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8 M. Pecsi
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Fig. 1. The Dunafoldvar river-bank landslide to the South of the Danube’s kilometre

mark
1 — loess sequence in primary position (autochthonus); 1, — loess recently displaced by sliding;
1, — waste of earlier slides; hl — pale pink sandy loess; o — talus; z — earth mound and

Pannonian clay upward from the Danube’s stream bed; fl — fossil soils; ta — dark-grey clayey
loam soil; pa — Pannonian clay; va — red clay; cs — sliding plane

bottom of the layers along earlier small buried valleys. This means that the
sequence of the loess layers will not be soaked from above but water will rise
from the base upwards, depending on the nature of the rock, the intensity of
percolation and the pressure exerted by the overlying layers.

(c) Earlier and recent landslides. Prior to the landslide of 15 Sept. 1970 there
were several movements in the same place in the Dunafoldvar bluff (Figure 1).
As a result of the earlier landslides the loess bluff 150 m a.s.l. has retreated
in a section of some 50 to 70 m in width. The bulk that slid down earlier re-
sulted in the formation of a bench 115 to 120 m a.s.l. On the bank of the Dan-
ube (92.5 m a.s.l.) this also ends in a bluff. This bench has virtually become sta-
bilized; houses have been constructed on it since.

Months prior to the 1970 landslide fissures became visible on the loess pla-
teau, parallel to the steep rim. The network of these fissures was reported by
local people to have become gradually wider and deeper. These people were
conscious of slight movements in the days prior to the landslide. The landslide
in question resulted in the movement of a slice of loess with an average width
of 30 m and a length of some 700 m removing a semi-circular slice from the
bluff. The thickness of this slice may have been some 45 to 50 m. The bulk
in question was some one million m® and it crashed down vertically some 30 m
as compared to its original position. At the time of the landslide a great noise
was heard and dust-clouds were produced. In the bed of the Danube, near to
the shore and in front of the sliding surface two arcs of islands nearly parallel
with each other were produced and pushed up 2 to 5 m above the water level
(Figure 2). People who were present at the time of the landslide saw waves more
than 1 m high being produced and hitting against the opposite bank with
great force. The surface of the slice became covered by talus on the side of the
bluff, while towards the Danube a trench 3 to 5 m wide was formed and, be-
tween these, parallel ridges 2 to 4 m high were formed. The bench to the left of
the earlier landslide became dissected by broad fissures, and ridges 2 to 4+ m
wide either rose up or subsided. On the edge of this bench near to the Danube
vertical movement was slightest. The horizontal movement of the sliding bulk



Fig. 3. A map of changed relief of post-mining areas — phase III (on the basis of aerial photographs and field observations)
1 — Slope formed by dissection of surface during removal of overburden: a — up to 2 m high, b — 2-5 m high, ¢ — more than 5 m high,
2 — Slopes of undulating-indented outline, 3 — A former course of the slope poorly visible, 4 — Surface of outer dump, 5 — Surface of inner dump,
6 — Traces of removal of coal or overburden, 7 — Surface of unlevelled dumping of ground masses, 8 — Longitudinal dumping ramparts, 9 — Slopes
of outer dump formed by large-scale processes (downfalls, slumpings, creepings, etc.), 10 — Downfalls and slumpings in slope area of unchanged
surfaces, 11 — Slope of outer dump slightly changed by wash-downs, 12 — Large slumping tongues in area of outer dumping, 13 — Area of massive
movements on inclined surfaces with small discontinuous slopes (large alluvial cones), 14 — Oval downwarping of surface of inner dump — suffus-
tonal type, 15 — Small dissections of slopes, 16 — Large dissections of slopes having wide cones at the foot, 17 — Natural slopes formed during slumping
and down-falls: a — up to 2 m high, b — 2-5 m high, ¢ — more than 5 m high, 18 — Artificial water basins, 19 — Natural water basins, 20 — Con-
tour lines
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Landslides at Dunaféldvar 11

factors operate simultaneously, or occur at the same time. These include: years
of heavy rainfall, important changes in the Danube water level, light seismic
movements and artificial damming up of the water.
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Photo 2. The Dunaf6ldvar river-bank landslide and its surroundings
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14 L. Starkel

during floods with recurrence periods of less than 5 years) and in the shaping of
landforms (assuming the bankfull stage as critical). Mieshtcheriakov (1970)
ascribes only a local role to them. However, Tricart (1963), Mortensen (1963),
Rapp (1963, 1974), several Soviet geomorphologists (e.g., Rayonirovaniye SSSR,
1965) and the present author stress their importance in the fashioning of relief,
although their effects may vary in particular zones of climate. Unfortunately,
it is difficult to evaluate exactly the extreme events because of a lack of a dense
network of research stations. Different phenomena are misinterpreted: The in-
dices of slope denudation (often being much higher) are mainly based on meas-
urements of suspended load in large rivers. The magnitude of relief change
(creation of new forms) is deduced from multiyear measurements of slope wash
and creep only.

THE MECHANISM OF CHANGES DURING THE EXTREME EVENTS

The occurrence of extreme geomorphological phenomena is controlled by the
critical, limiting values of water circulation which depends on the volume, du-
ration and intensity of precipitation, and on the ground features (Fig. 1). In
analysing the slope water circulation model, it is possible to distinguish a few
boundary surfaces at which changes in infiltration may allow new or extremely
intense processes to occur. The first boundary surface is that of the topsoil.
When the infiltration capacity of this soil is surpassed during intense rains,
surface runoff begins and slope-wash and linear erosion result. The second
boundary surface is the base of the A horizon (or of the arable layer), a surface
separating two layers of different water holding capacity. Rapid flows of topsoil
may then result. The third boundary surface is that between the regolith (waste
mantle) and the bedrock. Water fails to soak into the bedrock and piping
channels, mudflows, debris-flows, landslides and slumps result. The fourth
boundary surface is formed by the irregular base of jointed rock. The presence
of an overburden may lead to landslides and rock-falls.

The fashioning of both stream channels and flood-plains during the ex-
treme events is controlled chiefly by the magnitude and violence of increase in
discharges, by the load of sediment carried by the rivers and by the kind of
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Fig. 1. The effect of varying permeabilities in different near-surface layers and of
infiltration depth in the formation of surface and sub-surface run-off.



Extreme meteorological events 15

river-transported material as well. For this reason, extreme events may cause
(i) channel deepening by the unloaded rivers (in resistant bedrock), (ii) the fil-
ling in of the stream channels and the building up of the flood-plains by slope
material (braided rivers), (iii) increased erosion and deposition associated with
the widening and lateral shifting of channels. The channel form becomes then
adjusted to the magnitude of both discharge and transportation rate. After-
wards the river channel tends to restore a state of balance (Schumm, 1968).

There is a close relationship between the type of rainfall and the occurrence
of extreme events. The higher the intensity of rains and the shorter their dura-
tion the smaller is the infiltration (Fig. 2). Thus, heavy downpours give rise
to slope-wash and debris flows. In wet years with long-lasting rainfalls deep
landslides occur. In the valley floors downpours of local range lead to local
changes (except the sjele). Essential changes are the result of continuous rains
during which stream levels rise in all drainage basins. On the other hand, chan-
nel forms are not altered in wet years with higher water levels, although the
total amounts of river-transported material may be great.

RAINFALL INTENSITY IN mao

NG AN o v
\ 0, o LU C w
"\ f,n\ SLOPE WASH,LINEAR EROSION p
N [+ \ <
z EXTREME N ‘@, N . x
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< HIGH SUSPENDED LOAD DEBRIS SLIDES 4
3} K'\ I <
» i w
o N o \ROCK SLIDES|
HIGH DISSOLVED e 7, 1S
= Ze 0\ | £
RIVER LOAD,MEDIUM \ o By D\ =
CHANNELS HIGH SUSPENDED LOAD (% N\ A

TOTA

AL OF PRECIPITAT

ONS

Fig. 2. Model of relationships between rainfall parameters, permeability of weath-
ered rock horizons, depth of infiltration and type of slope and fluvial processes.
during extreme events.

THE INDIVIDUALITY OF MOUNTAIN AREAS

The highest extreme values of precipitation and the greatest morphological
changes are observed in mountain areas. Mountains are typified by steep slopes
and irregular river-beds of high inclination (Krivolutskiy, 1971; Hewitt, 1972).
The vertical zonation of climatic belts each characterized by its distinctive
suite of physical-geographic processes is responsible for the differences in both
water circulation and importance of the particular extreme events in the ver-
tical mountain profile (as altitude increases rapid thaws become more impor-
tant). Mountains often show a temperature- and humidity asymmetry (exposure
to rain-bearing winds). It is the marginal zone in a compact mountain massif
that receives the heaviest precipitation rather than areas situated in the in-
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18 L. Starkel

the deluvial valley fills vary in thickness there. The role of continuous rain-
falls is rather that of changing the channel forms, although falls are more dan-
gerous on the steep slopes (debris flows).

The extreme processes either accelerate or retard the natural trend of
relief evolution. The undermining of slopes during the floods brings about the
rejuvenation of uplifted areas. This is the positive feedback effect (Fig. 3). The
same phenomenon retards the maturation of slopes in the old mountains and
uplands. Because of subsurface runoff in the Holocene, the dissection of slopes
inherited from the periglacial morphogenesis is also a new, positive element.
The deforestation of such slopes can increase either dissection (accelerated re-
juvenation) or slope-wash. This leads to further maturation of the inherited,
concave-convex slope forms. The development of the newly-created forms (pro-
duced by strong impulses) can be continued during extremely intense pheno-

Fig. 3. Developmental trends in mountain slopes and valley floors during extremely
heavy rain
A. Upper portions of the Carpathian valleys:
A, — deepening of valley floors and slope rejuvenation proceeding upslope (under natural
conditions);
A, — lateral erosion and aggradation of valley floors, slope dissection and building up by
deluvia (after deforestation);
B — the Carpathian Foothills (after deforestation) — aggradation of valley floors and at slope
foot due to deposition of deluvia;
C — the Darjeeling Hills (in the Himalayas) — zone of uplift
C, — stream channel deepening (in forest)
Cy; —stream channel deepening, lateral erosion and sedimentation, slope degradation (in
deforested areas)
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Slope-profile investigations 23

to the watershed. The profiles of a valley or ridge can be studied from time to
time. It is doubtful, however, if the boundary of a form-group with similar
genesis may be drawn at the watershed, which we have selected as an arbitrary
boundary for our profile. Furthermore it is difficult to mark the watershed
accurately.

There are various propositions on how to determine the length of slope
profiles. The upper boundary of the profile should be drawn in every case in
the field, according to its exact orographic position.

After these preliminary remarks, we would discuss the conclusion that can
be drawn from the examination of these surveyed slope profiles.

The necessity of the use of theodolites in field surveys is well justified by
the difference that exists between field surveys and profiles plotted from to-
pographic maps. The differences revealed by the comparison of field surveys
and profiles plotted on the basis of detailed topographic maps show the micro-
forms of slopes (Figure 1). Thus the morphometric field surveys show the slight
unevenness, steps, steep sections within short distances, crevices, small concave
and convex sections of slopes, while these are not recognizable on mapped
profiles. The occurrence and frequency of micro-forms affect the nature of
physical processes acting on slopes, they alter the general process of develop-
ment, and influence slope formation as a whole.

Fig. 1. Slope profile on the Majdan-plateau in a WSW-ENE direction

Shaded sections indicate the differences between the data obtained from maps and the data
obtained from measurements in the field. Vertical exaggeration is 2X.

The above mentioned micro-forms can be — depending on ecological con-
ditions — eliminated as a result of anthropogenic activity, but at the same time
they may develop further and become indicators of renewed diversified slope
development. In spite of the limited extent of their influence at present, their
inclusion is well justified.

On the basis of the evaluation of morphometric profiles it is possible to
separate the individual types of slopes presently infuenced by anthropogenic
activity. This is of special importance, because up to now slopes have been
classified merely into a few basic forms, and even detailed analyses do not
show to what extent these basic forms are combined, in what order and ratio
etc. do the convex, concave, and straight slope sections alternate. The knowl-
edge of the above is very essential concerning future slope development and in
assessing the favourable and unfavourable endowments of slopes, so that they
are used optimally.



24 A. Kertesz, J. Szilard

On the basis of our slope-profile investigations, still in the initial stage, we
have observed the following:

1. The slope sections of several slope profiles plotted from detailed maps
can be characterized by concave curves, while they appear in the field sur-
veys as various combinations of convex, concave and straight parts (Figure 2).
The ratio of convex and straight sections within the profile recorded as gene-
rally convex was 55-60 per cent. In these cases no depositional tendency asserts
itself and degrading neutral and accumulating sections alternate along the
profile. Looking for the cause, we find that in these profiles there occur frequent
but mostly secondary dissections of relief. Apart from this, the above mentio-
ned profiles serve as an example of how far field investigations modify former
more general conclusions.

Fig. 2. Slope profile on the Farkas-mountain on a SW-NE slope

d — convex slope segment
h — concave slope segment

Besides this, detailed profile investigations brought to light that on the
concave, lower parts of slope sections the rate of accumulation is not always
proportional to the size and degree of degradation of the slopes. In several
profiles there was scarcely any accumulated soil material on these concave
strips. This may be due to several causes; in most cases it simply means that
the zone of accumulation is a narrow strip and the bulk of the fine-grained
sediment — degraded from the upper segments of the slopes —is washed di-
rectly into local channels and is thus transported further downslope. In some
cases — mostly in wind grooves — deflation also plays a role in the transloca-
tion of material.

2. The straight and steeper slope segments or the gradually sloping seg-
ments plotted from maps were primarily gently convex slope sections on the
basis of field investigations, and intermediate small depressions with gently

oy e

Fig. 3. Slope profile on the Negyokros hegy on a NNW-SSE slope

1 — well marked steps
2 — hardly noticeable steps



Slope-profile investigations 25

convex sections occurred only secondarily (Figure 3). Where these latter were
frequent, degradation was greatly restricted and even on the intermediate con-
vex sections was confined to narrow strips.

3. Slightly convex or straight slope segments are dominant in about 70-80
per cent of cases characteristic of these steps. Concave profiles occur very rare-
ly, they are generally confined to the narrow upper strips of these ‘“landings”,
where they are connected to the steeper profiles or may be limited to small
depressions. Some of the material degraded from the upper levels accumulates
on these steps. This typical feature of these steps may be due to the fact that
these forms are mostly stable surfaces though slightly eroded. The almost
intact soil profiles indicate a state of equilibrium in degradation and accumu-
lation. The slightly convex curve of the profiles seems to indicate that the
percentage value of the eroded material transported to the landings from the
upper slope sections is roughly identical with the amount eroded from there.

4. The steepest strips of the slopes that are either straight, or slightly
convex or concave curves, represent those sections that are the most intensively
degraded and are presently developing. The soil-forming rocks are found most-
ly near to the surface or else thin cultivated soils are typical.

Connected with the intensive degradation of these slope segments is their
high mobility and the fact that they change their site, depending on local
factors, quite frequently towards shifting the top levels. On the basis of de-
tailed profile investigations and mapping (S. Marosi, J. Szilard, 1969), the man-
ner in which these steep slope segments move on the slopes, can be described.
On the slope segments that were formally eroded down to the parent mate-
rial and later abandoned by the steep retreating slope sections, recently form-
ed culture soils are found. These culture soils of differing character and
thickness lying on the lower parts of the now moderate slopes indicate the
direction of movement along the slopes. At the same time, towards the top
levels the gradually thickening soil profile testifies to a reduced degradation in
the direction of movement as the slopes become less steep. This phenomenon
may recur — depending on the nature of the slope — at several sites. It occurs
not only along the longitudinal slope profile, but also spreading sideways at
several sites, depending on the dissection of the slope.

5. On the basis of 36 representative soil-profile analyses taken in the
foregrounds of the .Buda Mts. and the Velence Mts., and in the hilly region of
Somogy we were able to conclude that the longest slopes were measured on pe-
diment surfaces, and the relatively shorter ones on the uplifted marginal areas.
The length of slope ranged between 94 and 570 m. On the basis of present data
concernig the relationship between the length of soil profiles and the height
of slopes, we may establish that the average inclination of long-slopes is smal-

Fig. 4. Slope profile on the Farkas-mountain on a NNW-SSE slope
e — straight slope segment
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28 W. Froehlich
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Fig. 1. Map of the study area

1 — river system, 2 — watersheds, 3 — forest, 4 — height spots, 5 — meteorological stations,
6 — rain gauges, 7 — limnigraphs, 8 — water gauges

THE STUDY AREA

The Kamienica Nawojowska catchment of 239 km? is situated in the eastern
part of the Sgcz Beskid Mts. and it rises to between 280 and 1084 m a.s.l. The
drainage basin as a whole consists chiefly of the flysch (sandstone-shale-marl)
Magura series. Only in the north-western part of the area, i.e. in the Sgcz Ba-
sin is a complex of Miocene clay and sand overlain by Quaternary alluvia. The
Kamienica Nawojowska valley comprises both gaps cut in solid rock and ba-
sin-like widenings filled with fluvial gravel and boulders. Those conditions,
together with the irregular valley gradients tend to favour sediment supply
and removal.



The role of land use 29

The land use pattern in the Kamienica Nawojowska catchment is related
to both altitudinal zonation and relief types. In the Beskidian high-mountain
zone of steep slopes and skeletal mountain-soils woodland is predominant. For-
esj occupies some 35.6%0 of the catchment area. In this zone the narrow and fo-
rested (in 82%) Krysciow drainage basin of 7.03 km? is situated (Table 1). The
narrow valley floor and the steeply inclined valley- and hill-sides are unfavour-
able for settlement and farming. In the low-mountain and high-foothill zone
arable grounds occupy 35.6% of the Kamienica Nawojowska catchment. Slopes
contain deep loamy-silty waste mantles with a small admixture of sharp-edged
debris. Their liability to washing shows seasonal variations. It depends on the
compactness of the soil aggregates and on the moisture content.

TABLE 1. Characteristics of the geographical environment of the catchment basins

: Drain- Land use (%)
Height Length Gra- - Road
Catchment Area  above of dient 4o, density e
: - . ensity undei
basin (km?) sea-level river ofriver ,,.__, (km/  forest and -
culti-
(m) (km) (%) Jkm?2) /km?) pasture ..

Kamienica Na-

wojowska River 239 1082-280 32.2 18.1 — — 42.7 8.7 35.6
Homerka Stream  19.55 1060-370 10.7 57.0 2.60 4.6 S51.8 7.0 38.2
Krysciow Stream  7.03 1082-520 7.1 53.3 2.41 2.2 82.0 — —

In the wide Homerka drainage basin (19.55 km?) intermediate and high
foothills are common. Arable grounds (38.2%0 of the area) extend far into the
Homerka valley. Forest covers 51.8% of the area and is mainly concentrated
in the headwaters. In the Homerka basin, the land use pattern and the pro-
portions between cultivated area and woodland are similar to those in the
Kamienica Nawojowska catchment.

In the latter one woods are intensively exploited now and show a dense
network of roads and timber tracks. These are responsible for a diminution
of flood control by forest. Furthermore, they are the source areas of great
amounts of fine waste transported in suspension. In areas under cultivation
the patchwork of fields is associated with a grid of roads. Apart from the field
furrows, roads increase the natural drainage density. They also accelerate the
water cycle in the catchment and provide abundant waste (K. Figuta, 1960, 1966;
P. Prochal, 1958; J. Stupik, 1973; W. Froehlich, 1975).

Shape and size are essential parameters by which both drainage basins
differ. These parameters determine both lag time and flood wave concentra-
tion. Although attempts have been made to explain the influence of basin shape
in a theoretical way (A. N. Strahler, 1964) this problem has as yet not been
studied in the Carpathian catchments.

THE HYDROLOGICAL REGIME OF THE KAMIENICA NAWOJOWSKA

The Kamienica Nawojowska drainage basin receives on an average 872 mm
of precipitation per year. Rains are most intense during the summer. Single
downpours which occur every few years may exceed 100 mm per 24 hours and
produce catastrophic floods. In the winter snowfall occurs.
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The Kamienica Nawojowska is a typical Beskidian river with a rain —
snow — ground regime of supply. Its annual mean discharge at Nowy Sacz
was 3.4 m®/s in 1961-1970, and it oscillated from 1.9 m®/s in 1961 to 5.5 m?%/s in
1970. In the autumn and winter, during very low water discharge falls below
0.5 m?®s. Spring peak discharges caused by snow melt reach as much as 70
m?/s. Maximum discharges recorded during catastrophic floods which occur
every several years may exceed 300 m®/s (W. Froehlich, 1975).

At low stage the Kamienica Nawojowska carries 2-8 g/m? of fine waste. The
suspended sediment concentration increases many times during violent river
floods caused by excessive rainfall and it may exceed 13 kg/m® (on 19 July,
1970). With similar flood discharges, the river can carry varying suspended
loads (W. Froehlich, 1975).

THE HYDROLOGICAL CHARACTERISTICS OF FLOODS

The flood of August 1972 was the result of continuous rainfall lasting from
19 to 23 August. Rain gauges installed at the outlet of the Krysciow and Ho-
merka catchments recorded a total precipitation of 115 mm then (Table 2). The
daily precipitation total at the Krysciow mouth was 70 mm on 20 August. This
equals to some 12% of the annual precipitation total. The magnitude of the
flood described was much lower than that of the catastrophic flood which
occurred in the Carpathians in July 1970. The parameters of both floods are
contained in Table 3.

During the flood described streamflow began to rise on 20 August. A di-
rect run-off response to the rainfall was produced in the catchments of the

TABLE 2. Hydrologic parameters of the rainfall floods of July 1970 and August 1972

Maximum discharge Specific run-off Run-off from basin
e (m?fs) (mf5) ()
¥ 3 1970 1972 1970 1972 1970 1972
-
Kamienica Na-
wojowska River 314 187 1,314 782 38,183,000 23,960,448
Homerka Stream  — 15.12 — 773 — 1,445,126
Krysciow Stream  — 5.60 — 797 — 513,646

TABLE 3. Parameters of the suspended sediment transport during the rainfall floods of July 1970
and August 1972

Maximal turbidity Total amount Mass of suspended
o e 3 of suspended load sediment (amount
enleasin (g/m?) (t) per 1 sq. km)
1970 1972 1970 1972 1970 1972
Kamienica Na-
wojowska River 13,498 9,188 285,769 - 1,196 t 195 t
Homerka Stream — 9,630 — 2,154 = 110 t

Krysciow Stream — 4,292 — 366 — 52t
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2 0 b o
AUGUST 1972

Fig. 2. Diagram of changes in stream discharge (@) and suspended sediment concen-
tration (C;) during the flood of August 1972 in the Kamienica Nawojowska River-

KrysSciow and the Homerka. A few hours later discharge increased at Nowy
Sacz on the Kamienica Nawojowska (Figs 2, 3 and 4). Changes in water level
recorded by limnigraphs coincide with those of rainfall intensities. The flood
wave consisted of several peaks. Discharges reached their maximum in the
morning of 21st August: 187 m?3/s (782 1/s/km?) on the Kamienica Nawojowska;
15.12 m¥%s (773 1/s/km?) on the Homerka; 5.60 m®/s (797 1/s/km?) on the Krys-
ci6w. Although 82% of the area is forested the specific run-oft in the Krysciow
catchment was much higher at peak flow than that in the drainage basin as
a whole. This suggests that the small basin width and the very dense network of
both natural and artificial incisions brought about the shortening of lag time
and flood wave concentration. Compared with the Homerka drainage basin,
the rapid run-off was not reduced in woodland. The only effect was that the
streamflow was falling more slowly in the final phase of the flood there
(Fig. 4).
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AUGUST 1972

Fig. 3. Diagram of changes in stream discharge (@) and the suspended sediment
concentration (Cs) during the flood of August 1972 in the Homerka Stream

THE REMOVAL OF FINE WASTE IN SUSPENSION

During the flood, the course of changes in suspended sediment concentra-
tion reflected the flood wave shape. Cn the streams Kryscidow and Homerka
the peak suspended sediment concentration (turbidity) occurred before the
corresponding streamflow peaks. This situation is related to the increased slope
wash and rapid material supply by the network of artificial incisions adjacent
to the stream channels.

n the Kamienica Nawojowska the maximum turbidity of 9188 g/m® and
the maximum discharge of 187 m?®/s coincided. This can be explained by the
combined effect of the first flood waves that were contributed by the small
catchments, and by the increased sediments production in the stream channel
which became adjusted to the hydrodynamic conditions of the bankfull stage.

The peak suspended sediment concentration observed on the Homerka was
9630 g/m?®. This value approximates to that for the Kamienica Nawojowska
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Fig. 4. Diagram of changes in stream discharge (@) and suspended sediment concen-
tration (Cs) during the flood of August 1972 in the Kry$ciow Stream

(9188 g/m?®), whereas on the Krysciow the peak suspended sediment concentra-
tion was only 4292 g/m?.

It appears that with similar discharge, the rivers examined carry different
suspended loads. The shape of the turbidity loop reflects the conditions under
which the fine waste is provided for transport in suspension (Fig. 5). These loops
include a distinct rising limb (rising flow) and a falling limb (recession flow).
The different width of the loop can be explained in terms of the varying supply
of fine sediment in the various phases of the flood.

Narrow turbidity loops for the Kamienica Nawojowska and the Homerka
indicate that conditions were favourable for the increased supply of waste in
the various phases of the flood. Such conditions prevail in the lower lying cul-
tivated areas. The greatest amounts of sediment are provided by the dense
network of roads reflecting the pattern of land ownership. This is responsible
for the high values of suspended sediment concentration in the rivers Kamie-
nica Nawojowska and Homerka.

3 Geographia Polonica 41
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The broad turbidity loop for the Krysciow can be explained in terms of the
retarded sediment supply, especially at falling stage. This may be due to the
protective role of forest which reduces both surface run-off and slope wash.
In the rock-cut Krysciow stream channel the production of fine material is
confined to the short phase of bed load transportation, whereas the wide accu-
mulational channel reaches of the Kamienica Nawojowska and the Homerka

provide great amounts of fine waste.

THE TRANSPORT BALANCE

The volume of sediment removed in suspension represents the sum of trans-
ported materials that were recorded in the various phases of the flood. The
amount of suspended load removed from the Kamienica Nawojowska catch-
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Fig. 1. Map of the drainage system of the Danube and the Tisza river
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Fig. 3. Areas frequently flooded in Hungary before the regulation of the rivers
1 — permanently inunF]aﬁ 7735 2 — penodlrally inundated areas
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TABLE 1. The largest rivers in Hungary

Total Catchment On Hungarian territory
River length area length catchment

in km in sq. km in km area in sq. km
Duna 2,860 817,000 417 93,000
Mosoni-Duna 120 18,061 113 8,723
Raba 283 10,113 191 4,550
Ipoly 257 5,108 164 1,518
Sio 334 14,728 334 14,726
Drava 720 40,490 160 6,378
Mura 454 14,138 48 1,987
Tisza 962 157,000 598 47,000
Szamos 415 15,881 50 306
Bodrog 267 13,579 50 972
Sajo 229 12,708 130 4,203
Hernad 282 4,556 110 1,011
Zagyva 179 5,677 178 5,672
Harmas-Koros 363 27,537 91 12,931
Kett6s-Koros 37 10,386 37 1,744
Feher-Koros 236 4,275 8 298
Fekete-Koros 168 4,645 14 151
Sebes-Koros 209 9,119 59 3,155
Berettyo 204 6,095 78 2,649
Hortobagy 163 5,776 163 5,776
Maros 754 30,330 48 357

years the inland waters are pumped from the canals with 265 pumps, the total
output amounts to 467 m¥/s (as much as the average discharge of the Tisza near
Tokaj). The volume of water thus removed exceeds the output of the world-
famous embankments in the Netherlands. Their effect can be traced for a long
way off in the water-courses, in the changes of the natural conditions of the
former flood-plains and also in the economic and social life of the population
affected.

From among these varied effects, we are in a position to discuss only those
that have taken place with regard to rivers. The main aim to be achieved by the
building of embankments was to accelerate the run-off, especially at the times
of floods by making cut-offs, and the protection both of the former flood-plains
that would be used for agriculture and of the nearby settlements. The shorten-
ing of the channels resulted in a steeper gradient and in an increase of the
velocity of flow. Since run-off became rapid, flood periods were shortened
and the duration of low waters were now longer. The narrow flood-plains were
restricted in between the embankments so flood levels rose considerably. As
a result, the embankment must be raised even today. The steeper gradient
resulted in an increase of energy and this led to the incision of the channel-bed
and its deepening. The higher flood level resulted in a smaller volume at low
water and the embedding of the river channel and in a more extreme water re-
gime. The best example is the change in the water levels of the Tisza river
(Table 3, Figure 4).

The reduction of the level of low waters is a consequence of embedding and
of the steeper gradient of the shorter channel, with the resultant faster flow
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TABLE 2. Data on accomplished river-control works
(after S. Somogyi)

Length of river Average fall
. before and after Length of Number Length of before aid after
River regulation c'ut-offs of cut-offs me?anders regulation
in km in km in km in cm/km
Duna* 494 417 — 23% = 5.0° 8!
Tisza® 1419 966 — 114 589 — —
Tisza? 1211 758 136 114 589 3.7 6
Drava 4004  232¢ 75 68° 243 TR A% 1175
Maros? 86 50 — 13 = 14 24
Harmas-Ko6ros® 234 91 34 39 177 2 5
Kettés-Koros® 84 37 23 15 70 4 8
Feher-Koros? 126 67 25 81 84 — —
Feketr-Koros? 166 90 26 61 102 — —
Sebes-Koros? 162 86 53 24 129 = =
Beretty6? 269 91 51 46 229 - —
Korésok eqyiitt? 1041 462 212 266 791 — —
Szamos? 187 108 - 22 26 = =
Bodrog® 76 50 8 8 34 3.5 6
Ré4ba“ 132 84 — 80 51 32 47
Temes® 336 194 — 92 — — —

@ Hungarian section; ® section south of Dunaféldvar; ¢ the whole length; 4 regulated section; ¢ below Sarvar

TABLE 3. Data on the regulation of the Tisza river

Former Present Abar:ljon— Le:fth Short- _ it r LA
Tisza " length  length  ponnel cutoffs S, I S
. regula- regula-
km 7 tion ' tion

Forras—Tiszabecs 208 208 —_ — — — —
Tiszabecs—Tokaj 334 208 169 43 38 1.5 12.2
Tokaj—Tiszafured 205 117 113 25 43 3 522
Tiszafiired-—Csongrad 326 191 160 25 41.5 2.1 3.7
Csongrad— Maros- ;
torok 99 57 46 14 33 2.5 3.8
Maros-torok—Hatar 31 17 19 5 45 1.9 2.7
Hatar—Torkolat 216 158 82 24 27

1419 966 589 136 32 3.7 6.0

of water. This has a direct bearing on shipping on these rivers. On the Tisza, for
example, before its regulation, ships could sail down to Vasarosnamény with-
out difficulty; after the regulation of the river, however, it could be only pe-
riodically navigated even around Szolnok. The navigability of the Maros and
the Drava became impossible. The Danube — with a much more voluminous
discharge — was not influenced unfavourably by the moderate shortening of
its bed as a consequence of river regulation. The regulated sections retain
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TABLE 4. Changes in the water level of the Tisza river

Changes of Culmination of high waters
Water gauge low-water level
to 1890 to 1957 1830-1855 to 1932 to 1970

Vésarosnamény y —140 —205 770 832 912
Tokaj —110 —172 715 799 872
Szolnok —140 —227 683 894 909
Csongrad —150 —335 610 929 935
Szeged —130 —235 613 923 960

their dynamic equilibrium and after a certain time try to lengthen their course
by developing meanders. The regulated length of the Tisza river has increased
from 1890 to 1932 by 5 km. The consequence of the channel deepening and the
formation of local meanders was the accumulation of a considerable amount of
alluvium. According to estimations, the amount of alluvium deposited by the
Tisza, eroding its banks and bed, varied between 60 and 65,000 m*km?/y, de-
pending on the intensity of erosion and the resistance of the bed material. The
changes are reflected by the shape of meanders, as well, because the erosion of
the banks has changed their parameters, too.

The opposite process occurs by the aggradation of the flood-plain as the
embankments were built unnecessarily too far from the river. This is proved
by the cross-profiles that have been taken in these areas and by the recent
alluvial soil covering those flood-plains.

The flood-control measures had the effect of changing the life of the river,
and altered the former flood-plains as well. The constant inundation of these
latter areas ceased. The periodic floods lasted for a much shorter time and
these flood-plains changed as did the natural conditions. The mineralogenic
infilling came to an end as a result of the building of embankments. Only the
much slower organic or biological processes operate in the area. Thus the for-
mer river beds are well-preserved on these higher flood-plains. The several
million hectares formerly covered by groves, moors, swamps, marshes and wet
meadows became available for agricultural production. On the flood-free
embankments there are about 1.5 million hectares of arable nad, 400,000 hecta-
res of pastures and meadows, 80,000 hectares of vineyards and gardens, about
2000 industrial plants, 3000 km long railway lines and 4500 kilometres of public
roads, furthermore about 350,000 buildings (Figure 5-6).

In conclusion we would remark that as a result of the large-scale regula-
tion of the rivers and flood-control the former separation of the country into
two parts ceased. Thus the two marked regions of flood-free areas and flood-
plains that divided the plains into different cultures were eliminated. Human
effort with the help of the plough, eliminated in nearly 100 years the territorial
differences conserved by nature for thousands of years in the past.

Apart from evaluating the positive effects of river control, we must also
refer to the fact that despite their successful implementation, they bear the
marks of the capitalist society’s approach to the problem. These faults are ma-
nifested in the fact that these works only met the demands of mainly passive
water management and that of the intervention needed in the given situation.
The transitional climate of Hungary is characterized by 3-4 humid years, gen-
erally followed by a dry period of 5-6 years. In the first case a great abun-
dance of water, in the latter its shortage may reduce agricultural production.
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Fig. 5. A section of the Danube before and after the regulation

This climatic factor would have required the ccnstruction of irrigation canals
and reservoirs, the draining of excess waters, furthermore water transport to
serve production needs should also have been developed. Apart from some
modest initiatives in the period between the two world wars, this could only
be realized in the last quarter of the century with the financial backing of our
socialist society.

The first important irrigation project was implemented on the Tisza, the
Tiszalok Dam — opened in 1955 — that supplies the poorly served areas of the

\ttp://rcin.org.pl
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Fig. 6. a-b. The environs of Szeged before and after the river control

Koros rivers with irrigation water from the 108 km long main Eastern Irriga-
tion Canal. The first dam near Bokeny on the Harmas-Koros was built in 1905,
the second in 1942 near Bekesszentandras and the third near Bekes in 1969.
This was followed by the opening of the Tisza II Dam near
Kiskore. All these serve as reservoirs of irrigation water improving the ship-
ping possibilities in these dammed-up sections. The Tisza Dams provide a mo-
dest amount of electrical energy. In addition, the artificial water ponds of
130 sq. km thus created by the reservoir of Kiskore will improve the recreatio-
nal-sporting facilities of the poorly watered environment. The planning of the
third Tisza Dam near Csongrad is already in progress. There are more impres-
sive tasks to be completed on the Danube river. Namely along the section be-
tween Bratislava and Gonyi about 5-8000 m? alluvia are deposited annually in
spite of all preventive efforts. This raised the river bed in the last hundred
years considerably. Besides, the gradient of the river at this stage is more than
30 cm/km. The interaction between the deposited alluvium and the steep gra-
dient lead to a so-called changing, shifting channel and the formation of alluvial
cones. Navigation here even at a sufficient depth of water is difficult and gene-
rally needs twice as much energy as that required below Gonyu. It becomes
even more difficult and sometimes quite impossible during the usual autumn
low-water levels. The Danube is, however, an important waterway. Despite its
present limits, the amount of goods transported in 1970 was twice as much as
in 1960 and rose from 2.5 million tons to 4.5 million tons. This increase in the

4 Geographia Polonica 41
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Fig. 7a. Draft of the dam-system at Gabéikovo — Nagymaros (From Viziigyi
Kozlemenyek, 2, 1974)
1 — reservoir near Dunakiliti; 2 — dam near Dunakiliti; 3 — canal for industrial water; 4 —
dam, power station and lock-sill near Gab&ikovo; 5 — dredging and regulation of the river bed;
6 — dam, power station and lock-sill near Nagymaros
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Fig. 7b. Draft of the establishments of water management in the Tisza-valley (From
Viziigyi Kozlemények, 2, 1974).
1 — dam already in existence; 2 — dam planned; 3 — reservoir already in existence; 4 — re-
servoir planned; 5 — canal already completed; 6 — canal planned
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POTENTIAL FOR CHANGE IN THE WATER CYCLE ON
CULTIVATED SLOPES

JANUARY SLUPIK

Institute of Geography and Spatial Organization, Polish Academy of Sciences, Cracow

1. INTRODUCTION

1.1. SCOPE OF WORK

Land use is one of the important factors which differentiate both the quan-
titative and qualitative water cycle structures in the soil. The term land use
refers to the spatial arrangement of both vegetation cover and the agricultural
activities of man. The knowledge of relationships between soil water cycle and
land use makes it possible to determine the impact of man on the water cycle
and to control the soil water cycle by rational land use.

The above problem is discussed by taking as example the results of conti-
nuous measurements at Szymbark in the flysch Carpathians. The study area
is situated on the boundary of two major relief types: the Carpathian Foothills
and the Beskidy Mts. (Beskid Niski, L. Starkel, 1973). In the Foothill region,
slopes consist of flysch series with prevailing shales on which loamy soils have
developed. Slopes are occupied by cultivated land. The forested Beskidian
slopes are mostly made up of flysch sandstone and have loamy soils with high
frequencies of skeletal particles. Forests are still in their natural state there
(J. Staszkiewicz, 1973).

1.2. NATURE OF THE WATER CYCLE ON FORESTED AND DEFORESTED SLOPES

Comparison of the water balance on forested and deforested slopes reveals
the extent and trends of changes caused by the removal of forest cover in
earlier centuries. It appears that the percentage share of infiltration in the
open is similar to that under forest (Table 1) because of high rainfall intercep-
tion by forest. Differences in the runoff processes are essential. The maximum
intensity of surface runoff on a wooded slope is 50-times smaller than that

TABLE 1. Water balance in forest and in cultivated areas at Szymbark — percentage comparison

Area Precipitation Intefception, Surface Infiltration
depression storage runoff

Forest 100 20-25¢ 0-5 70-80

Cultivated areas 100 5-20° 5-20 60-90

@ according to K. De¢bski (1970)
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TABLE 2. Maximum intensity of runoff expressed in 1/min - ha in forest and in cultivated areas
at Szymbark (according to E. Gil)

Maximum intensity

Area — =

‘(;\;erland flow throughflow and interflow

Forest 150 160
Cultivated area 8,250 190

on cultivated slopes (Table 2). The intensity of subsurface runoff in the 1 m
slope mantle is smaller. This can be explained by the similarity of the deeper
soil horizons under forest and in the open (B. Adamczyk and co-workers,
1973).

The above hydrological differences are only in part due to the influence
of forest. It should be remembered that the forest cover has mostly been re-
moved from areas useful for agriculture. Forest was left on slopes containing
skeletal soils, unsuitable for cultivation. Thus, numerous environmental factors
are responsible for the varied water cycle in woodland and in the open. Struc-
ture of the soil profile and lithology of bedrock are of major importance. Such
are the varied natural conditions on the experimental slopes at Szymbark
(Table 3). It may be assumed that the reforestation of the cultivated slopes
would not be effective from the hydrological point of view.

TABLE 3. Natural conditions of the experimental slopes ‘‘Jelenia” and “IG PAN” at Szymbark

Elements “Jelenia” “IG PAN”
Lithology sandstones shales/sandstones
Soil skeletal silty-loam silty loam
total porosity in 9% of volume 46.1-60.2 40.7-51.2
capillary porosity in % of volume 36.8-53.4 33.3-42.5
infiltration in mm/min 0.8-42.9 0.07-11.4

Vegetation Forest: Dentario
glandulosae Fagetum

Slope profile straight

Slope and exposure 19°, NE

Altitude in m a.s.l. 550-650

Annual precipitation in mm (1969) 715

Mean annual min. and max. temperature

in °C 3.1-9.5¢

cropland/grassland

straight
12°, SW
300-350
670

1.8-12.0°

@ according to B. Obrebska-Starklowa (1973)

1.3. NATURE OF THE EXPERIMENTAL SLOPES

The experimental slopes at Szymbark represent different natural conditions

(Table 3). The slope ‘“Jelenia” representative of the wooded Beskidian slopes
is composed of the Magura sandstone series. It is situated in the lower mount-
ain zone (regiel dolny). The “IG PAN” slope representative of the cultivated
Foothill slopes is formed of shales and sandstones belonging to the Inoceramus
strata. It was the aim of continuous measurements to find out the mechanism
of change from precipitation to runoff. This phase in the water cycle takes
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place on the slope. The measurements of each of the elements in the water
cycle were made on the “IG PAN” slope. These included: precipitation, water
infiltration and percolation, surface runoff (overland flow), subsurface runoff
(troughflow and interflow), soil moisture content and oscillations of the ground-
water level (J. Stupik, 1973).

2. THE HYDROLOGICAL ROLE OF LAND UTILIZATION

2.1. THE PROBLEM

The utilization of cultivated areas varies with the seasons of the year. At
the same time weather is changing. Knowledge of the hydrological role of
land use involves analysis of the water cycle during different weather. The
results of measurement at Szymbark demonstrated that different types of
weather — each characterized by a distinct set of hydrological processes — can
be distinguished. Downpours of short duration, long-lasting continuous rains
and snowmelts are typified by the increased activity of runoff processes. Du-
ring the other rains either infiltration or interception is predominant. In the
rainless periods of the summer season (from May to October) evapotranspira-
tion prevails. During the frosty periods hydrological processes disappear. The
causative relationships between soil water cycle and land use vary with the
weather (E. Gil and J. Stupik, 1972a, 1972b; J. Stupik, 1972, 1973, 1974; J. Stu-
pik and E. Gil 1974).

2.2. NATURE OF THE SOIL WATER CYCLE VARYING WITH THE WEATHER

During the summer drought dessication of the soil takes place due to the
intense evapotranspiration. In spite of the warm weather (daily mean air tem-
perature of 17.2 °C, maximal air temperature of 31 °C, maximal temperature
of ground surface of 51 °C), after 20 rainless days some 80 mm of water avai-
lable for plants have been recorded in the 0.5 m soil layer (Fig. 1). The level
of cultural plants was very good then. The conclusion is that the loamy soils
on the flysch slopes have water in excess of that needed by plants, even at the
height of the growing season. There exist possibilities of increasing water con-
sumption rates in the process of evapotranspiration.

In the rainy periods and during thaws, the role of land utilisation is redu-
ced to that of controlling the quantitative proportions of surface retention,

depth water available for nts

Fig. 1. Changes in soil moisture on the “IG PAN” slope at Szymbark during drought
1 — soil moisture in the upper part of slope, 2 — soil moisture in the lower part of slope,
3 — maximum soil temperature
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surface runoff and infiltration. As the depth increases the influence of plants
is reduced. The rates of both percolation and subsurface runoff are similar
under various cultural plants (J. Stupik, 1974). These rates are closely related
to the nature of the ground. For this reason, we can concentrate our attention
on the variety of overland flow.

During short downpours both volume and intensity of surface runoff is
controlled by the vegetation cover (Table 4). As a result, on the grass-covered
slope water retention in the soil was 86% of the total precipitation and that
on the potato field was 55%. This great variation in overland flow can be
explained by the well known principles of runoff hydraulics. According to
L. Schiff (1951), as the vegetation cover density increases, the ground rough-
ness will be increased. This means that the surface retention necessary to
initiate water flow in grassland must constitute a thicker layer of water, where-
as smaller quantities of excess rainwater are quite sufficient to initiate run-
off on the bare soils. During rainfall with an intensity of 1.74 mm per mi-
ute on the grass-covered slope surface runoff commenced afer 34 minutes
since beginning of rainfall. Thus, it may happen that when downpours are
short no surface runoff will occur neither on grass-covered slopes nor on
corn fields. With the same surface retention, the velocity of overland flow-
declines as density of vegetation cover increases (L. Schiff, 1951): on the grass-
-covered slopes the velocity of water flow is 2 em/s, on the bare soil it reaches
1 m/s (K. Figuta, 1960). Compared to grass and corn, the velocity of surface
runoff is much greater under root crops. This is the cause of increased runoff
intensities (Table 4).

TABLE 4. Surface runoff on the ‘“IG PAN” slope during short storm

rainfall
Elements grass potatoes
Precipitation total in mm 43.2 43.2
Maximum rain intensity in
mm/min 1.74 1.74
Rate of surface runoff in mm 0.0 10.2
Maximum runoff intensity in
I/min - ha 17 3,400

During downpours land utilization permits both volume and velocity of
overland flow to be controlled directly. The maximum difference in runoff rates
is equivalent to a layer of water 7.4-10.2 mm thick during downpours above
40 mm in 30-40 minutes. In Poland such downpours are rare (J. Lambor,
1971). This 10 mm difference gives the upper limiting value of the influence of
vegetation. This value applies to the cultivated Carpathian slopes containing
loamy soils. Continuous rains (lasting a few days) of high precipitation totals
may be above 100 mm (T. Nedzwiedz, 1972). The amount of falls exceeds the
soil water capacity leading either to surface or subsurface runoff of excess
water. The magnitude of both types of runoff depends on the proportions of
precipitation totals and capillary water capacity of the ground. The runoff
volume is determined by the structure of the ground and not by the utilization
of land (J. Stupik, 1973). Similar rate of surface runoff has been recorded in
all cultivated areas (Table 5). The influence of the vegetation cover is mani-
fested only in the intensity of overland flow. The latter will be reduced as the
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density of the plant cover is increased (Table 5). Thus, possible changes in the
water cycle during continuous rain should be limited to the control of runoff
velocity.

The remaining rain types include: (a) rains with totals not surpassing the
actual soil water reserve, and (b) rains with intensities not exceeding the rate
of water infiltration. Those rains may cause surface runoff only in furrows and
on field- and forest roads. On the fields such rains are favourable for the wa-
ter storage in the soil. Overland flow and percolation are minimal then and
subsurface runoff does not occur (J. Stupik, 1973, 1974).

TABLE 5. Surface runoff on the “IG PAN" slope during continuous
rain of 4 days’ duration

Elements grass potatoes
Precipitation total in mm 167.2 167.2
Amount of surface runoff in mm 25.3 23.4
Runoff coefficient in % 15.1 14.0
Maximum intensity of flow in

1/min - ha 765 848

The flow of water on the slopes is accelerated and concentrated by field-
and forest roads, and by furrows as well (E. Figula, 1960). These are charac-
terized by low permeabilities and the absence of vegetation, and they drain
water from the soil layer. Measurement at Szymbark revealed that the volu-
mes of water using a furrow 130 m long and draining a field of 130 X 13 m are
similar (Photo 1). The water flow velocity in a furrow was exceeded some ten-

Photo 1. Measurement of overland flow in a furrow on the “IG PAN” slope
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Photo 2. Furrows and field roads make a very high drainage density on slopes
(surroundings of Szymbark)

fold (above 1 m/s) (K. Figula, 1960). The density of both furrows and field roads
at Szymbark is about 50 km/km? (Photo 2). For this reason I am of the opinion
that furrows, field- and forest roads are the main source area of water supplied
from the slopes into the stream channels during high discharges. The high velo-
city of water draining the network of furrows and roads determines essentially
the peak flows in the small Carpathian catchments. During downpours,\furrows
and roads also add to the volume of water flowing downhill into the stream
channels. The conclusion is that by reducing the number of furrows and roads
runoff velocity can be much reduced. The same applies to the volume of over-
land flow that takes place on the slopes during downpours.

During thaws (snowmelts) the soil moisture content is high. Most frequently
it approximates to the full soil water capacity (J. Stupik, 1974). Thus, condi-
tions are similar to those prevailing during continuous rain. The magnitude of
overland flow is determined by the state of the ground.

In the winter season (November-March) the major role is played by ground
temperatures (Table 6). The influence of land use is that of differentiating

TABLE 6. Surface runoff on the “IG PAN” slope during snowmelts in different soil conditions

frozen soil not frozen soil
Elements — =3
grass-covered ploughed - grass-covered ploughed
Amount of surface runoff
in mm 27.5 21.5 3.8 0.1
Runoff coefficient in % 77.9 60.7 5.0 0.1

Max. intensity of flow in
1/min - ha 195 170 ’ 35 12




http://rcin.org.pl



_ : :z_ L Sy Mww;
'-r -u . :Qt.rq
4‘-;"*’(.&0..\ e Ty -41"’§ o
g4 "= RN - L7 et o J.-r 9‘

%@ﬂﬁe zmm

‘i‘ il ;,.,,, Ay

ro-‘n..nn\ A T

s
% T

P it - L
el |
5 o8 >
R -
)=

.
¥ Al
. - A
i ik
£ "l
o .-4'.
o
4
by
4
.
b B
‘.
Lo
AL
&
A
’

T iATE \ S

Lntt /frcm gpi :

B AL -,
(] ".n-. J " » ﬂl'_"“}“ - b )/



http://rcin.org.pl



e < Heats

@ S, AWy e,
B " ) CHE aba
Lv wpo A1 A'; 4 r =~_' N 1

ot .,, ‘.\5,'” .:‘-.Mo : ad

qr “vf-‘-‘_-- ¢ :f

> '\ a4
o el ".' e A S oo N
v 3
- Ab 2 - AR TR sl . -
;‘,,:l‘ L. P -~ s . ‘ ok . R ol
4 -*- e "‘_» A% gt o -— i -
A P vy ..
& A e ," T R .Jﬁ%. e | JV?’
¢
T e, S S W "W B¥ Mg W P a — L ]
“~
g L ‘-3‘, ':'r_" % A Be ers 5‘0: e e
< - & -
e L gy SO e i ey o N iy
- - - o~
7 . L = ¥ O R e 23 R Xy &
L] ' ‘
- ) 4 w . " ad sl @~ Fa \ﬂ
4 il L » we t’ - & .
e BUSN P i e v 3 - - -Js v, - >
 Jva Ll - .
a - P SN ' g X o
i g )
. "_.\'!'k =y ". g o 'l;,‘_ wa p . £2% vl ~ & & s o
= - -
y B - - . R :
e 4 A NN ke v . w2 i \-:,.-\.--q.. il 3
9y (=l - bl .
L L Y, AL ‘.“."‘ > L0 e LT L wd - -n_\f, :.n"b ‘.
vt e : ~ = - "-'i"v-'t- s
2 S s b .y 14 ey e :,‘-'J' ‘_.-_3-,.‘ 3
R o T A A ..—',-', VORSS W Aol W Sl g WO N=E e »

PP XY k e T AN R e R e S
.- : y - - ' N
RN

i ey AL R L
B - s Wi il T IR, ey Iy ,_"-"‘_""P'Ql'-

s N Y | o '~’21‘!‘.‘1*1‘Urf.,-

. = IR ST L 'f‘» )" ST PRLy (. 1Y
= o Pl 2 s B ¢ ' s o
<A AR S TR T
q}‘:_!:..- J,«by?:-.« D - TH
RN Y 3.4 3 . &-".i e
. Jmfh Qe v wvﬂ“ . o :
: f o eIt R S U
é’,t \%k—n},qt}"m’ = - T &.:3—’»'3, A("‘“"“ atl, STl ol ASE
asann & -ﬂf"jw«..]“‘ N - “’f’:’ Y‘Y“‘* "(‘L‘” e o
-~ -"- e B IA‘*
.'4*»1-.-(- VW: .
-.¢r'f-\’~._‘,' A ‘ e ;"’l‘ g AL L 4
! St ol 8 TP G O R SR et T




htfp://rcin.org.pl






http://rcin.org.pl.



G 5, \-". i ,"",:va *.z Whett= ' &,
,.'_'t.' L - i, ae E-- A Salt s PN - - o ’“\“tl‘-‘t ‘i(‘

AR S E R AR T e Ol R A
LHG 7 i e W sl N i s A ot f-n%
s, -
LY

S e oA e S e i ek k'
v Ay - - R '*\"'.. we " A i 2 I3 'th\
.- 3 L LT, % ”- bl e ..,.-1‘ nb,“(r'(,.“‘

s S S ---—.,“.Il*—iu. "&Q;YA dd N ‘-\"\“‘“""‘
"': e JUR S i « S SO TEL " ] POV “-"".".4 -
¢ IF g s = M o Y i SN e PR Ty g * Wilg* -

e T T RS el L L oy - "-aﬁ-,;.-x_-' DRSS SRSy
7 P TR oy e N i e 3y b ' e
-"I\J\' W o AR L T A S My D vy e ;
' BIRE AV TN T T, B T 2 i N A e e gl 1] &
"_‘._‘GQ-‘ T . 77 BEC T ol RS TRORN - SRR N iZ 2"':{ o i e . :
- T -'v'mo','_r L™ BRI 8. S T
safot. ) ,.I.f_'?‘,._‘.‘:_-'7.-.1;&.5,_'__-.; SR G A

- oy s s e A - SR

B . e AR " .'.;~-v'.4p'.=~-; w LTV T PO

. gl

e s el e T I RO TTRLE.. < Dieanit TR TR g P S e e
" d Tt . 2 -
R W -tobtwv_-.v o C—M.. - e b Cmast ol 1 et oS
— L] . = hd - -
-'-nm.u g:‘ B P '3_ -
‘. St .“v;\’l", Yig ‘.1 i e <=3
- 4 - -

$ e s 'i~/-J -0~---"3'?°:’!" < il e ik sl ieg ~jj

:e e wiy .-h—‘m e o ey ‘0—-81 ] - -"a,,wh.' -~
N p L 0 ‘,‘f‘- ‘H"
i Lo e A Amw s 'l’ %-a»’p:fr AL Y -

{Gf.’ et 0«..« -‘.-mw -~4~ :-m-a.vw
'g'~' ‘_"-t,a" N L ey i ’*‘4--
e

AL
;“

'
.'
:

hltp /lrcm org.g>|

"" .y -

l - (



http://rcin.org.pl



-".‘"*vv"l' R e e A LR

wé;w"x o =~zs--

A 2 S -:-u—w -t:in 2 “

jq "Q‘"P o -“

[ . :}'- ANy s‘ ~ou oy

-‘0“'_ 5 - v \,i,".\ ':. i ‘{ f.ﬁ
! P o, SN Ao ) i My R
R x_‘"dhma‘ rlq’v

.' - : u J

Shasd

TANG "

Ve

T AT A N

MRS
e 2 e
[ r P 4
¥ n’

C g, o

i <

.,g"ﬁ— > 2 o1
Y REY ™ U
LY R




http://rcin.org.pl



Jodk B b 8
. v £94
gt i ]




http://rcin.org.pl



\ N\

)
. /

Fig. 1. Pleistocene and Holocene surfaces on the Csepel island, in the environs of our
selected model area
1 — the II/ITa terrace of the Danube of late Pleistocene age covered with sand dunes; 2 — low
and high flood-plain levels: the latter is characterized by a dense network of infilled abandoned
channels (filled in by 1 or 2 m "thick alluvium). See Figure 4 which is on a larger scale.
A-A’ — profile shown on Figure 3; B — model afea shown on Figure 5; C — site of the
geomorphological map shown on Figure 4
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Fig. 2. Areas inundated during the flood of 1838 (horizontal shading) on the Csepel
island.
Taken from the book Pest-budai arviz 1828-ban (The 1838 flood in Pest-Buda)

water only during floods (Fig. 4). This is especially typical of the southern
part of the island, whose southward extension was due to point bar formation.
The natural mechanism of the river was thoroughly altered by the regu-
lations. Prior to the regulation, the river could spread over vast areas during
floods and the maximum flood-water level was lower than it is today: it sel-
‘ Cin.org.pl
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Fig. 3. Profile of the area from the Danube arm at Budafok to the brick-works at
Gubacs constructed by S. Marosi
1 — Mediterranean layers; 2 — Sarmatian limestone; 3 — Pannonian sediments; 4 — Pleistocene
debris-gravel cone; 5 — Upper Pleistocene gravel; 6 — Upper Pleistocene fluviatile sand; 7 —
Early Holocene fluviatile sand; 8 — Early Holocene calcareous mud (loess-mud); 9 — Late
Holocene calcareous mud (loess-mud); 10 — blown sand; V — fault

dom inundated the upper flood-plains. As a result of this, soil formation could
go on undisturbed until it became a stepp (chernozem) soil. On these upper
flood-plains, since inundation seldom occurred, it scarcely resulted in the accu-
mulation of sediments (shallow water); they only altered the dynamics of cher-
nozem soil formation towards a semihydromorph condition. Steppe vegetation
was characteristic of these areas. On the low flood-plains, 2-4 metres lower,
abandoned channel sections and oxbows were common. They were seasonally
inundated, and the area was either covered by open waters or had a moor-
swamp vegetation.

Fundamental changes were brought about by the regulation of the river:
it changed the mechanism of the stream, forced the river into embankments
and, from Budapest down to the region of Dunaujvaros, into two beds. Con-
nected with the above were changes in the quantitative-qualitative features of
the natural processes and also an alteration in the ecology of the whole region.

a) The Danube is restricted by dams into narrow belts and thus floods in
the main channel culminate at higher water level than formally. (This refers
to the main channel at Budafok, and does not affect the Rackeve-arm of the
Danube which is regulated by the Kvassay flood gate). Erosion is more active
in the restricted channel, and more humid ecological conditions characterise
this area. (On the banks more homogeneous successions developed: Salix, Po-
pulus, Alnus-species and Cornus sanguinea, Crataegus etc. At the same time the
possibility of the homogenization of the natural processes increased in the flood-
free areas. Former yearly inundation of abandoned meanders ceased on the
high flood-plain and their role was taken over (though on a smaller scale) by
the inland waters which were linked with the now higher floods of the Danube.
Thus the meanders were gradually drying out as both qualitative and quanti-
tative factors played a role in the direction of their development, not to men-
tion the most, important event — the reduced frequency of floods. This result-
ed in the following: the former river-beds became oxbow lakes, and began to
dry out gradually. They were infilled by mineralogic and organogenic sedi-
ments and.the prevailing ecological conditions became somewhat more similar
to those of the upper flood-plains. On the upper flood-plains the danger of inun-
dation became remote and ceased to exist, and the natural steppe-forming
processes (in soil geography called chernozem dynamics) became apparent.
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Flood-control regulations meant that additional areas were now available
for agricultural purposes, and the range of possibilites for land use increased.
The upper flood-plains could be used for a whole range of plant cultivation,
for fruit and vine cultivation. This was made possible by the soil-forming rock
as well as by the soils that had formed on these. However, it must still be ta-
ken into account in the course of agricultural utilization and when selecting
suitable plants that the soils have a high carbonate content: it is the C-horizon
which shows an especially high CaCO, content.

b) Agricultural use was gradually extended —as a result of protection
against inundations and because of the process of filling up —to the lower
flood-plain levels represented mainly by abandoned river channels (Fig. 4).
First meadow cultivation, then the cultivation of agricultural plants that prefer
moist soils was undertaken and, after the danger of inland waters had passed
in spring, late sowing would follow. A gradually more and more intensive use
of the land by man resulted (as a consequence of increased water consumption)
in the drying out and filling up of the abandoned river channels. Regular
ploughing causing the continual disturbance of the soil surface contributed
considerably to the increase of soil erosion in the abandoned river channels,
especially at their steep margins. The material degraded from both the higher
levels and from margins of the abandoned channels accumulated in the for-
mer beds and the surface became more or less levelled. The whole area is now
under cultivation. It has a rolling surface characterized by a shallow depression
of 0.5-2.0 metres (Fiig 4). Only in the southern part of the island — which was
the most typical area of abandoned channel sections and of former meanders
before the regulation-of the river — there are still some oxbows filled with
the inland waters at spring. Abandoned channels with narrow steep slopes of
2-3 metres are used as pasture or under meadow cultivation.

As on all surfaces with some potential relief energy under agricultural
tillage, soil erosion increased in the area. Apart from the danger of soil ero-
sion, there is, however, a future advantage, namely, the constant levelling off
and filling up of the surface of the abandoned channels. This can only be attain-

o)

500 1000 m

Fig. 4. Part of the geomorphological map of the model area showing the infilled
abandoned river channel network, and separated into low and high flood-plains
(constructed by L. Goczan, S. Marosi, S. Papp and. J. Szilard)

1 — upper flood-water level no. 1 (on average 98 m a.s.l.), 2 — upper flood-water level no. 2
(on average 97 m ass.l.), 3 — lower flood-water level no. 1 (on average 96 m a.s.l.), 4 — lower
flood-water level no. 2 (on average 95 m a.s.l.), 5 — infilled abandoned river channel, 6 — shallow
depression (mostly infilled, abandoned channels), T — elevation, 8 — slope
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forming factor. In agricultural areas some of the natural processes may cease
to be active or their role may be reduced. The modifying effect of other natu-
ral factors may, however, assume particular importance because of the new
conditions brought about by outside factors. These new processes were for-
merly either inactive or latent without the motivating force of cultivation and
agricultural activity.

Fig. 5. Agroecological units of a typical flood-plain area (Lérév-Makad on the Csepel

island) compiled by K. Molnar and S. Papp .

Selected value classes for agroecological potentials (combined categories): 1 — outstanding

potentials (10-12 points on map), 2 — good (8-9 points), 3 — moderate (6-7 points), 4 — poor
(3-5 points), 5 — agroecological types with very poor potentials (0-2 points alloted).
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Figs 2. Stratigraphic profile of the Also-Oreghegy’hill at Dunafoldvar on the basis of borehole data
A. Eolian sediments: 1 — sandy loess; 2 — loess; B. Colluvial, deluvial sediments: 3 — sandy loess, stratified fill of a buried derasional valley; 4 —
pink-coloured fine sandy-silt; 5 — stratified loessy-sand; 6 — stratified loess; C. Fluvial-proluvial sediments: 7 — sand; 8 — silty fine sand; 9 — silty
sand; 10 — Fe, Mg coloured patches in clay; 11 — brownish-yellow CaCOQ; concretions in silty-clay; 12 — sandy gravel; D. Recent and fossil soils:
13 — humus carbonate soil; 14 — steppe-type soil; 15 — chernozem brown forest soil; 16 — brown forest soil; 17 — semipedolite; 18 — hydromorphic
soil; 19 — alluvial marshy soil; 20 — CaCO; accumulation; E. Pannonian: 21 — grey-yellow clay; 22 — grey-yellow silty sand; 23 — snd; F. Anthro-
pogenic constructive forms: 24 — anthropogenic fills
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Vol. 1. 11 papers devoted to the present status of geography in Poland and 3 papers
giving the results of research. List of Polish geographers, aphical institutions
and geographical periodicals, 262 pp., 20 Figures, 1964 (out-of-print).

Vol. 2. 34 papers prepared By Polish geographers for the XXth International Geogra-
phical Congress in London, July 1964, 259 pp., 91 Figures, 1964.

Vol. 3. Problems of Applied Geography Il. Proceedings of the Second Anglo-Polish
Seminar at Keele — Great Britain, September 9-20 1962, Co-edited by the Institute
of Brm&l: Geographers, 24 papers by British and Polish geographers, 274 pp., 69 Fig-
ures, 1964,

Vol. 4, Methods of Economic Regionalization. Materials of the Second General Meet-
ing of the Commission on Methods of Economic Regionalization, International Geo-
graphical Union, Jablonna — Poland, September 9-10, 1963. Reports, communications
and discussion, 200 pp., 6 Figures, 1964,

Vol. 5. Land Utilization in East-Central Europe. 17 case studies on land use in Bul-
garia, Hungary, Poland and Yugoslavia, 498 pp., 104 Figures, 16 colour maps, 1965,
Vol. 6. 14 papers prepared by Polish geographers for the Seventh World Conference
of INQUA in US.A., September 1965, 150 pp., 86 Figures, 1965.

Vol. 7. 10 papers on the geography of Poland, mostly dealing, with the economic-
geographical problems of Poland, 132 pp., 46 Figures, 1965.

Vol. 8. Aims of Economic Regionalization. Materials of the Third General Meeting
of the Commission on Methods of Economic Regionalization IGU, London, July 23,
1964. Report and 5 papers, 68 pp.,, 7 Figures, 1965.

Vol. 9. Collogue de Geomorphologie des Carpathes. Materials of the geomorphological
symposium held in Cracow and Bratislava, September 17-26, 1963, Report, 7 papers,
2 summaries, 118 pp., 22 Figures, 1965,

Vol. 10. Geomorphological Problems of Carpathians II. Introduction and 6 papers by
Rumanian, Soviet, Polish, Hungarian and Czech geographers, 172 pp., 68 Figures, 1966.
Vol. 11. 11 papers prepared by Polish geographers dealing with the history of Polish
geography, Polish studies on foreign countries and different economic-geographical
questions concerning Poland, 154 pp., 36 Figures, 1967.

Vol. 12. Formation et I'Amenagement du Reseau Urbain. Proceedings of the French-
Polish Seminar in urban geographers, discussion, 298 pp., 51 Figures, 1967.

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

Vol. 14. Special issue for the 21st International Geog::rhical Congress in New Delhi,
1968, 43 papers prepared by Polish geographers: 24 dealing with physical and 19 with
economic and human geography, 406 pp., 80 Figures, 1968,

Vol. 15. Economic Regionalization and Numerical Methods. The volume contains the
final report on the activities of the IGU Commission on Methods of Economic Region-
alization, as well as a collection of 8 papers by American, Canadian, Soviet and
Polish authors, 240 pp., 54 Figures, 1968,

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