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Eiergy exchange 13

A soil property which causes changes in the intensity of turbulent flux H is
sol porosity and, as a result of it, its moisture. Higher humidity on the ground
suface results in heat losses for evaporation, which indirectly decreases the quantity
of flux H. Rainfall also most frequently results in additional cooling down of
suface bounary layers.

In this connection it is assumed that the quantity of flux H depends on the net
raliation to the greatest extent, and, next, on roughness parameter, soil moisture,
wnd velocity and sum of precipitation. (These values influence the temperature
gridient taken into account in the formula.)

The first figure (Fig. la) refers to a theoretical situation when wind velocity V,
roighness parameter zy and diurnal sum of precipitation p do not change, while

w-m?

Fig 1. Relations between the turbulent flux of sensible heat H and the net radiation Q:

v —wind velocity (cm*s !), m — soil moisture (per cent of weight), P — diurnal sum of

precipitation (mm), zp — roughness parameter (cm). Arrows show the direction of daily course of
relations H = f(Q)

sol moisture m does change. When soil moisture is low, the diurnal variation of
cornections H = f(Q) approximates the power function. Steady increases of the net
radiation Q are accompanied by growing increases of the turbulent flux of sensible
heat H, which is connected with a loss of moisture in the ground and decreasing
heat consumption for evaporation. An increase in soil moisture results in higher
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on measurements of heat fluxes made every hour or even more frequently, and,
thu,, it may be applied only with regard to temporal values of components of the

hea balance.
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Fig. 2. Relations between the soil heat flux S and the net radiation Q when the assumed
soil noisture is constant: & — height of plant cover (cm), P — diurnal sum of precipitation (mm)

al
s S =f(m,)
(W
my -fﬂ’
"o. .n
Je® J
ke
iy
Qlwm™3)

.
e

s Sy=flimyl
3 my»my
rds .
R o
o &
sk’ ? Qlwm*]

Fig. .. Variation of the diurnal course of function § = f(Q) under the conditions of changing
soil moisture m when the assumed height of plant cover is constant
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20 L. Andrzejewski
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Fig” 1. Schematic sketch-map showing the studied valley mouth sections against general
morphology of the Vistula valley (after Wisniewski): | — morainic plateau. 2 — erosional

levels of meltwater, 3 — meltwater levels with glaciofluvial sedimentary cover. 4 — subglacial
channels modified by meltwater and river water, 5 — terrace numbers in the Vistula valley,
6 — valley fragments presented in the paper, 7 — location of geologic sections

MORPHOGENETIC CHARACTERISTICS OF THE STUDIED VALLEY REACHES
EXTENDING THROUGH MORAINIC PLATEAUX

The Zglowiaczka river is the greatest left-bank tributary joining the Vistula between
the Warsaw Basin and the Torun Basin. Its valley remains a prominent relief detail
in southern Kujawy. It extends from Gluszynskie Lake to Wloctawek where it
enters the Vistula. The Zglowigczka valley that is about 55 km long consists of
three morphogenetically different sections (Andrzejewski 1984). The upper reach,
that is the longest one and represents over 50 per cent of the whole valley length,
is a subglacial channel. The middle reach extending across the depressed portion of
the Kujawy Plateau to the north of Brzes¢ Kujawski is most likely to locate along
the axis of small-sized troughs which were liable to major changes in response to
meltwater and river flow. It is just the 10 km long mouth section of the valiey,
running in the Vistula valley, that is the valley proper formed completely by the
Zglowigczka river.

Valley levels and isolated hills composed largely of silts and fine sands can be
identified within the trough. They have been classified as kame terraces and hills
(Fig. 2). The basis for this classification is provided by the reconstruction of the
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Fig. 2. Geologic sections through the subglacial channel portions of the valleys Zglowigczka and
Mien: | — till, 2 — vari-grained sands, 3 — fine sands. 4 — silts, 5 — clays., 6 — peats,
7 — boreholes

environment of sedimentation of the above deposits by means of detailed structural-
textural analysis (Andrzejewski 1984). The above forms developed simultaneously
in hollows and crevasses in the trough ice-fillings. Ice degradation ceased to operate
at the close of the Late Glacial, as can be inferred from the date of 9250+ 135 BP
(Gd-1155) available for the base of the organic sedimentary fill of the trough. The
above fact is of principal significance for paleohydrological reconstructions in the
mouth section of the valley since ice masses filling in the trough probably served
for a long time as a source of extra quantities of water affecting the floor morpholo-
gy below the trough.

The Mien river valley. the length of which is 50 km. also cuts through forms
foreign to subareal erosion on the Dobrzyn Plateau. It joins the Vistula at a distance
of 30 km to the north of the Zglowigczka mouth (Fig. 1). A detailed geomorpho-
logical study was made of its western part from the Mien mouth to Lipno. This
part comprises a 15km long valley reach cut in the Vistula terraces and a 10 km
long reach situated within the escarpment of the Dobrzyvn Plateau.

The Mien valley cuts as deep as 20-25 m into the plateau. Its maximum width
approaches 2 km. Numerous levels consisting of sand-gravel material can be identified



- Sl e _' N "
"’;’gﬁ' :."(-:‘~ A l -‘&“ 3 k‘ Wo .‘ ; 8
aokis "’ % w *-< s 4 ¥ L8 &*

Y TR 75:\ N !, t\ ‘AJ‘. \ " ‘l:",. ~
PLL U > g N R iy '-., o ‘.\ i '. i
) i r‘E{;‘Nx‘Z't\‘ﬁ “\ “-4‘ ! 2k .% e " v

T | -~ ‘ * _’ ), Y ‘ ‘..
y v : . '
_.:' - | o .l . .r..” ‘ v
in-o&\,*-u?\ ...n' (¥ T
- ‘n»‘u1oh-tn~ o qf-uv
s i ) - ! < TS xc{ L u_‘r
‘r ';"v -'.-.'._'~' B ﬂ.. & 9\ AA.-?
-l "’
A R i RS b 4

El.'

Y ‘/."- - \(r Mo, |.-"". i ”
254 ' T wl" Rl ort
i} i 2.‘.‘,‘:,.,,.-“ .  Gothed dhow
'v" it BT e N~ ..;, 'y ™ ‘ .\» -~ IV).
~ b pm Il N = '~'; [ P W T L vu,-t
A S et e # o JAE ) A N 'y =ry h m
s gy Jusﬂ L 1, e LA

eEpcl

: -:ﬁ

& M

o . St :
N SR T T gy n"“"d""
PN S e SR R AT R
"CJ'T' TJA- dis. ’ & -

'A Wﬁma Lo "
T, & - ‘L 4 e

F

»

i

¢

1)

L Fﬁbf” "’“ "“-'

ig

| §
K
i

iy
3

i
st

k

e v;»f—«-r _
"’L"“ ‘\x-w- ﬂ:_:_ AR

AP
.' My

-‘ i gy ¥ ;—5"-9' l,s(..'--»-

mewmi@r“ AT
L e “sn ‘,,vlv g - 'QW-
»'ra.-& m,{,“ wmw"ﬂ' el 1990 v-fw«s-, A

4 - MLL cr.no *ﬂm—m’

P' q\-c.

ﬁ"'ﬁ ‘< =" vy - bp md‘-‘,
et o mvr - gy 5 = ’»M

g, gty Wiy Tty Tlmi G Rty vl rfo g
;i B ,' s .1-' . 5 oy \ ,._4 ) o ,,q, ’.{....’i_ , kS gy
. . . v ‘))‘ 1-‘- pe-b | 4 BER VI P,

'! Frw P

S---,"



Lower Vistula river tributaries + 23

uninhibited action of the Zglowiaczka. This process is still taking place, as can be
inferred from intense and free development of the present-day meandering river
(Fig. 3).

Fig. 3. Fragment of the valley floor at the mouth of the Zglowiaczka: | — paleomeanders,

2 — morainic plateau, 3 — upper floodplain, 4 — present-day Zglowiiczka channel, 5 — valley

slopes, 6 — alluvial fans, 7 — protection dikes, 8 — Vistula terrace numbers, heights in m a.s.l.,
9 — location of geologic sections

The morphologic characteristics of the valley floor along that reach are two
levels, i.e. the floodplain and the upper floodplain, differing in height by up to 2 m.
Well-formed paleomeanders with varying geometric parameters add to a variety of
relief details at those levels. The paleomeanders are largely filled with 2-3.5 m thick
peat that is frequently underlain by a thin layer of gyttja.

Dates are available for organic sediments at one of the bends undercutting
directly the valley slope. The underlying gyttja at a depth of 2.30-2.35m yields
the age of 10160+ 175 BP (Gd-1156) that points to the Younger Dryas as the onset
of organic sedimentation (Fig. 4). Thus, it can be roughly stated that the bend
was developed during the Allerod at the latest although it cannot be excluded that
it might have formed earlier. The age of organic sediments at the other bend on
the floodplain on the opposite side of the river is 9745+ 95 BP (Gd-1153). This
implies that the above meander became filled with sediments at the beginning of
the Pre-Boreal and hence, it might have developed at the close of the Late Glacial,
i.e. during the Younger Dryas. The analysis of elevations of filled paleomeander
bottom positions has also provided interesting data (Fig. 4). Their gradual lowering
towards the central portions of the valley floor is indicative of erosive action of
the meandering river. Note should be made that no traces of the action of a braided
river have been detected along the studied section of the Zglowiaczka valley floor.

The analysis of geologic structure of the valley floor shows its vertical stability
of the latest part of the Holocene and probably. the effects of intensified aggrada-
tion processes within it. The presence of increasingly thicker silty-clayey alluvium
in the lowest floor portions can be linked to that (Fig. 4).



asl. |

asl,
61 —
594
00 bt
o
531
51 = - ? -
0 200 400 600 m
== o B3 () B B8 (BT
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Lower Viswla river tributaries 25

The analysis of geometric parameters of the paleomeanders and their comparison
with the shape of the present-day Zglowiaczka meanders (Table 1) indicates a marked
reduction in their values throughout the period between the close of the Late Glacial
and the present time. This inference receives confirmation from the studies of
Kozarski and Rotnicki (1978), Szumanski (1972, 1981), Mycielska-Dowgiallo (1972)
and Falkowski (1975).

TABLE |. Mean and extreme values m of selected geometric parameters for 25 paleomeanders
and present-day meanders alongside the mouth section of the Zglowiaczka valley
w R L)2 A)2
a b a b a b a b

Paleomeanders 24.8 32-18 60.3 115-30 99.2  185-49 79.6 120-42
Present-day
meanders 8.8 12-7 17.0 22-10 33 50-16 24.5 36-12

W — mean channel width, R — mean radius of curvature of meander. L/2 — half the wavelength of meander, 4/2 — half
the amplitude of meander. ¢  mean values. » - extreme values

An explanation for the causes of variations in the size of meanders should not
only be provided by paleoclimatic reconstructions and those of the hydrological
regime. but also by a better understanding of relationships between geometric
parameters of bends and hydrodynamic conditions of the channel. Many authors,
including Leopold, Wolman and Miller (1964). expect a close correlation to exist
between the cross-sectional form of the channel, i.e. its width and depth, together
with radii of curvature. and mean annual discharge. Additional factors such as
the kind of debris and the mode of its transport. or the geologic structure of
channel banks complicate the above relationship (Schumm 1968). However, it can
be widely recognized that the greater the meander bends. the higher the discharges
are. The analysis of some relations between geometric parameters of the greatest
meanders shows that the former discharge was about 10 times greater than the
present discharge that is about 2.55 m3/s. The greater discharge of the close of the
Late Glacial may have not only been the eflect of climatic conditions, i.e. the
amount of precipitation and its contribution to runoff, but also, it may have been
linked to water contributions due to the melting out of the remainder of the trough
ice-fillings. At that time the trough already contributed to the uniform runoff to
the Zglowiaczka valley.

The Mien and Tazyna valleys cut into a series of the Vistula terraces at their
mouths over a distance of about 15 km (Fig. I).

The Mien cuts its course 8 to 10 m into bedrock. forming a wide valley with
meander-shaped slopes in plan geometry, as is the case with the Zglowiaczka
(Fig. 5). Two major terraces can be identified within the valley, i.e. the present-day
floor with fragments of the upper floodplain and a terrace lying 3-4 m over the
floor. The latter remains dominant in the valley morphology. The relief features of
that terrace comprise paleochannels of a meandering river with geometric parameters
approaching those specified above for the Zglowiaczka valley. Paleochannels of
a meandering river though considerably smaller in size, can also be traced in
the lowest floor of the Mien valley. Thus, there are two age generations of meanders.
It can also be inferred that discharge of the studied river was decreasing gradually
at the time interval between the close of the Late Glacial and Holocene.

The Tazyna, the jhird of the studied rivers. formed at its mouth a valley with
geomorphological characteristics similar to those of the Zglowiaczka and Mien



26 L. Andrzejewski

valleys. Its reach located at terrace IV of the Vistula (Fig. 5) and numerous traces
of an intensely meandering river through it are particularly indicative of nearly the
identical operation of fluvial processes within the studied valley mouths. It also
appears that the above parts of the valley mouths (Figs 3 and 5) may have formed
synchronously.

Fig. 5. Fragments of valley floors at the mouths of the valleys Mien and Tazyna: | —
paleomeanders, 2 — upper terraces, 3 — upper floodplain, 4 — valley slopes, 5 — dunes, 6 —
present-day channels, 7 — Vistula terrace numbers, 8 — heights in m as.l.

SOME RELATIONSHIPS BETWEEN THE EVOLUTION OF FLUVIAL PROCESSES
AT EACH OF THE STUDIED VALLEY MOUTHS AGAINST CHANGES
IN THEIR COMMON LOCAL BASELEVEL

The common feature of the studied valleys is that two reaches of basically
varying origin can be identified on their course. The rivers flow through forms
of glacial origin within the plateaux, resulting in their modification to a lesser or
greater degree. The river valleys proper function merely within the Vistula valley
terraces. Their development began as late as at the beginning of the Late Glacial
and the basic developmental stage ended as early as at its close. This can be
inferred from the dates available for the Vistula terraces (Skompski 1969; Drozdow-
ski 1974; Drozdowski and Berglund 1976; Wisniewski 1982; Tomczak 1982). Intense
erosion and the Late Glacial lowering of the Vistula level can be linked to its
course of gap sections, first from the Plock Basin to the Torun Basin (Wisniewski
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Fig. 1. Upper Vistula drainage basin. Ratio of base flow to total runoff (in per cent): 1 — state boundary, 2 — divide of the Upper

Vistula draiﬁﬁﬁ)ﬁsjrd . 6':@15)[ investigated



http://rcin.org.pl



; , 1 , !:t& bﬁ:ﬁ; ')“'-L‘fm ;

i 3 A
b - £ b~y

'3-7!*. om A

R e A o s

a0 g Yooy
h.l\.‘vw' - 5\-\( -

Pt e ot g
B it N

LES
p- Ry
s .v, -

é_"‘_

..?& Rl

“a *““o—- I"} v

I g *—

"'J“

QD.:i:. .g.»,?..‘ 4.& .
‘rﬁt AN
’ ﬁ' RS o P ‘

.f % O
__’""'IF

i g

'ﬁ Sh e Sl b

m..-.i .

AR 1N r,.a\"\“é s

\’ A~"-4 ‘)4

g e e
+ ‘\?.\.wu,l ‘M, A
._ ’\‘._' I‘J.{‘ ‘%w .

SR Fome
TR PR
RS g

- YN L L .
4 vl
e

4 i '*

,"nl'" e

e gy




http://rcin.org.pl



http://rcin.org.pl



http://rcin.org.pl

*39



_———
WL gy,
D

&
l'll'l'l"'.‘.

S,

-
e
T T

TR

e S wlstk‘ el e
Krolewska

..................

Brwilno Maszewo

°
B Karolewo

°Poplacin
e Soczewka ® Racziwie
Wola Brwilnenska

= B F e+ =1 =8 Bl s [sg0 )
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Trasformation of reservoir banks 43

Phtto 3. Dobrzyn. Abrasional part of shore platform along high bank. Low water stage,
I1th June 1980

Banks which remain unaffected by wave-generated morphodynamic processes
oprrating along them are classified as inactive. They are mostly found in the backwa-
ter sections of the Vistula tributaries and in other large bays.

Protected banks are recognized as a separate category, though one similar to
the previous group. Physical processes operating along them do not produce any
apparent changes since their portions above the water level are not susceptible to
wahing away. Some banks were protected prior to the damming (lateral embankments)
ant others were strengthened during the useful life of the reservoir (natural-abrasional
baiks). Auxiliary structures being employed include concrete and fascine-stone
jaccets and a sand-silted-up shore zone. Rarely are protected banks liable to
dedruction.

The above categories are shown in Figure 1 and Table 1. The listing of banks
do:s not include the spillway step, basins of the Plock Docks and islands. Most
depositional parts are enlarged on the map because of technical requirements. An
exjlanation should also be provided for a somewhat different classification of banks
presented in the Table, as opposed to that mentioned above. Each wall of earth
heiped up prior to the damming up of a river in order to separate the reservoir
fran the surrounding low-lying regions is an artificial bank. It may either be protected
or unprotected. A more general classification into natural and artificial banks has
bem applied so that artificial, unprotected banks liable to abrasion or sedimentation
arc not left out of account.

The total length of the shoreline is 126.2 km through a 49.5 km stretch on the
Vitula. The extent of the left and right banks is nearly identical. Unstable banks
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M. Banach

Photo 4. Dobiegniewo. Exposed depositional-abrasional bank of the reservoir at average water
stage, 10th October 1980

liable to transformation make up half their total length, with abrasional and deposi-
tional banks representing 45.3 per cent (57.2 km) and 4.6 per cent (5.8 km), respective-
ly. Abrasional parts make up 67.8 per cent (37.6 km) of the entire length of the
right bank. Merely a 4.7 km stretch (Plock) remains protected. It is a highly destroyed
natural bank. On the other hand, 33.8 per cent (20.8 km) of the left bank has
become protected. Abrasion affects 31.9 per cent (19.6 km) of the bank. i.e. twice

TABLE 1. The Wioclawek reservoir banks, .August 1980

Bank Total Right bank Left bank

anSpe km % km 7o km %
I. Natural 96.0 76.0 55.5 100.0 40.5 100.0
. Abrasional 52.6 37.6 67.8 15.0 37.2
2. Depositional 5.6 2.6 4.7 30 7.3
3. Inactive 299 13.8 24.8 16.1 39.7
4. Protected 7.9 . 1.5 2.7 6.4 15.8
I1. Artificial 30.2 24.0 9.2 100.0 21.0 100.0
1. Abrasional 4.6 - — 4.6 21.9
2. Depositional 0.2 - - 0.2 1.0
3. Inactive 7.9 6.0 65.2 1.9 9.0
4. Protected 17.5 32 34.8 14.3 68.1
Total 126.2 64.7 51.3 61.5 48.7

100.0
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less than in the case of the right bank. Depositional banks represent only 5.2 per
cent (3.2 km) but this figure is higher than that available for the right bank (2.6 km).
Unprotected banks not liable to transformation make up 30 per cent of their total
length.

(¢) quantitative changes in hank transformation

The mean annual material losses from the right and left banks amount to 245.9
thousand m* and 31.4 thousand m?, respectively (Table 2). Part of the material
from abraded banks is deposited elsewhere in the shore zone at over the average

TABLE 2. Quantitative changes in the Wloctawek reservoir banks

Right bank Left bank

o Farametey St 1977-1980  1976-1980
1 Abrasional bank length km 37.6 19.6
2 Depositional bank length km 26 32
3 Average height of abrasional bank m 8.4 1.3
4 Average height of depositional bank m 0.4 0.4
5  Bank recession rate m/y 0.8 1.2
6 Bank accretion rate mly - 1.4 1.6
7  Material loss per 1 m m?/y 6.7 1.6
8  Material deposition per | m mify 0.5 0.6
9  Volume of washed material thousand m?Jy 2459 31.4
10 Volume of deposited material thousand m?/y 1.3 1.9
11 Difference between volume of washed

material and that of deposited material thousand m'/y 244.6 29.5

12 Volume of material delivered to

reservoir thousand m'/y 274.1

stage in the reservoir. The annual amount left on the right and left banks is 1.3
thousand m* and 1.9 thousand m?, respectively. Thus, 274.1 thousand m? of material,
including 244.6 thousand m? from the right bank and 29.5 thousand m* from the
left one, become deposited in the reservoir. The amount delivered from the low
left bank makes up only 12 per cent of the total amount. From data provided by
the literature (Cyberski 1965; lkonnikov 1972; Kachugin 1975; Kornilov et al. 1979)
and from the present author’s own measurements, it can be inferred that most
material from the destroyed banks is used to develop wider shore platforms, while
the remainder is deposited at the bottom or carried as suspension load below
-the step.

The practical value of the above calculations involves determining the contribution
of sediments derived from abraded banks to the reservoir fill. In 1971 and 1978
soundings were carried out in over 80 cross sections of the reservoir by ‘Hydro-
projekt’, the Central Office of Studies and Designs of Water Engineering at Wio-
ctawek. The mean annual sediment delivery throughout a 7-year period was estimated
as 1.4 million m* (Sliwinski 1979). It was the total volume comprising material
delivered from the catchment closed with the spillway step and from destroyed banks.
From a comparison between sounding data and those presented in Table 2, it
follows that sediments derived from the banks contribute 19.6 per cent of material
to the reservoir fill. This figure is extraordinarily high. when compared with the
data reported from Poland so far (see p. 38-39). The above figures are regarded as
rough estimates because of short duration of measurements.
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Bank destruction or recession rates vary considerably. They range from 0.2 to
6 m throughout the period of observations, i.e. 3-4 years. Fragmentary data of ten
years, available for the lower and middle portions of the reservoir (the right bank),
are included within the range of 4-46 m. the highest values being recorded along
low, slip and convex banks. Throughout the ten-year period the volume of rock
waste ranges between 3.5 and 196 m® per | m of the bank. The largest amounts
of material are lost from convex parts of the bank.

(d) characteristics of shore platforms

A shore platform forms due to the shore recession, i.e. abrasion. and deposition
of sediments moving over the slope. Along many reaches it consists only of load
moved by nearshore currents conditioned by wave regime. In many cases the
development of foreshore shoals due to the movement of sediment alongshore tends
to follow an abrasional or depositional pattern but most frequently, it follows a mixed
pattern, i.e. the abrasional-depositional one.

The widening of the platform is directly proportional to time (Ikonnikov 1972).
As years pass, the platform becomes wider. Narrow shoals expand more rapidly
in the first years following the creation of the reservoir but then the rate of expansion
decreases gradually with time. The schematic section of the abrasional bank with
a well-developed platform is shown in Figure 2.

oasta i D mifeti, .

Fig. 2. Schematic section of abrasional bank
a — plateau scarp, b — cliff edge. ¢ — beach, d — original slope profile, e — shore platform
edge. f — average reservoir water level, g — original Vistula channel

Rock abrasion by breakers and transport of rock waste towards the reservoir
by return bottom current take place on the beach at the base of the cliff. Sediments
move across the abrasional part and are deposited on the depositional part and
on the scarp, i.e. on the platform slope. The finest ground particles are transported
as suspension load into the open basin. The effects of wave action on the bank
become reduced as the shoals expand (Akimov et al. 1975; Kornilov et al. 1979).

Parameters of the shore platform for selected bank parts are listed in Table 3.
The platform width ranges between 7 and 55m and is largely dependent on the
original slope profile and on hydrodynamic conditions in the entire shore zone. If
the above two factors are similar, the effect of characteristics of sediments making
up the cliff and the intluence of the shoreline contours become apparent. The
platforms are narrower and more inclined along banks with originally steep inundated
slope, whereas they are wider and gently sloping along banks with gentler original
slope angle. Shoals are already well developed in the middle portion of the reservoir,
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52 M. Grzes

Photo 1. The markes of flood water levels during breakup period on the old town wall in Torun

1844/45, 1854/55. They were ice jam water level rises during the period of ice cover
formation. In the Warsaw region, 14 great floods took place between 1817 and
1864, half of which were ice jam floods (K(;bendzina 1954). One of the most severe
was the winter of 1854/55. From Warsaw downstream to the river mouth, dikes
were broken-up in 66 places, many villages were completely destroyed, 162 persons
died (Tyszka 1954). Vast areas were flooded in the Vistula delta. That area was
very often affected by floods caused by ice jams (spring wce jams). According to
W. Danielewicz (1983), in the years 1328-1896 there are reports of 174 cases of
breaking-up of dikes as a result of jam-caused water level rises.

The jam-caused water level rise in the region of the Vistula outflow into the
Gdansk Bay (near Pleniewo) in January 1840 resulted in the formation of 4 new
river mouth. During one night a 1.5 km wide bar was broken-up and ‘a 750 m wide
channel was formed.

It must be pointed out that already in the 19th c. a number of regularities in
the formation of ice jams were observed. J. Slowikowski (1881, 1892) was one
of the first in the world to attempt an explanation of the formation of frazil and
anchor ice. He also pointed at the relationship between river regulation and winter
ice jam formation. In the middle of the 19th c. a special warning system of observa-
tion stations and wire telegraph were organized and groups of miners were trained
(Puciata 1894). Tests were carried out to assess the effectiveness of using gun-powder
charges for destroying ice jams (Kolberg 1861).

In the 1870s, in the region of the Vistula mouth, special sledges ballasted with
stones were used for breaking the ice (Wisniewski 1975). 1881 marks the launching
of the first steam icebieaker, 120 hp, ‘Weichsel’, which worked in the Vistula mouth.
By 1895 there were already 12 such vessels working on the Lower Vistula.

http://rcin.org.pl
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Fig. 1. 1 — shore line, 2 — longitudinal dikes. 3 — places of dikes disruption and flow over dikes. 4 — cross dikes in post glacial valley. 5 —
islands, 6 — islands with near surface ridges. 7 — flood plain. 8 — heads of ice jams, Jan. 1982. 9 — water gauges, 10 — flooded land, Jan. 1982,
Il — kilometres of river course
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Modiin

553 558 564 570 S57% 581 km

Fig. 2. Longitudinal profile of water level during spring ice jam, March 1947. After K. D¢bski
in: M. Parde (1957)
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Photo 5. Main ice jam at Skoki DuZe during the catastrophic flood in Jan. 1982
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Ice jams and floods 59

the running of frazil slush, which has been already pointed out by J. Lambor (1948)
and J. Golek (1964). The critical flow velocity (Michel 1971) has been fixed at
about 0.5m-s™' (Paslawski 1970). This marks the zone of ice jamming occurrence
(Fig. 4).

The duration of ice phenomena on the reservoir in regulation to the time before
damming has undergone any significant change and amounts to 80 days. How-
ever, the ice cover tends to keep longer within its boundaries. This constitutes
a significant element of jamming risk during the spring (spring ice jam). For that

oo,
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Fig. 4. Sequence of events during ice formation on the Wloclawek Reservoir in winter:
a scheme of the freeze-up process and an example

H — mean depth of cross-sections. V — mean flow velocity of cross-sections. w.l. — water level.

n — frequency of winter and spring ice jams (1970-1982), A — ice sheet-zone of low

velocity flow. B — conglomerate ice cover, hummocked ice with underhanging dam. A/B —

contact zone, V. — critical velocity, C-1 and C-2 — location of cross-sections (see Fig. 5)
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reason every year before the ice break-up, a 300-400 m wide channel along the
reservoir is made in the ice cover by icebreakers. The breaking of ice cover must
be associated with the flowing of ice through the dam. This is routine operation
each winter.

Yet before the construction of the Wioclawek Reservoir. ice jamming. typical of
braided rivers, was observed within its present boundaries. Within the reach Plock —
Wiloclawek alone, seven ice jams were found to occur from 1961 to 1908. After
the construction of the dam and the reservoir. ice jams have formed with greater
frequency (Fig. 6). Over 14 years of use of the reservoir, 17 ice jams have formed
in it, all of them above km 655 (cf. Fig. | and Fig. 6). As follows from the
foregoing data, ice jamming phenomena on Wloclawek Reservoir are connected with
its earlier freezing-up and breaking-up. An important factor is the morphology of
the reservoir bottom.

Since 1980 dredging works have been done in the reservoir. About 2 million m?
of sandy material is dredged up every year from the former sand banks and the
presently forming delta. As the flow has decreased in speed, the above mentioned
factors causing ice jamming lead to severe risks and disastrous events. In the
Table I, only selected instances of ice-jam-caused flow rises have been presented.

TABLE 1. The characteristics of maximum ice jam heights recorded on the water gauge Plock,
Vistula River — Wloclawek Reservoir, km 632.4

Difference
Maximum Alarm Number of between max.
s g Water
Winter ice jam water days with e Date water stage
heights stages  alarm water \ and top of
(cm) (cm) stages (i) longitudial dike
in Plock (cm)
1970 700 650 4 - 28.03 —126
1971 750 650 13 3181 3.02 -76
1974 680 650 7 1481 29.01 —146
1976 732 650 33 1234 30.01 —-94
1977 675 650 3 2126 5.03 —151
1979 814 650 56 3047 14.03 —12
1981 800 650 55 1300 15.01 —26
1982 918 650 67 1600 10.01 +122¢

¢ Fiooded area 100.5 km?

Twice in the 14 years of use of the reservoir, the water came up to within a few
centimetres from the top of the dikes. During the disastrous flood of January 1982
water poured the dikes with a one-metre-thick layer. flooding a 100.5 km? area of
the valley (Banach and Grzes 1983). A sharp rise in river water level occurs as
a result of an ice jam or the formation of an ice stopper of frazil (Fig. 4 and §).
It was caused by an influx into the reservoir of enormous quantities of frazil (144
million m?) and the formation of three ice jams (Photo 5 and 6). Within the main
section of the jam slush and ice occupied to a maximum 82% of the reservoir
cross-section and their thickness reached to 8.4 m (Fig. 5). The reservoir was filled
with ice in about 37%. The water level rose by about 3 m. The ice reduction
coefficients reached the value 0.158 (water gauge — Plock), which is unprecedented
under conditions prevailing in Poland (Zelazifiski 1983).
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Fig. 5. Typical cross-sections of a frazil-ice deposit in the Wloclawek Reservoir, winter 1982
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CONCLUSIONS

Ice jams are observed only on individual sections and not every year. Floods
caused by ice jams occur on the Lower Vistula at an average rate of once in
every two or three years. The maximum, water level rise caused by ice jamming
was 6 m and occurred near the town of Nieszawa, km 700 (Slomczynski 1964).
The most frequent jam-caused water level rises reached 2-3 m (Table 2). On most

TABLE 2. The characteristics of typical ice jams on the stretch between Modlin (km 550)
and Plock (km 632.4). After: Institute of Meteorology and Water Management

Water stages

kms Alarm
i DT N I
course (cm) ice jamming Ceny
Modlin 551.5 8-9.03.1954 700 437 782 345
Modlin 4-13.03.1976 700 604 820 216
Wyszogrod 586.9 18-24.03.1963 550 386 719 333
Wyszogrod 12-19.02.1966 550 486 791 323
Wyszogrod 26.03.1970 550 538 682 144
Wyszogrod 8-15.03.1979 550 500 777 277
Wyszogrod 9-11.01.1982 550 567 765 198
Kepa Polska 606.5 10-23.03.1979 400 480 670 190
Kepa Polska 9-11.01.1982 400 550 682 132
Plock 632.4 11-23.03.1979 650 651 822 171
Plock 1-10.01.1982 650 720 948 228

water gauges on the Lower Vistula the maximum water stages are the result of ice
jamming and are higher than the dikes. The flooded areas often extended over
more than 100 km2. On regulated river reaches the frequency of ice jamming has
greatly decreased, while on the braided reaches jamming recurs regularly every winter.
The construction of dikes should therefore go along with river regulation, and the
height of the dikes should be suited to that of the water level rises. At the moment
of the breaking-up of ice jams the velocity of water flow locally reaches 3 m«s™'.
This results in considerable changes in the morphology of the channel bottom. In
places the bottom sinks by as much as Sm.

The location of ice jams depends chiefly on the morphology of the channel and
on the character of the valley between the dikes. The inner structure of the ice
jam depends on hydrometeorological conditions (Photo 8 and 9). Each ice jam is
the result of the characteristics of a given river reach under given hydrometeorological
conditions.

Particularly adverse conditions of ice run arose as a result of the construction
of the dam at Wioclawek. Large amounts of frazil accumulate in the reservoir
forming ice jams (winter ice jams) and causing floods. At present the shallow places
in the reservoir are being deepened and the dikes are being raised by 2-3m. The
question remains, whether the solid ice sheet (immobile ice) in the reservoir form
sooner than the free-flowing river containing frazil ice, and if yes, where in the
reservoir the frazil slush meets the ice sheet (V., winter ice jams).

The .breaking-up of the Vistula-river is followed by ice jams formation (spring
ice jams) on the stretch between Modlin (km 550) and Gdansk Bay. The Vistula



——

Photo 7. Ice floe on the embankment, three wecks after the maximum water level during
the catastrophic flood in Jan. 1982
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M Serwatowska

TABLEAU 1. Types d'inondations — leurs causes, caractere et extension (d'apres J. Lambor,

1954)
Causes Caractere Extension
Pluie de On  Pluies convectives locales Fortes inondations locales
2 convec- Orages thermiques sur les torrents de
(o] tion montagnes ou petits cours
= d'eau
<
E . |
a. Pluie Of  Pluies frontales Inondations normales
B frontale a grande portée
2 Pluies frontales renforcées Graves inondations de
= Or  par les phénomeénes longue durée dans des
orographiques régions montagnardes
Fonte brusque des neiges, Vaste portée territoriale
- accompagnée de vents dans des conditions
DEGEL R WLl .
violents et avec une surface  favorables (plaines et
du sol gelée montagnes)
TEMPETE Situation barométrique L? littoral, la Baie de‘ la
82 favorisant les inondations Vistule (Zulawy). la Baie de
Szczecin
Glace concassée: baisse Inondations locales dans
VA brusque de la température des régions particuli¢crement
allant jusqu'a moins 10°C  disposées (la partie centrale
CRUES de Note¢, Brda)
DIIES
A Montée des eaux durant la  Inondations locales
LA GLACE Zz débacle en particulier sous  dangereuses sur les riviéres

les ponts

et les torrents dans les
endroits ou I'écoulement
des glaces est freiné

3. LA CRUE DE JANVIER 1982

L’inondation qui touche la région de Plock en janvier 1982 résulte d'une
inondation d'embacle charriant des débris de glace concassée. Mais elle n'a pas
été typique, ni par son caractére, ni par son déroulement, en raison de la saison
et de ses origines. Les causes de cette crue apparue en une saison inhabituelle
pour ce genre de phénoméne sont multiples. On peut citer, entre autres, les conditions
météorologiques et hydrologiques trés particuliéres dans les jours qui ont précedé:
une baisse brutale de la température de 19 degrés en 15 heures dans la nuit du
6 au 7 janvier, des vents forts soufflant a la vitesse de 27 m/s, des bourrasques,
un écoulement rapide de l'eau charriant des glagons. La carte ci-jointe localise les
territoires inondés en 1982 et définit les zones a protéger et a aménager lors de la
construction du future barrage sur la Vistule.

L’inondation de la vallée a été provoquée par un gonfiement inhabituel des eaux
accompagné d'un débit relativement modéré. On estime que le débit maximal produit
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meadows and dwarf mountain pine thicket (eolian deposition area), 12 — upper timber line.

13 — ponds, 14 — streams, 15 — deflation niches. 16 — measurement sites of eolian deposition,

17 — measurement sites of deflation intensity. 18 — mean annual frequency of the active winds
(=5 m/s)
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south-west and north-west, and the valley bottom overgrown thickly with dwarf
mountain pine may only be a place of eolian deposition over the area of 3.5 km?2.
In the Sucha Woda Valley this area is more than thrice greater than that where
deflation is possible. This relation is not constant, according to the seasonal changes
of the snow cover. to its development and its decline. The snow cover, present
here by more than 6 months, limits also the deflation area. The seasonal changes
are also observed in the wind action conditions, as they depend on the thermal
and moisture state of the ground in the deflation area and on the anemologic
conditions, too.

Taking into consideration wind regime and soil properties 4 periods during the
year can be distinguished, differing by the conditions of eolian processes course:

1. Period with transient snow cover lasts from the half of September to the
end of November. The ground, partially covered by snow, is dry because of the
smallest sums of precipitation (mostly snow) in this period of the year. During
frequent falls of the air temperature below 0°C the strong frost weathering and the
needle-ice activity occur. A predominance of the strong southern winds, mainly of
the foehn type, is established.

2. Period with lasting snow cover lasts from the beginning of December to the
end of April. Only the rockwalls are free of snow, where with the predominance
of the temperature below 0°C, the weak frost weathering occurs. This is the season
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Fig. 2. Changes of deflation conditions in the course of a year on the basis of multiannual

data (1938-1960): I — on the summits. II — in the valley bottom, a — frequency of the active

winds (= 5 m/s) in the intervals of velocity: | — 59 m/s, 2 — 10-14 m/s, 3 — > 15 m/s, b —

number of days with the wind with velocity: 4 — > S m/s, 5 — > 10 m/s, 6 — > |5 m/s,

¢ — number of days with: 7 — lasting snow cover, 8 — snow patches, 9 — wet and humid
ground, 10 — dry ground
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logical effects during the whole year. The retreat rate of the deflation niches is the
greatest (0.95-1.25 cm) and the quantity of the deposited material too (0.5-130.4 g/m?)
in the various parts of the discussed valley (Fig. 3).
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Fig. 3. Mean values from the four-year period for: 1 — retreat rate of the deflation niches,
Il — the amount of eolian deposition. Il — granulometric composition of the eolian deposits:
I — fraction < 0.06 mm, 2 — 0.06-0.25mm. 3 — 0.25-0.5mm, 4 — 0.5-2.0 mm, 5 — 2.0-10.0
mm, 6 — > |0 mm, for the granitic area: a — on summits of the main crest of mountains,
b — on the passes of the main crest of mountains. ¢ — on talus cones facing west-south-west,
d — on talus cones facing east-north-east, e — on soddy slopes facing south-east. f — in valley
bottom. and for the sedimentary rocks area: g — on the deflation niches foreground



e i DI G
&

" .. 1“{.‘.‘ ‘j‘ L “d' ; W 2k ',;’\:’-?’:‘
| K-~ > y J‘ i ‘3 " X ".'-”"'1:'- g vk?-v“ ,._?'.'( 5 =" . ! ": :!‘-
| F . e A e )”'“4..,‘}.-_...4‘) L~ O = W T B 2+ R - N e
‘ ..'-'.”%M_dn_‘; PR ‘ Y _~'AF RN A -

' _:'w ' e, S, -'-".};"‘V" jr o " )
‘ Mot > o s -‘ ok %} oA

Sy prig e e F
- EC- S
g 5 A

Sy § 5 S e A T A A

[ L Y . VA R
i Oa-‘-’ N . Y Boie 522
s e g S S -
He ?'t' & -
oy .:' 4 e 0 '
" z. . -
- RS 2 e SURY
¥, VN o v’-z A Y
,-'.Ll,., é, AN N AR
v-»'_ ."-' i X
h

o g
»
AAJ

“3

ttp://rcin.org.pl t
8 s

Al “" h_".d?.h ,.,("
™" Yy

.i
o -

f'.

et

7 st St
i O
N ' ) - - 4
i"".'v“,\l“l".\.'._ﬁ R L e i
4 o o 8 O g PR

S ‘..—‘.;,'.Q— Q". ~

R

A N
't e S

- gy




? O( P '” h \'. ..“"_‘ '. é'.' Eg«sﬁ:' IT™ g ‘ . ' Sl ..
& L' iﬂ}'i SRR S SRR | Ny
Iy . - ) - p -
\ ¥ M v’ ~.?-| .‘9 "‘-&&f’é""'a". I:?’,T 4 -
‘: WA ’ L . [*N *"L_‘ s 2o
g [ ' e Y

R i W g | e N

= o ;?L';,f,

j B = s ot

"_, n'\ﬁ-l. w*'a

- L
‘l' iy ey, t VL
ﬁ-J‘ \ ‘!J

O ” 8f ‘*.' >
X e SLAl v?-‘}&-‘f, e '.'l :-Q" ﬂ Y * A "'
--*..‘q.n -l "*)*.;a\'{::" -
g B i e i nge < W '.'J
ity ) VAT el .,‘_-1'_, .l".‘".“ 3
LAYt o - l*" A e -’"‘“"-d”'\‘“
.~‘o~3‘\m~‘vy-~u ”ﬂ”‘"ﬂ o g
T M’rr‘< il wv
. W e e e LT
Mt “TRTR SOy
B R SR
"~ v,ﬁwrw' - éw: v
rE.

.:. ;“." \.o-q. 9

&40 e l‘}(yv"ﬁ-.;‘
1w

n gt o eJ-o--fr {
WA R TT Y Vo

o .“l‘l:,mp- ‘&mp?
T e

2 ﬂ(nvviv-(m -‘n'uM r
Ty Mb 0#4 - A

oo W
:l.:
o’-‘ -4
'I"“f'”’ ﬁjfr'\'r)}m«rw
Fraraigyrt-nkes -wlw}f’a
L& L

T '—\\'(—'_-vu Yoy
A ocdphm'm. !--k
P J 3‘ a4 PJW&‘

- a-'nrj‘..aﬁ-\ e o D8 WL P G . A n-u‘-
B A s ) - B P ,.,’... -QW\— . )

IR T ey el g - n;’*—*‘b‘u '
-." ..\.1.- ) } ﬂk.h%} R ‘** "‘(l“ ‘h
,ﬂ...a»-.-



by

I N AR T TR o
*& , x; f P P
Nl Yo, ALY v

,J». {,.,_A.,,,I". ol

ol .

#

3

ll* 4= ,, :
’&‘-‘ s
‘ Q"ﬂ -

»xf' g = Bl .‘,0‘-;4

o N TSy
A

7;,l‘ Y
RE,




84 B. Izmailow

rockwalls retreat rate amounts to 0.03 mm/yr. In the alpine belt in the deflation
niches, blowing off is more intensive, amounting to 60 cm3/m2/yr, thus the surface
is lowered at 0.06 mm/yr.

The presented values suggest, that the eolian degradation is stronger in the thick
fine-grained periglacial covers than on the rockwalls, according to Kotarba’s (1976)
remark. But it is necessary to consider that the value calculated for the deflation
niches refers only to small percentage of the total area of the alpine belt, mostly
covered by the turf, thus not destroyed by the deflation. In the author’s opinion
the eolian degradation is stronger in the cliff belt, where blowing off, greater or
smaller, is observed everywhere.

Eolian degradation, advancing along the zones of smaller bedrock resistance and
those of the stronger weathering, to which the destruction of the natural vegetation
cover is favourable, is selective. Its course depends also on the exposition and the
relief forms. This is proved by the results of the deflation intensity measurings,
realized 9 times during the foehn winds, simultaneously in 6 sites in the discussed
valley (Fig. 1) for the samples of the identical grain-size composition. The strongest
blowing off was observed in the upper sections of the windward slopes (Fig. 4)

Al it

=

a b C d e f
Fig. 4. Mean intensity of deflation during the foehn wind in g/m2/h: | — quantity of the
material not moved by deflation, 2 — quantity of the material blown away, a — on a summit
of the main crest of mountains (2030 m a.s.l), b — on a pass of the main crest of
mountains (1950 m as.l.), ¢ — on a slope facing west-south-west (1865m as.l.), d ~ on
a slope facing east-north-east (1845 m a.s.l.), ¢ — on a slope facing south-east (1810 m as.l.),
f — in valley bottom (1515 m a.s.l.)

from which the greatest quantities of the material of the greatest fraction were
moved. The wind attacked more weakly the areas of the ridges, where deflation was
marked out much, stronger on the passes than on the summits. Beyond the ridge
line the deflation amount grew in the upper parts of the leeward slopes. The
weakest deflation occurred in the valley bottom, situated along the wind direction
and on the slopes parallel to it. The quantities of the material moved from this
area were the smallest. The results of measuring are in accordance with Kotarba’s
(1976) ones, concerning the areas the most strongly degradated. This class should
include the upper sections of the slopes situated in the air masses descent zone
during the foehn winds.

The lower sections of these slopes, all slopes covered by the plants, regardless
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Plytoindication methods

TABLE 1. Indices of linear correlation between the indicators of
ecological characteristics and the results of field habitat determinations

at research points
s Cat? \Y pHu,0
0.968 0.800 0.778

R — reaction figure, F — moisture figure, V — degree of base saturation, f ~ soil

TABLE 2. Coefficients of Spearman

rank correlation between

indicators of ecological characteristics and the results of field habitat

determinations in plant communities

Ca™ \ PHH,0
% 0.929 0.929 0.750
h f
R 0.893 0.920

93

R — reactionfigure, F — moisture figure, V — degree of base saturation, f — soil moisture,
h — depth of occurrence of ground waters

Ellenberg’s index

Fig. 1. The regression between R indicator values and results of exchangeable calcium
content Ca™* in soil determined under laboratory conditions

tions, especially in small areas. The results obtained with phytoindicative methods
presented on maps correspond to the content of maps which represent the spatial
distribution of other components of the natural environment such as: relief, soil
cover (Borowiec et al. 1977; Degorski 1982), or climatic components (Degorski
1984).

Such a strong correlation obtained between the results of two independent methods
and correspondence between the spatial distribution of the Ellenberg indicative
values and the spatial distribution of components of the natural environment points
to the full reliability of data on habitats obtained on the basis of plants occurring
in a given area, and, at the same time, authorizes us to practically use phytoindica-
tion in landscape research.

The practical application of Ellenberg indicators was introduced in Poland less
than fifteen years ago. The main research line was pedobiology, i.e. the diagnosing
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Phytoindication methods 95

(Wéjcik 1977) pointed out, the indicator which best characterizes the quality of
mountainous habitats and shows much correspondence to the petrographic composi-
tion and total soil fertility is the reaction figure R.

A very interesting attempt to estimate the total soil fertility expressed with
Ellenberg indicators values, calculated from ecological characteristics of plants
occurring on soils of the Western Pomeranian region was presented by Borowiec
and Kutyna (1974). The ootained vatues of ecological indicators 7, W, R, N, and
G and characteristics of soil fertility corresponding to them were confronted in
a table which makes it possible to unequivocally read the genetic type of soil,
complexes of soil farming value, and soil mechanical groups when the Ellenberg
figures are known. The application of this type of studies to spatial land man-
agement-contributes to a more efficient land use, i.e. one that makes use of habitat’s
biotic potential.

Ellenberg indicators have been ever more broadly used in complex landscape
planning recently. An example of this may be provided by a study by Roo-Zielini-
ska (1982) who used the presented method in a detailed physiographic expert’s
report for planning a new housing district in Warsaw. The characteristics of habitats
obtained by means of the method of Ellenberg mean ecological indicators presented
by Roo-Zielinska is one of several biological assessments of their value. In the
planning of geographical space of investigated areas, the results obtained by the
author provide the basis for selection of places for different types of land de-
velopment, areas left as green belts, areas delimited as ecological passages, etc.
In her analysis of the investigated area the author also took into account its health
values due to the composition of plant species and microclimatic diversity. A very
interesting result of research on the climate of the future housing district is the
statement of the impact of a big city like Warsaw on the softening of climatic
conditions in the suburban zone where the calculated continentality index (K = 3.3)
is more characteristic of Brandenburg or Western Pomerania rather than of Central
Poland (K = 3.7).

To close the characteristics of bioindicative methods, one should also mention
an example of improvements in the use of the Ellenberg methods presented by
Degorski (1982). These improvements consist in referring the results of bioindicative
research to the results of direct research and working out a standard model on
the basis of the regression function of two variables (value of Ellenberg indicators,
results of direct research). The results calculated on this basis and next confronted
in tables would make it possible to quickly read data on habitats on the grounds
of the knowledge of ecological demands of plants and plant communities. An
exemplary confrontation of results which characterize the exchangeable calcium
content Ca"™" in soil read from the regression function and determined under
laboratory conditions is shown in Table 3.

TABLE 3. Comparison of results of Ca** content in soil read from
regression function with results of field habitat determinations

Mean Ca* ' content

Plant community lndliator in soil (mequiv)
i I 2
Fresh mixed pine-oak forest
(typical variant) 3.30 0.90 0.86
Dry oak-hornbean forest 5.14 12.90 10.18
Flood-plain ash-alder forest 5.80 44.10 40.76

| — read from the regression function
2 — determined on the basis of field habitat determinations
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100 M. Degorski
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102 A. I. Breymeyer

BIOMASS AND PRODUCTION OF PINE FORESTS IN POLAND

BIOMASS

The area covered with pine forests and their biomass are presented in Fig. I;
this figure is based on the results of forest surveys set by Trampler (1982). According
to this author, this is the area and biomass of timber in pine forest registered in

00 S0
\ 1 =
+ \
e \ -
s S o
v S S T
5 AN N oh
.- \. 2 ;
¥ F
00 150
120 21-40 60 8180 >81
Age classes

Fig. 1. 1 — Biomass and 2 — area of pine forests in Poland. Data from the 1978 inventory
of the forestry service (after Trampler 1982)

the 1978 inventory. As the foresters do not take into account the stock of the roots
of trees, the author assumed that roots comprised 20% of the total tree biomass
and he increased the inventory results by this amount. The inventory includes all
trunks and branches more than 7 cm in diameter. The calculated biomass is divided
in five age classes and it can be seen that young forest biomass rapidly increases

TABLE 1. Timber biomass (tonnes of dry weight per hectare) in Polish coniferous forests.
Data calculated from Trampler 1982, 1986

Timber biomass

Stand according to -
in age classes

dominant tree specie

" e e 1-20 21-40  41-60  61-80 81 <
pine 84.9 0.89 40.5 80.4 98.8 1136
it 121.5 0.74 44.7 11338 156.8 166.2
spruce 136.0 1.07 24.0 102.7 1433 162.2

conifers 95.2 0.88 389 84.6 108.5 122.5
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TABLE 2. Organic matter accumulation and distribution in various types of pine forest of temperate zone. Biomass in tonnes of dry mass per
hectare. After Grodzinski et al. (1984). Simmons (1974) and Whittaker and Marks (1975) ;

{

Stand Pinus silvesiris, Oak-pine forest. hazeals RiniseL e, PR DD Pinus silvestris,
¢ South Poland Brookhaven. USA wogdlanids North-east Eastern South Poland
Arizona, USA Scotland England

age of tress. years 21-40 43 46 48 55 80-100
biomass t-ha~! 118.0 65.6 113.7 151.6 164.6 220.1
percentage in biomass:
stems 79.7 66.3 69.6 62.5 59.0 81.3
branches 15.3 24.0 25.5 13.6 12.5 7.3
leaves 34 8.9 1.8 44 3.5 1.5
shrubs and forbs 1.6 2.0 1.0 3.7 1.4 10.0
litter = = = 15.8 27.6 -
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Age ot stand (years)

Fig. 3. Biomass of three fractions of plant organic matter in forest ecosystems according to
the model based on data from various IBP stands compiled by Gardner and Mankin (1981):
1 — litter and organic matter of soil, 2 — stems, 3 — roots

PRODUCTION

Trampler (1982) estimates that the annual production of organic matter for boles
and thick branches (more than 7 cm in diameter) accounted for 3% of the forest
standing crop. A detailed ecological study conducted on two plots of a pine forest
in Niepotomice (South Poland) yielded the following results (after Grodzinski. Weiner
and Maycock 1984)

Pine stand Annual production in per cent of biomass
tree layer undergrowth leaves total
20-40 years old S 5 50 7
80-100 years old 1 1 53 2

Thus, the production of two pine stands differing in age ranged from 2 to 7%
(1-5% for timber) of the aboveground biomass. Only leaves were produced in-similar
proportions in the two forests and this production contributed to half of the annual
standing crop. Absolute estimates of the productivity of pine forests known from
the ecological literature vary from 4.7 to 14.3 tonnes per hectare (in temperate
zone) and in this leaves account for 24-54% (Table 3). A suitable and frequently
used measure of the production of green plant parts is organic fall (litter fall).
Table 4 shows litter fall for different pine forests in Poland. In relatively natural
stands it ranges from 2.6 to 6.6 tonnes per ha. Also the effect of industrial
emissions on production of organic fall in these forests is shown: in the region
of the Pulawy nitrogen fertilizers plant the organic fall decreases to 0.6-0.7 t-ha™'.
The study carried out by Jozefaciukowa (1984) confirm the fact of reduction of green
plant parts in forests polluted with industrial emissions. The biomass of leaves and
branches in pine stand in Tarnowskie Goéry contaminated by industrial emissions
is much lower than in pine forests of similar age in two not contaminated areas
(Table S). Instead, the polluted stands develop larger root systems.
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TABLE 3. Production of some pine forests in temperate zone (tonnes of dry mass per hectare).
After Rieger et al. (1984) and Whittaker and Marks (1975)

A 1 . Oak-pine forest, Pine-oak h . :
Pinus silvestris, Pinus silvestris,
Stand South Poland Brookhaven, woodland. South Poland
USA Arizona, USA
Aboveground production
total 7.6 8.5 14.4 4.7
trees 4.7 7.9 14.3 2.7
shrubs (and under
growth) 1.0 0.6 0.1 0.3
leaves 1.9 = - 1.7
Percentage in trees production
stems 61.0 22.0 21.9 53.2
branches 13.0 24.3 20.7 4.3
leaves, fruits. twigs 24.7 53.7 57.4 40.4

TABLE 4 Organic matter fall in pine forest ecosystems in Poland

Forest type Ag:] ;),ia[::es Locality tO I;f:f :c ;ilz Author
Vaccinio 20-40 Pulawy? 0.63 Uba, unpublished
myritylli- 40 Puszcza Piska 5.36 Puszkar, Traczyk and

Wojcik 1972
Pinetum 60-80 Pufawy? 0.73 Uba, unpublished
85 Puszcza Kampinoska 2.63 Jozefaciukowa 1975
110 Puszcza Kampinoska 3.25 Jozefaciukowa 1975
140 Puszcza Piska 4.65 Puszkar, Traczyk and
Wojcik 1972
Pino- 50-70 Puszcza Bolimowska 3.04 Uba, unpublished
Quercetum 60-80 Malogoszcz 2.18 Uba, unpublished
70 Puszcza Niepotomicka 5.00 Zielinski 1984
150-200 Las Piwnicki 3.82 Prusinkiewicz, Dziado-
wiec and Jakubusek 1974
150-200 Las Piwnicki 3.75 Prusinkiewicz, Dziado-
wiec and Jakubusek 1974
70 Puszcza Kampinoska 4.16 Stachurski and Zimka
1977
150 Puszcza Piska 6.64 Plewczynska 1970
Cladonio-Pinetum Puszcza Kampinoska 4.66 Wojcik 1970

3 Forests under the emissions from the plant of nitrogen fertilizers at Pulawy

DISTRIBUTION OF FORESTS AND AIR POLLUTION

Figure 4 shows the distribution of pine and mixed forests and air pollution
with sulphur oxides. Air pollution is expressed in microgrammes per m? of the air.
According to the standards accepted by the Forest Research Institute in Poland,
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TABLE 5. Biomass of three 80 years old pine stands in Poland. Tarnowskie Gory stand
is under influence of industrial emissions from zinc and lead meal. After Jozefaciuk (1984)
and Sikora (1978, 1981)

Tarnowskie Gory Puszcza Kampinoska Las Piwnicki.

Stand Vaa'in.in myrtylli Vaccin.io myrtylli e
Pinetum Pinetum
t-ha™! % t-ha~! % t-ha™! %
leaves and trunks 8.8 13.3 36.0 11.9 18.7 10.7
stems 4.5 51.5 202.2 67.4 126.6 72.3
roots 23.6 352 62.3 20.7 29.8 17.0
total 66.9 100.0 300.5 100.0 175.1 100.0

Fig. 4. Distribution of coniferous and mixed forests in Poland and air pollution.
The map has been elaborated at the Institute of Geodesy and Cartography in Warsaw under
the supervision of Andrzej Ciolkosz on the basis of Landsat MSS and Salut-6 images
acquired in 1978. The isolines delimite the areas with SO2 mean annual concentration equal/
/higher 50 ng/m3. Data on pollution after the map predicting the air pollution in Poland in 1990
by J. Juda et al. 1982, unpublished
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Fig. 1. Geomorphological map of the Baga-Khentei: 1-3 — planation surfaces elevating 500-
550 m, 300-350 m, and 120-150 m above the valley bottom, respectively, 4 — cryoplanation
terraces and surfaces, 5 — slopes, 6 — passes, 7 -- channelled valleys, 8 — continuously drained
V-shaped valleys, 9 — episodically drained valleys, 10 — well aeveloped glacial cirques modelled
by fall-off and corrasion, 11 — weakly developed glacial cirques modelled by corrasion, 12 —
rock faults in postglacial valleys, 13 — older moraine walls, 14 — younger postglacial walls,
15 — rubble tongues, clay-rubble tongues and block-fields, 16 — older rubble cones, 17 —
younger clay-rubble cones, 18 — flat valley bottoms

SUMMIT PLATEAUS AND PLANATION SURFACES

The principal ridge of the Baga-Khentei declines in the SE direction in the form
of a slope preserved as a huge fault ledge, which is very pronounced in the relief
of the Baga-Khentei chain (Fig. 2). It runs over several tens of kilometers dividing
the low-inclined top plateaus of altitudes of 2200-2800 m a.s.l. (Asaraltu) which
gradually decline to the west from the much lower situated broad ridges into which
cut flat-bottomed valleys often wet at their bases. That part of the Khentei is
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cryoplanation surfaces that are well developed (Fig. 3). The height of the ridges
dividing the various surfaces varies between 20 and 80 m.

On those surfaces there are polygonal soils at different stages of development
(Pgkala 1980; Zigtara 1981). The cryoplanation surfaces and terraces pass through

mas

02 04 06 08 10 12 14 16 18

Fig. 3. Cross-section through the cryoplanation surfaces of the Baga-Khentei: 1 — crystalline
rocks, 2 — cryoplanation terrace edges built of large rock-blocks, 3 — stony crowns

marked windings into slopes that are mainly modelled by solifluction processes
forming huge rubble-clay tongues (Photo 2), which often superimpose on one another
and yield a concave-steplike slope profile (Fig. 4). The nival niches were also trans-
formed by solifluction processes and corrasion.

Fig. 4. Valley profile in the stone pine taiga belt (after K. Pgkala and T. Zigtara 1980a):

I — flat summit crest with block-clayey cover. II — solifluction terraces, Ila — solifluction

tongues, III — convex slope transformed by cover creep, IV — flat valley floor with congeli-

turbation forms, V — debris fields, VI — solifluction slopes with tongues, VII — rubble slope
with partly felled forest
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Fig. 5. Evolution of river beds in the south taiga of Syberia: 1 — solifluction slopes with
tongues, 2 — river and stream beds, 3 — river terraces, 4 — flat valley floor with congelitur-
bation forms, 5 — floor river beds with congeliturbation forms, 6 — debris fields

scrub birches and single larches. The whole bottoms are covered by the permafrost,
the occurrence of which is most often associated with big hydrolaccoliths arising.
The biggest ones are located at the lateral valley outlets.

Icing crusts in winters are deposited on the flat valley bottoms and the processes
associated with their occurrence decide about the present bottom morphology.

The third type of valleys has a system of well developed bottom terraces. Wide,
braided troughs are present accompanied by numerous petrified shoals, flood terraces
and higher terraces which are best preserved at the lateral valley outlets as cones
(Photo 8). Frost effects, thufurs mainly, are present within lower terraces at the
bases of taiga-overgrown N- and NE-facing slopes. In these valleys an evident
asymmetry of phenomena associated with permafrost can be observed. The valley
beds are modelled by processes connected with icing formations.

The fourth valley type is featured by wide flood terraces, having often a form
of vast talus and it includes also the flood terrace of the Chara-gol valley in the
Batsumber Valley. Numerous old river-beds in various development stages are present
here indicating often alterations of the river-bed. The permafrost is of insular type
here and the forms associated with its occurrence are related to the old river-beds
which are shaped by frost heave processes and by thermal erosion.
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Fig. 6. Distribution and intensity of present-day processes in the individual morphodynamic
belts: 1 — zero intensity, 2 — small intensity, 3 — medium intensity, 4 — high intensity

The mountain taiga belt is grown by natural forests not changed by man. They
are not coherent and bushes are rare. Undergrowth is well developed and there
is a lot of mosses and lichens. The ground is frozen and seasonal thawing reaches
about 2 m of thickness. Rivers are frozen in winters and there are icing covers in
flat valley bottoms (Russian term — naledi). Processes connected with their existence
influence contemporary morphology of the bottoms. Within this zone two subzones
have been distinguished because of the peculiar differences in soil and plant covers.

Subzone of mountain taiga with Larix and Pinus sibirica is modelled by processes
of which chemical weathering is the most important. Solifluction, mechanical weathgr-
ing, uprooted trees saltation and soil creeping are of less importance. Processes
connected with icing development and frost heaving predominate in valley bottoms.

Subzone of Pinus sibirica taiga covers slopes and plateaus of lower ranges.
Small areas of block fields remain forestless. Undergrowth is homogeneous and
rather poor. Timberline moves down to about 1800 m above sea level on steeper
and skeletal slopes. Piping and uprooted trees saltation processes dominate. Waste
material is moved by saltation and it is washed during summer rainfalls. Chemical
weathering which is connected with peat plant development is also of great importance.
Physical weathering, solifluction and nivation are of medium intensity.

High mountain tundra is characterized by the most dynamic processes connected
with frost phenomena (Pekala 1980; Pekala and Zietara 1980a; Zigtara 1980b).
Physical weathering, frost segregation, nivation, corrasion and deflation play the most



http://rcin.org.pl



m !

http://rcin.org.pl



‘J «f‘.,“‘ v""
.(/ o < yhty ' -
el S N

p 4‘3’:.1-.«&4

‘ o (& B p :
T By v o =
A‘\A-‘J \‘- PYE N e ‘\- '-’

’:»u ‘\' Q‘ L
'h'. -

) i L N9 'ﬂ"ﬁ """ I

*amr W wam:e:er" .S

P \»

% a%ﬁ Y s;«m

-fu‘«ml P A Y

i3 “ o « 48
lll{ \“X"




\-‘ﬂ"

t,ﬂ\rq . 1~ "' '

~r 2B
':‘\?\;o' -l <

£N . "‘P"
m‘tﬁ“{:v‘ v
R . TR S ‘t‘ -

¥ » Y Jf
-y w#“l ol

.‘-u,;t,.u - R b,
N2 ¢ \—-l-\p’\_'
ll i i
Py A 1
;.l__'-go. ;‘n . o Mg 2

" W el “agl L dle W

L l f a \hh ‘.. ..)‘». 5\» RV
ye ¢" u' ¥ 4‘\- e ' ‘ ‘.

"
e

& - a,'l
o8 ‘W hort (—u—




4 b 3 ! 9
# e $ p »
- A ¥ £ U3 i} T £ 5 IS .‘\., \\'1'
ft’:ﬁ % G Ay 1 q_ I N 'v"‘ v~)!r‘
o J .l..‘-" £7 vy NN ¥ 144 4 “9 ‘ l"
- n p‘ 5 wd 5 % ' X ‘-' \c 1
4“!4} | b e 4 A - Y 3
Y b4 $ &
"q." i = ot Al . ;\s\ - e DL nf!

L G m"ﬂm¢:£m 5l
3 DT T A : - Bt ABndhd
. PN s s " r‘rv o ~'W§ f‘:r‘t:-
.- ,—-'ﬁ:‘ ~:‘\"u ».."1. ’J‘Y ;’.“L ‘-a. \_Vg‘ s \*I?".’_‘,{

. By -
.-'fj-. S 2 Lg%

i - p, ot
0 R 4 q'rl :\.4 q‘ “.-\k—j -l s‘-n.z -,‘;‘ A‘,
3 = -!-L-- | e \.".- "bh R - v"h
Ll e
- T z/‘

S -

34
'é'.‘f

‘%I{i 'I;

}

.;‘, o

.!iﬂt

B h.w
T e *x 1) o~
q‘..-.}. ¥4 -“‘—}-ﬂ‘:\‘). ﬂ‘- b ¥ Y

’ "~".“J'7'\

" 'Q-Q\ﬁ
p> e S Sy
—\s L -"‘
ul ‘.
L& ol i ; .
*} .,...,,_ﬁ AW ;__' o X =t r‘qr 2
".‘ 1\\*: ‘r.. 2 wd-‘ o
W‘w e e J e
“".’(_'}“’Jv ’ﬁ i o o ¥ B akky
¥ B e ".“ e x ?r\~’~ Vo,

9
'N*‘u
-.':\.v ‘-qu-l& TR A e~

]

i
TR -:;.’vf!—/")a-""*'
’—ar‘ 3 —?’ Jﬂ—tds*y—vi

$ _r-t *oo-w ‘:“ 3
& L]
-~--‘r,. AN

’ -
SALLY ':»’%’ Bt
B S O [
= \url BN ..f,-_.l i "’w u.oyr
“‘ﬁy.-ﬁr

v “- fn\"i-* ~r~~7v { R
tro il memer . W en br'mwv ’r wirw Rl e L R

997 L TR Y ,ﬁ« = ~-’—¢ £ G ) S xvvalnh-.n‘

. -‘yf\m"‘- "\"—'\. p R ."_l\ o M?
T LR AP T T ?-& e -- e .r‘.-rn

" ,“ w3z -_;?.r_; me Ay el ey 9@(«“;"‘"”#" QI
<, - 3 R Y & J Wy «-ﬂf."),-;"" ?,f' o i, . .."é 4
- --tv-l’ﬂ.v-ﬁ m.—-.u—n . ‘W‘kts- iyt 5 P c-.'.-.o B et et “
R, TSl R e -«*w“-"l k> M NG % g . 1
= & x '-l LPRITh VOV
el e ¥ AT r "l‘f'. i’n- "’5‘ e "o “
rw*-’*'?r"l"\t‘l At ---rup..‘-_e'.»w'-&*r_s‘ H’nc-"’.w
‘»_\-.- R e b & o, SE S *&\‘r-‘-h-"
y ——?o\~\ > m Q-M alis = .4. -y 7'.“?"“
15°‘ Ay e .’“ N SR - S T S 5? Al gy

"Id T X .~ 8=l i e et )c»" e o ”'\")'v--‘ _—

cas | -o"g:'," LT T - ¥y A, eie s g .-‘:.' P -‘-ﬁ’.l-d a(' x y

‘i.,‘ $ "a“-',. ¥ 2‘ *ﬁ' \ “.n ﬁ:‘*’\ﬂ&
ﬁ p:/ircin.c e' a“ "5 fot \fz‘
e

. . 1‘6.'."-'




Granite hillslope morphology 127

A

S0 100 150 200 m

Fig. I. Three main slope categories on the Central Mongolian Upland: A — rockwall. B —
debris covered slope, C — convex wash slope

During summer seasons the absolute daily maximum of ground temperatures on
such slope surfaces were registered (even +60°C) and deep cooling in nights was
observed. Mean amplitudes of temperatures are 30°C and extreme as high as 50°C.
Such thermal changes cause loosening of minerals and granular disintegration. During
winter south-facing cliffs are affected by insolation and thermal changes across 0°C
are frequent. At the same period north-facing cliffs are frozen for many weeks
and even months. Ground surface freezing begins in October and lasts to mid-April
(Hess, Kowanetz and Olecki 1983). Therefore strongly degraded cliffs are these with
south and southwest aspects

Straight debris-covered slope. This slope category which was distinguished by
Melton (1965) in the Sonoran Desert of Southern Arizona makes up a relatively
larger fraction of the total relief of valley sides. Such slopes were classified earlier
by Bryan (1923) in a genetic sense as “boulder-controlled slopes”. On Central
Mongolian Uplands the angles of debris covered slopes on granite rocks are ranged
from 3° to 36°, and the mean was found to be 18°, ie. much lower than this
on slopes of the Southern Arizona Desert (see for comparison Melton 1965). This
phase of rocky slope evolution was produced by intensive Quaternary weathering
under humid and later semi-arid to arid cold climates with monsoonlike precipita-
tion distribution. Morphologically they are similar to slopes described by Bryan
(1925) who has stated that fresh abundant boulders on the surface are produced
from bedrock. Weathering penetrating bedrock along joint planes down to 1.5-2.0 m
below the surface was leaving the core stones behind. Due to such selective
weathering cobble-sized or larger block were separated from the bedrock. These
fragments are buried in highly weathered mantle produced from less resistant
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Granite hillslope morphology 129
related to lithological differentiation or joint-spacing in the bedrock. The bigger tors
on the upland are built of granites which were subject to metasomatic alteration
(albitization) (Dzulynski 1983). Under present-day climate, convex wash slopes are
affected mainly by splash and slow mass movements, even if they seem to be very
stable. Successive stages of slope evolution are shown on Fig. 2.

Photo 2. Residual rounded joint blocks or tors have been produced on slopes through
weathering in the massive granites

100

Fig. 2. Successive stages.of g’r‘apite slope evolution

4+ - Geographia Polonica t. 52
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Granite hillslope morphology 131

TABLE . Deformatijon of stone line “balbali” by slow mass
wasting on gentle convex slope in Gurvan Turuu, Central

Mongolia
Boulder size Total Calculated
(axes a and b) displacement  yearly displacement

in cm (mm per 1200 yr) (mm)
0x17 600 0.50
50 x45 630 0.52
27 %20 610 0.50
32x32 820 0.68
60 x 25 1130 0.94
47 %25 2200 1.83
75 %20 2600 2.16
39 %20 2280 1.90
48 x 30 2600 2.16
82 x65 2250 1.87
40 x 25 2750 2.29
40 x 35 2830 2.35
30 %20 3130 2.60
30 <18 3600 3.00
40 x 30 3800 3.16
32x18 4150 3.45
55x37 4200 3.50
45 x40 4270 3.55
30 x 30 4230 3.52
56 x 30 4130 3.44
24 x19 4050 3.37
24 x22 4020 3.35
35x22 3900 3.25
40 x 33 4200 3.50
30x18 2700 2.25
45x 18 3400 2.83
30 x 30 3290 2.74
30 x 30 2900 2.4l

42 %23 2350 1.95
35x30 1750 1.45
40 x 35 2360 1.96
65 % 56 1750 1.45
35x20 200 0.16

Mean displacement 2.26 mm-yr !

Absolute max. displacement 3.55 mm-yr !

mean rate of soil creep is very low 2.26 mm:yr~! as well as maximum value
(3.55 mm - yr~!). Values of this order (1-2 mm -yr~!) were estimated for semi-arid
and arid environments by Jahn (1984): and they were lower than these calculated
by Lewis (1975) from Puerto Rico (2-6 mm-yr~!). Saunders and Young (1983)
show that rates of soil creep in semi-arid climate range between 3 and 8 mm - yr™!
but these data refer to steep slopes above 25°, and are not comparable with the
rate of creep on gentle slopes in Mongolia. It should be also considered that
Mongolian data give idea of maximum rate of soil creep. Very large areas are not
affected by slow mass movements as some stone lines were never disturbed.
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Deformation of stoneline
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Fig. 4. Relationship between diameter of boulders and their downslope displacements

CONCLUSIONS

Within Paleogene surface of planation fluvial valleys with rocky slopes were
formed during the Pleistocene. Holocene morphogenesis of valley sides produced
three slope categories which vary considerably in shape, regolith mantle and geo-
morphic processes. These are: cliffs, straight debris-covered slope and gentle convex
wash slope. They represent on evolutionary sequence of slope profile changes under
dry and severe continental climate of Central Asia. The gradual reduction of slopes
to gentle inclination and parallel recession is a result of deep weathering penetration
in the past and creep, splash and wash processes which are acting till nowadays.
Geomorphological field experiment show relatively low rates of these processes.
Downslope transport is achieved by rainsplash alone without any surface runoff
for most of the recorded events.
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regard to the quality of environment (but in the same way in each alternative).

Reference system. It develops by the interaction of endogenous forces. No
exogenous factor affects its development. All alternatives are compared with it.
The alternatives are compared also between themselves.

The population of the reference system in its initial state amounts to 1.3 milion
inhabitants. The alternatives are being complicated by the following change. The
population is higher, but in all alternatives equal to the same number (1.6 million
inhabitants). Its distribution, however, is different in each alternative. Here are the
basic characteristics of consecutive alternatives in their initial state.

Alternative 1. The whole increment of population (in comparison with reference
system), i.e. 0.3 million inhabitants is located in two existing cities: no 4 and 7.
Such a concentrated growth implies intensive migrations. The incomes of growing
cities are increasing too.

Alternative 2. New population is distributed in four existing cities: no 2, 3, 4
and 7. Dispersed growth involves moderate migrations as well as moderate increase
in incomes of cities.

Alternative 3. Two new cities appear: no 8 and 9. They absorb whole increment
of population. Both migrations and incomes of these cities are high.

Alternative 4. The increment of population is located in four new cities: no 8,
9, 10 and 11.

Alternative 5. The difference in population is distributed partly in existing cities
(no 4 and 7), and partly in new cities (no 8 and 9).

3. MODEL SIMULATING SPATIAL ORGANIZATION

State variables:

P, — population of city i(i=1,...,n);

M; — net migration of city i(i = 1,..., n);

T; — interaction between city i and j (interpreted also as the volume of flows):

s — standard deviation of city sizes.

Parameters:

r — population growth rate, constant in the system (r = 0.01 has been used in
the simulations);

h — income growth rate of cities. constant in the system (b = 0.02 has been used
in the simulations):

d, — distance between any two cities i and j; d, = Y d:

i<j
D; — accessibility of city 1(+ = 1, ..., n): it assumes low values both for the largest

city (traffic congestion), as well as for new cities (underdeveloped transport
connections);

I, — incomes of city i(i =1, ...,n):
O, — quality of environment of city i(i=1,...,n).
Functional relations -
Il Il
P d, ( p? ’
m; = ‘ — |1 D, 0,-1, nH
il %
$h Zdy
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}XIMAI
M; = —X—E—m, P,, (2

P, = (14rP+ M|, 3)
I} =(1+b)1,, 4)

by a .
- et J =10 #*J, 5
i a3 i) | n i# J (5)
=Y T,. ()
,>r. J (6)

In order to include negative externalities caused by traffic congestion. the term

T;; was modified by the introduction of a reduction factor (l-—-z—,’,;ﬁ) and assumed
ik
therefore the form
' P} \ PP
=] =y | —4. 7

The term m, denotes the attractiveness of city ¢ for migrants. It depends on
relative per capita incomes, economies of mass transportation, negative externalities
caused by population overcrowding, accessibility, and quality of environment. This
term expresses the influence of local factors modifying an average spatial mobility
of population in the whole system. The terms M;, P}, I; denote migrations, popula-
tion. and incomes in iteration t+ 1 subsequent to iteration /.

Reference system Alternctive 1 P
5
P
: e g
3 >
§ 8
& o
£ ¢ T
T
~ M
time tse time teo
Alternative 2 Alternative 3 -
/ P
s
s ¥ i
: 2
€ T g
™M M
—
time tso time tso

Fig. 1. State variables. Results of simulations: P — population, M — net migrations, T —
interactions, s — standard deviations
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Output

The computations were carried out for 50 iterations.! The state of spatial organiza-
tion of the system in each iteration is described by the variables P, M, 7, and s.
Their values are presented in the form of diagrams (Fig. 1-2), and partly illustrated
in the form of maps (Fig. 3).

Alternative & Alternative S

ma gnitude
magnitude

time teo time o

All alternatives

ma gnitude

time tso

Fig. 2. State variables. Results of simulations: P — population, M — net migrations, T —
interactions, s — standard deviations

4. STABILITY OF SPATIAL ORGANIZATIONS WITH INCREASING COMPLEXITY

The below analysis uses the results of simulation, and aims at determination of
the changes of stability of spatial organizations with increasing complexity.

It is not assumed that the spatial organization of the system is stable in its
initial state. We accept the organization as it is, and analyze the variation of its
stability in the development process.

In order to identify the changes of stability we must apply relevant criteria. Here
they are: trends of relative growth of various subsystems, centrality of spatial
organization, standard deviations of city sizes, compensatory flows of migrants,
connectivity of the system, hierarchical structure of spatial organization, congestion
of cities and roads, differences between reference system and alternatives as well
as between the alternatives themselves. The criteria assume different values depending
on: degree of concentration (dispersion) of the growth of subsystem, location of
growth centers in relation to central region, intensity of interactions, effects of
large scale and agglomeration, strenght of compensatory and cumulative feedbacks

! Algorithm and computations were implemented by Jan Dawidowski, Center for Data
Processing, Poznan School of Economics.
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Inntial stote: y, Finol sigte lso

Flows reduced on account of traffic congestion

cities reduced on gccount of overcrowding

Attractiveness of

city sizes (numbeér of inhabitons) flows (million units

€2 1,000,000 - 1,200,000 28. 5.0
£ 750,000 -1000,00C &0 - 10.0

® 500,000~ 750,000 30 - 20
500, B i
@ 200,000~ 500,000 R 0“ “TJ
. LUV NV
AL W 500-1000

SU N U -
B 000- 2000
Fig. 3. Spatial organization. Results of simulations. Alternative 4

and their interrelation. Using these criteria, we can define and evaluate how the
stability changes as the initial conditions change and the system develops.

Stability is a specific case of ergodicity. The system is stable if it tends towards
certain state, which is the state of equilibrium. This is its specific feature. The
system is ergodic if it tends towards the states which are convergent to certain law
of development. It is essential to identify this law. In social sciences we can do that
by the identification of dominant trend.

Let us consider population growth at first. Individual alternatives compared with
the reference system show two deviations: 1) the slopes of the curves of growth
are a bit steeper, and 2) the lines are somewhat curved in the initial segments.
These deviations can be observed more clearly (Fig. 1-2) in the alternatives with
concentrated growth of population in few existing cities or in new cities (alternatives
1, 3, 4). This is the result of higher incomes and consequently higher positive net
migrations of these cities. In alternative 4, the addition of four new cities improved



.
¥ I >y =l 8 r.mwr«. = W
‘ -
Tty gl 4 j ¥"J‘ﬂ"- » -
- lww > ,c

%
A et & F i

LY A & §

o 1 T fl“’ s 50 ™ ., A

3 ¥, “ 3 gl 1 » SRR it S04 -.";-f < P
¢ ¥ !
1 il v A - Y ~' o -‘4,.‘ .?- e .s~ vy,

ol - :. R LRGPP A

A ; ra s
‘ - )
'J 0_'\ - ) ‘\“..

5 '. l).-. t' a ) e S s w e { "‘ .-| i {
. - > . ur-~-~ i ".-v-n-

' '-’-4..6("?!_ "{‘;":..-’ :”“ “,_ - AP LY \-i:] g K' Lj?* | ‘
\,v-x-—:.‘ ey e g ‘. .{: » \&;::’w : b m
T

y ’!";’ "l-..‘.;);-:‘v"'- "A # S i ? f ’% L850 ‘“ o -
LAY c S N 4 i - - A L
| ' it‘.. s e --:"'. Ay '~,r-. ‘,.a. .2 =

R --f-
_,'rf.:, ‘”"‘P

!« g N i

v . S - A g A
e “. . ..‘ﬁs—&ﬁf . \:“\v \2.-, Vg * .‘ | gase e f-’o‘ Ao
"\' --é lly o “r;,“ s '>d¥ .f"-b
- L a-pal r oy 1 4 N - v ViYL ¢ A" L - J- - 3
® - »
e g e BT v &r" A7
< R d“‘“." o r =AW ‘u_ - ‘ B A
ol Up ; SBRE = ohe et . L i p_,av#vfu,nw Y 4

} v i At - - ” - ‘v '-I' b

e, W0 .} .. By 1 ';h b n N '~;;f-4 "" a0 (T e ning
¢ -
pi ey l\'\lh \ e

“ﬂ&«:\::‘; :3’3:;.:!1 ,q & w,
: SR8 S )

L
e i e M s : e '—R -’\- R 27 2R g gl 7 A 2, * Mg
' RS ~‘7,:- e o ¥ W"--"i; o «b ¥ ST

"'"-‘S( -




. "b, e ‘WD

amas

YR

. "C)l o.Nv'

ek 'y B e s

: ﬁ.!.g ""‘}f‘" "*J«m-h:
‘&;‘1\“3‘;. _ R e i \rht\\ -b" ,,K:m

\H had 1 u’,,-‘",- g

- .,..~'_' .nl,‘ -~ .!' "
?‘D i O\R- e Iy

Sany’ & 73N 1 TERENIRT Y S g § 1,5.

1*\.&‘ T ..‘t.-,. 5 agr £ s

o

..'\' LR e K L Y
§ .&.A.’;‘J‘t'* t;.-,‘_ . ':.' '?“."ur'/ sl ‘ .
‘i_".l) | 1

v » ;,\_“ Oi‘x 1
wpr el Do sy

.

_‘-"‘ _I,"' L i “"&*?‘ J ,\1'.,: %

‘ ) -*
) by .'f AN 2% - '. 3
v.\o - 1 ’g. .—-q v '.— 8\ - _,“r:.‘ ke f.r{g_x -:L,dv < Ji» O
e LEAL S Y I .i

S I S

D & ~sipns Tragh
. )
T e 0 . .‘ Ai Ve g =y
A. ‘Pi HRYE g & ’;4 "‘ 4 T s ‘—, : |

R s L o2, o by 2 :
T ""\."- - oy o fo b
‘"5 ¢ }” " } 4 . AW oA 5 .‘L“.‘ A
sz—-‘w -;..b W1, e e
Al - Aiad | — g 2 y
- th,r—--‘ & \‘) 4
"‘Qﬂ-"ﬂ SO -
S e = TE
i . £
L R

e ol T

’.-wr)" A

i

L N5

5% N
¥ :
P

%o -

' - S : ;Jo T J.
o e

IR s LA, 8:4’. - N ‘ -‘, \.‘ \‘.
e :gr; e
- ‘uc“-, -

SRR s oo SR gudgpm«.m-.

-it iz

# .




AL =

P T e uy“-‘lr *“ '3 '*u.'“'\nbw

L v .. . -‘Mo 3
- P T "4 Y " &

- “"ﬁ': me LT PR 5 Al ,‘*( R

¥, e v . L] m. 4 .<-\.‘\., »

e .fgcr'--'- '1 S AL Sy

e

M
w'ay -

¢ S o

g him ) i e

4 \
: Lot A s w‘l"?h-
m -t it .} "”. SR Ria o+ o L SR PR EREC R Y
z 3 :
~ :; e I L LD .1

. -"d‘&,»,"' e e

b
< LR TR o '\W‘rtbu
"-4" -~ .

-
‘t..'..\ - ‘”«::,‘.74“,)1 bl e
PR T AR gy
r't ;‘ J-rf:; i~

& A "v_.\u‘_'.
(WU L PS4 1 P W c'p ‘ »-
“ e \“"I* s G Wi, 5= et -—.‘ '—‘uf -
- M » F
:h o -4 ke L D -‘-v .-u L
nY. R IA '\v‘ e ‘ -~ Vs-v' v
ey b - v- ey & » & -.w_..n W o LYY .s,".' - ha
.. 4 ) M '
O o P 2 NS ¢ el Sy flal Y ‘i‘ﬁl-d -
S Y o N S VT MRS g I s
o ‘1&-.-#‘,. P ode P

Shen adbtnich 5
R ot |rcmvm'4’-mm ‘

i e %

d J .
v '-.‘“ 1erad
LS . - - b

iy 'hw".
= s o L A - | m ar and '“
-f-x» r-ntg PP R = 'alhf“ vy;
qbu. s Uqu-'-l' A *a» 5 ‘{b

-~ sy
: Aeviegor "'v"(r;‘:
{ tely e al P m "\>4_ ¢ *t et 09 ‘Y -

- g Pl o N f ""*\'

¢ 'ﬂ-l'r./- Y & o e ‘
- A“l.!n-l\lt v ‘ J‘ l‘ w YRS BT T J

o N
. +rq~§u .

.'1 w“w\ o "f ..-‘. ““ P
.\'&-

e swga
1 By oy’ g dglh vy, o PR ey W .
- 4 r (h"
¢ RN L A - 3
i scpfstrn, SRR e

R TN T

-
- g e :
» " .?_D h.' . o -
A AN s W F




http://rcin.org.pl



o
: A
‘ ._, ' J’i‘tﬁ“‘l

N Sihi

CN A #E 04

: B

¥ by
L7 ,*" ]

1 € ol

E 3
4 L}
o " F
b -
B - o
L i - -
» &
A L e
TLH & a0
K . )i
‘n‘l ! &t ‘-&.
3 "
A “
. 5,
4 - ~

e
i

! 3 wtd
J‘:-.“ v a N 'f’ £
L . 1% &
A )
. Y N g A

(s




o e T S

r N 3 W 1S
o i
- i

-4 PN 7 s
‘ . [V W o ‘ AN SN
. ' . 'v”’ > "(.'- T ¥ i) """' ¥ l #d “.“ EAGHS

o 177G & -.“ ' bl &
i i . L) e RN ‘ "
i . : L Ea \F X v ]
4 L ) A g
) ! f " M S \ s
Ay Ry o
: ¢S o ’ - 4 5
’ 4 5 v 3 W/ n ‘. .
p ! o a y ‘. v v ) .
‘ 4 A Su 4
’ Jius A A N \# - . Y (-l 5
, Gae : .- ’ {*

(e Vi o T 0. l\ 7 ps | TR : W
."sﬂ’w-'."h." '.- "‘a 2 o ."':": N SR W ,;1‘
\ AlesT . ' '

oy ' . '
I n-- "y o P
144 i Y . e

P Ay -n.-:.-_--.—h:

( s ’
d
Y YA TR

A e



m.‘ AR
A*{bt k

L L o t’* R
, \.: e e i T
m— L el N i al "

I 5 ¥,
}‘\_'—\'.‘ - P

'I"'
Rt

. -“-.l“ ".;-'.'..-_‘\ ? - L{ -3.-- 18\
__‘.A' ntln M r.a
.~" :L ‘ o-% S\;-It 4‘

il

""'ﬁ - ST, u.'-x cv T

' 1

1y

QAD'

- R 3.. N
a..u‘;‘ il "o

i 5 w'\'.q:p.\
o Lim 34 Z i ;
o ff“ o




e . atts 8. - .-:m-:r-':-wt\.- Lorey
y : ¢ TR, SPRD .y = 2.0 )
) N ' 4 ®
aﬁ-, --ﬂt,-xh NS
Fr TR 0 T IRy )
s 1)

. )
PR < S N TR S 10 S
RS S0 VNN~

1 S A paly TR 45

¢ T R e ¥ i . : . YT Yy
R TR U SR O Rl R AR

{irtmoia S e | S A <o o SR MR W 8 S .

. - . _ 4 J‘ - »'- N . »h B~
| A . i 1' ‘ * p + .'t . T ‘;' -»
e

N

3¢ LY & Ay > ',0 0 :J:' P
- " > 4 1 .%-

<2 a“.*,i’;; o —‘-ﬂv:‘? o e AP ’ Ji)-‘,-'-/.’ R neom s oy sl iryg :‘-h "
I3, e i ' SR ARG HEEa 1 R
B o - | & B 3 ! 3 ST

P v ’ | SRS - .‘|_-“ -

W e e o N S Vi o (&"J‘_ }"“-3“1‘_

.\ v x . .A' 5 K g fe v % . . 11

% ’-‘":#?ﬁ!af# AT o b R et e
Q“‘""' ‘»:'L » ekt 15 o = .} S Lo - %

SR : > > ©



ﬂn - “ﬁ--ﬂl)—ﬂl'

http://rcin.org.pl



Structural changes and regional inequalities 151

TABLE 1. Poland and Spain: Yearly rates of change of total employment and
its components (in %)

Poland Spain
o 1960-70 1970-78 1960-69 1969-75
Total Employment 1.7 0.8 0.7 0.35
Agriculture -038 -238 -3.0 -38
Nonagricultural sectors 35 2.6 2.6 1.8
Industry 36 2.0 1.9 0.8
Other sectors 33 3.0 3.0 2.3

Sources: for Poland — Population Census data, for Spain — Renta nacional de Espana...

higher (—3.07;). The rate of employment growth in nonagricultural activities was
lower than in Poland, and in the same period the volume of total employment
grew very slowly. The latter fact was not determined by demographic factors since
the rate of the natural increase of population was not significantly lower than in
Poland: however, the share of employed persons in the total population was here
much lower and decreasing (0.406, 0.387 and 0.376 in 1960, 1969 and 1975 respectively).
The total employment growth was lesser than the growth of labour force supply,
which was evident from the fact of the vast emigration in search of employment
to countries of Western Europe, and, especially in the 1970s, from growing
unemployment.

The existence of external migration and unemployment indicates that the absorption
power of the demand for nonagricultural employment was not the only force
explaining the outflow of labour force from agriculture. The tendency of rapid
outflow must be seen also as the necessary prerequisite for reaching higher per
capita incomes in agriculture, whereas the strength of this tendency was determined
largely by the rate of per capita income growth in nonagricultural sectors (which
was definitely higher in Spain than in Poland).

The differentiation of employment growth rates between Poland and Spain described
above was maintained in the 1970s, although the magnitude of respective variables
changed. The rate of decline of agricultural employment has increased both in
Poland (—2.8%) and in Spain (—3.8%) due to the changes in total employment
and nonagricultural employment growth rates (see Table 1) as well as due to the
fact that in both countries the share of agriculture in total employment was then
smaller (and the ratio i higher).

The spatial refiection of these changes in terms of interprovincial population
shifts was different in the two countries: whereas in Poland, where the rate of
decline of agricultural employment has risen considerably, the sum of interprovincial
shifts has increased by about 15%, in Spain, where the decline of this rate was
relatively gentle and where the share of agriculture in total employment was lesser,
the sum of interprovincial population shifts decreased by about one third.

The second group of ‘specific conditions’ related to structural characteristics of
economic growth processes, which helped to achieve the ‘regionaly balanced’ growth
in Poland, refers to the relative role of industry in economic development of the
country as well as its employment growth rate as compared with the service sector.
While both in Poland and in Spain industrialization was the driving force of
economic development and in both countries the rate of industrial production growth
was high, the rate of industrial employment growth was in Poland much higher
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average behaviour is expressed by a random variable distribution. This distribution
is related to the so-called wave function, the central notion of the Schroedinger
equation. The wave function is interpreted in such a way that the probability of
a particle being found in any point of the field is proportional to the square of
the absolute value of this function. The shape of the function is unknown and to
give it an explicite form the equation should be solved (see Wichmann, 1971,
chapter 7).

Assume for simplicity a one-dimensional field of physical forces. The Schroedinger
wave equation describing the average behaviour of elementary particles in this field
can be written as follows (Wichmann, 1971, chapter 7)

dz
~R— ¥ (x) = (E-V)¥(x) (1)
ax

where R is a specific constant, ¥ (x) denoted the wave function, and E and V are
the total and potential energies, respectively, of an elementary particle. The wave
function can take two possible forms when equation (1) is being solved. Which of
them takes place depends on the value of the bracketed expression (E— V). The
value of this expression can be greater or less than zero. The first case corresponds
to the situation where an elementary particle has a certain kinetic energy and moves
freely along the one-dimensional field. The solution of equation (1) is an oscillating
(sine) form of the wave function. On the other hand, a negative value of (E—V)
implies the situation where a particle incident upon a potential barrier whose height
is larger than the kinetic energy of the particle will penetrate a certain distance
into the barrier. The wave function representing the solution of equation (1) in this
case decays exponentially with distance into the barrier (see Wichmann, 1971,
chapters 7 and 8).

An analogy is made in the present paper to the latter physical situation.
A geographical equivalent of this situation is spatial interaction where there exists
movement cost which plays a role similar to the height of the potential barrier in
the physical example. (The geographical analogue of the former physical situation
is social interaction in spaces where no cost of movement exists.) Thus, to explain
the movement pattern in space, the version of the Schroedinger wave equation is
adopted which describes the behaviour of an elementary particle when it crosses
the potential barrier. The Schroedinger equation, like every physical hypothesis,
refers to an idealized physical situation. To apply the analogue of this equation
in a spatial interaction context, the concept of an idealized movement pattern should
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Parameter L in the above model can be calculated using empirical data. As seen
from equations (10) and (12) this parameter is represented by the ratio, when dropping
the constant g, which has the following form

In r(x) 19

D) (19)
Th: above parameter can be estimated when the proportion r(x) = M (x)/M of
mcvements continuing beyond distance x as well as the number of intervening
opportunities within this distance are known. As x increases both parts of the
fraction (19) become larger (in the sense of their absolute values) but the proportion
between them remains constant being equal to the value of the parameter L.
Parameter L is always positive since In r(x) takes only negative values. When both
D (x) and r (x) are known from empirical data (the latter in the form of percentage
of trips made beyond particular distances) then values of expression (19) can be
calculated for a given number of successive x- es and the parameter L is estimated
on the basis of the set of these values.

The parameter was estimated and the model verified on the basis of movement
dati related to the Lublin commuting area. The data used was collected for the
year 1973. The commuting field was divided into eight twenty-minute distance rings.
The size of rings was determined by the mean distance of intra urban work-home
trips. The intraurban and extraurban ring sizes were assumed to be the same
beciuse the former and the latter were each the places of movement termination.
The results have been obtained using equation (17) and are presented in the Table 1

TABLE 1. Empirical and best-fitted expectgd theoretical distribution
of trip terminating probabilities related to the Lublin commuting

area
Distance Empirical Expected
ring distribution distribution
1 0.8168 0.8022
2 0.0625 0.0698
3 0.0378 0.0411
4 0.0501 0.0549
5 0.0175 0.0196
6 0.0110 0.0103
7 0.0028 0.0016
8 0.0015 0.0005

in tie form of trip terminating probabilities. As intervening opportunities an
econdmically active population localized in distance rings was used. The parameter
value estimated was L = 5.569- 10~¢,

Tae approach proposed in the paper is another example of statistical method
of spatial interaction modelling. The essential assumption underlying this approach
is icentical with that related to the entropy maximizing method: the distance
travdled by a moving individual is a random variable, and the distance decay
funciion describing the statistical character of the relationship between distance and
the ntensity of spatial interaction is a random variable distribution. The entropy
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TABLEAU 1. Construction de lanalyse intégrale des systémes régionaux

Approches
Etapes Identification (0) morphologique (1) fonctionnelle (2) intégrante (3)
Eléments: individus Unités Trajets: Unités Relations: Corrélations entre les
installations spatiales: fonction- structures morpho —
techniques a) suivant * de communi- nelles: fonctionnelles selon:
institutions le lieu de cation (I) de de commande les éléments
Structure | Relations: personnels travail de transport décision financiéres les liaisons
du SUbSta“’f"'S b) suivant conven- (IT) de créatives les (sous) systemes
systéme techniques le lieu tionnel création culturelles
() sul’)stances' d’habita- de transport culturelle matérielles
€conomiques tion spécial (IIT) de pro-
duction
spécialisées
standardisées
Relations entre les éléments: Formes morphologiques: Formes fonctionnelles: Systéemes morpho —
personnes — flux des simples: maison, filiale simples: fonctions fonctionnels
s personnes d’entreprise standardisées Structure: ordonnée,
i .installations techniques — composées: centre urbain, composées: fonctions réguliére, stable,
i flux c!es substances centre de standarisées infaillible,
@ techniques production et spécialisées autonome, etc.
institutions — flux des surcomposées: agglomération, surcomposées: plusieurs simples
substances économiques région niveaux composées
économique de fonctions surcomposées
Cycles: journaliers — Processus morphologiques: Processus fonctionnelles: Processus morpho-
Chan- hebdomadaires — saisonniers régressi'on régressivon fopct’ionnglles:
Eements Changements stables: stagnathn stagnathn "'fte,grat'o"v
d'états aléatoires progression progression désintegration
i planifiés
systéme Processus: démographiqucs
3) techniques

économiques
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162 J. Debski

spatiale. Il s’agit aussi bien de créations intellectuelles, (nouvelles conceptions
politiques et de planification, réalisations scientifiques, créations artistiques) que de
la production matérielle.

Adoptant ce raisonnement on peut procéder a la division de I'’économie nationale
en deux sections: de production A et de distribution B, et en trois domaines:
d’organisation et de gestion I, d’activité culturelle Il et de production de biens
matériels III.

Fig. 1. Division hiérarchique des personnes employées dans I'économie nationale: | — Domaine

d’organisation et de gestion: @ — administration et justice, organisations politiques et sociales,

/ — finances et sécurité sociale, communication: II — Domaine d‘activité culturelle: n — science,

k — culture et art, o ~ éducation, z — protection de la santé et assistance sociale, w — culture

physique, tourisme et récréation; III — Domaine de production matérielle: p — industrie,

b — batiment, r — agriculture, / — économie forestiére, 1 — transport, # — échange de marchan-
dises, m — économie urbaine et habitat; 4 — production, B — distribution

Le mode¢le graphique de cette conception se présente sous forme d’une pyramide
des unités économiques rappellant la pyramide d’ige. mais possédant-le caractére
tridimensionnel et une hiérarchie déterminée (fig. 1). La section de production se
compose des domaines suivants:

I A. Domaine de prise de décisions englobe les centres administratifs nationaux,
régionaux et locaux ainsi que les organisations politiques, sociales, économiques,
etc. qui coopérent avec ces centres. Leur activité “créative” décide du développement
de I'économie spatiale. C’est pourquoi leur insertion dans le secteur tertiaire semble
erronnée.

I1 A. Domaine de production de blens culturels — dans le sens large du terme,
englobe la science, la technique, la culture et I'art. Il s’agit des unités qui créent
des théories, développent de nouvelles technologies et contribuent a la formation
de l'esprit artistique d’une époque: divers centres de recherches, mais aussi insti-
tutions musicales, théitres, ateliers cinématographiques etc. et centres de radiodiffusion
et de télévision.

II1 A. Domaine de production des biens matériels englobe les secteurs de 1’écono-
mie nationale qui produisent des biens matériels concrets: industrie, batiment,
agriculture et industrie forestiére. Ainsi donc, la section de production, assemblant
les capacités d’organisation et les forces intellectuelles et productives de la nation,
illustre son potentiel créatif.

La section de distribution, qui détermine la capacité de diffusion des produits
intellectuels et matériels, est également composé de trois domaines:
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TABLEAU 2. Différences dans les divisions de |I'économie nationale

Sections de I'économie

Divisions selon différents auteurs:

Ordre nationale (U PR
1957 €z. Niewadzi 1973 J. Degbski 1984
J. Gottman 1961
Administration et justice® b, Appareil de pou-
_o .5 Activité f 3 ’
1A Organisations politiques bl voir et d’ordre Prise
A a : 4 N
et sociales ) ublique. sphere o de
sphéte bors l:d’es s(elrvicesp Domdm-e décisions
Secteur IV production 2 d’organisa-
hors production tion et
4 T, : de gestion N S
IB Finances et sécurité sociale g Distribution
Communication de finances et
Secteur III d’informations
" Sphere Production des
ITA Science, culture et art de k
- biens culturels
production
Education v w des Domaine
Protection de la santé et assi- Secteur 1V Tz services d’activité Distribution
1B stance sociale € E culturelle des biens
Culture physique, tourisme § § culturels
et loisirs © <D
.9 le)
Industrie > 3
WL Secteur II S Spheé
S > ere de pro- .
Batiment** <3 i p Production des
11 A 3 duction des b ¥
Agriculture - Ale Do biens matériels
Economie forestiére Secteur 1 sgensTmatepdly By
S A de production
. matérielle
Transport \ Sphére de pro- Distribution
Echange des marchandises : X
III B 2 K y duction des des biens
Economie urbaine et habitat ’ S
Secteur III services matériels

(avec I'artisanat de service)

comprenant les institutions d ordre publique

** dans le secteur Il ou II1




Anves 10 The article by J Debass Geograghia Polonica 52, 1986
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Fig. 2. I — Domaine d’organisation et de gestion, II — Domaine d’activité culturelle: a — production des biens culturels, » — distribution des biens
culturels; III — Domaine de production matérielle: @ — production des biens matériels, b — distribution des biens matériels; | — Employés dans
I’économie socialisée, 2 — Travailleurs manuels. 3 — Personnes travaillant dans I’économie privée
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manuels de I'économie socialisée et ceux du secteur privé. Ce dernier comprend
I/5 du nombre total d’emplois en Pologne (tabl. 3).

Le taux relativement élevé (6,5%) se rapporte au domaine de prise de décisions
(1A). 1l s’agit des associations religieuses et de I'Eglise Catholique romaine en premier
lieu. Ces associations, apparement séparées de I'économie nationale, possédent leur
propre organisation, maisons. lieux du culte et constituent un facteur important

TABLEAU 3. Structure d'emploi dans I'économie nationale polonaise en 1978 suivant les
domaines et les sections

Emploi dans I'économie socialisée

Total pour
Domaines Sections . | travailleurs I'économie
employés total "
manuels nationale
. Prise de 691610 210029 901639 963456 a)
décisions 76.7 23.3 100.0 b)
I. Organisation 71,7 21,7 93,5 100.0 c)
et gestion
. Distribution 63655 86954 150609 150609 a)
de finances et 42,2 57.8 100,0 b)
d’informationy 42.2 57.8 100,0 100,0 c)
. Production 242761 73522 316283 323992 a)
des biens 76,7 23,3 100,0 b)
culturels 74.9 22.6 97.6 100.0 9]
II. Activité
culturelle
. Distribution |1030998 460145 1491143 1494271 a)
des biens 69,1 30.9 100,0 b)
culturels 68.9 30,7 99.7 100.0 c)
. Production 1939735 5698515 7638250 12206752 a)
des biens 25.3 74,7 100,0 b)
matériels 15,8 46.6 62,5 100,0 c)
I11. Production
matérielle
. Distribution |1012289 1713596 2725885 2823048 a)
des biens 37.1 62,9 100,0 b)
matériels 35.8 60,7 96,5 100.0 ¢)
755265 296983 1052248 1114065 a)
Domaine 1 71.8 28,2 100,0 b)
67,7 26,6 94.4 100,0 c)
1273759 533667 1807426 1818263 a)
Total Domaine 11 70,4 29,6 100.0 b)
70,0 29.3 99.4 100,0 )
2952024 7412111 10364135 15029800 a)
Domaine 111 28.4 71,6 100,0 b)
19,6 493 68.9 100,0 )
Total 4981048 8242761 13223809 17962128

a) valeurs absolues, b) pourcentage des personnes employées dans I'économie socialisée. ¢) pourcentage des personnes
employées dars I'économie nationale
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TABLEAU 4. Voiévodies avec le pourcentage le plus élevé des personnes employées dans les différents domaines (dans 1'ordre de grandeur)

Domaine 1 Domaine 11 Domaine 111
PIe A+ B production A distribution B production A distribution B
Voiévodie de: Voiévodie de: Voiévodie de: Voiévodie de: Voiévodie de:
| Varsovie 13,7 Varsovie 9,4 Wroclaw 12,5 Zamosc¢ 81.5 Gdansk 26,0
2 Koszalin 8,2 Lodz 3.8 Nowy Sacz 11,4 Tarnobrzeg 81,3 Szczecin 24,4
3 Stupsk 7.4 Cracovie 3,5 Jelenia Gora 1,3 Lomza 80.5 Varsovie 20.3
4 Szczecin 7,2 Poznan 2.8 Cracovie 11,2 Radom 78,0 Koszalin 20,0
5 Gdansk 7,0 Wroclaw 2,8 Varsovie 11,0 Siedice 77,9 Poznan 19.5
6 Elblag 6,8 Gdansk 1,9 Koszalin 11,0 Piotrkow 77,9 Olsztyn 194
7 Zielona Gora 6,7 Katowice 1,8 Poznan 10,7 Ostrolgka 77,9 Wroclaw 19,1
8 Poznan 6,6 Lublin 1,5 Szczecin 10,7 Konin 77,8 Zielona Gora 18,7
9 Olsztyn 6,4 Szczecin 1,4 Walbrzych 10,3 Sieradz 77,7 Bydgoszcz 18,4
10 Wroclaw 6,2 Bydgoszcz 1,3 Gdansk 10,2 Tarnow 77,1 Gorzow 18.2
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188 W. Roziucki

Factors
of abstract Transport and
and physical commuNIcation
space system

‘ RN
D —Em FOOD SYSTEM Deficit 8

institutional
framework

Fig. 1. A food system with its external environment: A, B. C, D, — individual surplus/deficit
areas or food systems of lower order

land availability, land-man ratio, agricultural productivity and specialization, level of
commercialization, yield variability, storage capacity, income per capita, income distri-
bution, food habits, proportion of urban and non-agricultural population, food
policies, etc. All those area-specific factors directly influence potential self-sufficiency
of individual areas. They are not sufficient, however, to determine the actual
surpluses and deficits, not to mention the pattern of food flows between the areas.

For that purpose, we must consider the second class of factors which operate
above the area level, providing a general field of interaction where food systems
can be located. In other words, the factors of this category determine relative
locations — in various physical and functional spaces — of surplus and deficit areas
(or food systems of a lower order). In this category four grups of determinants,
shown by the circles in the diagram, can be distinguished:

1) Factors of abstract and physical space (inter-area pattern of distances, relative
accessibility within the system, variable quality of the earth’s surface, pattern of
climatic variability, etc.).

2) Transport and communication system (modes and means of transport and
communication, routes and networks, capacities, freight structure, etc.).

3) Political and institutional framework (pattern of socio-political relationships,
international and administrative boundaries, institutional dependencies, policies affect-
ing the interaction space, etc.).

4) Geographical division of labour (level of economic concentration and speciali-
zation, overall pattern of flows, exchange facilities and organization, etc.).

Each of the above mentioned groups of factors, independently of the others,
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and Mma. and in Switzerland — specialized in vegetables, fruit and vine together
with livestock production, identified as Type Mif. However, on the scale of the units
investigated in the study. a mixed combination dominates, with the following charac-
teristics, e.g. for the area of Upper Austria B: High mountain areas (Dachstein)
and Alpine foothills. Out of the total area of 306014 ha agricultural land accounts
for 22.5% . forests for 60.3% and unproductive land (mainly high mountains)
for 17.2% . Permanent grassland dominates — 87.7%. of which meadows take 70.9% ;
arable land accounts for 10.6% ., and orchards and homeyard gardens for 1.7%.
The land-use orientation is therefore: highly fodders — meadows with a secondary
role of pastures, and the arable land use orientation: cereal-wheat-barley-oats with
a secondary role of fodder crops (clover and grass) and potatoes. The average
size of the farms is 10.8 ha of agricultural land, but solely 1.33 ha of arable land.

The density of livestock is large: 83.0 LAU per 100 ha of agricultural land and
101.8 LAU per 100 ha of cultivated land: the livestock breeding orientation can be
identified as: highly cattle — milk-meat; the Simentaler breed of cattle prevails.
Effects of agricultural production are: high land productivity (50.5 CU) and cultivated
land productivity {(67.7 CU). medium labour productivity (245.7 CU) and medium
commercial production per ha of agricultural land (23.8 CU). The orientation of
agricultural gross production is: fodders, milk with a secondary role of meat
production, and of commercial production: livestock, milk with a secondary role of
barley. In sum, this is mixed. semi-commercial and commercial agriculture with
livestock breeding prevalent. typical of highlands.

Mmw;-Mma; — occurs in Austria — the Alpine foothills — Vorarlberg F and
Salzburg F and represents the prevalence of Type Mmw — small-scale, commercial
agriculture with livestock breeding prevalent and the secondary role of Type Mma —
medium-scale, more productive and more commercial agriculture with livestock breeding
dominant; Vorarlberg F may serve to exemplify the case:
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TABLE 1. Changes in the structure of agricultural land ownership

1950 1960 1970 1978 1979 1980 1981 1982 1983
Specification -
in percentages

Individual farms 89.6 86.9 81.8 75.8 75.0 74.5 74.9 75.8 76.2
State farms 9.6 11.9 14.8 18.5 19.1 19.5 19.4 19.0 18.8
Collective farms 0.8 1.2 1.3 2.9 34 4.0 4.1 39 3.8
Agricultural circles = = 0.5 2.2 1.9 1.5 0.9 0.6 0.5
Agricultural land outside farms - - 1.6 0.6 0.6 0.5 0.7 0.7 0.7

Land sold by the State Land Fund
to individual farmers in thousand

hectares - 59.6 46.1 944 113.2 128.0 165.0 240.0 101.0
Land leased by the State Land Fund

to individual farmers in thousand
hectares — 524.0 611.0 542.1 471.6 491.0 577.0 476.0 441.0

Source: Data compiled by the Central Statistical Office.
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Fig. 1.a) Individual farming as a percentage of all agricultural land, 1983; b) State farming as
a percentage of all agricultural land, 1983; c) Collective farming as a percentage of all
agricultural land, 1983

by agricultural circles (a new type of socialized agriculture introduced in the
seventies) — 0.5% .

Changes affecting individual farming in the past decades consisted of gradual
transfer of their lands to other social forms of agriculture and changing shares of the
size classes of individual farms.

In 1950-1960 the following processes were noted in the socio-economic structure
of individual farms: the subdivision of certain farms to form new, smaller holdings
(sometimes fictitious subdivision trying to avoid higher taxation of larger farms),
rarely to amalgamate them into larger units; the transformation of certain small
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farms into those owned by peasant-workers, as well as transfer of certain individual
farms to the socialized sector. Bi-occupational farms were a consequence of increased
industrialization of adjacent areas; when such areas were not available, migration
of man-power from agricultural to more distant urban centres largely increased.

The emergence of the bi-professional population aftected decisively the socio-economic
structure of the rural areas. Profits gained by peasant-workers from outside largely
increased; however their interest in agricultural production, especially commercial
production, began to wane.

In result in the decade of 1950-1960 the number of individual holdings went up,
especially of those under 2 ha; while that of larger farms went down. Consequently,
the average size of farms decreased from 5.5 ha to 5.1 ha.

The transformations in the agrarian structure were an effect of a new agrarian
policy realized by the State in 1956—-1970. Changes initiated by the 1963 Act on the
curtailment of the subdivision of farms following testamentary dispositions, the
inheritance procedures as well as of the sale of agricultural property, as well as new
proceedings regarding transfers of farms for retirement pensions were-accompanied by
a certain increase of outlays on agriculture, which was particularly significant for the
new trend in the transformations of the structure of individual farms. In 1960—1970 the
number of farms ceased to increase, that of small and medium farms was slightly
decreased, and that of larger farms increased. Consequently, the average farm size
went up from 5.1 ha to 5.4 ha.

The most evident process of transformations in the agrarian structure of individual
farms was in 1970-1980 a decrease in their total number amounting to 109.7 thousand
holdings, i.e. to over 3% (Table 2), was also resulting from growing outmigration
of rural population to the industrial and urban centres.

TABLE 2. Changes in the number and size structure of individual farms, 1970-1982

Number Size groups of farms in ha
Year of farms in

thousand 0.5-2 2-5 5-7 7-10 10-15 above 15
1970 3006.8 24.7 327 14.7 14.8 9.8 38
1980 2897.1 30.0 29.5 12.8 13.0 9.7 5.0
1982 2842.0 29.8 28.9 12.6 12.9 10.1 5.7

Soutce: Data compiled by the Central Statistical Office

The liquidated farms were mostly those for which there was no successor,
and which were economically weak, or some professional farms, the owners of which
had abandoned them altogether. Some of them were neglected farms and as such
taken over by the authorities. The process accelerated in the second half of that decade
as a consequence of the introduction of new, more liberal regulations concerning
retirement pensions (the size limit of a farm was lowered from 5 ha down to 2 ha).
In 1976 the group of farms without successors amounted to 147 of the national total
of the individual farms (430 thousand farms according to the Central Statistical
Office). It appears on the basis of research carried out by the Institute of Agricultural
Economics that every fifth holding was without a successor; a much lesser number
of such holdings was among the bi-professional farms, or in those where some
family members earned their livelihood elsewhere.
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Fig. 2-4 Individual holdings as a percentage of total acrcage of individual farming, 1981

a marked proportion of large farms are most common in south-central Poland.
A balance, or a slight prevalence, of medium over small farms occurs in the
south-eastern belt. In the subcarpathian areas there is prevalence of small farms and
a significant percentage of medium and very small farms. In the Upper Silesian
Basin very small farms with a higher or lower percentage of small farms prevail.
A comparison of the spatial systems of the leading structures in 1970-1980 corroborates
the conclusion that the highest increase of the share of the farms of over 10 ha
took place in the northern. north-eastern and west-central as well as south-western
part and makes 1t cvident that the share of farms in the 2-5 ha and 5 10 ha
groups declined.

Land held in common consisting mainly of village pastures is the remanent of the
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Fig. 5-7 Individual holdings as a percentage of total acreage of individual farming, 1981

old epoch. They survived mainly on the south-eastern and eastern parts of the
country (Fig. 9).

An analysis of changes in the spatial pattern of the agrarian structure will not be
complete if the state farms were not considered. Their share in the country’s
agricultural land in 1951--1980 went up from 9.6% to 19.5% (Table 1).

The state farms play various role in the different parts of Poland. Two specific
areas can be differentiated there, namely: the north-western part where the proportion
of the state farms exceeded 20%, and sometimes 40% and 507 of agricultural
land, and the south-eastern part, where the state farms rarely occupy more than
5% or over 109 of agricultural land (Fig. 1b). In comparison with the socialized
farms in other socialist countries the Polish state farms are not large. In 1982 their
average size was 3452 ha.
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Fig. 8. Leading size structures of individual holdings, 1980

The collective farms have played an insignificant role (Table 1). Their share in
the country’s total agricultural land in 1950-1980 went up from 0.8% to 4.1%
mainly thanks to the transfer of land from the State Land Fund: but that land
was not only of worse quality but also was sharply fragmented (Table 3). According
to the Institute of Agricultural Economics certain collective farms consisted of up to 55
plots of agricultural land and that half of their number did not exceed 5 ha.
About one-third of lana utilized by collective farms was situated very inconveniently
in relation to the farm main buildings. The collective farms are usually small.
In 1970-1981 their average area went up from 242 ha to 359 ha. They are
unevenly distributed, being mainly concentrated in Greater Poland (over 5% of
agricultural land) and subsequently in other territories of the country’s western
part. their lowest proportion is in central Poland (Fig. Ic).

http://rcin.org.p
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Fig. 9. Land held in common as a percentage of the total agricultural land. 198i

TABLE 3. Origin of agricultural land held by the collective farms in 1970-1979 (iv per

cent)
State Land Members’ Purchase. lease and
Year SO
Fund contributies other sources
1970 63.6 339 2.6
1979 65.1 20.1 14.8

Source: Data compiled by the Central Statistical Office

First farms run by agricultural circles were called into being in 1972, mostly m the
basis of land acquired from the State Land Fund: these circles combined se vices
rendered to farmers with production.

Those farms usually cultivate land taken over from the State Land Fund vhere
there are neither state nor collective farms. The cultivation of that land, often
dispersed in all directions, was not profitable and moreover draw attention away
from the circles’ main concern, i.e. the rendering of services to individual fanners.
Since the running of such farms has been greatly criticized as uneconomic. their
activity has been recently curbed (Table 1).
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Recently a phenomenon which for quite a long time has been almost not existent
has become more widely applied. namely the land lease. However with the growing
outflow of the rural population from villages and the ageing of the remaining part,
the tendency has developed to take land over on lease. The statistics indicate
that this form is becoming more and more popular. The total area of leased
land increased from 5.8% in 1970 to 6.1% in 1980. Such contracts can be made
with either some State agencies — like the State Land Fund - or with private owners
(the latter are usually elderly people or the owners of abandoned farms who have

A

—~——

SR —

Fig. 10. Land leased as a percentage of total acreage of individual holdings. 1983

settled in towns). In 1983 the leased land amounted to 820 thousand ha on the
national scale. Figure 10 presents the spatial distribution of the land held on lease by
individual farmers. It appears that land lease is most common in the western and
northern voivodships (over 15% of land utilized by individual farmers), then in the
central part: it is the least developed in southern and eastern Poland. On average
every tenth Polish farmer held land on lease. New regulations laid down in 1981
made the lease a more stabile form (ten-year contracts) and the tcnant and his
interests are better protected than before (when the short-term contracts often led to
the wasteful use of land).
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Changes in the agrarian structure in agriculture are influenced by the country’s
economic situation and the State agrarian policies.

In 1980-1983 there were some changes in the tendencies observed in land transfers
between the separate forms of tenure in Poland (Table 1). The land cultivated by
socialized agriculture decreased by 1.7%, to the benefit of individual farming because
of the transfer of land owned by agricultural circles. Altogether, their share in the
total agricultural land decreased from 2.2% in 1978 to 0.5% in 1983.

The area of the state farms went also down when the restrictions regarding
transfer of land to individual farms were abolished. Particularly land acquired from
the State Land Fund often consisting of small, scattered plots, inconveniently
situated was given back then almost entirely sold or leased to individual farms.
This was due to the new regulations that base the functioning of state farms on
self-rule and economic foundations.

Since individual farmers were eager to acquire land from the State Land Fund,
demand for land substantially increased (Table 4). In 1982 the total transfer of

TABLE 4. Changes in takings and disposal of land by the State Land Fund

Specification 1979 1980 1981 1982
|. Taken over in thousand hectares 242 196 308 145

— from socialized agriculture (in per
cent) 16 21 86 49

— from individual agriculture (in per
cent) 84 79 14 31
Disposed in thousand hectares 289 242 204 285

— to socialized agriculture (in per
cent) 52 35 12 9

— to individual agriculture (in per

cent) 39 53 81 84

— to non-agricultural land use (in per
cent) 9 12 7 7

Source: Data compiled by the Central Statistical Office.

land from the State Land Fund to individual farms amounted to 240 thousand ha
(in 1978 it was 91 thousand ha), of which 85}, were acquired to enlarge existing
farms and 15% served to establish new farms (the total number of new farms
established on the grounds acquired from the State Land Fund was 6722).

In the last years private turnover of land have become more popular. On the
country’s scale this form has played an important role and largely contributed to the
enlargement of the size of the farms. Prices of land in private transactions have gone up;
this form of land turnover spread also over the areas where it had never been
practised before. Quite often the transactions were connected with inheritance
procedures and a change of generations when older people transferred their grounds
to the younger members of their families, less or more closely related, who may have
had their own small farms. Such situations in particular in the central, eastern
and south-eastern parts of Poland, brought about both a decrease in the number of
farms and an increase of the size of farms.

In the 1980s private transactions have predominatly been influenced by the crisis
and inflation, affecting Poland, the phenomena usually associated with an increased
demand for land.
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TABLEAU 1. Indices des traits utilisés pour la classification des territoires ruraux a l'échelle des voivodies et des communes

Classes
Pola e Voivodies de Watbrzych : 1 3 3 3 5
N et de Noyy Sacz Indices
N §rss basse movenne élevée s
basse : élevce
1 Habitants au km? 0-30 30-50 50-70 70-100 > 100
2 % de la SAU dans la surface totale 0--50 50-60 60-70 70-75 75- 100
1 0-20 20-40 40-60 60-80 80-100
2 % de la SAU socialisée dans la SAU totale 0-20 20-40 40-60 60-80 80- 100
3 Nombre d’employés dans |'agriculture sur
100 ha de la SAU 0-25 25-30 30-40 40-60 > 60
3 % de la production commerciale dans la
production globale de I'agriculture 0-40 40-50 50-60 60-70 70-100
4 Nombre de lits dans les maisons de 0-1 1-2 2-6 6-10 > 10
4 tourisme et de repos au km- 0-2 2-4 4-6 6-10 > 10
5 % de la population non agricole 0-30 30-40 40-50 50-60 60-100
5 0-20 20-40 40-60 60-80 80-100
% des employés dans l'industrie et la
6 construction dans le total des personnes 0--10 10-20 20-40 40-60 60-100
actives professionnellement
6 Nombre de personnes se déplacant vers
le lieu de travail pour 1000 habitants 0-200 200-300 300 -400 400-800 > 800
en age d activité
7 Nombre d’employés dans les services pour
1000 habitants 0-5 5-10 10-15 15-20 > 20



TABLEAU 2. Structure fonciére de la SAU et structure de la taille des exploitations individuelles en 1982

%, de la SAU “. des exploitations de surface totale en ha Moyenne des E.mpl.Oi dans

- ha pour | llag.rl?ulture

Voivodie exploita- exploita- exploita- exploitation individuelle

tions tions tions de  0.5-1 2-5 5-7 7-10 1015 IS individuelle Pour 100 ha

individuelle de I'Etat coopératives de la SAU
Bielsk o-Biala 90.4 3.1 4.8 56.6 34,0 5.6 2.5 0.9 0.4 1.9 52.1
Krosno 80.4 14,5 23 438 41.6 7.8 4.1 1.8 0.9 2.6 50.2
Nowy Sacz 94.7 1.8 0.8 29.9 41.7 13.5 9.1 43 1.5 3.0 51.5
Jelenia Gora 579 332 5.7 43.6 243 8.3 10.3 8.0 5.5 4.5 220
Walbrzych 59.1 299 8.7 45.5 19.3 7.3 11.8 9.9 6.2 4.8 24.2

D’aprés - ocznik Statystyezmy GUS, 1983 (I'Annuaire Statistique de 1'Office Central des Statistiques. 1983)



TABLEAU 3. La population

Population % de la Population Accroissement % de la population % de la population
e totale en population rurale sur naturel de la non agricole rurale employée en
Voivodie - o . » St
milliers rurale I km? en population dans la population dehors de I’agriculture
en 1982 en 1982 1978 rurale en 1982 rurale en 1978 en 1978
Bielsko-Biala 845 51,3 137 10,7 79,2 70,4
Krosno 456 68,2 56 12,0 62,8 52,0
Nowy Sacz 638 64,4 81 14,0 55,0 43,6
Jelenia Gora 496 35,8 48 11,2 74,2 69,7
Waibrzych 719 27,2 58 10,5 67,1 60,9

D'aprés Rocznik Statystyczny GUS, 1983 (I'Annuaire Statistique de I'Office Cential des Statistiques 1983): Narodowy Spis Powszechnv z dnia 7. X1I 1978, GUS, 1980 (Recensement National Général
du 7 XII 1978, Office Central des Statistiques 1980).
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Fig. 1. Production globale de 'agriculture individuelle en millier de zlotys/l ha SAU (d'aprés R. Kulikowski)
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Production globale de I'agriculture individuelle en millier de zlotys/I travailleur dans agriculture (d'aprés R. Kulikowski)

Fig. 2.
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244 _ W. Stola

Par contre les territoires ruraux des Sudétes orientales, appartenant a la voivodie de
Walbrzych, I’'une des plus: urbanisées en Pologne (la population urbaine était de
72,8% en 1982) ont été rangés dans la catégorie a prépondérance de fonctions
technoproductives, et notamment industrielles avec la participation de I’agriculture
(3, 3, 2. 3, 5, 4). En comparaison avec la catégorie précédente, celle-ci se caractérise
par une plus forte densité de la population (58 hab./km2) et une plus grande
participation de la SAU (607 ) constituant a 40% des exploitations socialisées, et par
une structure similaire d’exploitations individuelles mais qui obtiennent, grice a un
apport de capitaux relativement important, une productivité et une grandeur de
production commerciale assez élevées. Une grande partie de la population rurale
(67%) tire ses revenus du travail en-dehors de 1'agriculture, et surtout dans I'industrie
(environ 35% du total des personnes actives profesionnellement) et dans les fonctions
de services.

Les études détaillées et la classification fonctionnelle a I’échelle des communes
ont démontré une grande différenciation interne de la voivodie de Walbrzych. Sur 30
communes, dont 17 urbo-rurales ot I’on a étudié séparément les territoires ruraux et
les villes-chefs-lieux de communes, on a distingué six catégories fonctionnelles de
territoires. Avant tout, un fait attire l’attention (fig. 4, cat. V, 3-4, 3, 2-4, 0-1,

-
(3 [OOw [0 (MM G v v

Fig. 4. Catégories (types) fonctionnelles des espaces ruraux de la voivodie de Watbrzych (I-VI)
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246 W. Stola

travail, est nettement une agriculture de subsistence et donc d'un faible degré de
commercialisation.

Du point de vue de la part de la SAU dans la surface totale (50%). de la
structure fonciére et dimensionnelle des exploitations, du niveau élevé de I'emploi
dans [agriculture pour 100 ha de la SAU. de la productivité et du degré de
commercialisation de I'agriculture (34%), les territoires de la voivodie de Nowy Sacz
ressemblent & ceux de la voivodie de Bielsko-Biala. Ils se caractérisent également
par des fonctions de récréation hautement développées. lls différent par contre par une
plus faible densité de la population, une part nettement inférieure de la population
non-agricole (53%) et un indice inférieur de la migration pendulaire. A I'échelle
macro, elles ont été classées commes catégories a prépondérance de fonctions de
récréation et agricoles (4, 2, 5, 5. 3, 2) avec la participation de la sylviculture.

1 a classification fonctionnelle de la voivodie de Nowy Sicz. élaborée a I'échelle des
communes a I'aide des mémes indices et normalisés de fagon identique (tab. 1) comme
dans la classification de la voivodie de Walbrzych. a démontré de trés grandes
disparités dans la structure et le développement fonctionnel entre les territoires
ruraux de ces voivodies, et donc entre les Sudétes occidentales et les Carpates
centrales (cf. fig. 4 et 5), ainsi qu’une différenciation des territoires a 'intérieur de la
voivodie de Nowv Sacz.

g|||
" i

.

i

Fig. 5. Catégories (types) fonctionnelles des espaces ruraux de la voivodie de Nowy Sicz

(I-VID)

Au total. sur 54 unités comportant 28 communes rurales et 13 communes urbo-rurales
étudiées séparément. on a distingué quatre catégories présentes notamment sur les
lerritoires ruraux. et deux dans les villes-chefs-lieux de communes. et une commune
a4 cle considérée en tant que catégorie a part.-

Lu catégorie I1 (fig. 5) est représentée le plus souvent, surtout dans les territoires
septentrionnaux, a la limite des Beskides et des Pré-Carpates; elle comporte des
fonctions agricoles & participation relativement importante de fonctions techno-
productives (3-4, 1, 1, 1-2, 3-4, 3, 1-2). Elle se caractérise par une agriculture en
grande partie individuelle, trés morcelée. en général a petit degré de commercialisation
(1). La part moyenne ou élevée de la population non-agricole (3-4). co-habitant
souvent avec l'utilisateur de I'exploitation agricole et vivant en plus du travail dans
I"agriculture. trouve la source de ses principaux revenus le plus souvent dans le
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250 M. Ciechocivska
2. APPLIED INDICATORS

Four indicators. the usefulness of which had been earlier tested experimentally
(Crechocinska 1975, 1984), were adopted as a basis for evaluating trends in changes
of living standards. The obtained results encouraged the continuation of the studies
even though certain symptoms indicated that the adopted indicators were getling
out of date. However, among other things, the fact that they allow extension of the
time series thus expanding interpretative and cognitive possibilities, convinced the
author to use the same indicators again (Bielecka, Paprzycki and Piasecki 1979).

This is a vital argument, since a new administrative division- of the country was
introduced in 1975, largely limiting the possibilities of carrying out retrospective
regional studies. Moreover, economic situation of the country has changed. bearing
evident traits of profound economic collapse. The use of the same indicators give
a possibility to observe how living standards and regional structures were getting
differentiated. depending on changes in the economic situation of the country.

The indicators used here illustrate the level of the population’s income estimaied
on the basis of the volume of retail sales in socialized trade per one inhabitant;
cultural consumption and the standard of well-being was estimated on the basis of the
number of TV subscribers per 1000 inhabitants; the standard of health service —
on the basis of the number of physicians per 10000 inhabitants; and housng
conditions — on the basis of the average number of persons per one room.

The first three of the mentioned indicators (Table 1) showed a regular growth.

TABLE [. National average of indicators applied to investigate trends in changes of regioial
living standards in Poland. 1960-1981

National average

volume of retail

; 30 physicians TV subscribers average numbe-
Year sales in socialized :
: per 10000 per 1000 of persons pei
Wads Ry Gupiile population population room
(in zlotys) >
1960 6964 2.6 14 1.66
1970 12685 15.1 129 1.37
1975 23700 15.9 189 1.21
1980 36900 17.8 223 1.11
1981 41400 18.0 224 1.10
Source: Statistical Yearbooks. GUS. Warszawa.

A decrease of the fourth indicator also proved an improvement of living standards.
The latter did not mean, however, that the housing problem had been solved or
painful shortage of flats liquidated in Poland. The average number of persons fer
one room give an indirect information on how many people live in a flat, while mawy
families — especially young ones — do not have an independent flat yet. In maiy
regions of the country people registered on the lists of future flat-holders have to
wait no less than 15 years to get one (Kulesza 1982).

The applied indicators were characterized by a differentiated dynamics of growth
which. as it can be seen on Table |, reached the highest level in the 1960-1970
decade. It was then that a record increase was noted in the number of TV
subscribers, connected with the construction of a network of TV stations in tie
country. At the end of the next decade the demand for TV sets was virtualy
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252 M. Ciechocinska

Both, socialist doctrine of industrialization and regional policy were to serve those
objectives. Seeing in industrial development an instrument that would help to make up
for neglects in regional development, they tended to expand the industry locating new
industrial plants with a view of balancing the existing regional disparities also in the
sphere of living standards.

The studies were carried out for the set of 323 spatial units (poviats) in 1960
and 1970. The values of indicators for individual spatial units were compared with
the national average and five living standards were distinguished on that basis for each
time section.

Meridional distribution of economically highly developed and underdeveloped
regions, confirmed by the studies under discussion, is a characteristic feature of
spatial structures in Poland. This arrangement is presented on Fig. 1. We can see there
that areas of the highest living standards are situated mostly in the west and
are less frequent in the north of the country. The roots of those divisions lie in
political decisions that were taken late in the [8th century. Intensive economic
development in the 1960-1970 decade caused a shift, seen on Fig. 2, of the units
marked by the highest living standards from the northern and western parts to a part
of central and eastern Poland.
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Fig. 1. Distribution of the living standard groups in districts (poviats) in 1960: 1 — very low,
2 — low, 3 — medium. 4 — high, 5 — very high
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s

Fig. 2. Distribution of the living standard groups in districts (poviats) in 1970: 1-5 — cf Fig. 1

This shift must not be interpreted, however, as promotion of one and degradation
of other units since in each case indicators related to other national averages.
A general increase of discussed indicators occurred in all units with a reservation,
however, that it was not equal on different areas. Figure 3 presents an analysis
of the noted shifts and at the same time points out those units which kept
unchanged living standards. We can also see how numerous were those units in which
living standards either rose by one or two groups or fell down. This was a decade
marked by high polarization of regional development as proved by the data in
Table 2.

In 1970 an increase could be noted in the number of standard-I and -V groups
on the extremities of the distribution of spatial units. It was accompanied by
a heavy drop in the number of standard-IV groups as compared with the 1960
figure. The 1960-1970 decade saw a rapid polarization of the units belonging to
standard IV in 1960. A majority of them advanced to higher standards and only
some of them moved down to the group with the lowest living standards on the
national scale. Thus, on the basis of the data in Table 2 we may speak of a relative
growth of groups with the highest living standards as the number of umits rated
among the standards from I to III totalled 127 in 1970 against 95 only in 1960.
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Fig. 3. Dynamics of the living standard groups in districts (poviats) in 1960-1970: 1 — shift

to higher living standard by one group: 2 — shift to higher living standard by two groups:

3 — no change; 4 — shift to lower living standard by one group; S5 — shift to lower living
standard -by two groups

TABLE 2. Spatial units (poviats) according to living standards, 1960-1970

Living standard

Year Total EDY h ) v-ery
low low medium high high
I 11 11 v A%
1960 323 108 120 50 34 11
1970 323 119 77 81 26 20

Source: M. Ciechocinska (1975). p. 200.

http://rcin.org.pl
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Accordingly, the number of units belonging to the standards IV and V dropped from
228 in 1960 down to 196 in 1970.

In a word, they were a symptom of a general trend towards improvement of
living standards. This conclusion cannot overshadow the fact that a visible growth of the
number of units with the lowest living standards on the national scale took place at the
same time, as can be seen on Table 2.

The trend towards improvement of living standards was not equal, however, in
all the regions. No changes took place in 187 units, that is in more than a half
(58.0%) of the total number. This means that they preserved an unchanged standard
and the reached improvement corresponded to the national average. A visible
improvement of living standards which went up above the average level, was noted in
83 units. that is 25.0% of the total, which moved up to higher groups. A reverse
situaton took place in 55 units making up 17.0% of the total.

A generally known pattern of regional development could be stated in those years,
namely, regions representing higher living standard in the initial year were developing
faster than backward regions. To make it short, the 1960s saw a continuation or an
increase of the existing disparities, instead of a process of equalizing living standards
in a period of economic growth, and this reverse process came as a result of
polarization both in western and in eastern parts of Poland.

4. ECONOMIC GROWTH IN THE YEARS 1971-1981

The upward trend of economic growth in Poland totally collapsed in 1979, as it can
be seen on Fig. 4 showing how the produced national income dropped at that time.
But it was not earlier than in the summer of 1980 that the crisis became the
subject of outspoken discussions, although its symptoms could be seen much earlier
in different sectors of the economy. A drop in agricultural production took place
in 1973, affecting in the initial phase mainly the non-socialized sector. Socialized
agriculture enjoying privileges in the state policy of means distribution noted a smaller
drop. In 1976 socialized building industry broke down, although the crisis did not
affect yet the non-socialized sector of the industry, etc.
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Fig. 4. National income produced in 1970-1982 (constant prices), 1970 = 100: 1 — total,

2 — industry, 3 — agriculture, 4 — construction, 5 — total per capita
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Fig. 5. National income distributed in 1970-1982 (constant prices), 1970 = 100: 1 — total.
2 — consumption, 3 — capital formation, 4 — net investment outlays on fixed assets, S — increase
in material circulating assets and in stocks

TABLE 3. Rates of growth of the national income in 1961-1982 (constant prices)

Specification

Average annual growth rates (percent)

1961-1970 1971-1975 1976-1980 1981-1982
National income produced 6.1 9.8 1.2 —88
socialized economy 7.6 11.6 1.6 —11.]
non-socialized economy 1.3 1.3 -08 32
per capita 5.1 8.8 0.3 -9.6
National income distributed 5.8 12.0 -0.2 -10.5
consumption per capita 38 7.5 34 -10.3

Source: Rocznik Stratystyemy 1979, 1983, GUS, Warszawa.

standards it meant continuation of the trends in the 1960s; and the second half was
marked by numerous signs of economic breakdown which augured heavy crisis of the
1981-1982 years (Table 3). An analysis of the 1975-1981 regional disparities in
living standards was carried out in this context.

5. CHANGES OF REGIONAL DISPARITIES

IN LIVING STANDARDS IN 1975-1981

The analysis of the changes of regional disparities in living standards was
carried out for 49 so-called small voivodships which replaced 17 big voivodships
when a new territorial division of the country was put into effect in 1975 after

17 — Geographia Polonica t. 52
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Fig. 7. First degree dendritic linkages in the set of regions in 1981
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Fig. 8. Distribution of the living standard groups in voivodships in 1975: |-5 — cf Fig |

This hampers to formulate valuation judgements. Nonetheless, a detailed analysis
of the shifts between dendrites was abandoned and an attempt was made to define
in quantitive terms the changes of inter-regional disparities in living standards.
Taxonomic distances between individual voivodships were adopted- as a basis for this
analysis while the Warsaw voivodship served as a point of reference. The indices
applied for the Warsaw voivodship possessed on the whole the most favourable
values.

The appearing taxonomic distances were arbitrarily divided into five equal groups
supposedly representing living standards:

— group I — voivodships ofrefatively lowest living standards (taxonomic distances
150-120.1),

— group II — voivodships of relatively low standards (taxonomic distances
120-90.1),

— group IIl — voivodships of average standard- (taxonomic distances 90-60 1),

— group IV — voivodships of relatively high standard (taxonomic distances
60-30.1),

— group I — voivodships of relatively lowest living standards (taxonomic distaaces
0-30).

The distinguished standards provided the basis for making cartograms (Figs 8, 9, 10)
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Fig. 9. Distribution of the living standard groups in voivodships in 1980: 1-5 — ¢f Fig. |

corresponding to the 1975, 1980 and 1981 time sections. The situation in 1975
(Fig. 8) corresponds on the whole to the general situation in 1970 (Fig. 2). Meridional
distribution is well visible. It divides Poland into the East where the lowest and
most differentiated standards are predominant, and the West characterized by an
equal spread of high living standards, with two exceptions — an average standard in
Slupsk voivodship and the highest one in Szczecin voivodship.

Thus, the analysis of taxonomic distances in 1980 (Fig. 9) in the western part of the
country indicates that the whole area, the two mentioned voivodships put aside, is
homogenous from the point of view of its living standards. On the other hand, in the
eastern part where in 1980 (Fig. 9), as compared with 1975 (Fig. 8), many
regions shifted to the group of higher living standards closer to those in the
Warsaw voivodship taken as a sample, a great dynamics was noted in the analysed
changes. As economic crisis was increasing this trend was visibly gathering momentum;
this is proved by comparing the situation in 1981 (Fig. 10) and that in 1980
(Fig. 9). This is an illustration of the flattening of disparities in living standards and
we may guess that the same applies to other aspects of regional development in the
situation of an economic breakdown.
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Fig. 10. Distribution of the living standard groups in voivodships in 1981: 1-5 — ¢f Fig. |

The crisis affected more heavily the regions with higher industrialization and
urbanization level. Their development in the period under discussion was relatively
slower than in many other regions having until then lower living standards. As
a result of this process, voivodships considered to be strong (Kuklinski 1980;
Najgrakowski 1981) maintained their former small taxonomic distances in relation to
the Warsaw voivodship, while a number of economically less developed voivodships
noted a higher rate in the improvement of living standards and consequently moved
up to higher-standard groups.

Shifts of the examined spatial units from one group to another are treated as
essential changes of regional disparities in living standards. Table 4 presents the
number of voivodships falling within the distinguished standards in the analysed time
sections. While Fig. 11 gives a synthetic picture of the shifts that took place in the
entire 1975-1981 period and shows the spatial location in Poland of those voivodships
in which living standards either relatively deteriorated or relatively improved. As it
was pointed out earlier, “deterioration” concerned in general a few units with the
highest standard, while “improvement” covered on the largest scale units marked by
the lowest standard.
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TABLE 4. Voivodships according to living standards

Liviag standard

Year Total veRy T
low low medium high high
I 11 11 v \'
1975 49 11 10 9 i5 4
1980 49 4 10 14 18 3
1981 49 3 10 15 19 &

The shifts in the living standards of individual voivodships, presented on Table 4,
were a reselt of transfers by no more than one group up. It is worth noting that
in the 1960-1970 decade there were transfers by two groups (see Fig. 3). Although.
as we mentioned earlier, the results of the studies carried out in 1960—1970 and in
1975-1981 cannot be considered fully comparable, they allow nonetheless to observe
the basic trends of changes in disparities between regions.

Fig. I1. Changes of living standard groups in voivodships in 1975-1981: | — shift to higher
living standard by one group. 2 — shift to lower living standard by one group. 3 — no
change
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268 Z. Ryckiel

according with the historically biased scientific definition, (4) the voivodship of
Katowice, and (5) the agglomeration of industrial districts (Fig. 1).

To complicate the picture, the system, however defined, was divided by international
boundaries, which throughout the 19th century with its industrial revolution and
capitalist development, were stable spatial barriers. The development of the system
can therefore be viewed in terms of integration of its parts or erosion of the
boundary effect. Although it is called Upper Silesian, the industrial district has fromthe
historical point of view been composed of 3 sub-areas, i.e. the post-Prussian Upper
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Fig. 1. The Upper Silesian Industrial District: 1 — post-1945 international boundaries, . —

international boundaries, 1922-1938, 3 — pre-1914 international boundaries, 4 — post-P75

voivodship boundaries, 5 — major towns, 6 — USID Zone A, 1953, 7 — USID Zone B. 1'53,

8 — USID after Misztal (1973/78), 9 — Cracow Industrial District after Misztal (1973/8),
10 — the agglomeration of industrial districts, after Fierla (1969)
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