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Sea-level rise
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Fig. 1. Eight different “eustatic” sea-level curves (in Morner, 1976)
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22 J.AM. Ten Cate

Fig. 2. Illustration of the six sea-level zones for the realistic melting case (emerged beaches are predicted
for zones I, III, V and VI; localities in zones Il and IV are submerged; in Clark et al, 1978)
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Fig. 3. The relative sea-level changes as the function of land/sea changes (in Morner, 1976)

sedimentation occurred in some shelf areas (e.g. Sunda shelf and North Sea shelf respective-
ly); in interglacial periods, marine deposition dominated in shelf areas.

In addition to evidence from biological and geological sources, variations in the
proportions of stable isotopes of hydrogen, carbon and oxygen in biogenetic carbonates,
organic matter and ice can provide evidence of climatic changes (e.g. Dansgaard et al., 1971
and Shackleton and Opdyke, 1973). To determine the chronology of sea-level changes, the
most useful methods utilised are C14 dating (maximum 70000 years) and Uranium series
disequilibrium dating (U238-U234-Th230-Ra226, with a maximum of about 300000 years).
Other methods are dendrochronology (at present with a maximum of 9000 years), amino
acid racemization dating and palacomagnetic studies. For recent developments in dating
methods of young sediments reference is made to Hurford et al. (1986).
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22. MAN-INDUCED CLIMATIC CHANGES

Current scientific opinion is that the world is at a climatic transition from a past climate
dominated by natural fluctuations to a (future) climate dominated by the uncontrolled
effects of man, causing the greenhouse effect.

Greenhouses get hot because of the rather peculiar optical properties of glass, letting
through up to 90 per cent of the sun’s visible radiation. If this was all that happened, a
greenhouse would simply get hotter and hotter. However, a cooling mechanism is also
involved, stabilizing the temperature inside the greenhouse at a reasonable level (though a
temperature that is much higher than the air outside). This mechanism depends on the way
in which the interior of a greenhouse radiates energy back into the atmoshere. Greenhouse
glass absorbs about 90 per cent of radiation longer than 2000 pm.

The Earth’s temperature is maintained by a similar, though much more complicated,
mechanism, The greenhouse effect of the Earth is best explained by summarizing its heat
balance (Fig. 4). The Earth radiates 115 units of long wave radiation (infrared), of which 106

incoming solar radiation 100  outgoing solar radiation 100 space
shortwave long wave
emitted emitted
25 6 a 60
\\_ reflected
atmosphere
absorbed 23
absorbed 106 convected 31
N / absorbed 100
absorbed 46 reflected long-wave radiation
ocean and land surface

Fig. 4. The heat balance of the Earth (after UNEP/GEMS Environment Library, 1987)

are absorbed by the atmosphere. In its turn, the atmosphere radiates 60 units out into space.
The difference, of 46 units, is caused by gases in the atmosphere that absorb radiation at
these wavelengths. If concentrations of gases in the atmosphere would increase, less
radiation would be emitted to space, and hence the atmosphere would warm up. This
picture is more complicated by what would happen at the Earth's surface. The net result of
increasing the greenhouse effect on the Earth is not only a warmer Earth but, overall, a
drier soil and a wetter atmosphere. Greenhouse heating, in other words, effects our climate
(UNEP/GEMS Environment Library, 1987).

Earth’s climate depends on how much the concentrations of carbon dioxide and other
trace gases are likely to increase in the future. Table 1 shows the concentrations of these



24 J.AM. Ten Cate

TABLE 1. Concentrations of trace gases in the atmosphere and the
rates at which they are increasing (after UNEP/GEMS Environment

Library, 1987)

Atmospheric Annual rate
Trace gases concentration of increase
(PPbY) (%)
Carbon dioxide 344000 04
Methane 1 650 1.0
Nitrous oxide 304 0.25
Methy! chloroform 0.13 7.0
Ozone variable —
CFC 11 0.23 5.0
CFC 12 04 5.0
Carbon tetrachloride 0.125 1.0
Carbon monoxide variable 0-2

trace gases in the atmosphere in parts per billion by volume, and the rates at which they
are increasing. These increases are ultimately caused by fact that Earth is becoming more
populated, its industries more numerous and, in some cases, more noxious.

Before industrialization, during the first half of the 19th century, levels of carbon dioxide
in the atmosphere are thought to have been about 270 parts per million by volume (ppmv).
Figure 5 shows (through analyzing the air trapped within ice in glaciers) that carbon

o, . mw{[] ]

concentrghon

Fig. 5. The analysis of air trapped in ice preserved since the 18th century (after UNEP/GEMS
Environment Library, 1987)

dioxide levels have steadily increased since the late 19th century (mainly through burning of
fossil fuels and deforestation). Models of the global carbon cycle predicts that future carbon
dioxide levels would reach between 367 and 531 ppmv by the year 2050.

As indicated in Table 1 concentrations of trace gases in the atmosphere are increasing.
Of these trace gases ozone presents different problems compared to the other trace gases.
Ozone concentrations appear to be increasing in the lower atmosphere, but higher up,
about 25 km, ozone levels are beginning to decline. Whether these two opposing effects
would balance one another out, or whether one would predominate, has still to be resolved.
Some indications in the UNEP/GEMS Environment Library paper no. 1 (1987), on how
climate will change between 1960 and 2030 (as a result of increased concentrations of the
carbon dioxide and the other greenhouse gases) are given below (based on several models).
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26 J.AM. Ten Cate

— Projected global warming could cause global average sea-level to rise 10 to 20 cm by
2025 and 50 to 200 cm by 2100.

— Desintegration of the West Antarctic Ice Sheet might raise sea-level an additional six
metres over the next centuries.

— Local trends in subsidence and emergence must be added or substracted to estimate
the rise at particular locations.

Reference is also made to a report of the project-planning session on “Impact of sea-level
rise on society” (ISOS), organized by Delft Hydraulics Laboratory, The Netherlands (Wind,
1986). In this report a table is presented on estimates — based on several models — of
future sea-level rise in the next 100 years (see Table 2).

TABLE 2. Estimates of future sea-level rise (cm). Sources: Hoffman et al., 1986: Meyer et al., 1985;
Hoffman et al, 1983; Revelle, 1983, and Thomas, 1985, in: Titus, 1987.

Thermal Alpine  Green- :
- 3 Antarctica Total
. expansion  glaciers land
Year 2100 by cause (2085 in the case of NAS 1983)
NAS (1983) 30 12 12¢ 70
EPA (1983) 28115 ¢ d 56 —345
NAS (1985)° - 10-30 10-30 —-10—+100 50— 200
Thomas (1985) - - - 0-200 -
Hoffman et al. (1986) 28-83 12-37 6—27 12-220 57368
Total rise in specific years®
2000 2025 2050 2075 2085 2100

NAS (1983) - - - 70 - -
EPA (1983)

Low 48 13 23 38 - 56.0

Mid-range low 8.8 26 S3 91 - 144 4

Mid-range high 13.2 39 79 137 - 216.6

High 17.1 55 117 212 - 345.0
Hoffman et al. (1986)

Low 35 10 20 36 44 57

High 5.5 21 55 191 258 368

* Revelle (1983) attributes 16 cm to other factors, * Only EPA reports made year-by-year projections for the next century. ¢ Hoffman
et al. (1983) assumed that the glacial contribution would be one to two times the contribution of thermal expansion. ¢ NAS (1985)
estimate includes extrapolation of thermal expansion from Revelle (1983).

3. PROGRESS IN GEOMORPHOLOGICAL MAPPING

In the last twenty years considerable progress has been made in detailed geomorphologi-
cal mapping in many countries all over the world and in producing a system of symbols
and colours related to the portrayal of the evolution, the resultant forms and the age of the
units of the geomorphological landscape, using map scales between 1:10000 and 1:25000.
This is mainly due the work of the Commission on Geomorphological Survey and Mapping
of the International Geographical Union (e.g. Demek, 1972; Demek and Embleton, 1976,
and Embleton, 1984).

In The Netherlands, where the local relief nowhere exceeds 200 m, systematic surveys
have been carried out since 1966 (Maarleveld et al, 1974). This led to the start of the
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publication of the Geomorphological Map of The Netherlands, scale 1: 50000. The legend
for this map (Maarleveld et al, 1977, and Ten Cate and Maarleveld, 1977) was especially
developed for the Dutch lowland. In other countries legends were developed for all kind of
landscapes, varying from alpine mountains to coastal plains.

3.1. MAIN ELEMENTS OF THE 1: 50000 GEOMORPHOLOGICAL MAP OF THE NETHERLANDS

The basic criteria used as a framework for more specific representation of landforms are
those of relief classes and form groups. Eight relief-classes are distinguished, defined by
maximum angle of inclination and length of slopes. This primary division is combined with
an independent classification of eighteen relief-subclasses (Table 3). Form groups are

TABLE 3. Classification of relief and landforms in The Netherlands

Relief
Relief classes Relief subclasses
Areas with little relief
I Flat areas 1 and 2
II Almost flat low areas 3upto €
IIT Almost flat high areas 7 up to 9
Areas with pronounced relief
IV Relief with short gentle slopes 10 and 11
V Relief with very short steep slopes 12 and 13
VI Relief with long gentle slopes 14 and 15
VII Relief with moderately short steep slopes 16 and 17
VIII Reliefi with long steep slopes 18
Landforms
Form groups Form units
A Slopes lupto3
B Isolated high hills, ranges of high hills and high
dike-like forms 1 up to 13
C High hills and ranges of high hills with
associated plains and lower areas 1l up to 4
D Plateaus l upto 3
E Terrace forms 1 up to 11
F Plateau-like forms 1 up to 12
G Fan-shaped forms 1 up to 7
H Slightly inclined surfaces 1 up to 14
K Isolated low hills, ranges of low hills, low ridges
and low dike-like forms 1 up to 36
L Low hills, ranges of low hills and low ridges
with associated plains and lower areas 1 up to 22
M Plains 1 up to 48
N Closed depressions 1 up to 10
R Shallow valleys 1 up tp 14
S Moderately deep valleys lupto?
T Very deep valleys lupto$5
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recognized on the basis of more qualitative definitions of relief geometry. They include
plateaus, groups of hills, fan-shaped forms, plains etc. (Table 3). Each form group, in its
turn, is subidivided into form units according to form and genetic considerations. Thus
“Plains” are separated into 48 form units, e.g. “Group moraine plain, sometimes with rises,
with a layer of coversand”, “Plain formed by snow meltwater deposits”, “Coversand plain”,
“Alluvial plain overlain by coversand”, “Backswamp”, “Tidal accumulation plain”, “Marine
abrasion plain”, “Peat plain under cultivation, sometimes covered with clay or sand”, and
“Area disturbed by man”.

The code of each mapping unit indicates relief subclass, form group and the genetic-
morphological name of the unit. The mosaic of colours conveys the genetic classification.
The symbols indicate certain form groups. The intensity of the colours and the boldness of
the symbols are an expression of the relief.

The morphochronological dimension is considered with a specially constructed legend
giving the ages of form units according to a simple five-fold division ranging from Pre-
Quaternary to Recent. In the same way, a comprehensive morphogenetic classification
according to a nine-fold division, such as aeolian, fluvial and biogenetic, is given (Fig. 6).

Information about the lithology of the landforms is represented in an indirect way. The

10.2.88
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Fig. 6. Set-up of the legend of the Geomorphological Map of The Netherlands, scale 1:50000 (after
Van Dorsser and Salome, 1983)
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morphogenetic name quite often reveals the lithology, e.g. coversand ridge, tidal accumula-
tion plain, peat plain, and ground moraine plain. Detailed lithological information can be
found on the geological and soil maps of The Netherlands. Figure 7 shows the progress
made in geomorphological, geological and soil mappings.
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Fig. 7. The progress made in geomorphological, geological and soil mapping of The Netherlands,
scale 1:50000 — sheets published up to 1988

3.2. NEW DEVELOPMENTS IN GEOMORHOLOGICAL MAPPING

In the last few decades geomorphological surveys and mapping gradually emerged from
two rather different approaches: analytical (emphasizing morphogenetic, morphological,
morphometrical and morphochronological aspects) and synthetic (encompassing also terrain
parameters related to soils, vegetation, hydrology etc.). A third, pragmatic approach is opted
nowadays by concentrating the data gathering on those types of information which are
relevant to the purpose of the survey. A variety of applied maps has been compiled
according to this pragmatic approach (Fig. 8, and Meijerink et al., 1983) e.g. geohazard
maps.

Geohazards can be divided into those of endogenous origin (mainly earthquake and
volcanic hazards), those of exogenous origin (floods, accelerated erosion, mass movements
etc.), and those of anthropogenic origin or man-induced hazards (pollution, mass-move-
ments, subsidence etc.).

Of all geohazards, floods are the most destructive. They are not so spectacular as
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Analytical Sythetic surveys
surveys
> Soils Surface Nat /cult "
Lithotogy e sediments |groundwater] vegetation ous .

Morphometry

Morphography

Morphogenes:s =

Morphochronology c

Fig. 8. Three main approaches to geomorphological surveying: Analytical, synthetic and pragmatic
(after Meijerink et al, 1983)

volcanic eruptions or so cataclasmic as earthquakes, but they occur regularly, and generally
where people live and work. Flood susceptibility surveys and flood hazard zoning have
been developed particularly in the deltaic lowlands of East and Southeast Asia, where
flooding is a major problem (e.g. Oya, 1973 and 1977; and Oya and Haruyama, 1987). The
flood in The Netherlands in February 1953, with a water level 34 m above danger level,
inundated 165000 ha; 67 major and 495 minor dike bursts in the southwestern delta area
were counted. The geohazard map of The Netherlands to be compiled in the next few years
will indicate among others items on:

— seaward and landward displacement of the coast;

— the effects of a future sea-level rise;

— man-induced subsidence;
pollution;
erosion.

1

4. GEOMORPHOLOGICAL DATA AS CONTRIBUTION IN ENCOUNTERING PROBLEMS
CAUSED BY SEA-LEVEL RISE IN THE NEXT CENTURY

Almost all the ancient cities in the world are situated along the banks of rivers or along
the coast. The world’s rural population is diminishing and the increasing trend towards
urbanization in the world may be gauged from Table 4.

At this moment the most densely populated areas are the alluvial river and coastal
plains, especially the delta areas. On the one hand these areas often form the most suitable
regions for agriculture; on the other hand they are plagued by floods causing loss of live,
disruption of human activities, damage to property and agricultural crops, and health
hazards. Flood control aims to provide specific protection against floods by channel
improvement such as the construction of levees and flood walls (dykes and embankments),
diversions and by-passes, reservoirs, detention and retarding basins, and land reclamation
works.

Table 5 provides some information on areas of major and some minor coastal plains of
the world.
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TABLE 4. The progress of urbanization in the world (after Framji and Garg, 1976).

1980 i 1985

Year 1960 1970 1975
Total population
4028 548
(x 1000) 2981 621 3635184 028 54
Per cent urban 33 37 40

4467334 4948263

42 44

TABLE S. Areas of major and some minor coastal plains of the world (after Colquhoun, 1968).

Geographical name

Area (x 1000 km?; exclusive
of continental shelf and
landward portions of major
drainage basins)

Africa

Egyptian-North African (Egypt, Libya, Tunisia)
Niger

Mauritania, Spanish Sahara
Mozambique

Somali

Asia

Bengal, Pakistan-India
Coromandel-Colconda, India
Irrawadyy, Burma

Kanto Plain, Japan

Karachi, Pakistan-India
Malbar-Konkan, India

Mekong, Vietnam-Cambodia
Ob-Khatanga-Lena-USSR

Persia, Saudi Arabia, Iraq

Sumatra, Indonesia

Yellow-Yangtze Plains, China
Australia

Nullarbor

Europe

Aquitaine, France

Baltic, Poland

Flandrian and Netherlands (Belgium, Holland, Germany)
Po, Italy

North America

Arctic U.S.—Canada

Atlantic and Gulf Coastal Plain
Costa de Mosquitas, Nicaragua-Honduras
Los Angeles, U.S.
Yucatan-Tabasco-Tampeco, Mexico
South America

Amazon, Brazil

Buenos Aires, Uruguay

Orinoco—Guyana (Venezuela, Guyana, Surinam, French Guyana)

370
90 .
300
130
110

220
40
40

3

370
25

100

800

325

160

125

120

25

150
25

130
940
28
21
125

245
270
120
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As indicated in paragraph 2.3 estimates of the rise in sea-level in the next 100 years show
a range from 0.5 to 2.0-3.5 metres. Such a rise will have an important impact on society.
Most low lying coastal areas, especially deltas, are subject to tectonic subsidence which will
increase the predicted sea-level rise if there is no balance between subsidence and sediment
supply. In deltaic areas with a dense population and heavy industrial development, man-
induced land subsidence due to overdrawing of groundwater is already a serious problem
e.g. Bangkok and Jakarta. A further man-induced subsidence is caused by draining of land
and making polders in these areas (subsidence due to compaction of unconsolidated
sediments and oxidation of peat soils). The predicted sea-level rise will among other things:

\ - - L Sea Lew

-
Currem
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g Past
Seo <

Sedimentation ong ey
peat formation

b

Future
e —————— Sea Lewe
Jrrent
Se0 Leve
C
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-
“

Fig. 9. Evolution of wetlands etc., as sea-level rises (in Titus, 1987): a — 5000 years ago, b — today,
¢ — future, substantial wetland loss where there is vacant upland, and d — future, complete wetland
loss where house, is_protected in response to sea-level rise
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— submerge coastal wetlands. Wetlands account for most of the land less than 1 m above
sea level and are unprotected areas. If sea-level is rising more rapidly than the wetland’s
ability to keep pace through sedimentation and peat formation, there will be a net loss of
wetlands. A complete loss might occur if protection of developed areas prevents the inland
formation of new wetlands (Fig. 9).

— increase the risk of inundation, especially of reclaimed lowlands. The risk of inundation
of protected coastal areas less than 1 m above sea-level is increasing. This will also occur in
areas up to several metres higher, particularly if sea-level rises at least one metre (Jelgersma,
1987 and Titus, 1987).

— accelerate coastal erosion. Because beach profiles are generally flatter than the portion
of the beach just above sea-level, the “Bruun rule” (Bruun, 1962) generally implies that the
erosion from a rise in sea-level is several times greater than the amount of land directly
inundated (Fig. 10).

Fig. 10. The Bruun rule (in Titus, 1987): a — initial conditions, b — immediate inundation when
sea-level rises, and ¢ — subsequent erosion due to sea-level rise

— increase the risk of flood disasters.

= increase salt water intrusion into aquifers, rivers, bays and farmland. This will threater
drinking water supplies and disturb the ecological balance in coastal systems. Concerning
rivers, due to a change in climate, a decreased runoff can cause important salt water
intrusion in the upstream area and an increased runoff can provide problems for the
embankments.

As a contribution in encountering the problems caused by sea-level rise in the next
century, geomorphologists should tocus their research on among other things:

~ the compilation of detailed geomorhological maps of the alluvial and coastal areas. The
basis of such a map should be a detailed topographical map with an interval of contourli-
nes of at least | metre. Figure 11 represents several maps of The Netherlands with altitude
of soils related to mean sea-level. Morphological, morphometrical, morphogenetical and
mor pholithological aspects should be indicated on geomorphological maps. Such maps
could be used by Governments to encounter problems caused by the predicted sea-level rise.
They also provide data on the occurrences of sand and gravel necessary for the construction
of embankments, sea dikes and areas to be raised. Exploration of aggregates on sea close to

3 — Geographia Polonica



JAM. Ten Cate

LEGEND

EWW /

- Sea dyke

o
ettt

Fig. 11. Altitude of soils related to Mean Sea Level in The Netherlands (in Jelgersma, 1987).
11a — Defense system against flooding
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11b — The four maps give an impression of the area which would be flooded, if there were no dunes
and dikes to protect The Netherlands, given certain rises in sea-level

the coast will enlarge coastal erosion. In The Netherlands dredging is only permitted at
a distance of at least 20 kilometres from the shore (Oele, 1987).

— study of the coastal development and monitoring coastal erosion and aggradation. Figure
12 and 13 represent examples of coastal evolution in the past based on fieldwork and the
study of existing maps and aerial photographs. Monitoring of the coastal zone through
remote sensing techniques in the next decades, will provide data on further coastal erosion
and aggradation.

— the compilation of geomorphological maps of the shoreface and adjacent part of the
continental shelves. Recently, the “Morphological Map of the Dutch Shoreface and Adjacent
Part of the Continental Shelf” in colour, scale 1:250000, has been published (Rijkswater-
staat, 1988). This map is mainly based on interpretation of soundings and provides data on:

1. forms and slopes of large elements, such as seabottom (slope < 1:1000); coastal slope
(two slope classes); bank or ridge (two slope classes); ebb delta (three slope classes) and
terrace (slope < 1:1000).

2. medium elements, such as sandwaves (height >6 m, 4—6 m and 2—4 m), bars
(breakerbar, isolated bar, reef low bars), shoals (subtidal, tidal, high tidal) and ebb or flood
channel.

3. various medium elements such as navigation channel, direction of flow, high and low
points in metres with regard to present sea-level, depth contourlines and type of sea-defence
(dike, dunes, groynes).

By monitoring the changes of the different forms, especially of the medium elements, data
are provided on the morphodynamic and sedimentary consequences of sea-level rise.
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Fig. 12. Net shift in the dune-foot along the Dutch coast between 1850/1860 and 1960/1970 (after
Bakker et al, 1979: black triangles indicate retreat and open triangles indicate seaward accretion)
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56 E. Falkowski

Fig. 1. Localization of tested river sections. Arrows denote river sections tested by A. Szumanski (1986).

IB,, young river that flows in inherited valleys and systems of overflow lakes, depositing
channel sediments synchronically with lake deposition (Fig. 4). In consequence, lake
sediments interfinger with alluvia of the channel facies. A system of ground waters is
appropriate to this subtype. River waters usually do not contact directly with ground
waters.

IB,, young river that flows in inherited valleys, having a channel cut in lake sediments
(Fig. 5). The contact is of erosive origin.

IB;, young river with a channel of a “boggy” type, formed in marshes due to erosion of
peats during freshets (Fig. 6). Channels are branched but one channel predominates.
Changes of the main channel can occur during each freshet (a surge of floodwater).

IC, young river which is erosively stabilized on thresholds composed of resistant ground
and has a braided pattern. The islands are a permanent morphological element of the river
channel composed of resistant rocks or deposits (Fig. 7). The valley reaches of this type are
particulary sensitive to ice jamming. Numerous reaches of the lower and some of the middle
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Fig. 2. Changes of hydrological regimes of rivers and corresponding phases (a-e) of river-bed
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Fig. 4. Type IB, — Young river sedimenting in inherited valley —lake systems and river-bed dyke:

1 — mud, 2 — peat, 3 — gyttja, 4 — alluvial sand. 5 — aeolian sand. 6 — meadow ore, 7 — top of

deposits resistant to erosion, 8 — till, 9 — clay, 10 — fluvioglacial sands, 11 — zone with interbedded

sands, gyttja and mud, 12 — levees of recently braided rivers, 13 — mud, 14 — oxbow lakes with old
sandy dikes, 15 — dunes

Fig. S. Type IB, — Young river sedimenting in inherited valleys, alluvium dyke inbedded in lake
sediments. For explanations see Fig. 4.
Fig. 6. Type IB; — Young river having a “swamp” type river bed formed by peat erosion. For
explanations see Fig. 4

Wisla River (e.g. the reaches near Plock and Nieszawa) are good examples of this type.

Type 11, mature free river. It comprises rivers or river reaches where the valley is already
sufficiently wide for the development of the meanders, the size of which is related to flow
and rate of the river discharge. A longitudinal profile of such river is smooth enough to fill
the valley with alluvia (braided river) or to lower its bottom- (meandering river) in
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Fig. 7. Type IC — Young river with a constant erosion (stabilized) on erosion resistant ground braces.
The river has braided character. For explanations see Fig. 4

Fig. 8. Type IIA — Mature, freely meandering river. For explanations see Fig. 4
Fig. 9. Type IIB — Mature, freely braided river. For explanations see Fig. 4

favourable conditions. Changes of the channel pattern according to the full cycle “braided-
meandering-braided river” (Fig.2) are also possible. Two subtypes have been distinguished:
ITA, mature freely meandering river (Fig. 8), and I1B, mature freely braided river (Fig. 9).

Type III, mature constrained river. It is represented by valley reaches in which new
influencing factors appeared, such as dunes, meadow ore, constructions etc., that completely
or partly constrain the meandering. Such process can also result from river overloading,
appearance of erosion-resistant deposits, damming of a stream, etc. When the constraining
factors are removed, the river transforms again into a free mature one. On the basis of our
investigations, the following subtypes are to be distinguished: IIIA, mature river which is
contrained by meadow ore. It forms filled oxbows that are natural spits (Fig. 10), and I1IB,
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Fig. 10. Type IlIA Mature nver constrained by meadow ore. For explanations see Fig. 4
Fig. 11. Type IIIB — Mature river constrained by rock waste. For explanations see Fig. 4

mature river which is constrained by overload from washed dunes, coming from higher
terraces (Fig. 11).

Wista River provides good examples of such subtypes. A particular attention is to be
paid on the Wista reach of the IC type from Warsaw to Torun which, due to thresholds
composed of resistant deposits, is not so well developed in comparison with the reach from
Zawichost to Warsaw.

2. TYPES OF MODELS OF MIDDLE AND LOWER WISLA RIVER
(FROM ZAWICHOST TO TORUN)

The middle Wista River, as proved by several studies made since 1964 (Falkowski 1967,
1971), can be divided into reaches of three subtypes: IB, IC as well as IIA and IIB. Subtype
IB, was noted only locally near Ciechocinek (Fig. 12). Both the latter types are to be
referred to the present channel and the intra-dam zone. The subtype IC displays thresholds
composed of material resistant to erosion (Fig. 7) and represents the so-called Warsaw

e
Fig. 12. Geological cross-section across Wisla River bed near Ciechocinek: 1 — sandy mud,
2 — alluvial sand of recent Wisla River, 3 — alluvial sand of Holocene Wisla River, 4 — lake

deposits (gyttja, peat, organic mud), 5 — glaciofluvial gravels, sands with pebbles
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Fig. 13. Geomorphological sketch of Wisla valley (Warsaw area). Approximate scale 1:100000

corset (Fig. 13). It was found at the mouths of Wyznica and Kamienna rivers, near Deblin,
Brzezce-Piotrowice, Tarnéw and Wilga, between the mouth of Czarna River and Goéra
Kalwaria, and at Goctlaw-Burakéw. A threshold model is illustrated by a longitudinal
section of the channel in the Warsaw reach of the Wisla River (Fig. 14).

In the case of the reach Warsaw-Torun, the subtype IC predominates, in which the
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Fig. 14. Fragment of a longitudinal section of the Wisla channel in Warsaw area
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Fig. 15a. Scheme of areal deglaciation in a fragment of the Krzna drainage basin: 3 — dead ice

present river channel corresponds almost entirely with the borders of the Holocene valley.
It was formed due to ice jamming that are easily formed on thresholds composed of rocks
resistant to erosion. Such thresholds were noted in Warsaw area, near Zakroczym,
Wychodzce, Czersk, K¢pa Polska, Dobrzykow, Plock, Wiloclawek, Bobrowniki, Nieszawa,
Torun.

Type IB, (Fig. 4) was defined by boreholes in a reach, about 10 km long, near
Ciechocinek and near Torun (Silno). In the bottom and banks of the channel, there were
lake sediments, organic muds and gyttja. In channel banks, lake sediments interfinger with
alluvia, proving thus a syngenetic sedimentation of lake and fluvial deposits. Type of sedi-
ments and their continuous occurrence in the channel bank excludes their oxbow origin.
They form the traces of the postglacial overflow channel lake that was used by the Wista
River. In this area, E.-Wisniewski (1976) described from Kepa Zielona abundant Holocene
molluscs, ascribing their origin to the channel environment of the Wisla River.

Thresholds are frequently composed of pebbles and boulders. They have been exploited
in the 1920th and earlier for building purposes. At present, the residual glacial deposits
cannot be exploited as the resources are rather small.

Now, the Wista River is strongly influenced by man. The influence is expressed by more
frequent low water levels and the occurrences of freshets, and also by increased soil erosion
and debris supply. This results in further braiding of the river.

In reaches of young erosively stabilized river (subtype IC), a correction of the channel
should take into account the morphology of the top of resistant deposits. Usually, it is
necessary to remodel the channel fragments in these reaches by digging of the channel.

An opposite characteristic is typical for the lower Wisla, particularly in the reaches
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Fig. 15b. Formation of plain levels (steps) with meltwater floods amidst gradually widened crevasses
Deformed kames (¢f Fig. 4) have been almost entirely buned: | glaciofluvial pattern, 2 mitial

plain levels, 3 — dead ice

Kazun—Plock and near Ciechocinek. Subtype IC decidedly predominates there, displaying
in places numerous thresholds composed of resistant deposits, commonly including glacio-
genic pebbles and boulders. These thresholds were described in 1921 by R.Ingarden.

It should be emphasized here that geological and particularly geomorphological litera-
ture usually neglects the problem of varying morphology and shallow occurrences of
resistant deposits in rivers. Frequently, we encounter a false interpretation of geological
structure of the river bed or wrong evaluation of the phenomena proceeding in the channel.
The paper of Z. Babinski (1979) is an example of such false interpretation of fluviodynamic
phenomena. Curves of the main current, caused by material resistant to erosion in the floor
of the type IC channel, were treated as a meandering phenomenon. There are also mistakes
in interpretation of geological sections: sands with pebbles and boulders are considered as
alluvia of the Wista River, although the latter has never been able to transport such
material in its lower and middle courses due to its smaller gradients.

In the opinion of the local inhabitants and some of the staff of water administration
from the Ciechocinek and Torun areas, the Ciechocinek—Torun reach of the Wista River is
found to be well regulated. However, one should consider the fact that the Wista River has
a braided pattern. Such a regular braiding of the main river current should be ascribed,
according to our studies, to a similar resistance of the channel banks but not to the
regulation of the channel itself. This is just the illustration, how the lack of sufficient
information about the morphogenesis and lithogenesis of the river channel and valley,
results in unreasonable estimation of the effects of river activity. Hypotheses concerning
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Fig. 15c. Shrinkage of dead ice up to borders of present depressions — valley plains (cf Fig. 15a,b
and 16) 1— outline of present valley plains, 2 — axes of buried kames, 3 — plain levels (outline of
initial glaciofluvial pattern)

erosion valleys with numerous fluvial terraces seem to have been overestimated by
numerous scientists.

Complex development of fluvial pattern on the present floodplain is presented in Figures
15 a-c and 6.

Detailed geological investigations carried out by the author and his team during
1979-1987 in a drainage basin of the Krzna River (tributary of the Bug River, Vistula
catchment) indicated that the valley system is the youngest geomorphological element of
this area. We noted here a distinct morphological inversion, expressed by the fact that the
highest parts of the valley developed during areal deglaciation of this area. Valleys formed
in that time include forms of the kame type and maintain in their fluvial patterns directions
of former ice crevasses. Therefore, the present fluvial pattern frequently follows dead-ice
depressions. The development of such pattern is illustrated in Figures 15a-c and 16.

A morphogenetic typology of the river valley reaches on the basis of maps, air photos
and in the field seems to be very easy if the presented indications will be used. It should be
underlined that the classification is open and may be supplemented with progressing
investigations of the river valleys.

3. CONCLUSIONS

The results of the investigations carried out for many years by the author with his
collaborators from the Institute of Hydrogeology and Engineering Geology, Warsaw
University, on the origin and geological structure of numerous river valley reaches and on
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GLACIL NASSIFS DISSECTED 8Y GLACIOFLUVIAL YALIEYS

BEATY RAIN(YALLEY o
wiLcy / s PLAIN LEVELS yrrngee OF DEPRESSIONS (VALLEYS) — MOLOCENE LakE

Fig. 16. Successive morphogenetic phases. Formation of: a — buried deformed kames, b — kettle lakes
in which, due to isostasy, Holocene sediments are underlain by chalk of Cretaceous, ¢ — network of
depressions used by peat-filled valleys. Horizontal scale considerably reduced.

K — Cretaceous (chakk), Tr — Tertiary, Q — Quaternary, E — Eemian Interglacial, H — Holocene

the changes in horizontal and vertical river channel patterns (Fig. 2), allow to draw the
following conclusions:

1. Fluvial erosion, being a process that detaches material from the valley bottom and
transports it downstream, is not the most singnificant process in the modelling of the valley
morphology.

2. In an area formely glaciated, glacial erosion and dead-ice melting should be conside-
red as the main factor in the modelling of(,;hc.valle;s.

‘ IN.ora.ol

5 — Geographia Polonica
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FARCHER'S METHOD APPLIED TO THE OBERTAUERN AREA

The Obertauern area lies in the province of Salzburg, astride the main central ridge of
the Alps. It was chosen for reasons mentioned at the beginning of the paper: it is an
example of an alpine area that has been coming under increasing pressure from tourism,
particularly winter sports activity. The relief is shown in the contour map (Fig 1). The
rectangle includes 132 kilometre-grid squares for which the Farcher scores are grouped into
seven categories (Fig. 2). The mean score is 4.08 (standard deviation 0.342); the maximum
and minimum values are 5.222 and 3.271 respectively.

The resulting pattern is clearly not a random one. Distinct areas of above-average,
average and below-average scores are apparent.

1) Above-average values occur mainly in the north-east and east, characterising the
Seekarspitze area and extending north-east towards the Oberhiittensattel and south-east
along the Gurpitscheckkamm. These areas broadly correspond to the Radstadter quartzite
and quartz-phyllite series. Particularly high values are to be found in the area of small lakes

o St 87,0 6,
R RN

N
¥
:

s

Fig. 1. The relief of the Obertauern area, Austria. (For placenames, see Fig. 2)

http://rcin.org.pl
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Fig. 2. Assessment of landscape quality in the area of Fig. 1, using D. Farcher’s (1971) method.
The scores are grouped into seven categories; the darker shadings indicate areas of supposed
higher scenic quality

and coalescing cirque floors forming a shelf south of the Seckarspitze. Along the Gurpi-
scheckkamm, the highest values lie east of the ridge and are related to the presence of a series
of small cirque lakes. There are also some high values in a separate area along the south-east
margin of the map, marking the Hochfeindzug ridge.

2) Average values are, in contrast, mainly associated with areas underlain by Triassic
sediments (especially limestone) in the PleiBBling mountain group. A small area corresponding
to the highest ground on the Triassic limestone has scores slightly above average, whereas
the margins of the outcrop, falling into the Taurach valleys and the Lantschfeldtal, have
scores slightly below average.

3) Below-average values are to be found largely in the north-west of the map, represen-

in.org.pl
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ting the north-south section of the Pongauer Taurach valley and its side-slopes. In general
this is the lowest part of the whole area. Its lack of attractiveness is a function mainly of a
lack of distinctive relief features and a general forest cover; however, the factor that
produces the low total scores in Farcher’s method is simply low overall height.

EVALUATION OF FARCHER’S METHOD FOR THE OBERTAUERN AREA

How successful is this method of landscape assessment? The first point to make is that,
although the Obertauern landscape shows quite marked contrasts in relief and vegetation,
the range of values given in the Farcher scores is relatively small. In particular, it can be
noted that the seven categories used on Fig. 2 each span a range of only 0.3. Secondly,
there are two features of the landscape which strongly affect the scores, while other features
make little difference, namely

a) lakes and rivers (marked in black on Fig. 2) — high values correspond to areas with
abundant water features (mainly the relatively impermeable quartzites and phyllites: con-
trast the lower scores of the drier limestone areas; and

b) absolute height — the high watersheds, peaks and ridges produce high scores in
contrast with the low-lying valley floors and lower slopes.

Table 1 helps to analyse these relationships further. It will be seen that the land-use

TABLE 1. Analysis of Farcher scores (x 1000) for the Obertauern area

Mean scores of each Percent of cases in
Comoonent component and their Standard which the score departs
3 contribution (°/¢) to the deviation by more than 150 from
total mean score the mean
Land use 1745 = 43 105 14
Edges R =T 298 64
Slopes 985 = 24 141 29
Height 1035 = 26 187 45
Mean score 4048

component accounts for the greater part (43 per cent) of the total mean value, but, at the
same time, this component shows the smallest range of variation across all grid squares.
Taking the individual elements that make up land use overall, “alder and pine scrub” is the
only one that gives marked negative deviations; “areas of bare rock™ provide the only
positive deviations. These two elements are, in fact, the only ones that are capable of
effecting any significant change in the land-use scores. “Lakes” have the highest weighting of
any element (x 30). but unfortunately in the Obertauern area they are all small in size and
therefore have only a minor effect on the total land-use scores. Another effect which tends
to give a “grey” result rather than a clear “black-and-white”differentiation of land use across
the map, is Farcher’s omission of built-up areas. In theory this has the effect of lowering the
scores for each grid-square where settlement exists and therefore detracting from the scenic
value; in practice, built-up areas are too restricted to have any significant effect.

To improve on Farcher’s method in terms of land-use differentiation, it is necessary to
introduce a much more differentiated weighting system. In particular, the low weighting (x
12) given to areas of scree and debris may be questioned; many might consider, for
example, that this component is not wholly adverse to scenic quality but actually adds
special interest on its own account so long as it is not too extensive.
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Fig. 1. Landslides of the Lish Basin: a — river with sediments, b — watershed boundary, ¢ — geological
boundary, d — forest boundary. ¢ — landslides
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TABLE 1. Areas and percentage of various geological formations together with landslides and land use of the Lish Basin in different years

S| Total Total Total slided Total Area under Total Area under agri- Total
N Gology area area area in km? area forest cover area culture settlements area
> (km?) (%/o) (No. of slides) /o) (km?) (%/o) (km?) /o)
1929 - 1930
1 Alluvium 1791 25.59 - - 1.23 6.86 7.00 39.08
2 Siwalik 12.44 17.77 0.0372(8) 0.30 12.35 99.27 - —
3 Damuda 3.15 4.50 0.1212(10) 3.85 2.00 63.49 0.1203 3.82
4 Daling 31.52 45.03 1.3302(115) 422 12.36 39.21 44035 1397
S Darjeeling Gneiss 498 7.11 0.0153(2) 0.31 3.61 7248 0.2020 4.05
6 Total 70.00 100.00 1.5039(135) 2.15 31.55 45.07 11.7258 16.75
1955
1 Alluvium 1791 25.59 - - 091 5.08 9.37 52.31
2 Siwalik 1244 17.77 0.0487(8) 0.39 12.30 98.87 - =
3 Damuda 3.15 4.50 0.1296(9) 4.11 1.57 49.84 0.1501 476
4 Daling 31.52 45.03 1.7107(115) 453 11.00 34.89 79315 25.16
5 Darjeeling Gneiss 498 7.11 0.0162(20) 033 3.25 65.26 0.2276 457
6 Total 70.00 100.00 1.9052(134) 2.72 29.03 4147 17.6792 25.25
1964 — 1965
1  Alluvium 1791 25.59 — - 0.88 491 10.56 58.96
2 Siwalik 12.44 17.77 1.1400(10) 9.16 12.20 98.07 - -
3 Damuda 3.15 4.50 0.1346(4) 427 1.27 40.31 0.1802 5.72
4 Daling 31.52 45.03 2.5623(41) 8.13 10.63 33.72 11.9230 3782
S Darjeeling Gneiss 498 7.11 0.0170(2) 0.34 313 62.85 0.2532 5.08
6 Total 70.00 100.00 3.8539(57) 5.50 28.11 40.15 229164 3273
1981 — 1984
1 Alluvium 17.91 25.59 - - 0.81 4.52 12.32 68.78
2  Siwalik 1244 17.77 1.4123(16) 11.35 11.78 94.69 0.32 257
3 Damuda 3.15 450 0.1431(4) 454 1.13 35.87 0.1950 6.19
4 Daling 31.52 45.03 2.9530(41) 9.37 9.86 31.28 13.6741 43.38
S Darjeeling Gneiss 498 7.11 0.0182(3) 037 3.00 60.24 0.2788 5.59
6 Total 70.00 100.00 4.5266(64) 647 26.58 3797 26.7879 38.26

(Data collected from field works and various other sources have been processed and compiled.in the above form by the authors).
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1981-84

75,

88135’

81

Fig. 2B. Lower course of the Lish River, 1981-1984: a — river with sediments, b — area under floods

6 — Geographia Poloniba
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TABELA 2. Cross-sectional area (in m?) of the river Lish in the rainy and winter seasons during

1981 — 1984
Distance
from the g
Stations 1981 1982 1983 1984 of
source e
k) variation
Lish (Rainy)
A—A 20.27 1023.75 495.00 1050.31 520.30 555.31
B-B’ 19.17 908.00 720.00 97242 680.21 292.21
C-C 15.17 972.15 318.99 798.99 578.79 653.16
D-D 14.63 820.25 288.61 680.51 43211 531.64
=R 14.23 416.20 276.46 488.09 407.09 211.63
F-F 13.83 51341 294.68 46785 38285 218.73
G-G 1343 431.39 297.72 42532 374.52 133.67
Lish (Winter)
A—-A - — - - - —
B-B - - — - - -
cC-C 15.17 2.70 2.10 3.00 2.10 9.90
D - D 14.63 240 240 3.00 1.95 1.05
E-FE 14.23 285 241 3.30 240 0,90
F-F 13.83 240 3.00 2.20 1.25 1.75
G-G 1343 1.80 242 2.10 2.10 0.62

(ii) At any particular section-point, the changes in the cross-sectional areas from year to
year usually alternate and in some sections three years might elapse before the process is
completely reversed.

(i) No definite conclusion could be made out about the progressive improvement or
deterioration of the channels during these years except that the changes are small and
nullified in the very next year by the reversal of the process (silting alternating with
scouring), thereby indicating the remarkable adjusting capacity of the river to its varying
discharges and loads.

PROGRESSIVE CHANGES IN WETTED-PERIMETER

A separate table (Table 3) showing the wetted-perimeters of various cross-sections for the
years 1981-1984, has been worked out to study the progressive changes, if any, of the river
Lish. In the adjoining figure (Fig. 3) these changes have also been shown graphically. The
following points emerge from the study, regarding the progressive changes:

(i) At all the sections the wetted-perimeters do not change in the same way or to the
same extent from year to year.

(ii) At any particular section point the changes in wetted-perimeter from year to year
usually alternate and three years might elapse before the process is completely reversed.

(iif) There appear to be a few section points (D,E,F and G) with very little changes in
wetted-perimeters during all these years compared to the other section points. These might
be regarded as the more stable sections.

(iv) As we proceed from upland to lowland there is a tendency for the wetted-perimeter of
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TABLE 3. Wetted perimeter (in m) of the river Lish in the rainy and winter seasons during 1981-1984

Distance Range
. from the
Stations 1981 1982 1983 1984 of
source ol
e variation
Lish (Rainy)
A-A 20.27 475.00 382.50 502.50 400.00 120.00
B~ B’ 19.67 380.00 370.00 464.00 290.00 174.00
CcC-C 15.17 570.00 496.00 600.00 570.00 104.00
D-D 14.63 435.00 420.00 450.00 433.50 30.00
E-F' 14.23 217.50 210.00 226.00 217.50 16.00
F-F 13.83 202.50 180.00 195.00 193.50 22.50
G-G 1343 157.50 135.00 172.00 151.50 37.00
Lish (Winter)
A-A — - - - - -
B -PB - - - - - —
C-C 19.67 15.00 18.00 19.50 19.50 4.50
D -D’ 15.17 13.80 12.00 13.00 14.00 2.00
E-F 14.63 18.00 18.00 15.00 13.00 7.00
F-F 1383 14.25 13.00 13.00 10.50 5.75
G-G' 1343 11.25 11.60 12.50 10.60 1.90

the channels to get increased being fed by more and more run-off from the surroundings
and the departure from the norm at stations A and B is due to the diversion of water
through canal to tea-gardens at the section C.

(v) No definite law or trend in variation of the wetted-perimeters from station to station
and from year to year could be made except that at some sections changes do occur and
these soon get readjusted as the river tries to get its level back to its original position by
means of either lateral or vertical corrasion.

PROGRESSIVE CHANGES IN DISCHARGE

To study the progressive changes in discharge of the river in recent years, the cross-
sectional area of each section point has been multiplied by its respective velocity (averaged
from a number of observations) and the data obtained for rainy and winter seasons have
been tabulated (Table 4) and mapped (Fig.3) for comparison.

The following important conclusions can be made about the changes in discharge data:

(i) The discharges of the rivers, generally increase being away from the foot-hills and
gradually reach the maximum near the confluence.

(i) From the changes in discharges between any two consecutive years, it would be
evident that the process of scouring and silting usually alternate and three years might
elapse before the process is reversed.

(ii)) There is a wide difference between the rainy and the winter discharges of the river
and during summer the lower sections (A and B) of the river Lish remain totally dry as the
water is being diverted illegally to tea-gardens through canals.

(iv) The variations in discharges in the river over years are more or less due to the
fluctuations in rainfalls in the catchment.
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TABLE 4. Discharge (in cumecs) of the river Lish in the rainy and winter seasons during 1981-1984

Distance

9 from the Renee
Stations 1981 1982 1983 1984 of
source g ¥
(iowkm) variation
Lish (Rainy
A—-A 20.27 491.40 242.55 514.65 244.54 272.10
B-B 19.67 426.76 295.20 466.76 285.68 181.08
cC-C 15.17 631.89 220.10 53532 393.58 411.79
D -D 14.63 582.38 184.71 428.72 285.19 397.67
E - FE 14.23 307.99 193.52 35142 297.18 157.90
F-F 1383 359.39 209.22 32281 267.99 150.17
G-G 13.43 297.66 217.34 301.98 284.64 84.64
Lish (Winter)
A-A — - — — — —
B — B’
cC-C 15.17 1.38 1.18 1.26 1.05 033
D-D’ 14.63 1.18 1.22 1.23 0.96 0.27
E-F 14.23 143 1.18 1.58 1.06 0.52
F-F 13.83 1.15 1.50 1.01 0.60 0.90
G-G 13.43 1.01 1.16 1.02 0.86 0.30

(v) Whether the discharge of the river is increasing or depleting in recent years, can
never be categorically proved as the deteriorating ‘condition of one year readily compensa-
ted in the very next year.

PROGRESSIVE CHANGES IN HYDRAULIC RADII

A separate table (Table 5) showing the hydraulic radii of the various cross-sections for
the years 1981-1984, has been compiled to study the progressive changes, if any, in the river
Lish. In the adjoining figure (Fig. 3) these changes have also been shown graphically.

The following conclusions may be made out regarding the progressive changes:

(i) All the sections do not change in the same way or to the same extent from year to
year.

(ii) There appear to be a few section points (F and G) with very little changes in
hydraulic radius during all these years compared to the other section points. These might
be regarded as the more stable sections.

(iii) Again, at any particular section point, the change in the hydraulic radius from year
to year usually alternate due to the alteration of the process of scouring and silting.

(iv) The variation of the hydraulic radius at any section point across the river Lish do
not conform to or appear to be influenced by changes in the immediately preceding or
succeeding section points.

(v) The data of hydraulic radius of a particular section change from year to year but
after the end of three years this (as evident from the value of the hydraulic radius) tends to
come back to its original level, the hydraulic radius in 1981 being nearly the same as
in 1984.
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TABLE 5. Hydraulic-radius (in m) of the river Lish in the rainy and winter seasons during 1981-1984

Distance

from the Rayse
Stations 1981 1982 1983 1984 of
S variation
(in km)
Lish (Rainy
A—-A' 20.27 2.16 1.29 2.09 1.30 0.86
B - B’ 19.67 2.39 1.95 2.10 2.34 044
cC-C 15.17 1.71 0.64 1.33 1.02 1.07
D-D 14.63 1.89 0.69 1.51 1.00 1.20
E-F 14.23 1.91 1.32 2.15 1.87 0.83
F-F 1383 2.54 1.64 2.39 1.98 0.90
G-G 1343 2.74 2.21 247 247 0.53
Lish (Winter)
A—-A - - - - - -
B-B - — — — — —
c-C 15.17 0.18 0.12 0.15 0.12 0.06
D-D 14.63 0.17 0.20 0.23 0.14 0.09
E-F 14.23 0.16 0.13 0.13 0.10 0.06
F-F 1383 0.17 023 0.17 0.12 0.11
G-G 1343 0.16 0.21 0.17 0.20 0.05
CONCLUSIONS

To summarise briefly, it may be stated that,

(a) the cross-sectional areas of the river Lish change very little from year to year and
when such changes do occur, however small in amount, the river quickly readjusts itself by
means of either erosion or deposition:

(b) no definite law or trend in variation of the wetted-perimeters from station to station
and from year to year could be made except that at some sections changes do occur and
these soon get readjusted as the river tries to get its level back to its original position by
either lateral or vertical corrasion;

(c) whether the discharge of the river is progressively increasing or decreasing in recent
years, can never be categorically proved as the deteriorating condition of one year is readily
compensated in the very next year by means of higher rainfall:

(d) the hydraulic radii of the Lish tend to change in a small degree in conformity with
a small change in cross-sectional areas, but these soon get readjusted as the river tends to
come back to its original position.

Thus, it is evident that the river Lish is continuously struggling against the vagaries of
nature for its existence and is passing through successive phases of deterioration and
improvement in its course, thereby pointing to its remarkable adjusting capacity.
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90 L. Goczan and D. Loczy

THE PHYSICAL BACKGROUND TO THE BARRAGES
I. THE BRATISLAVA (POZSONY)-KOMAROM STRETCH OF THE DANUBE

Where the Danube crosses the Little Plain (Adam and Marosi 1974), it runs across
a spindle-shaped vast alluvial fan (Fig. 1). The river continues to deposit in this area and
braids into two main channels: the leftbank Maly Dunaj (Csallokozi-Duna) embraces the
Zitny Ostrov (Csallokoz) and on the right bank the Mosoni-Duna surrounds the Szigetkoz.
The surfaces of these regions are shaped in Holocene alluvial fine sand and sandy silt
deposited on sandy gravel beds. Soils are fertile calcareous alluvial and meadow soils
and, in minor patches, meadow chernozems. Stream slope decreases from 30 cm/km to
20 cm/km along this stretch and the maximum grain size of bedload is from 5-7 cm
to 2-3 cm (Pecsi 1959).

o
=
— %00 4t 4

BRATISTAVA — o,
i Bl S

Fig. 1. Sketch of the old and young alluvial fan in the Little Plain (after M. Pecsi): 1 — remnants of
older alluvial fan of the Danube, 2 — extension of early Pleistocene fan, 3 — Middle Pleistocene fan,
4 — recent fan, 5 — young fans of tributaries, 6 — mountain blocks, 7 — terraces

The residence time of floods was substantially reduced by the last-century river regulation
whereby the Mosoni-Duna, which meanders along its 125 km length. was closed by a lock
above Rajka and discharge in this channel was limited between the minimum of 64 m3/s and
the maximum of 120 m3/s (Gocsei 1979 — cf. the figure for the projected discharge of the Old
Danube mentioned later). The storage of groundwater in aquifers of great thickness in the
alluvial fan (Ronai 1960) is due to their high void ratios, closely related to the discharge
patterns of the Danube (Ubell 1959). Throughflow is considerable and near parallel to the
surface in response to zero hydraulic gradient and results in uniform water quality
throughout the region (Erdelyi 1983).

2. THE DANUBE BEND (FROM ESZTERGOM TO VAC}

The shrinking of the Pannonian inland sea and the latest Pliocene —early Pleistocene
crustal movements made the Danube gradually shift eastward to its present course (Pecsi
1959). The Visegrad gap was initially a shallow valley between Tertiary andesitic mountains
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with a large caldera. Recent uplift turned it into a gorge cutting through the caldera
remnants and having steep walls bordering a narrow floodplain. The floodplain has two
embayments at Esztergom and Pilismarot, but sandy alluvial soils only maintain low-level
agriculture. The main potential of the region lies in recreational endowments. Therefore, the
predictable ecological impact is of much lesser dimensions here than in the case of the
Gabcikovo barrage.

SLOVAK-HUNGARIAN COOPERATION IN CONSTRUCTION

The scheme of this barrage system (Fig. 2) arose as an idea more than thirty years ago
and acquired its final form in the early 1970s.
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Fig. 2. The projected Gabcikovo (Bos) — Nagymaros Barrage System on the Danube

Q

The more recently projected Slovak-Austrian barrage at Hainburg would have satisfied
the demands of navigation, energy production and flood control. Austrian “green” environ-
mentalists, however, argued against the scheme mentioning potential adverse influences on
agricultural conditions and their protest made the Austrian government repeal the agreement
concerning the barrage construction. As a result of this reversal, the project in the Szigetkoz
section of the Danube came into consideration again, first of all, by Slovak authorities.

The first unit of the Slovak-Hungarian barrage system (Nagy 1985) comprises the Dunak-
iliti Hrusov (Dunakortvelyes) reservoir at the 1842 river kilometre (with 243 million m? total
storage capacity and 60 million m?® useful storage capacity). The reservoir would cover an
area of 60 km? at 131 m above sea level behind the Dunakiliti dam (Fig. 3). Attached
establishments would include seven free navigation passes (24 m wide) in the dam, a
diversion canal (25.2 km long with a discharge of 4000 m?/s), a hydropower plant of 720
MW (formerly this was emphasised as of primary importance), and a twin-lock of twice
34 x 275 m useful area. The Nagymaros barrage (Fig. 4) would dam up a resevoir of 170
million m? storage capacity and 68 km? area, a hydro-power plant of 160 MW to produce



Fig. 3. The Dunakiliti — HruSov (Dunakortvelyes) reservoir: 1 — boundary of the reservoir, 2 — national border, 3 — boundary of
preserved landscape region, 4 — protected zohett:p #ﬁmyw@gsw region (after Slovenska Kartografia, 1973)
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Fig. 4. Lo:ation of the Nagymaros barrage: 1 — lock, 2 — hydroelectric plant, 3 — dam with free
passes, 4 — facilities on bank

peak-time electricity would also be built. The dimensions of the Nagymaros dam and twin-
lock are identical with those of their Gabgikovo counterparts.

On September 16, 1977, a bilateral agreement was signed in Budapest concerning the
implemertation of the joint investment project. The parties agreed upon the equal contribu-
tion to the expenses, the equal division of the produced electricity and the mutual
exploitaton of other benefits. According to the original schedule, the completion of the
Gabciko'o hydroelectric station was set at 1986 and of the Nagymaros one at 1990.
Construcion began in 1978 with large-scale dredging in Czechoslovakia. The economic
crisis of the early 1980s, which affected both countries, involved the necessity of re-
scheduliny and it was agreed upon in the supplementary protocol signed by the prime
ministers of the two countries in Prague on October 10, 1983. The start of electricity
producticn at Gabgikovo is contemplated now for 1990 and the Nagymaros station would
begin to operate in 1993. In 1984, in the area of Dunakiliti dam large-scale activity was
commencd by Hungarian enterprises. In 1986 the Hungarian government commissioned
the Austian company, Donaukraftwerke Gmbh, to undertake 80 per cent of all tasks
involved by the implementation of the hydroelectric plants on the Hungarian side.

Since he agreement did not consider probable environmental impacts for the period of
operatior, both parties commissioned various institutions to prepare reports on foreseeable
ecologica consequences. Preliminary investigations by Hungarian experts have indentified
several poblems in the conservation of the environment and this compelled the National
Council pbr Environmental Protection to initiate the preparation of a comprehensive study
on envirnmental impacts (Dosztanyi 1985).
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TThe Slovak-Hungarian barrage system

25 ha
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N-Szigetkoz (after

L. . Goczan et al): Initials denote crops most profitably produced in the 25 ha units: W — wheat,

Figig. 5. Detail of the map assessing environmental potential for cultivation,

M — maize, S — sunflower. B — sugar-beet, L — lucerne. X — settlement or forest
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Fig. 6. Land use map of the Szigetkoz (by D. Loczy, revised from satellite image): 1 — arable land,
2 — forest, 3 — meadow and pasture, 4 — wetland, 5 — built-up area, garden and orchard

allows the rational use of the Danube, the preservation of water quality, the elimination
of adverse human influences and the conservation of the natural landscape. (A large part of
the floodplain on the Slovak side is now declared a preserved landscape).

Neither the demand for electricty, nor the requirements of navigation justify the neglect
of environmental considerations. [t is an important diplomatic task to find mutually
beneficial solutions to avoid possible irrevocable damage to the populations of Slovakia and
Hungary.

Fig. 7. Detail from the map of geomorphological facies in the Szigetkoz (collective of authors led by
M. Pécsi, the map surveyed and drawn by J. Balogh, original scale 1:50000): 1 — remnant of cut-off

meander, cultivated, 2 — remnant of cut-off meander in forest, 3 — low flood-plain forest,
4 — remnant of cut-off meander, seasonally waterlogged, 5 — point bars on high flood-plain,
cultivated, 6 — canalized meander remnant, 7 — flood control dyke, 8 — built-up area,

9 — ®, ® — depth of meander: 1 — 0-1m, 2 — 1-2 m
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100 B. Bauer

EXPERIMENT SETUP

In order to make statements about the correlation of precipitation, infiltration, runoff,
soil erosion and splash one needs experiments. These may be carried out in the laboratory
(where one has more control over most of the parameters) or in the field. Since I was also
interested in the influence of vegetation only field experiments were possible. From
literature one knows that soil properties, slope, :and use (vegetation), and precipitation
characteristics are the most important factors for soil erosion. For that reason the test plots
and the experiments should present a variation of above factors. Considering all the factors
would have broken my experiments financially as well as timewise. It was necessary to limit
cases as well as to eliminate some factors (by equalling them).

SOIL PROPERTIES

I have tried to find soil types that are well represented in the eastern part of Austria.
Two test plots are in the area of Ostliches Waldviertel, where the lithology is Tertiary
sediments. By river action and erosion a quick change of sand and clay strata form the
today surface which in some places are covered by thicker or thinner loess deposits (Fig. 1).

Clay Silt Sand
Weight
%
100 >
-
/./;r //
80 7 7
/ V /
/7
60
./ /
2 /
40 = 7
~1¥ 974
£ -+ L A
20 . -~ - -1 =
% P:_::_” gt

00.1 02 063 2 63 20 63 200 630 2000

Fig. 1. Soil texture: 1 — Riedenthal-Nord, 2 — Riedenthal-Siid, 3 — Wagram
Clay Silt Sand
Do = 163 7/5/6/10/30/32/10 %/,
Do = 20p 28/8/14/18/20/7/5 %,
Dso = 23p 15/10/23/32/9/5/6 %/

Riedenthal North is a soil of a south facing slope of a small tributary of the river
Russbach. It is a calcareous Rhegosol, low in humus content, loosely structured and sandy
with low aggregate stability.

The opposite slope. Riedenthal South, is a soil on a lower slope with a quick change of
clay and sand of Tertiary age. The soil type is chernozem.

Test site Wagram is situated at the eastern slope of Dunkelsteiner Wald, where thick
deposits of loess cover Pleistocene terrace gravel or the bedrock. The soil type is a
chernozem or a degraded chernozem.
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Tte test plots were 5 m long and 6 m wide, delimited by plastic strips on three sides
while at the bottom tin profiles were used to seal the soil surface and lead the runoff into a
trough and from that to a barrel. The barrel was metered by a gauge where a 2 mm-exact
reading was possible representing a waterfilm for the whole test-plot of 0.033 mm (Fig. 2).
This method enabled a time resolution of 2/ 5/ 10/ 15/ 20 / 25 minutes. At these intervals
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Fig. 2. Experiment setup

samples of runoff were taken in bottles and the gauge was read. Therefore I knew the runoff
(liter/m?) and by the sediment concentration (gramms/liter) also the soil erosion
(gramms/m?).

Splash was measured by two setups. Overall splash was measured by splash cups.
Cylindric splash cups were set in the soil nearly even with the top rim. Above the filter
paper, which rested on a sieve, the soil particles were collected, dried and weighed.

To find out the net splash downhill it was necessary .to use another method. A splash
board was constructed (1 m sides) and set in the soil vertically and parallel to the contour.
At the bottom end it had a small trough, at the downhill-side as well as at the uphill side.
By splash action soil particles are thrown on the board and at the end of the experiments
the board is cautiously rinsed and the soil particles are collected in the trough and bottles
at their end. More material is being splashed downhill than uphill, which is a function of
slope. Therefore by substracting the amount of the uphill splashed material from the
downhill splashed one gets the net splash downhill for 1 m slope width.

As mentioned, the input for generating soil erosion in the natural process-system is rain.
Soil erosion processes may be studied by watching the natural phenomenon “rain on a soil
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Fig. 3. Mechanical energy pro area (Energy/s/m?); (J/s/m?); I = 40 mm/h: 1 — Bauer rain simulator,
2 — natural rain (1950)

surface”. Alternatively, the precipitation may be produced artificially. Then we talk about
rain simulation. This additional complication is necessary because otherwise the study of
soil erosion becomes very time-consuming. Installations in the field like test plots, contai-
ners, gauges etc. have to be watched and this also takes a lot of time, even if it does not
rain for a long time and you do not get any data. But personnel becomes the most
expensive factor of today. Time, location, rain characteristics (as amount, duration, intensi-
ty, drop-size etc.) may be chosen (in certain limits).

I have used a jet-type rain simulator and by many experiments I have reached a drop
spectrum which is very similar to the natural spectrum in our environment. I used two
different intensities: 0.66 mm/min (40 mm/h), and 1.5 mm (90 mm/h). Not only the drop sizes
have to be simulated correctly but also the kinetic energy of the drops hitting the ground.
Therefore one should reach end-velocity of free fall for them. As can be seen by Figs 3 and
4 T have succeeded in that pretty well, too. This part of research today is only directed to
results on bare soil, of course. It is clear, though, that the formerly discussed processes of
overland flow and splash are drastically changed by vegetation.

SPLASH PROCESS

By raindrop impact, soil particles either primary particles or aggregates are displaced and
thrown outward in a splash corona. The angle of the trajectory is around 30° when the soil
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is dry or has a very water film. When the water film becomes thicker (> 1/10 mm) the angle
increases rapidly to 60°-80°.

THE INFLUENCE OF SOIL PROPERTIES ON SPLASH

TEXTURE

All experiments have resulted in the statement that sediments with median particle sizes
around 100 pm will have the highest splash amounts. Coarser sediments have lower splash
amounts due to the higher weight of the particles and the sediments with finer texture offer
higher resistance to the detachment of soil due to their cohesion forces.

SOIL MOISTURE

Soil moisture is also an important factor for the splash amount. Assuming dry soil the
raindrops are being absorbed very well into the pores of the sediment. The soil suction is
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