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i6 JERZY KONDRACKI AND ANDRZEJ RICHLING

An important part is played by preliminary investigations in compiling
a detailed landscape survey. Before venturing into the field, all available ma-
terial referring to the region in question should be studied in detail. Aerial
photographs are of great value here. The result of these preliminary studies
should be a preparatory map on which the boundaries of different units can
be marked. The actual field work is done in order to correct the boundaries
marked, and to collect data which would allow the characterization of parti-
cular complexes and the establishment of interrelations between individual
components.

For landscape investigations, the following alternative methods exist:

(1) mapping from itinerary examinations,
(2) examinations made of key areas,
(3) stationary studies.

Mapping from itinerary examinations is done by entering onto the map
the boundaries of complexes observed along routes followed in the field, and
by filling in the space between these routes on the basis of data otherwise
available. Research work of this kind is done when it comes to compiling maps
of larger areas, in not particularly accurate scales. Obviously, the course of
the routes should be suitably selected so as to cover all types of uroczyska.

Examinations of key areas involve selecting particular areas for which
detailed landscape mapping is done. Both the number of such areas and their
size depends upon the extent and the structure of the total area to be ex-

Fig. 1. Distribution of key surfaces within the range of the Great Mazurian Lake
Country, after A. Richling



SYNTHETIC PHYSICO-GEOGRAPHICAL RESEARCH 17

amined, and upon the scale of the map. The particular areas studied should be
distributed in such manner that the examinations cover all types of units
occurring in the area in question (Fig. 1). This procedure is customary not only
in physical geography but in other natural sciences as well, such as phytoso-
ciology, because its application encompasses a wide range of problems. While
working with key areas the geographer should be careful to enter onto his
map all particular components observed, such as relief forms, geological struc-
ture and hydrological conditions, as well as soils and vegetation, he also should
define and scrutinize the interrelations between these components, and mark
the boundaries of individual units. This shows that this type of research is
cumbersome and tedious. Apart from surface mapping, this work demands
measurements of the groundwater table, test pits for soil studies, geological
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Fig. 2. Map indicating types of uroczyska in the region of Sterltawki Wielkie village
(Great Mazurian Lake Country), after A. Richling (see explanation at the end of the
article)

2 Geographia Polonica



18 JERZY KONDRACKI AND ANDRZEJ RICHLING

drillings and descriptions of natural outcrops, moreover, it requires the collec-
ting of samples for laboratory analyses. Often helpful in this work are special
blanks onto which can be entered all the data obtained from particular points
of observation. The final result of these examinations should be a map indi-
cating the boundaries of particular uroczyska and also often of individual
facies. As examples of this type of mapping the authors have added to their
paper a map of the surroundings of Stertawki Wielkie, a village of the so-cal-
led Great Lake Country in the Mazurian Lake District (Fig. 2) and the frag-
ment of a landscape map showing the drainage basin of the river Opatowka
on the Sandomierz Plateau (Fig. 3).

After the maps for the examined key areas have been compiled, the next
step is to extrapolate from the results obtained so far for particular compo-
nents into conditions inferred in regions not investigated in detail. Very useful

Fig. 3. Fragment of a landscape map showing the Opatéwka drainage basin on the
Sandomierz Plateau, after R. Czarnecki (see explanation at the end of the article)
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in this work is the investigation of those components which have been distin-
guished as index components in previous examinations of key areas.

Stationary studies should always be carried out for protracted periods of
time. These sort of studies throw light on the seasonal rhythm prevailing in
the landscape, and make it possible to draw balanced conclusions with regard
to the investigated components.

From all that has been discussed so far one sees, that in investigating land-
scapes the geographer also resorts to methods applied by other branches of
geography and by other natural sciences. An integral part of landscape map-
ping are elements of hydrographical, geomorphological, pedological, geological
and phytosociological mapping. However, landscape examinations should by no
means take the place of investigations of components, but they should be done
one parallel to the other, because the principal aim of the landscape exami-
nations is not to supply a characteristic of components but rather to perceive
their mutual interrelations, to analyze the area of given landscapes and to
divide it into natural units — in spite of the fact that, in regions so far only
poorly investigated, these sort of landscape examinations may unfold not only
natural units but their components as well.

In the discussion so far, the authors have left out the problem of typolo-
gical units of a rank higher than that of uroczyska. But it will be seen that
on both maps (Figs. 2 and 3) such higher-rank units have been marked. In the
former map they were called “varieties of landscapes”, in the latter “types
of environment” involved. Both these terms are being applied to any area
containing a regular group of uroczyska strictly specified in character, which
are of identical value from an economic point of view. After J. Kondracki (15),
varieties of the landscape result from differences in their topographic position
with in one species of landscape. This author considers landscape species to
be geomorphic complexes of definite ecological features, which in lowlands

Key to Fig. 3
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EXAMINATIONS OF SMALL DRAINAGE BASINS 31

in Masovia, and extending as far as the Mazurian Lake District. The inten-
tion of the Warsaw centre is to discern differences in water circulation as they
occur in different geographical latitudes of Poland.

~

Fig. 1. Location of the drainage basins under study

The drainage basins studied by geographical institutions of: 1 — Gdansk, 2 — Cracow (Department
of Hydrography of the Jagellonian University; Department of Physical Geography of the
College of Pedagogy; Department of Physical Geography of the Institute of Geography, Polish
Academy of Sciences), 3 — Lublin, 4 — L6dZz, 5 — Poznan, 6 — Torun (Department of Hydrography,
Nicholas Copernicus University; Department of Physiography of Poland of the Institute of
Geography, Polish Academy of Sciences), 7— Warsaw, 8 — Various university centres

The Torun geographical centre can also boast of a considerable number of
papers of this type, initiated by the Department of Hydrography of the M. Co-
pernicus University. 45 papers deal with fluvial drainage basins. Also, in seve-
ral other papers lakes or the Vistula valley were the topic, and the authors
had to make detailed hydrographical surveys of local drainage basins. The
research work of the Torun centre is concentrated on the area of the lower
Vistula, and one of the principal purposes of the studies is to elucidate water
circulation in the area covered by the last glaciation.

In the Gdansk centre, hydrogeographical studies were conducted by the
Department of Physical Geography at the College of Pedagogy, which was



http://rcin.org.pl.




- -
S . - =
- -
s S P o ca i

™t e e, Cere -

- - - - -

e Y RN - PR 1 LR -
— - - —

e
"o m [ o
. - -

— . onie® -
B e —

S - S —— -
e TSt - - ——

:

Y e - — —
e - -
4 .

s : -

-_—

.
-
- - -
- ——" -
- — — =
P - -
.
fan. - - -
-
- wes - = .8
- - PONESE -
- 5%
- - e e e
3 -
»
. .
-n - -
. . " - -
el iln - B
- - - -

-
-
-
- e
R
- csm

— 5 -

-

-
-

ow o

—F et



.
= 13

. "“h'.”

. ,\:-http;//rbin.org.pl

A
g




hitp:/}fcin.dfg .'pl



......

ﬁﬁiﬁ-f o

s Wi

‘A AN

< o

o :
. LA Py o
Bl L T o ol T
. —_— - > A o 4 e AP -
-t ’ ‘4,5-_-“‘.".,;?-—...‘ P e “:‘:3., N _As:__‘,:, . ke
K L8 Tpui F 3 _—r LS. RN e g
: T e e St
ry »X N A
) :/ A fpte vy 1ol <nhe '.‘,‘-_‘_:v:;.
- et - e enia - s fom -
; ARDT o T el 4 i D . Sl
Y ST ERRTE N W UBANE D sl < s g o - Sew o Nl
& o - e . A ot Elshay Gyt Thg e ﬁ" L
- ---3I"§." ,?:.21 Tain s "‘7 . TN = B A LA e (1 s ) -; e 3
R \Y,. 2 =3 Yol =S As. htt ._//- &, o o - r' -~ e 3 sk f‘;’ AE2EE e
o * | S p://rcin.org.p
l. - > A
4% & - .




_ http://rcin.org ..pI



38 JANUSZ PASZYNSKI

The geographical distribution of the radiative components of heat balance
over Poland’s territory is more complicated, though a general trend of increas-
ing values from north to south can also be observed, at least in the case of
component S. The annual values of S in Poland are included in a wide range
from about 85 Kcal-cm~—2 to about 95 Kcal-cm~—2. An exception is the Upper
Silesian Industrial District, where the incoming solar radiation is strongly re-
duced due to pronounced air pollution.
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Fig. 1. Geographical distribution of mean annual values of the latent heat flux of
evaporation = E (Kcal-cm™2).

As to the net radiation, the highest values of @ appear in the southern part
of the country in Podkarpacie, in the central part of Greater Poland and in
Mazovia, as well as in the northern confines in the Lake District and on the
Baltic Coast. The Upper Silesian Industrial District also forms an island of
reduced values of @ falling below 33 Kcal-ecm~—2, a similar island of reduced
values being observed in the Warsaw metropolitain region.

As can be deduced from the maps described, the structure of the heat ba-
lance in Poland is unequally distributed over its territory. As characteristic
examples, two diagrams representing the structure of the heat balance in two
differently situated stations are shown here: Kolobrzeg — situated in the nort-
hern part of Poland on the Baltic Coast, and Opole — situated in the south-wes-
tern part of the country in Silesia (Fig. 4, 5). A comparison of both diagrams
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indicates significant differences. The incoming side of the heat balance which
consists mainly of net radiation does not substantially differ between both
places considered, the values of @ being a little higher in the northern part
of the country during summer months due to the different length of day in
this season (the difference of latitude between both stations is about 4°). On
the other hand one can observe important differences on the expenditure
side of the heat balance. On the Baltic Coast energy is used for heating the at-
mosphere and for evapotranspiration, both terms being more or less equal
(A =~ E), while in Silesia the share of latent heat used for evaporation in the

S &
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Fig. 2. Geographical distribution of mean annual values of the global solar radia-
tion = S (Kcal-cm™32).

expenditure side of the heat balance is much higher than the share of sen-
sible heat transfered to the atmosphere by convection (A <<E). In both
cases the term Aq forms an insignificant part in the heat balance. It is
worthy of note that net radiation during the winter season has more
pronounced negative values in the interior part of the country than on the
Coast.

It can be assumed that the ratio of energy used for evapotranspiration
to the total amount of incoming energy, is not uniform in Poland. For more
detailed analysis the ratio between latent heat and global radiation, i.e., E/S, as
well as the ratio between latent heat and net radiation, i.e., E/Q, have been
computed, and their geographical distribution has been shown on maps



40 JANUSZ PASZYNSKI

(Fig. 6,7, 8,9), Calculations have been made for the annual period, as well
as for the growing season from April to October.

Analyzing the maps mentioned, one can assume that in Poland evapotrans-
piration uses from below one fourth to above one third of incoming global
radiation. The lowest values of the ratio E/S are observed on the Baltic Coast,
the highest ones —in Upper Silesia, on the upper courses of Odra and Vistula
rivers. The same ratio, but computed for the growing season, is somewhat
higher being comprised of between 24 per cent in the northern part and 37
per cont in the southern part of Poland.

”
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Fig. 3. Geographical distribution of mean annual values of the net radiation =
=@ (Kcal-cm—2),

Let us now examine the ratio of heat used for evapotranspiration to net
radiation, ie., E/Q. This index changes in a wide range from below 50 per
cent in the northern confines of the country, to above 80 per cent in the
south—western area. The values of this index, calculated for the growing sea-
son, are somewhat lower being between 40 per cent in the north and 70 per
cent in the southwest.

On all the four maps described, the lowest values appear in the northern
confines of Poland mainly on the Baltic Coast, while the highest values apper
in the south — western confine, in Upper Silesia and in areas bordering the
Sudets mountains. The course of isolines on these maps is generally speaking
latitudinal (west—east). It can be assumed from these considerations that the
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Fig. 4. Annual mean variation of the structure of heat balance at the earth-atmosph-

ere interface in Kolobrzeg

a —net radiatson = @, b — latent heat flux = E, ¢ — changes of heat storage below the inter-
face = 4q, d — sensible heat flux = A
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Fig. 5. Annual mean variation of the structure of heat balance at the earth-atmosph-

ere interface in Opole
a —net radiation = @, b — latent heat flux = E, ¢ —changes of heat storage below the inter-
face = 4q, d — sensible heat flux = A



49 JANUSZ PASZYNSKI

role of evapotranspiration in the heat balance is especially important in the
south-western part of Poland, in Silesia and first of all in the region bordering
the chain of Sudets mountains.

What are the causes of so large a share of evaporation in the heat balance
in these areas? The most probable decisive factor is the rather frequent oc-
currence of advection of relatively warm and dry air. This advection is mainly
connected with the descending winds of the fohn type, which are rather com-
mon in this region. This fact has often been emphasised by several scientists
studying the climate of Silesia [5, 13, 20, 21, 22].

Fig. 6. Mean annual E/S ratio

The role of falling winds in the heat balance of the region under conside-
ration has been confirmed by some detailed field investigation results. The
purpose of these investigation was the exploration of the influence of local
factors on actual evapotranspiration. Investigations of this type were under-
taken among others at the Research Station at Wojcieszow, situated in the
north-eastern confines of Sudety mountains in the Kaczawskie Goéry (Kacza-
wa Hills).

All the components of the heat balance of the active surface covered with
short grass were measured continuously during selected periods. In this way,
daily variations of the heat balance structure in different synoptic- conditions
were followed and analysed. The results of investigations carried out at.Woj-
cieszo6w were published in [2, 3, 12, 15, 23].
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As follows from the results obtained, the amount of heat used for evapo-
transpiration increases rapidly in the periods when descending winds occur
in this region. The value of E can in such cases greatly exceed values of net
radiation.

This phenomenon is clearly seen from the diagrams attached (Fig. 10, 11,
12). They represent examples of the structure of the heat balance for two con-
secutive days: 22nd and 23rd August 1965.
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Fig. 7. Mean annual E/Q ratio

On August 22nd, the incoming side of the balance consisted uniquely of
radiative heat flux — this is indicated by positive values of @. The next day,
however, the structure of the balance was altered due to advection of relatively
warm and dry air by the wind descending from the adjacent Sudets mountains.
As a consequence of advection, the turbulent flux of sensible heat was directed
mostly from the atmosphere to the active surface, the term A being positive
during this day. Therefore, the absolute value of E was much higher than Q.

On the other hand, the lack of cloud cover during the night involves rather
strong outgoing radiation, which must be compensated by the turbulent flux
of sensible heat from the air and by the conductive flux of heat from the soil,
both terms A and /q being positive. The value of component E is also positive
during such nights, indicating condensation of water vapour instead of evapo-
ration.
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In our investigations several different methods were used for the determi-
nation of instantaneous values of the heat balance components.

Net radiation (@) and both short-wave and long-wave components of the
radiation balance (@, and @,;) were directly measured by portable net radio-
meters specially designed for field studies, and screened either with poli-
ethylene or with glass hemispheres.

o) D s

Pa
IBEB [ 4

Fig. 8. Mean E/S ratio for the growing season

The heat flux to (from) the soil corresponding to the term Aq in the equation
(1), was calculated from the soil heat capacity C, and from the changes of soil
temperature /At, according to the formula:

aq = [ ¢, ardz (7)
o

where 7 is the period between two consecutive measurements of soil tempera-
ture, and z is the depth.

The temperature of soil was measured by electric resistance thermometers
at several levels from the surface to a depth z’ where no changes were observ-
ed in hourly time intervals 7.

The turbulent flux of sensible heat, i.e., the component A in equation (1)
was determined from data concerning vertical differences of air temperature
(4t) and air humidity (4e), both measured on two levels: 0.5 m and 2.0 m with
electric psychrometers. Thus the method based on the Bowen ratio was used:
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Q—A4q
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1 1 de (8)

y At

where y is a coefficient of proportionality depending on the atmospheric pres-
sure. In the same manner, the value of component E was determined:

B __Q:i_‘i 4
1 Succ
+yAe

This method, however, is not always applicable. It does not give satisfac-
tory results when the difference between @ and Aq is very small, or in the
case when both fluxes A and E are close with regard to their absolute values
but inversely directed. Another source of error often is insufficient accuracy
attainable when measuring the vertical differences of air humidity, especially
in the field experiments.

Therefore, the values of A were also determined independently by an aero-
dynamic method. In our investigations, the method described in [12] and based
on the Monin—Obukhov’s similarity hypotheses was applied. According to [24]

A = {(4t, u, B, 2,) (10)
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Fig. 10. The course of the components of heat balance at the earth-atmosphere in-

terface in Wojciesz6w during the day-time 22nd August 1965
a — net radiation = @, b — turbulent flux of latent head = E, ¢ — changes of heat storage below
the interface = 4q, d — turbulent flux of sensible heat = A

where u is the wind velocity, B is the empirical Richardson number, and z,
is the roughness parameter for the given active surface. The wind velocity u
was measured by photoelectric anemometers at the level z =1 m and the
roughness parameter was assumed z, = 5 cm. For computations of A, special
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21 VIl 1965
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Fig. 13. Daily courses of the turbulent flux of latent heat — E in Wojciesz6w on

21nd and 22rd August 1965 S
a — values of E determined by the method of Bowen ratio, b — values of E determined by the
aerodynamical method, ¢ — values of E determined by the method of heat balance.

nomograms were prepared [12]. In a similar manner, instantaneous values of
the turbulent flux of latent heat, i.e., the component E, were also computed,
using data concerning vertical differences of air humidity:

E = f(de, u, B, 2,) (11)

In this way the actual evapotranspiration was determined by three differ-
ent methods: (1) the Bowen ratio method, (2) the aerodynamical method, (3) the
method of heat balance, where

E = —(@+4q+A) (12)
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22 VIl 1965

[}

-0.40

0,50
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The last method, where E is the residual term in-.the equation (1) is most
advantageous, because it does not require any measurements of air humidity,
which are rather complicated and not sufficiently accurate in the field condi-
tions.

However, the results obtained by all three methods are in rather good con-
formity as can be seen from the diagram (Fig. 13). Thus the results of detailed
investigations carried out in our research station confirm the assumption that
in the climatic conditions of the south western part of Poland descending winds
involve increasing evapotranspiration. Therefore, the share of the evaporation
in the heat balance of this part of Poland is so important.

4 Geographia Polonica
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overthrust in the Miocene, warped in the form of a latitudonal ridge the
Upland was cracked into blocks and the discarded parts fell into the piedmont
trough flooded by the miocene sea [38]. M. Klimaszewski [65] and S. Gilew-
ska [35, 37] describe the course of the exhumation of the southern part of the
uplands from beneath the miocene sediments, which occurred in stages. It was
shown by the research of S. Dzulynski, K. Klimek, and others [13] that the
consequent valleys with epigenetic sections formed during the dissection of
the southern part of the Uplands suffered desertion by the rivers with the
uncovering of the clay-filled tectionic troughs.

As S. Gilewska [37, 38, 44] showed, denudation escarpments developed in
the upthrust part of the Uplands when ther® were resistant mesozoic strata,
which are related to tectonics. One of these, on middle trias limestones, form-
ed on the line of a miocene fault has receded 13 km (Fig. 1). Fragments of

Dabrowa

~ Foreland Basin Mid - Tnassic Escarpment
400
300

200 -

100
Fig. 1. Evolution of the Mid-Triassic Escarpment in the Silesian Upland (after S. Gi-

lewska [40])
A — in Oligocene, B — during Miocene tectonic phase, C —in Pliocene, formation of basins
connected with retreat of escarpment; 1. lower trias and older formation, 2. middle trias
limestones and dolomites, 3. upper trias beds

destructive levels in areas of inter-scarp depressions [37, 84] and erosion ter-
races in narrow limestone gullies [13] correspond most probably to the levels
of the planation surfaces in the Carpathians. However, this has not been pro-
ved so far.

In the Carpathians, just as in the Silesian-Lesser Poland Uplands, the study
of old forms was based on detailed geomorphological mapping and an analy-
sis of the relation of the form to the geological structure. M. Klimaszewski
found hanging, unrejuvenated floors of pliocene valleys in the granite part
of the Tatras and connected these with the extensive levels of the lower-
-pliocene planation in the Tatra foothills [66, 71]. The geomorphological map-
ping of the eastern part of the flysch Carpathians allowed for the recognition,
apart from the two hitherto known planations [65], of a third lowest valley
level shaped in the form of glacis-pediment [94, 101, 102].

Research in various parts of the Tatras showed that the rate of the matur-
ing and rejuvenation of the relief and due to this the preservation of old
planations depends on the resistance of the bedrock [1, 3, 75, 102, 110]. The
oldest elements of the relief have been pregserved in resistant rocks and at
the same time the usually low resistance of flysch causes that the neogenic
forms were remodeled and now the old relief must be reconstructed (Fig. 2;
[102, 103]).
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Fig. 2. Palaecomorphological reconstruction of pliocene 200 m level (above river bed) in San Valley (after Starkel 102)
1. flattenings in 200 m lewel, 2. wide rounded humps in niveau of flattenings, 2. monadnock hills rising above flattening, 4. structure controlled scarps
in relief of level, 5. high hard-rock ridges rising above relief of level, 6. dome-shaped crest in level — lowered, 7. humps with levelled profile —
lowered, 8. edges separating relief of level from younger slopes, 9, isohypses of 200 m level — reconstructed, 10. directions of rivers at level, 11. present
rivers, 12, elevations above sea level
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BESKIDY (FLYSCH CARPATHIANS) SANDOMIERZ BASIN
, Qs (Subcarpathian Depression)

SOUTHERN PART

Ed D Bl Ee B3s

Fig. 3. Schematic sequence of Quaternary forms in Carpathian valleys and the Subcarpathian Depression (after Kli-

maszewski, Dziewanski, Dzulynski, Starkel, Wysoczanska-Laskowska and others)

Age of sediments: Q,— Villafranchien, Q,— older than Cracovian glaciation, Q,— Cracovian (Mindel) glaciation, Q,— Middle-Polish
(Riss) glaciation, Q,— Baltic (Wurm) glaciation, H — Holocene. Types of sediments: 1. fluvial, Holocene, 2. fluvial — Pleistocene,
3. glacifluvial, and glacial, 4. slope (solifluctional and deluvial), 5. loess
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The research in the Carpathians became the basis of wider studies on the
actual role of the pre-glacial relief in the development of the mountains gla-
ciers [67, 74, 76] and on the influence of climatic and tectonic changes on the
deepening of valleys in various highland areas of the alpine zone [114].

Departamental studies in the Carpathian Foreland showed that the flow
of fluvioglacial waters during the middle-Polish glaciation was from the front
of the ice-sheet in Silesia to the Vistula valley [46, 51]. The periods of glacia-
tion undoubtedly interrupted the deepening of valleys. The deepest of these
date from the great interglacial [Fig. 3, 46].

The development of the relief of the Silesian-Cracovian Uplands was re-
gionally differentiated. In the eastern part which was glaciated once, the older
relief exposed from beneath glacial deposits was often covered by loess [35].
However, the twice-glaciated western part is to this day covered by a thicker
series of glacial and glaciofluvial deposits, especially in depressions [46]. The
direction of escarpments (NW-SE) influenced the course of the glaciation and
the basin-like depressions were favourable to areal deglaciation (Fig. 4); [37,

Fig. 4. Relation of the ice-sheet to the escarpments in the nothern part of the Sile-
sian-Lesser Poland Upland (after Klimek) [84]
I. early phase of deglaciation, II. late phase of deglaciation. A. zones of kame accumulation

82, 84]. The forms of kames, eskers and outwash plains from this period un-
derwent relatively little transformation so that morphological criteria may
also be applied in comparisons of glacial landscapes of different ages [51, 83,
84]. The infilling of depressions and gorge sections caused the developement
of a new valley network; many fossilised valley tracts and numerous epigene-
tic gorges were formed [37, 46, 81]. S. Gilewska’s research also concerns the
stratigraphy of valley deposits [47, 48], karst processes in the pleistocene [36,
41] and the modelling of slopes in a periglacial climate [37, 49]. The deepening
of valleys did not attain the pre-glacial floors which is connected, among ot-
hers, with the subsidence tendencies in the Subcarpathian trough and in the
valley of the Oder (according to the geodetic and geomorphological research
cf. L. Starkel [98], S. Gilewska and K. Klimek [46]).

Studies on the evolution of the relief in the Holocene

These were concentrated in the Carpathians [95, 97]. Various types of
slope-formation were found, relating to the lithology of the bed-rock (wash-out,
sufosion, erosion, the dissection of slopes by little valleys, landslips, rockfall).
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processes and the flood stages on the basis of an analysis of the distribution
and volume of forms and deposits. The river-bed adapted to extreme hydrody-
namic conditions is very slowly readapted to “normal” discharge after the
flood. After the 1970 flood in the Carpathian valley of the Dunajec, K. Kli-
mek and W. Froehlich [17] studied the course of transport and accumulation
in the region of the river-bed and the flood terrace.

Studies of the results of the two and a half day downpour with a precipi-
tation total of 1100 mm in the region of Darjeeling in the Himalayas were
conducted by Starkel [115, 117] who found the extent of the tranformation of
slopes by flows, gullies and landslides of the order of a 10 cm lowering of the
whole surface with a simultaneous widening and deepending of valley floors
by flood waves reaching 20 m in height.

Stationary research of morphogenetic processes

These range widely from the course of mechanical and chemical weather-
ing through gravitation processes, slope wash, crionival and eolian processes
and sufosion and ending on fluvial processes [23, 27]. The research is conduct-
ed by the Department at the stations at Szymbark (300-600 m a.s.l.), and on
the Hala Gasienicowa in the Tatras (1500 m a.s.l.); it is or was conducted in
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Fig. 5. Chemical denudation in vertical zones of the Polish Carpathians and Cracow
Upland built of limestones (after Kotarba) [60]

Jaworki by Szczawnica (T. Gerlach), in the Gorce Mts. (T. Gerlach), in the
Mata tgka valley in the Tatras (A. Kotarba), in the Jasto-Sanok Depression
(T. Gerlach) and in the basin of the Kamienica (W. Froehlich).

Observations of mechanical weathering are led by A. Kotarba [57] at va-
rious zones in the Tatras and also by M. Klapa [90] who is analysing the rate
of weathering of rock scree situated in and on the surface of the soil.
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DEVELOPMENT OF AGRICULTURAL LANDSCAPE 87

Sandomierz, around Wroctaw and Opole and the largest of them in Central
Poland round Kalisz, f.eczyca and Kruszwica and in Pomerania round Kotlo-
brzeg.

In this period millet was the main staple food; rye, wheat and barley not
occurring until later. In connection with the archaeological research on the
origins of the Polish State detailed studies on the vegetation finds were car-
ried out. As a result, studies of the vegetation cover, of cultivated plants and of
trees and vegetables in the Roman period are highly advanced in Poland.

D% - 7 ity )
77 ,;:%7/'//,’/ '/7//’// ,,//’ //2 "
7 /
k‘) ﬁ% L-
-’l/ 7 /// 7
/'/‘ tu(_’ o) 7
) r
< Y

0 0 400km A . e » A \

L» —S i

Fig. 1. Map of settlements and economic centres in the Roman period
On basis of the traces of imports and coins, according to K. Tymieniecki [64]

Some attempts at the periodization of the development of agricultural techni-
ques have also been made.

Progress in agriculture did not occur equally in the whole country. The
process of the development of a plough economy passed from the south to the
north, e.g. in Greater Poland the cultivation of rye was not known until
the 6th century (Bonikowo, KoScian poviat). The old forms of cultivation were
maintained for a long time alongside the newer forms. These phenomena could
have had a different development in various parts of Poland but this has
not been studied adequately yet. The fact, however, that the agricultural land-
scape with a developed plough economy with draught animals was known
already before the formation of the Polish State in large areas in the central
and southern part of the country, has been well proved by recent research.
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90 HALINA SZULC

Most archaeologists assume that settlements with a central square and with
a compact built-up area, situated on heights, were of a defensive character
and that these settlements played an important role in the formation of the
oldest, early medieval forts which should be considered as fortified villages.
On the other hand, in settlements with a loosely build-up area, the central
place probably served the purposes of artisan production or was utilised for
herding the cattle for the night. From this period both small settlements with
one or two homesteads and large ones having 5-10 and even as many as 20 ac-
tive homesteads have been discovered [45].

0 W 20m

Fig. 3. Plan of the suburbium settlement at Lisewo, Wabrzezno poviat, Bydgoszcz

voivodship, compiled by J. Dalekta [8]
1 — fortified site, 2 — hut, 3 — harm-hut

The topographic setting of settlements and especially of forts was highly
dependent on the morphology of the land and on the hydrography, which has
been discovered by the studies of Z. Rajewski, J. Kaminska [24], J. Kazmier-
czyk and Z. Podwinska as well as by studies by geographers, mainly J. Dylik
[12], M. Kielczewska-Zaleska [28], S. Zajchowska [67].

On the other hand, the research on the early medieval field pattern, which
most often was effaced by subsequent cultivation, is not very advanced, It
is assumed that fields made in the forests were in the shape of blocks because
according to the agricultural technique of that time, the field had to be “plough-
ed” twice, lengthwise and crosswise, by means of an ard. In result, the field
took the form of a square.

The settlement regions delimited by the finds of Roman imports from the
antiquity were also settlement centres in the early Middle Ages. Densely popu-
lated ancient tribal centres around Gniezno, Kruszwica and Poznan constitute
the territorial centre of the Polish state. Round large forts along the oldest
commercial routes, on the fertile soils of Silesia, Lesser Poland, Kujawy, the
Chelmno Land and Pomerania, considerable concentrations of population were
established. Also, the oldest iron-working centres of the early medieval period
were found in these areas.

Centres of industrial and artisan production were at the same time centres
of agricultural production intensely developed due to cultivation with the help
of draft animals. Millet, rye, wheat and barley were cultivated mainly, and in
the neighbourhood of forts vegetables were grown.

On the other hand on the untilled land in the forests, still fertilized by as-
hes, the slash-and-burn economy prevailed and millet was cultivated. The fo-
rest landscape remained in the mountainous and upland areas, on watersheds,



http://rcin.org.pl



92 HALINA SZULC

The formation of “ujazdy”, strictly defining the boundaries of a property
was accompanied by the intensification of agriculture thanks to the improve-
ment of tools and the introduction of a two- or three-field system instead of
the long fallow system which was the repeated cultivation of the same piece
of land until it became completely barren when it was left to lie fallow for
many years.

It is assumed that the intensification of agriculture and the settlement by
Polish Law associated with it took place mainly in the first half of the 12th
century. In this period villages with an irregular three-field pattern (Fig. 4)
represented the prevailing type. The ‘“‘zreb” consisted of a few fields or open
fields (““niwa”) which name is derived from an area of land free of forest on
which the three-year rotation was practised. This rotation concerned mainly
the fields situated nearer the buildings. In villages located by Polish Law
attempts were undertaken to integrate the fields and to change to the irregular
three-field system in order to increase the arable area and to utilise the land

Fig. 4. The village Zabno, Miastko poviat, Koszalin voivodship
Redrawn from a 1797 plan of the village, which was reorganized in 1820. A round village
with a three-field system. The village was inhabited by 9 peasants. The manorial property has
not been marked on the village plan. 1 —1,23,.. peasants property, 2 — manorial property,
3 — nucleus, 4 — meadow, 5— border with the neighbouring village

more intensively. This process was continued later (mainly from the 13th cen-
tury onwards) in connection with the influx of colonists from Germany and
Flanders and also in connection with the depopulation of the country after the
Tartar invasions. The integration of fields and the three-field system brought
about material profits, therefore the transformation of already existing villages
or the establishment of new ones by the so called German Law was undertaken
.on a large scale and this was connected with the reorganization of the villages.
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Thus superimposed on the ancient native settlement network, developed
over many centuries of evolution of spatial forms of settlement under the
tribal system, from about the 13th century onwards were new types of settle-
ment forms linked with the German Law. Within this period the settlement
network became more dense, new forms of land property were developed and
this involved far going transformations of the agricultural landscape.

Great spatial changes of the country were also connected with the change
to a rent economy and with the regulation of peasants’ obligations. The colo-
nization by German Law and the social and economic changes involved spatial
changes through the integration of a few small villages and the demarcation
of the boundaries of villages, nuclei and fields. In connection with the intro-
duction of the three-field system, three open fields of their multiples were
measured out in the village. These fields were divided into long strips (“zago-
ny”) and every farmstead in the village possessed a strip in each field (Fig. 4).

\

Fig. 5. The village Lubiatéw, Grodk6éw poviat, Opole voivodship
Redrawn from a 1825 village plan. A regular Waldhufen village, located on German law about
1300. The manorial property in blicks was created by the integration of a few open fields.
Peasants property in strips [38]. 1 — manorial property in blocks, 2 — nucleus, 3 — forest,
4 — meadow

Long strips were characteristic of plough cultivation which was introduced
in some farms in the first quarter of the 13th century and popularized by the
middle of this century [40, 44]. The plough drawn by two or three pairs of
oxen was not easily manageable and, in contrast to the ard, required consider-
able space. In connection with this so-called “uwrocia” (turnings) were formed
at the end of the fields. Hence the longer the field, the smaller was the percen-
tage of land lost at the end of the field. So in connection with the introduction
of the plough as the basic tool of cultivation, there developed in the place of
square shaped fields, long fields characteristic for this form of cultivation.
These fields were usually measured anew in the units used in the Middle Ages
at the transference of the villages to the German Law. In Silesia this was most
frequently the Flemish or Franconian “mansus” [56, 58, 59]. The mansus (“lan”)
became the synonym of the former ‘‘sors” or ‘“Zreb” and at first it usually
meant the property of one family (Fig. 5).
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The feudal period is very important in the evolution of the agricultural
landscape of Poland, because settlements established at that time have become
the basis of the settlement form which has been preserved until now, M. Kiel-
czewska-Zaleska proved [32] that villages of feudal origin still cover large
areas of Poland (Fig. 6). Relicts of open field villages, with a nodal road
system, can be seen in Silesia, in the southern part of Zielona Géra voivodship,
in some parts of Greater Poland, of Pomerania and the Bialystok voivodship.
Such villages appear also in central Poland — although in a much transformed
form as a result of the later evolution of the villages. In Lesser Poland such
villages are much less frequent.

Fig. 6. Best conserved relicts of villages of feudal origin (after M. Kielczewska-Za-
leska [32])

1 — network of large concentrated villages, of over 100 homesteads, situated in rows along
the valley (Waldhufendoérfer), 2 — network of medium size villages (20-100 homesteads situated
in the centre of fields and at a road crossing (primarily open-field system)

On the other hand relicts of Waldhufen villages have been preserved
mainly in the south of Poland, in the Sudets and Carpathian mountains, in
the south of the Lublin Upland, and also south of Zielona Goéra and around
Leszno. So the distinction made in the Middle Ages between the Waldhufen
and open field villages is evident until now in the agricultural landscape of
Poland.

Changes which occurred in the agricultural landscape in later periods are
better known, so I shall limit myself to a short enumeration of the periods
and the newer processes. Studies carried out lately have improved our know-
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to strengthen the German element in these areas. The colonies were established
on abandoned lands and in forests. Often these colonies had industrial rather
than agricultural functions (especially the colonies situated on the right bank
of Odra river in Opolan Silesia [58]).

Some colonies disappeared after a certain time as also did some other set-
tlements which had arisen spontaneously on too infertile lands, on peat bogs
and in forests.

Further changes in the agricultural landscape of Poland in the 19th and
in the beginning of the 20th century occurred in connection with the develop-
ment of agricultural techniques and with the change from the three-field to
the multi-course rotation and finally modern crop rotation as well as through
socio-economic changes in Poland.

Changes in spatial systems of villages and of the settlement network
occurred differently in the various parts of the country. These differences
were connected with the different economic policies of the invading nations.

Fig. 7. The village Nosarzewo Polne, Mlawa poviat, Warsaw voivodship
Redrawn from a 1883 plan of the village before the integration of land. 125 strips of a joint
area of 122 morgen and 217 rods belonging to one family are marked on the plan [49]

In Greater Poland, Pomerania and Silesia the agrarian reforms introduced
in the beginnings of the 19th century in connection with the granting of free-
holds to peasants, had a marked influence on the spatial system of villages.
The integration of fields within the village area and the separation of the
manor fields from those of the peasants were the sign of these agrarian re-
forms. This process was not equal in all the villages annexed by Prussia. The

7 Geographia Polonica
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manor-and-peasant villages underwent the greatest changes at that time, as
in these the manor fields had been mixed up with peasant fields. The manor
property was integrated, peasant farmsteads moved elsewhere and peasant
fields integrated into small blocks. Thanks to this the western territories have
the most rational field pattern, best adapted to new techniques of cultivation.

On the other hand, the villages of the so-called Congress Kingdom, which
were under the Russian rule, did not undergo any reorganization in the early
19th century. In the villages of the Congress Kingdom the granting of freeholds
to peasants occurred only in the second part of the 19th century. This process
was not accompanied by the integration of peasant and manor properties but
by a further fragmentation of property holdings because of division by here-
dity. A great number of small farms arose at that time with mixed property
holdings so characteristic to-day for the territory of Poland which had been
under the Russian rule [35].

N \
\" ]E.A '\

Fig. 8. Fragmentation of the property in private farms in 1960, compiled by W. Bie-
gajlo and R. Szczesny for the National Atlas of Poland, Institute of Geography of

the Polish Academy of Sciences (unpublished)
Percentage share of farms having their fields in 6 and more strips

An especially considerable fragmentation of the size of holdings occurred
in villages belonging to the petty gentry in Mazovia nad Podlasie, because
through privileges the gentry could here freely dispose of the land and usually
divided the whole of one property between all the heirs [Fig. 7].

Similarly in the Austrian partition i.e. in Galicia, there was no integration
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the correctness of this selection in the procedure of generalization. In addition
to this problem, the study also tends to search for rules of objectivization in
the generalization of linear elements on maps %, in belief that the map will take
geometrical formulae, which might be expressed by using fairly simple algo-
rithms only.

The theory of cartographical transformation also discloses an important
problem of the relations of reference systems. Starting from the notion that
space is thought to be a sphere of activity for all relations that result from
its nature *, we may discuss this problem from a somewhat different point of
view. In geographical and cartographical practice we very often deal with
the notions of geodetic space, physico-geographical space or natural environ-
ment space and socio-economic space. Since each of these spaces has different
systems of intrinsic relations expressed by various mental categories and by
various measures, the representation of elements of one space in another one,
produces considerable difficulties for the cartographer when making projection
of one space onto another one the more so that these spaces distinguish them-
selves in having specific means of presentation. Nevertheless, all the spaces
mentioned above have a lot of contiguous points, or fields of co-operation.
This is due to the fact that human activity and human environment are always
binding agents here. Thus, both the means and the method of mutual projec-
tions should be sought exactly in the zone of these contiguities. This may be
illustrated by means of a fairly simple diagram (Fig. 2).

As a result of a long practice and due to considerable experience in carto-
graphy, geodetic space is best thought of as a projection. Usually, such a pro-
jection to this form is called a map, and we are accustomed to this form. Diffi-
culties only arise at projecting other spaces, particularly those of a socio-eco-
nomic nature, in terms of geodetic space. The solution of these difficulties will
strongly affect the successes of thematical cartography in the future. Discus-
sion on cartographical methods > and on the method of concentration are con-
sidered to be the first attempt of this kind. The latter problem has been

20 G. Bonatowski, Metodyka generalizacji sieci rzecznej (Methods of generalizing
river networks), Acta Univ. Carolinae (in print).

2t K. Dziewonski, Zagadnienie integracji analizy kartograficznej i statystycznej
w badaniach geograficznych (Sum.: Problems of integration of statistical and carto-
graphical analysis in geographical research), Przegl. geogr., 37(1965), 4, 585-596.

22 J. Pastawski, see note 10.
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PROTECTION PROBLEMS OF THE HUMAN ENVIRONMENT 147

C. The influences of nature on man and his activity. The particular com-
ponents of nature exert diverse influences on man and his activities. Climate
and water constitute the most powerful factors. Next come vegetation and
mineral resources. Further, soils, relief, seas and oceans must be mentioned.
Other major influences are exerted by the respective geographical situation
and, in the densely populated areas, by the proportion of open spaces. Specific
effects are brought about by natural calamities (see Fig. 1).

O

o

Fig. 1. Model of interaction: man and environment
A — Lithosphere, B — Pedosphere, C — Biosphere, D — Continental Hydrosphere, E — Oceans
and Seas, F — Atmosphere

D. The influences of human activities on environment. By adapting the
environment to his needs man affects it by his activities, both as a whole and
its particular components such as the lithosphere, hydrosphere, biosphere,
pedosphere, atmosphere, and others. Man introduces anthropogenic elements
into the natural environment. The incorporation of anthropogenic elements
into environment produces its new quality. I call the transformed environment
a geographical environment. If the anthropogenic elements are in clear predo-
minance, we have to do with a man-made environment (e.g., in big cities).
Nevertheless, man-made environments are subject to the laws and forces of
nature too (see Fig. 1).

E. The limited potential resources of the environment. Although the exploi-
tation of the environmental resources and values is in continuous progress, the
potential resources of the Earth are limited. Together with the growth of the
population and the expanding activities of man, the proportion of resources
that have been used up is growing too. The rate of this latter process is acce-
lerating due to developments in technology and to growing demands concer-
ning the living standard aspired to by the population. As long as the popula-
tion’s needs can be satisfied with the exploited resources of the Earth, the
development of life on Earth is secured. (see Fig. 2).

10*
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F. The model of human activities in space. Man’s activities are at their
most intensive in the vicinity of his settlement. The intensiveness of his acti-
vities decreases stepwise together with increasing distance. Accordingly, the
pollutions resulting from man’s activities diminish together with increasing
distances (see Fig. 3).

AD 1 1000
Fig. 2. Model of utilization of potential natural resources in time and the popula-

tion increase
A — Potential resources, B — Utilized resources, C — Population increase

A 8 c

@77t

LLd

Fig. 3. Model of human activities in space
A — Settlement area, B — Intensive activity zone, C — Extensive activity zone, D — Sporadic
activity zone

el

Oq

© Other settlements

Fig. 4. Model of concentration of population in Europe in XIX and XX century

G. Man’s activities tend to concentrate. Due to economic and social reasons,
man’s activities tend to concentrate in specific areas and points of the Earth.
Agricultural population living in sparsely populated areas or in small rural
settlements abandons farming and moves to towns and cities. Industrial pro-
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duction and the developing services stimulate the growth of big cities and
urban-industrial agglomerations. Population tends to concentrate too, which
finds its reflection in the congestion of built-up areas (see Fig. 4).

H. Accumulation of disfunctions. The growth of production is accompanied
by a rise in living standards but also by a growth of environmental disfunc-
tions which deteriorate the living conditions. Production grows steadily thus
contributing to the improvement of the living standard. But the rise in the
latter is not simply proportional to the production growth for it depends upon
the distribution of the national income, that is, upon the socio-political rela-
tions. Increased production and consumption are usually followed by a further

A
/
= <
—
//
_"—’_/ /
-~~-“~ Wi \. ‘
i —
“‘\ \-
ol ~.

Fig. 5. Relationship between standard of living and environment improvement costs
1 — Rise in standard of living, 2 — Increase of environmental disfunctions, 3 — Rise in environ-
ment costs, 4 — Rise in total production value

degradation of the environment, which adds to the deterioration of the living
standards. If the degradation of the environment is to be prevented, definite
expenditures on its protection or rehabilitation have to be incurred. The total
expenditure on environmental activities is determined in relation to the volume
of national income, the living standards and the intensiveness of destructive
activities in the environment (see Fig. 5).

II. THE THREE ZONES OF THE HUMAN ENVIRONMENT

The above assumptions allow me to distinguish three zones of the environ-
ment. In each of them the specific environmental problems are different; hence
the socio-economic policies implemented in them must also be different as also
the principles of the optimal allocation of resources between the environmental
improvements and the other needs of the society.

A. The zone I of urban-industrial agglomerations. This zone covers small
areas of concentration of production and services, where a large population
density (more than 600 persons per 1 sq. km) is observed. This zone is domi-
nated by man-made environment with the highest pollutions and deforma-
tions. The resident population has frequently substandard living conditions.
The environmental policies in this zone should be mainly concerned with the
rehabilitation of the environment and with the improvement of the living
conditions, especially with the protection of health.

B. The zone II of intensive productive and non-productive activities, The
areas constituting this zone usually have a considerable population density
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(more than 100/sq.km). It is in this zone that the very intensive processes
transforming the geographical environment occur. Environmental disfunctions
are either local or regional; occasionally they may occur in high concentration.
In this zone, the fundamental problems are the protection of the natural
resources and environmental values and efficient methods of their exploita-
tion. This zone may include minor centres of high population density, in which
the existing problems are analogous to those occurring in the agglomerations.

C. The zone III, of potential resources and values of the natural environ-
ment. Here, man’s activities are sporadic, extensive and only locally intensive.

.| Bl ‘ 1w

Fig. 6. Three zones of human environment
I — Urban-industrial agglomerations and centres — Population density over 600 persons per
sq. km. Man-made environment — Living conditions — Health protection
II — Zone of intensive productive and non-productive activities — Population density over 100
persons per sq. km. Transformed geographical environment — Protection of natural resources —
Optimal methods of utilization
III — Natural zone — Potential natural resources and amenities — Sporadic and extensive
production activities — Nature protection

This zone covers also the seas and oceans as well as the areas of recreation
and tourism. Pollutions are similarly sporadic and rather small. The primary
problem in this zone is the protection of the potential resources and values of
nature as it is to this zone that man may expand his activities in the future
(see Fig. 6).

III. THE PATTERN OF ACTIVITIES RESPONSIBLE FOR THE DISFUNCTIONS
IN THE THREE ZONES OF THE ENVIRONMENT

A. Industrial production constitutes the most potent factor in polluting and
deforming the environment. It concentrates in zones I and II. In the zone of
agglomerations, industrial production exhibits no territorial expansion as the
deficit of area imposes the necessity to switch over to increasingly intensive
production methods. The I zone, however, is characterized by the highest
degree of industrial disfunctions. Zone II, in which industrial production exhib-
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its the broadest expansion, is also threatened by industrial disfunctions. In
zone IIT industrial production is but sporadic and covers mainly the exploita-
tion of raw materials (e.g. whaling).

B. The air pollution and noise disturbances resulting from transportation

STErTTTTS

1 W '
wasil]

Fig. 7. Model of human activities causing disfunctions in three environmental zones
I — Decrease in transport intensity — Zones of ncise disturbances and air pollution
II — Decrease in industrial production (mining included) — Pollution of air, water, soils, plants
and relief degradation — Danger to health
IIT — Intensification of recreation and tourist activities — Environment and landscape damage

Fig. 8. Disfunction intensity in three environmental zones
I — Zone of concentrated disfunctions

II — Zone of local sources of disfunctions and their expansion
III — Zone of sporadic disfunctions
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Fig. 9. The relation of various types of disfunctions with individual planning areas
Disfunctions: 1 — intensive, 2 — medium, 3 —weak, 4 — absent
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Fig. 10. Intensity and types of disfunctions within the three environmental zones
(A model for one country)
A — Recreation and tourism areas — disfunction caused by tourist activities
1 — Centres of urban-industrial agglomerations — highest concentration of various disfunctions,
2 — Urbanized areas — various disfunctions, regional, 3 — Urbanizing areas — various disfunctions,
local, 4— Agricultural areas — pesticides, fertilizers, soil erosion, 5—Forest areas — vermin,
chemical substances, 6 — Surface waters — chemical, physical and bacteriological pollutions,
7— Waste and other land — sporadic disfunctions, 8 — Transportation areas — noise disturban-
ces, air pollution
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STUDIES ON TRANSFORMATION OF NATURAL ENVIRONMENT 167

apparent in the environments transformed by man (Fig. 1). Therefore, it seems
more reasonable to adopt a natural environment classification not according
to its basic components, but on the basis of the differences in organizational
levels of the internal physico-geographical space. Such a division, based on

Fig. 1. Diagram of the influence of the emission of sulphur dioxide into atmosphere
on the selected environmental elements
A — atmosphere, H — hydrosphere, B — biosphere, L — lithosphere
Agr — agriculture, R —recreation, U — urban-areas, I — industry

A B
1 \\ = 7 4 T

W
P O N

Fig. 2. Diagram of the basic functional links of the man-environment system
A — socio-economic subsystem, (1) — personality level, (2) — micro-population level, (3) — IAC-
ro-population level, (4) — socio-technical level
B — natural environment subsystem, (1) — facial level (ecotope), (2) — catena level, (3) — eco-geo-
graphical system level, (4) — landscape level

structural-typological properties of environments, with the emphasis on the
degree of their compactness, would enable the balancing of the interaction
between the two examined subsystems. Such a classification would lead from
the smallest, totally mononatal basic units, with a small degree of independ-
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environmental variants, which could not have emerged in nature. In future,
they may appear to be of particular importance. The rejuvenation of the earth’s
surface has followed, and processes of matter and energy circulation have
been accelerated. On a terrestial scale these phenomena are unquestionably
positive, however, locally they may be strenous for men. To become acquainted
with the correctness of the functioning of a system, it is more essential to
master and minimize the negative influences. Generally, they are caused by

Original structures

Rura! Urban Industrial
environment | eavironment | environment Biosphere Hm’w'l Atmosphere | Lithosphere

e R %

sz % 5//// R
oy ////V/ ” ;%
N é/&/ %

35

NN
N
NN

Man's influence wia

Y, 7, i ; % b o002
Change in “/f////;ff:::: //515??'
e {%/%tzzz:fé/ /,///frf?f ‘
i ] V7
5 A e,
lithesphere 7/ /,1// 1_/////////// / Y

] « 2 A E [:]4
Fig. 3. Intensity changes effected by man upon the existence of environmental struc-

tures
(1) — very strong, (2) — strong, (3) — weak, (4) — very weak

the emerging of unwanted phenomena. There are unwanted from the point
of view of the environment as from man. In most cases they are not conditio
sine qua non for the further development of human communities, but a result
of short-sightedness and a lack of knowledge. The classification of these influ-
ences has recently been presented in detail by St. Leszcezycki [13].

In relation to the atmosphere, negative changes caused by man are prima-
rily unsettling the balance of the chemical features of air masses, mostly
a balance between oxygen and carbon dioxide content, and gradual devasta-
tion of atmosphere structures by thermo-nuclear explosions, rockets, etc.
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MODEL OF INTERACTION 175

world, or if we treat human populations as component parts of biocoenoses
and ecosystems, we are likely to commit a gross simplification and fail to
explain the essential links in the evolution of the relations between society
and nature.

In studying the man-nature relations we have to employ a very broad
understanding of the ecosystem; it should be treated as a macrosystem. Now,
to understand adequately any macrosystem it is necessary to study its organi-
zation (cf. D. R. Stoddart [19]).

Organization may be seen as a set of elements which, as a group, are
capable of fulfilling certain functions such that cannot be fulfilled by any of
the individual types of elements in isolation from one another. Each element
affects the others and is itself affected by them; moreover, each element ope-
rates so as to maximize the effects of its operation for its own benefit. A sys-
tem attains the highest level of organization when each element maximizes
the effects of its own operation. Conversely, whenever the elements operate
randomly the system has a low level of organization.

The concept of “organization” is applicable both to the ecosystem and to
the socio-economic system. In studying the ‘“man-nature” interdependencies it
is essential to clearly define the mutual relations of these two organizations,
or, more strictly, the interpretation of the two organizations. The growth of
negentropy, that is of organization, which is specific for all systems, is con-
nected with the growth of disorganization within system of lower organization.
The dominance of the socio-economic system is an essential factor disturbing
the equilibrium between the two systems.

The study of the two systems is based on the observation of definite analo-
gies between the mechanisms of operation of each of them. According to
H. E. Daly [5], one such analogy exists between the processes of metabolism
and the economic processes. The scheme below illustrates this analogy:

The attempt to define the mutual interrelationships between the socio-eco-
nomic system and the ecosystem may be based on identifying the different
influences inducing changes in the one and the other system. The explanation
of the character of that influence may also include diverse elements of each
of two systems. In simplified form, this influence can be presented as flows
from one system into the other, for each of them has its internal and external
flows connecting the two systems. The external flows not only change the
volume of the substance of the system but also change the conditions of its
influence.

TABLE 1. “Man-nature” model

|
Socio- i
ocio economch BoGe Stem

system |
Socio-economic ‘ I I
system .

Ecosystem I11 v

After some extension, Leontief’s model of input—output flows makes pos-
sible the integration of the two systems into the metasystem ‘“man-nature”.
In its simplest form, this model is presented in Table 1. Field I in this Table
stands, in accordance with Leontief’s model, for the input-output flows in the
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notter . —=1 degroded matter

energy ——=1 degroded energy

- + degraded matter

enern peoo—— Yoldelel ) Ney J
nergy Jegroded energy

Fig. 1

socio-economic system. Isard ([9], p. 310) points out that “the strength of this
analysis lies in its detailed presentation of (1) the production and distribution
characteristics of individual industries of different regions, and (2) the nature
of the interrelationships among these industries themselves and among these
industries and other economic sectors”. Accordingly, it represents the essential
features of the structure of multi-industrial economic system on the regional
and the interregional planes.

The ecosystem of the geographic environment can also be analysed in terms
of the input-output model, provided we treat it as a set of mutually interrela-
ted processes that demand certain inputs and yield definite outputs. The sys-
tem of flows within the ecosystem is represented by field IV.

By their activity the two systems provide themselves mutually with defi-
nite final inputs and outputs which get outside each of them. These flows
constitute the foundation of the mutual dependencies and influencies. Field II
represents the flows from the socio-economic system to the ecosystem which
are in fact the subsidiary, i.e., side-effects of the society’s production activities.
Field III, on the other hand, represents the inputs of nature that enter the
sphere of the society’s productive and consumptive activities.

The dimensions that characterize the flows of the integrated system con-
stitute three groups of phenomena:

(1) flows, that is the values produced or consumed within a definite period
such as, e.g., the output of coal, the consumption of plankton;

(2) resources, that is the values existing at a given moment, e.g. water
resources;

(3) conditions, that is the values that are attributes varying with time, e.g.,
air temperature.
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TABLE 2. An extended model of inputs and outputs of the metasystem “Man-Nature”

To Socio-economic system Ecosystem
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nomic| (2) Industry X21 X24
sys- s T B e
tem lation
(3) Populatio Za1 ZTaa
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‘
4) Vegetative |
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world
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(6) Microorganisms | Xxe; Tea
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|
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sys-
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(8) Hydrosphere X1 Xga
(9) Litosphere Zo1 X4 | ]
(10) Sources of !
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energy (Sun) !

The proposed extension of the model is presented in Table 2. Separating
the two fundamental systems by a dividing line this table furnishes a tentative
outline of the basic relations occurring both within the systems themselves
and between them.

Within the socio-economic system we-have, in analogy to the traditional
input-output analysis, to distinguish two fundamental sectors of production
and population as an autonomous sector. The proposed division of production
into agriculture and manufacturing is of course a simplification intended
merely to expose the two principally different modes of transforming matter
and energy in production processes, i.e., through the participation of living
organisms, on the one hand, and by transforming inorganic matter, on the
other. An operational model, however, would demand a more detailed division
into production branches. Moreover, the criteria of such a division would also
have to be different from those employed in ‘‘traditional” analyses. To cite

12 Geographia Polonica
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GEOGRAPHICAL INSTITUTIONS IN POLAND 185

Dr. habil. Wladystaw Niewiarowski, Doc. Dr. Lech Pakuta, Doc. Dr. habil. Lech
Ratajski, Prof. Dr. Ludwik Straszewicz, Prof. Dr. Stanistaw Szczepankiewicz,
Prof. Dr. Franciszek Uhorczak, Prof. Dr. Tadeusz Wilgat, Prof. Dr. Antoni
Wrzosek, Dr. Elzbieta Iwanicka-Lyrowa (Secretary).

THE POLISH GEOGRAPHICAL SOCIETY

The aim of the Geographical Society is to co-operate in the development of
the geographical sciences, dissemination of research achievements, raising the
level of geographers’ qualifications, improving the teaching of geography in
schools, propagating principles of correct management of natural resources,
conducting tourist activities.

Plenary sessions are held twice a year. The period of office of the Presiding
Board lasts three years.
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Fig. 1. Geographical Institutions in Poland
1 — Departments and Sections of the Institute of Geography, Polish Academy of Sciences,
2 — Institutes of Geography at the Universities, 3 — Departments of Geography at the Colleges
of Pedagogy, 4 — Departments of Economic Geography at the Colleges of Economics, 5—
Departments of Geography at the Academy of General Staff, 6 — Departments of Geography
at the Technical Universities (Politechnics), 7— Geographical Research Stations of the Univer-
sities, 8 — Research Stations of the Institute of Geography, Polish Academy of Sciences
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