-
ors, lifeboat points, etc.), but only if they are directly involved in the external
links. Apart from enterprises concerned with foreign trade and agencies of sea
traffic goods, to the port oriented sector of the ‘“goods turnover’” division we
also include from an organizational point of view those agencies belonging to
the central direction of buying, marketing and wholesaling.

Those remaining economic units unconnected or only indirectly connected
with port activities were included in the neutral sector. The whole group of
“remaining” activities belong to this sector. A neutral character is found in
agriculture and forestry, communal economy and housing, administration !
institutions of justice and others (political, social and religious organizations).
Only education, science and culture and health and social security can be in
any way port oriented, but their offices do not have (mass) goods links with

10 According to the Central Statistical Office (Klasyfikacja.., 1967, p. 58) sea
administration belongs to the division of transport.



SPATIAL INFLUENCE OF GDANSK AGGLOMERATION 133

the hinterland. Thus all the enterprises belonging to the “remaining” spheres
must be considered as neutral.

The division of the economy of the Gdansk Agglomeration done above
shows that:

— In the port oriented sector the transport and industry divisions have by
far the most workers.

— In the neutral sector the building and goods turnover divisions easily
employ the most number of people.

TABLE 3. Number of employed and size of flow in the port oriented and neutral sectors in 1965
(in absolute values)

Port oriented sector Neutral sector
Division Flow Flow

Employment in million ]n;jex Employment in Index

zl /2 million zl 6/5

1 2 3 4 5 6 7
Industry 53,598 6,039.7 112.7 33,010 8,270.4 250.5
Building 1,825 63.5 34.8 17,500 1,046.0 59.8
Transport 21,386 33,066.2 1,546.2 10,379 294.7 28.4
Goods turnover 2,859 7,795.5 2,726.7 17,575 6,723.9 382.6
Other — — 7,051 217.9 309
Total 79,668 46,965.1 589.5 85,515 16,552.9 193.6

TABLE 4. Number of employed and size of flow in the port oriented and neutral sectors
in 1965 (in %)

Employment . Flow
P 2 Sector Sector
Division
port Total port Total
oriented neutral oriented neutral

Industry 61.9 38.1 100.0 42.2 57.8 100.0
Building 9.4 90.6 100.0 5.7 94.3 100.0
Transport 67.3 32.7 100.0 99.2 0.8 100.0
Goods turnover 13.9 86.1 100.0 53.7 46.3 100.0
Other — 100.0 100.0 — 100.0 100.0
Total 48.2 51.8 100.0 73.4 26.6 100.0

— The “other” category is neutral in relation to the port. The size of the
employment in both sectors is similar, with the neutral sector having a slightly
more. The values of the external links of both sectors (arrival and despatch)
are arranged rather differently.

— Port oriented industry has weaker links with the hinterland than neu-
tral oriented industry.

— Enterprises concerned with goods turnover and transport which are port
oriented have stronger links with the hinterland than those neutrally oriented
enterprises belonging to the same divisions.

9 Geographia Polonica
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TABLE 5. The goods links of the port oriented sector by voivodships (in million zI) in 1965

Voivodship
No.

0 NNV DA W=

e e e e
~N AN A W = O O

Total

Transport and goods

Industry and building Py T Together
receiving despatch receiving despatch receiving despatch
626.0 120.2 715.3 97.8 1,341.3 218.0
190.5 154.6 125.0 556.9 315.5 711.5
700.0 112.9 225.0 534.7 925.0 647.6
211.5 132.2 1,955.5 831.5 2,167.0 963.7
116.6 63.9 374.0 317.5 490.6 381.4
313.4 236.2 1,522.6 1,466.9 1,836.0 1,703.1
85.4 104.7 1,348.3 2,033.8 1,433.7 2,138.5
14.5 21.0 173.7 171.0 188.2 192.0
91.5 94.4 2,144.5 4,351.6 2,236.0 4,446.0
61.9 49.9 262.8 541.1 324.7 591.0
191.9 106.5 988.7 1,633.0 1,180.6 1,739.5
137.6 34.2 661.2 549.0 798.8 583.2
69.5 37.9 334.7 737.2 404.2 775.1
943.9 1149 1,071.0 3,729.6 2,014.9 3,844.5
75.4 325 377.5 460.0 452.9 492.5
374.8 118.8 1,615.4 764.9 1,990.2 883.7
171.6 75.2 389.8 319.6 561.4 394.8
4,376.0 1,610.0 14,285.0 19,096.1 18,661.0 20,706.1

TABLE 6. The goods links of the neutral sector by voivodships (in million zl) in 1965

Industry and

Transport and

Voivod- building goods turnover s QoEckicr
ship

No. receiv- des- receiv- des- receiv- des- receiv- des-
. ing patch ing patch ing patch ing patch

1 645.6 347.0 623.4 271.6 12.4 10.8 1,281.4 629.4

2 170.5 305.1 89.7 25.8 6.8 3.8 267.0 334.7

3 241.9 209.9 368.6 215.6 8.4 0 618.9 425.5

4 295.5 421.3 407.3 208.8 28.3 0.5 731.1 630,6

5 144.2 210.5 259.1 25.4 202 2.6 405.5 238.5

6 224.5 421.4 204.8 111.3 6.1 0.1 435.4 532.8

7 537.1 644.8 284.7 132.8 104 0.5 832.2 778.1

8 183.2 81.5 49.4 110.3 11.9 5.3 244.5 197.1
9 274.8 288.0 576.4 42.0 12.8 0.2 864.0 330.2
10 93.1 97.7 80.2 16.3 1.6 0 174.9 114.0
11 272.9 410.6 420.5 72.9 9.4 0 702.8 483.5
12 100.5 95.2 260.1 110.7 0.7 0.5 361.3 206.4
13 132.9 36.2 178.9 13.7 3.0 0 314.8 49.9
14 573.9 415.2 738.5 215.2 46.5 4.1 1,358.9 634.5
15 108.2 114.3 81.7 105.6 8.9 0.2 197.8 220.1
16 410.1 249.0 421.8 39.5 7.6 5.4 839.5 293.9
17 80.7 127.9 74.9 47.9 34 0 159.0 175.8
Total 4,489.6 4,475.6 5,119.0 1,765.4 180.4 34.0 9,789.0  6,275.0

9
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each voivodship and the sectors and economic divisions of the Gdansk Agglom-
eration is set out in Tables 5 and 6, and on Figs 1-4.

Because each voivodship which has links with the agglomeration has a dif-
ferent mass the absolute sizes of the flows cannot be compared. The flows
were therefore standardized (using equation 1) using the number employed in
the socialized economy of the n-th voivodship !2. In selecting an index of mass
the following were taken into account:

(a) the size of the employed in the socialized economy of each voivodship
corresponds to the mass of a voivodship.

Fig. 1. Passive links (received goods) of the port oriented sector with each settlement

centre in Poland
I, 2, 3, 4, 20 — isolines of 10, 20, 30, 40 and 200 million zl. Numbers standing close to the names of
the biggest towns express that the passive links of the port oriented sector reach their highest
values. GOP = Upper Silesian Industrial District

12 The number of employed in the socialized economy of each voivodship in 1965
(in thousands): Gdansk 171.1, Koszalin 192.8, Olsztyn 213.6, Bydgoszcz 438.4, Szcze-
cin 264.7, Poznani 643.0, Warszawa 1037.2, Bialystok 194.4, ¥.6dz 674.3, Zielona Goéra
243.5, Wroclaw 782.9, Kielce 352.6, Opole 291,6, Katowice 1357.0, Lublin 318.4, Kra-

kow 683.0, Rzeszow 329.5.
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(b) a more accurate index would be to weight the population of a voivod-
ship by looking at national income per person, but this would be difficult to
obtain.

(c) it would be confusing to use other indices, such as the value of indus-
trial production or the size of investment, since each voivodship has a differ-
ent economic structure and level of investment.

(d) the movement of goods between each sector and the rest of the country
is carried out through the socialized economy. This also includes agricultural
produce despatched by socialized agencies (buying enterprises).

One should point out that the number employed in the Gdansk voivodship
was reduced by 247,044 people who work within the agglomeration, since the
links investigated were the external ones.

When the flows had been standardized and the distances of each voivod-
ship from the zero point were known, it was possible to calculate weighted
indices of flow (equation 2). Under ideal conditions, i.e., when the strength of

Fig. 2. Active links (despatched goods) of the port oriented sector with each settle-
ment centre in Poland

1, 2, 3, 4, 20 — isolines of 10, 20, 30, 40 and 200 million zl. Numbers standing close to the names of
the biggest towns express that the active links of the port oriented sector reach their highest
values
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the links decrease with increasing distance from the agglomeration, the values
of this index will lie on the straight line according to the equation V = a con-
stant.

The course of the variable V is shown on Fig. 5. The first two graphs show
the active (despatch) and passive (receiving) links of the port oriented sector,
and the last two the same links in the neutral sector.

The lines linking up the individual points on the graphs should be used only
as an aid because of the discontinuities in the phenomena studied. The con-
tinuous line shows the values for the whole sector, while the long broken lines
show the values for transport and goods turnover and the shorter broken lines
the values for industry and building. In our investigation, as the level of com-
parison of the variable V we took its average, and to measure dispersion — its
variation (equations 6 and 7). Because the phenomena looked at are found on
different levels, we used the coefficient of variance, which is an approximate
measure of the dispersion, to measure its distribution (equation 8). Zero varia-

Fig. 3. Passive links (received goods) of the neutral sector with each settlement
centre in Poland

1, 2, 3, 4, 20 — isolines of 10, 20, 30, 40 and 200 million zl. Numbers standing close to the names of
the biggest towns express that the passive links of the neutral sector reach their highest
values
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tion occurs when all the deviations from the average are zero. This is possible
if all values of the variable V are equal and these values are the same as their
averages. We may speak of a total lack of variation in the variable V. How-
ever, the larger the variation and thus the larger the coefficient of variance,
the greater will be the differentiation of the index studied and the greater will
be the deviation from the links which become weaker with increasing distance.

From Table 7 one can see that the active links of the port oriented sector
have the largest coefficient of variance (59%0). This is explained by the large
positive deviation of the variable V from its mean (see Fig. 5). The passive
links of this sector have a somewhat smaller coefficient of variance (41%o).
Port oriented transport and goods turnover have a higher deviation for des-
patch (s/m = 67%0) than for receiving (s/m = 56%0); port oriented industry and
building shows the opposite situation. This is because the passive links of
industry (and also of port oriented building) reach far into the country. This
is evidenced by the positive deviation of the variable V for areas at some dis-
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Fig. 4. Active links (despatched goods) of the neutral sector with each settlement
centre in Poland
1, 2, 3, 4, 20 — isolines of 10, 20, 30, 40 and 200 million zl. Numbers standing close to the names of

the biggest towns express that the active links of the neutral sector reach their highest
values
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Fig. 5. Active and passive links of the port oriented sector (1-2) and active and
passive links of the neutral sector (3-4)

N — voivodships (1-17) arranged in order of increasing average distances (‘“‘weighted”) from the
‘“zero point”, V — coefficient of potential created in n-th voivodship by the mass of Gdansk
Agglomeration multiplied by the average distance (‘‘weighted”)

TABLE 7. The average values of the variation and coefficient of variance of the variable V

Sectors and groups -
of division 3 2 il

Port oriented sector

Industry and building r 157.8 14,509 0.764
d 62.8 837 0.460
Transport and goods r S511.7 81,375 0.558
turnover d 663.7 200,942 0.675
Total for the sector r 669.4 79,546 0.412
d 723.9 182,621 0.590
Neutral sector
Industry and building r 162.8 2,889 0.329
d 157.1 2,013 0.286
Transport and goods r 184.0 7,463 0.469
turnover d 68.9 2,590 0.739
Other r 6.4 23 0.750
d 2.0 5 1.150
Total for the sector r 353.2 12,846 0.321
d 227.4 3,636 0.265

r — receiving, d — despatch
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There is a large probability of non-dependence (greater than 1/2) in the
case of received goods, and thus there are no grounds for believing that the
size of the links of each voivodship in the neutral sector of the Gdansk Ag-
glomeration in any way depends on the distance from the zero point. For des-
patched goods (active links) there is such a dependence; the probability of there
being no dependence is smaller (33%), but is much greater than the 5% level
of significance generally used in statistics. In relation to the port oriented
sector the increment of the neutral sector is undoubtedly of a more local char-
acter.

Therefore we may say that -there is no dependence between the arrange-
ment of the active spatial links of both sectors and between the passive links.
In statistics a measure of this dependence is the correlation coefficient (with
values —1 <X ¢ << 1), which can be calculated by the equation given by M. Fisz
(1967, p. 98) .

In calculating the correlation coefficients for the passive links the following
symbols are employed:

N, = received goods to the neutral sector from the n-th voivodship,

P, = received goods to the port oriented sector from the n-th voivodship.

P.
Thus: Jeleg Cou(N.P.) 2348681

S8 TooimiaT. . etk

The correlation coefficient for the active links can be similarly calculated:
N,, = despatched goods from the neutral sector to the n-th voivodship,
P, = despatchad goods from the port sector to the n-th voivodship.

Cov(N,P,) 128624

4G oy SR T30 R

L aue

From the above we can see that the correlation coefficient for the passive links
is high (positive correlation), and for the active links very low (negative). Thus
we can say there is no dependence whatever.

SUMMARY

The investigation shows that all the economic divisions of the Gdansk
Agglomeration, although not all the factories, have external links. Moreover
over 99%¢ of the goods flow is connected with four productional divisions:
industry, building, transport and goods flow.

The “external” units belonging to these divisions may be considered as the
basis of the material activity of the agglomeration studied, since they are the
cause of the origin and flow of goods. They have 64%¢ of the total employed
in the socialized economy of the Gdansk Agglomeration.

Dividing the external economy into the two sectors, and then comparing
them, showed that the neutrally oriented factories, having most of the employ-
ment, nevertheless had a weaker spatial influence than the port oriented fac-
tories. This is expressed by the percentage ratio of 26.6:73.4. In these links

13

1 57 (Ny—m)(Pn—m>)
e i gl S1-S»
where m;, m,, S?, S are the appropriate average values, and the variations of the
variables N and P, having values for both the port and neutral oriented sectors.
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Vol. 1. 11 papers devoted to the present status of geography in Poland
and 3 papers giving the results of research. List of Polish geographers,
geographical institutions and geographical periodicals, 262 pp., 20 Fig-
ures, 1864 (out-of-print).

Vol. 2. 34 papers prepared by Polish geographers for the XXth Inter-
n::lonal Geographical Congress in London, July 1964, 259 pp., 91 Figures,
1964.

Vol. 3. Problems of Applied Geography II. Proceedings of the Second
Anglo-Polish Seminar at Keele—Great Britain, September 9-—20 1962,
Co-edited by the Institute of British Geographers. 21 papers by British
and Polish geographers, 274 pp., 69 Figures, 1964.

Vol. 4. Methods of Economic Regionalization, Materials of the Second
General Meeting of the Commission on Methods of Economic Region-
alization, International Geographical Union, Jablonna — Poland, Septem-
ber 9—10, 1963. Reports, communications and discussion, 200 pp., 6 Fi-
gures, 1964.

Vol. 5. Land Utilization In East-Central Europe, 17 case studies on land
use in Bulgaria, Hungary, Poland and Yugoslavia, 498 pp., 104 Figures,
16 colour maps, 1965,

Vol. 6. 14 papers prepared by Polish geographers for the Seventh World
Coot;lerencc of INQUA in US.A,, September 1965, 150 pp., 86 Figures,
1965,

Vol. 7. 10 papers on the geography of Poland, mostly dealing, with the
economic-geographical problems of Poland, 132 pp., 46 Figures, 1965,
Vol. 8. Aims of Economic Reglonalization. Materials of the Third General
Meeting of the Commission on Methods of Economic Regionalization
lgclg. London, July 23, 1964. Report and 5 papers, 68 pp., 7 Figures,
1 E

Vol. 9. Collogque de Géomorphologie des Carpathes, Materials of the
geomorphological symposium held in Cracov and Bratislava, September
1726, 1963. Report, 7 papers, 2 summaries, 118 pp., 22 Figures, 1965.
Vol. 10. Geomorphological Problems of Carpathians IL Introduction and
6 papers by Rumanian, Soviet, Polish, Hungarian and Czech geographers,
172 pp., 68 Figures, 1966,

Vol. 11. 11 papers prepared by Polish geographers dealing with the
history of Polish geography, Polish studies on foreign countries and
different economic-geographical questions concerning Poland, 154 pp.,
36 Figures, 1967.

Vol. 12. Formation et 'Aménagement du Reseau Urbain. Proceedings of
the French-Polish Seminar in urban geography. Teresin, Poland, Sep-
tember 2030, 1965. Papers by French and Polish geographers, dis-
cussion, 298 pp., 51 Figures, 1967,

Vol. 13. 9 papers embracing different fields of both, physical and eco-
nomic geography, all of which have been devoted to methodological
problems and research techniques, 130 pp. 4 Figures, 1968,

Vol. 14. Special issue for the 21st International Geographical Congress
in New Delhi, 968, 43 papers prepared by Polish geographers: 24 dealing
with physical and 19 with economic and human geographers, 406 pp.,
80 Figures. 1968.
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Vol. 15, Economic Regionalization and Numerical Methods., The volume
contains the final report on he activities of the IGU Commission on
Methods of Economic Regionalization, as well as a collection of 8 papers
bg“Ameﬂcan. Canadian, Soviet and Polish authors, 240 pp., 54 Figures,
1 -

Vol. 16, 11 papers dealing with research problems and techniques in
both economic and physical geography, 136 pp., 27 Figures, 1969

Vol. 17. Special issue prepared for the 8th Congress of the International
Union for Quaternary Research Paris, 1969, 28 papers by Polish authors,
including studies in stratigraphy and neotectonics (6), geomorphology
and paleohydrology (10), paleobotany (3), sedimentology (5), archeology
(4), 428 pp., 122 Figures, 1969.

Vol. 18. Studies in Geographical Methods. Proceedings of the 3rd Anglo-
Polish Geographical Seminar, BaranOéw Sandomierski, September 1--10,
1967, 260 pp., 54 Figures, 1970.

Vol. 19. Essays on Agricaultural Typology and Land Utilization, 20 papers
presented at the meeting of the Commission on World Agricultural
Typology of the IGU, held 1968 in New Delhi, 200 pp., 97 Figures,
1970.

Vol. 20. 9 papers on various aspects of both physical and economic
geography, including urbanization, international trade, changes in rural
economy, industrial development!, urban physiography and hydrographic
mapping, 183 pp., 69 Figures, 1972,

Vol. 21. 10 papers dealing with selected problems of economic growth,
transportation, cartographic methods and theory, climatology and
geomorphology, 147 pp., 82 Figures, 1972,

Vol. 22, 15 papers prepared for the XXIInd International Geographical
Congress in Montreal, August 1972, 205 pp., 43 Figures, 1972,

Vol. 23, Present-day Geomorhpological Processes. Issue prepared for the
22nd International Geographical Congress by the IGU Commission on
Present-day Geomorphological Processes, 180 pp., 82 Figures, 1972,

Vol. 24. Geographical aspects of urban-rural interaction. Proceedings
of the 4th Anglo-Polish Geographical Seminar, Nottingham, September
6—12, 1970, 256 pp., 76 Figures, 1972.

Vol. 25. Perspectives on spatial analysis. 7 papers presented at the meet-
ing of the Commission on Quantitative Methods of the IGU, held 1970
in Poznan, Poland, 1937, pp., 48 Figures, 1973.

Vol. 26. Scientific results of the Polish geographical expedition to Vat-
najokull (Iceland), 311 pp. 253 Figures, 1973,

Vol. 27, mpers presented by the Soviet and Polish Geographers at
the First h-Soviet Geographical Seminar in Warsaw, Szymbark and
Cracow, 22nd May to 1st June, 1971, 189 pp., 25 Figures, 1973,
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TABLE 1. Numerical characteristics of functional zones in studied structures

Bialystox Kiekce Opole Reeszdw Olsziyn Ziclona Géra Tamdw
TR R : 1 s, R IR SR Y 4 7 BT
z ia 3t 2 iﬂ 3% 3 2 §5 2 fs 8 N L K is g 31 23S
Functional zones - ‘ag ¥ ‘3 = s 3 3‘i % g ) i z % i % 3 E % E ‘53 % y ¥
3 3 !
AERIHIRIEEIE BN I H T His H o L oL
1. Central zone A 32 39* 230 3.2 80 300 160 60 56* 380 3.0 36.6 43 65* 420 83 4.1 00 118 27 9° LS 1.7 745* 235 107
B 1.9 20.7 1.2 225 0.6 17.6 1.2 27.0 37 412 1.7 32.1 23 0.6 18.1
I1. Transition zone A 10,1 340 — - — — 0.3 20 - -— 1.7 80 89 3 5.5
" Sl > B 6.1 30.8 —_ = = - 0.3 10.2 - —_ 1.5 7.8 26
I11. Internal industrial and residential A 496 37.0 63.7 85" 68.0 520 57** 360 = 63.4 90 60 470 22 60 550 252 23 0% 412 22
zone B 299 336 2037 5. B0 L5 IRy 26,2 46.5 33,1 26518 BN A1 4.2 213 = 76 = 363
1. Industrial sector N — 140 60** 140 1.9 90 30°* 30 - = 9.5 30 05— N 123 06 - .
B - 4.5 10.5 1.0 1.4 - = 8.2 29 R T W e DS
2. Mixed industrial and residential A 26.1 25.0 227 25°* 260 25 241 27** 260 458 53.0 = T g eee) T9.0% 30 — -
sector B 157 27 72 19.5 27 12.0 156 39.0 = s T 13.6 - -_
3. Residential sector A s 12.0 27.0 280 1.5 189 7.0 312 10.4 29.5 40 20 26 380 08 124 1.2
. B 142 109 86 21.0 21 33 10.6 15 249 432 98 306 10.5
IV. Marginal zone A L3712 6.0 330 16** 20 05 390 36 40 200 = 55.0 30 06 630 50 05 690 — 760 68°* 293 04
B 223 54 10.5 1.5 43 1.8 68 = 46.0 29 25.8 43 38.0 - | 318 2.5
1. Belt of open area A 230 - 40 —~ = - 0 = = 20.0 — 53.0 - - %40 ~ 69.0 - 266 — — @
B 138 - AR e 68 - 442 - e 2 - —" 380 N [ i —
2. Marginal industrial and A 141 6.0 9.1 16** 20 05 120 36 40 s — 20 30 06 90 i Rl — 417 68** 293 04
residential zone B 8.5 5.4 29 IS 14 13 1.8 —_ — 1.8 29 3.7 43 = = L IRT R T 258
a) Scparate structural units A 14 6.0 9.1 16** 20 05 120 36** 40 — = 09 02 06: — I = = — 177 64** 126 08
B 8.5 5.4 29 1.5 1.3 1.8 08 0.1 = =t B - (KT 9.7
b) Separate residential districts A — £ NP s B g S S T ok . 1.1 28 04 90 0S8 08" =& — 237 4** 167 03
B — =l T = e N L = = 1.0 28 7 43 - 10.0 12.8
V. Quter zone B 398 9.5 68.0 250 03 890 - $37 66.0 26.5 15.7 20 0.1 %90 194 02 158 04 600 232 02
1. Semiurbanized rural arcas . 56 . 150 03 . 40.3 . 19.2 20 0. . 157 02 . 0.1 600 232 02
2. Independent production
centres 19 100 0.4 13.4 7.3 e - e 3.7° b2 A T (e

A -~ In relation to the administrative area of the main city
B — in relation 1o the area of the total settlemnent system

* « service establishments
*¢ — land for industrial use and storage

Annex to article by A. Werwicki
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