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Eiergy exchange 13

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

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

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

w-m?

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

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

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

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

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

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

.
e

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

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

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

MORPHOGENETIC CHARACTERISTICS OF THE STUDIED VALLEY REACHES
EXTENDING THROUGH MORAINIC PLATEAUX

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

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

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

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

The Mien valley cuts as deep as 20-25 m into the plateau. Its maximum width
approaches 2 km. Numerous levels consisting of sand-gravel material can be identified
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Lower Vistula river tributaries + 23

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

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

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

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

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

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

The analysis of geologic structure of the valley floor shows its vertical stability
of the latest part of the Holocene and probably. the effects of intensified aggrada-
tion processes within it. The presence of increasingly thicker silty-clayey alluvium
in the lowest floor portions can be linked to that (Fig. 4).
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Lower Viswla river tributaries 25

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

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

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

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

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

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

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

The Tazyna, the jhird of the studied rivers. formed at its mouth a valley with
geomorphological characteristics similar to those of the Zglowiaczka and Mien
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valleys. Its reach located at terrace IV of the Vistula (Fig. 5) and numerous traces
of an intensely meandering river through it are particularly indicative of nearly the
identical operation of fluvial processes within the studied valley mouths. It also
appears that the above parts of the valley mouths (Figs 3 and 5) may have formed
synchronously.

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

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

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

Vistula draiﬁﬁﬁ)ﬁsjrd . 6':@15)[ investigated
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Trasformation of reservoir banks 43

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

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

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

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

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

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

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

TABLE 1. The Wioclawek reservoir banks, .August 1980

Bank Total Right bank Left bank

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

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

(¢) quantitative changes in hank transformation

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

TABLE 2. Quantitative changes in the Wloctawek reservoir banks

Right bank Left bank

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

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

12 Volume of material delivered to

reservoir thousand m'/y 274.1

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

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

(d) characteristics of shore platforms

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

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

oasta i D mifeti, .

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

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

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

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

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

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

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

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

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

553 558 564 570 S57% 581 km

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

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

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

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

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

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

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

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

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

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

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

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

¢ Fiooded area 100.5 km?

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

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

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

Water stages

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

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

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

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

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



——

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

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

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

les ponts

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

3. LA CRUE DE JANVIER 1982

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

L’inondation de la vallée a été provoquée par un gonfiement inhabituel des eaux
accompagné d'un débit relativement modéré. On estime que le débit maximal produit



http://rcin.org.pl



http://rcin.org.pl



http://rcin.org.pl






\

Morphogenetic wind action 77

-
1587,4%

CHosLO?0 20km

————

1
E=12
(a]3
(=4
[ww] 5
s
TR
i I
72 9
=)o
Cn
[=112
=¥}
114
(%]
(@)%
[]~317

_/ Mt s
W18

0 500 1000 m
Fig. 1. Sucha Woda Valley: | — the Tatra Mts massif, 2 — international boundary, 3 —

investigation area, 4 — mountain ridges, 5 — ridge crests, 6 — summits, 7 — passes, 8 — rock-

walls (deflation area), 9 — sheet talus and moraines (deflation and deposition area), 10 —
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13 — ponds, 14 — streams, 15 — deflation niches. 16 — measurement sites of eolian deposition,

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

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

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

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

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

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

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

¢ — number of days with: 7 — lasting snow cover, 8 — snow patches, 9 — wet and humid
ground, 10 — dry ground

days

days



http://rcin.org.pl



80 B. Irmailow

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

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

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

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

Al it

=

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

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

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

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

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

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

TABLE 2. Coefficients of Spearman

rank correlation between

indicators of ecological characteristics and the results of field habitat

determinations in plant communities

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

93

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

Ellenberg’s index

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

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

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

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

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

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

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

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

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

Mean Ca* ' content

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

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

BIOMASS AND PRODUCTION OF PINE FORESTS IN POLAND

BIOMASS

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

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

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

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

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

Timber biomass

Stand according to -
in age classes

dominant tree specie

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

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

{

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

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

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

PRODUCTION

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

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

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

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

TABLE 4 Organic matter fall in pine forest ecosystems in Poland

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

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

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

DISTRIBUTION OF FORESTS AND AIR POLLUTION

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

Tarnowskie Gory Puszcza Kampinoska Las Piwnicki.

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

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

SUMMIT PLATEAUS AND PLANATION SURFACES

The principal ridge of the Baga-Khentei declines in the SE 