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ABSTRACT. During the industrialization in Europe, rivers were straightened and designed to fit human activities, thus
nowadays only a few natural river systems remain as reference conditions as well as guiding principles for river restoration
projects. Therefore, the natural state of some river types is often described using historic records and maps. This study aims
to analyze the key characteristics of a pristine proglacial river Katun in the Altai mountains and contribute to the knowledge
about reference conditions. For this purpose, hydromorphological characteristics like slope, sinuosity and river width of the
river Katun were analysed and summarized using different GIS techniques. Additionally, pebble counts were carried out to
assess the changing sediment composition along the longitudinal continuum. Combined with River Habitat Surveys and
a one-dimensional flow simulation using HEC-RAS it was possible to give a holistic overview of the dynamic fluvial system
Katun in its upper, middle and lower reaches. The results confirmed the relationship between the river and its surrounding
topography as they clearly show the lateral development of the Katun. As shown for the individual parameters (e.g., slope,
width, depth, flow velocity, shear stress), they influence each other and are strongly dependent and characteristic for each
river section. In the context of revitalisation of straightened and / or channelized river courses, it is important to focus on the
processes of this interaction and provide suitable space for lateral expansion. The study can be seen as a recommendation
on how to analyse hydromorphological characteristics of fluvial systems as well as to establish guiding principles in river
restoration using remote sensing.
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INTRODUCTION

The European Directive 2000/60/EC established a
framework for community action in the field of water policy
in the European Union. Itis based on the consideration that
water is not a common commercial commodity, but rather
an inherited asset that must be protected, defended and
preserved'. This Water Framework Directive (WFD) aims
to harmonise the water policies of all European Member
States in order to achieve the best possible protection and
the greatest possible restoration of the ecological quality of
running waters'. Essentially, this balancing act between a
Europe-wide standard of protection and the consideration

of local particularities is to be achieved through a uniform
procedure within the framework of the assessment and
classification of water bodies.

The typification and standardisation required in
the individual steps subsequently demanded a new,
holistic approach to river characterisation and its aquatic
habitats? and, in particular, included hydromorphology in
the assessment of European watercourses (Newson and
Large 2006). With the implementation of the WFD not
only definitions and study objectives changed, but also a
variety of new methods for the analysis and assessment
of watercourses with regard to the new aspects were
developed (Belletti et al. 2015). However, no common

'European Parliament (2000). Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000
establishing a framework for Community action in the field of water policy. OJ L 327, 22.12.2000, p. 1-73.
’European Standard BS EN 14614:2004 (2005). Water Quality [Accessed 08. Oct. 2019].
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procedure for hydromorphological surveys of streams and
rivers was developed.

The CEN? standard from 2002 provides an overview of
the most widely accepted characteristics in the context
of hydromorphological surveys. In order to determine
hydromorphological reference conditions for European
rivers, it is often necessary to look beyond the borders of
Europe, where the industrialisation resulted in numerous
heavily modified river systems and only a few rivers
remained in pristine condition (Zerbe 2019).

Accordingly, this work aims to explore the possibility
to derive typical hydromorphological aspects of pristine
rivers by GlIS-based methods in combination with one-
dimensional flow simulation, using the Russian proglacial
river Katun as a case study. As many rivers in Europe are
affected by hydromorphological changes due to land use
and flood protection, the data set from Katun can be used
as guiding principal for restoration projects at similar rivers
in the Alps.

STUDY AREA

The Katun Riveris considered to be ariver systemin near-
natural condition, due to the low density of settlements
and low industry. Thus, this river can develop and shape
its course to its full extent of the dynamic processes
(Mandych 2006). The biggest spatial limitations are natural
characteristics, e.g., narrow gorges and terraces. Therefore,
the Katun catchment forms a unique reference catchment
to study large-scale hydromorphological characteristics of
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Fig. 1. Location of the Katun river in the Russian Altai
Mountains (from: Baeyens et al. 2003)

proglacial rivers and can make a huge contribution towards
establishing guiding principles when restoring these
rivers in the alpine region.

The Katun River originates from the Gebler Glacier on
the Belucha mountain at an elevation of 2640 m as.l*in
the Russian Altai (Haywood 2010). Along its course towards
the north it covers a catchment area of about 60,900 km?
until it reaches the village of Odintsovka at an altitude of
about 200 m above sea level*. Downstream of the city
of Biysk, after a length of 688 km it joins the river Biya
(Mandych 2006; Schletterer et al. 2021a). From the junction
of the two rivers the Ob is formed, which flows into the
Kara Sea in the north of Siberia. On its way to the Arctic
Ocean, the Ob covers a flow distance of 3650 km, making
it one of the largest river systems in the world with a
catchment area of 2,972,497 km” and a MQ near the mouth
at Salekhard of 12,600 m*/s (Shiklomanov et al. 2006). As
the longest headwater river, the Katun has an important
influence on the Ob River. The mean flow (MQ) of the
Katun comprises about 600 m*/s at the gauge Srostky at
river km 616. The Katun is divided into upper, middle and
lower reaches based on its tributaries and characteristics.
The orographically left tributary Koksa near the town of
Ust-Koksa at river kilometer 210 represents the border
between the Upper and Middle Katun. The middle course
extends to river kilometer 410, where the Sumulta River
joins the Katun on the orographic right. The lower course
extends from Sumulta River to the confluence with the
Biya where both rivers from the Ob near the town of Biysk
(Sapozhnikov 1949; Schmalful’ et al. 2022). The flow regime
of the Katun can be described according to FOEN (2013)
as glacio-nival. Records show an annual fluctuation in
discharge typical for this flow regime, with an annual peak
discharge as a result of snow and glacier melt. Based on
the 1952 glacier area (749 km?), the Katun River basin has
a degree of glaciation of approximately 1% (in the upper
course 1.3 %, in the middle course 2.5 % and in the lower
course 0 %) (Revyakin 1978). In 1952, the glacier area of
the Upper Katun was 173.3 km? the Middle Katun (Argut
and Chuya basins) — 575.9 km? (Khromova et al. 2021). By
2019, the glacier area decreased by about 30% (523 km?)®,
Less than 20 % of the runoff is contributed by precipitation
and almost 30 % comes from groundwater. The remaining
50% is made up from meltwater of snowfields or seasonal
snowfall as well as meltwater from glaciers (Mandych
2006).

MATERIALS AND METHODS

Along the Katun three gauging stations are located,
with freely accessible data measuring only the discharge
and precipitation starting in 1938 up to the year 2000 (Fig
2). Representative months for low (February), medium
(April/September) and high discharges (June) were
selected from discharge curves of three different discharge
stations at the Katun (Fig. 2).

The hydromorphological analyses of Katun river were
carried out with GIS-based data material. The satellite data
from Table 1 used in this work were obtained from the
freely accessible online portals EarthData of NASA® and
EarthExplorer of the US. Geological Survey’. To generate
an equal starting point for further selecting the best

3CEN (2002). A guidance standard for assessing hydromorphological features of rivers. CEN TC 230/WG2/TG 5 N32, 21 pp.
Esri (2013). “Topographic” [base map]. Scale Not specified. “World Topographic Map.” Available at https://services.
arcgisonline.com/ArcGlS/rest/services/World_Topo_Map/MapServer [Accessed 31. Oct. 2019]

*https://www.glacrus.ru/neaH1KoBble-parioHbl/anTam
https://earthdata.nasa.gov/
"https://earthexplorer.usgs.gov/
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Fig. 2. Averaged monthly discharge of the Katun River in the period 1936 to 2000 at three different stations
(from: Lammers et al. 2016)

fit DEM for the performed analysis, the river networks
with corresponding flow order were calculated on every
available DEM. Afterwards the channel of the River Katun
with its most important tributary Chuya were isolated.
Since fluvial ecosystems exhibit a distinct hierarchical order
in nature (Allan and Castillo 2007) the derived channel
was categorized based on stream order (Strahler 1957) to
create distinct reference points for the evaluation of the
following research. Continuing from there the data was
used to extract the sinuosity, width variability and slope of
the Katun as follows.

Sinuosity

In order to investigate the sinuosity, the river has to be
divided into individual sections, for which the sinuosity was
be determined. Therefore, to recommend an appropriate
size for the sections on a river length of about 688 km, this
work resorted in the first step to a simplified definition of
sinuosity (Haggett und Chorley 1969), which was applied
to three different section lengths (1 km, 5 km and 10 km):

i . length of river axis
Sinuosity =

Linear distance between section starting and end point

Based on these results the second step was to identify
distinctive points along the Katun for which more detailed
analyses according to Mueller's sinuosity index (Mueller
1968) were carried out (Fig. 3). The detailed calculations
focused on the Hydraulic, Topographic and Standard
Sinuosity Index (HSI, TSI and SSI), as well as again different
river section sizes (5, 25 and 50 km) for which the three
indices were considered. In addition, when selecting the

Channel Index CI=CL/AL )
Valley Index VI=VL/AL 3)
HSI=(CI-VI)/(CI-1) 4)

CL =Channel Length
TSI=(VI-1)/(CI-1) &)
VL =Valley Length
SSI=CL/VL 6)
AL =Air Length

Table 1. Available Digital Elevation Models for the Study Area

DEM Source Temporal Cover Resolution
GTOPO30 (USGS 1996) 1993 - 1996 30 Arc Second = Tkm
GMTED2010 (USGS 2011) Nov 2010 7.5 Arc Second = 225m
SRTM VoidFill (USGS 2012) Feb 2000 3 Arc Second = 90m
SRTM Global (USGS 2014) Feb 2000 1 Arc Second = 30m
ASTER V3.0 (NASA et al. 2001) 2000 -2013 1 Arc Second = 30m
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Fig. 3. Locations at the Katun selected for detailed
sinuosity calculations

sections, care was taken to avoid settlements on the banks
of the Katun, since bank obstructions must be assumed
there (Khan et al. 2018).

River Width

The relationship between river width and discharge
along the course of a river is one of the most constant
relationships among hydraulic variables in natural rivers
(Leopold and Miller 1956) and must be considered when
analysing the river width using GIS-based data. Herein, the
open-access database “Global River Widths from Landsat -
GRWL" (Allen and Pavelsky 2018) was used to illustrate the
overall tendencies of the river width based on the average
discharge along the Katun from its source to its confluence
with the Biya River. To analyse interannual variations due to
fluctuations in discharge, the river-width was additionally
detected from freely available Level 2 Landsat 8 data® using
the Normalized Difference Water Index (NDWI) and the
program ArcGIS?'°. The NDWI was calculated as follows (Du
etal. 2016):

NDWI = (Green — NIR) / (Green + NIR) 7)

The Landsat Imagery was gathered for the initially
defined months with characteristic discharges based on
Fig. 2. Due to the snow cover during winter months in the
Altai Mountains, no usable Landsat data for low discharge
months could be gathered. Based on the dimensions of
the Katun, four hydromorphological characteristic sections
with a length between 20 and 30 km were selected. One
section each for the upper and middle reaches and due to
the different characteristics of the upper and lower
sections of the lower reach, two sections were selected for
the latter. For the Chuya tributary, a short section just
before the confluence with the Katun was considered
additionally.

Slope

The determination of the river bottom slope was
based on the digital terrain models used and the river axes
calculated fromthem.However, itis not possible for satellites
to measure the actual river bottom since the radiation
is reflected at the water surface - the values of the DEM
therefore correspond to the height of the water surface.
While other researchers have already acknowledged this
problem and looked into possible solutions (Dai et al. 2018;
Purinton and Bookhagen 2017), for simplification, the
slope of the water surface was equated with the bottom
slope in this work under the assumption of laminar flow.
In order to represent the elevation profile of the Katun in
longitudinal section, individual points were generated at
intervals of one kilometer along the river axes at which the
raster values based on the DTMs GTOPO30, SRTM Global
and GMTED2010 were extracted. The decisive factor for
the choice of this distance was the resolution of the DTM
GTOPO30 of 1 km. Even though a higher data density
could be chosen for SRTM Global with a resolution of 30
m, this was not done in favour of comparability. At these
points, the raster values of the respective terrain model
were extracted. The bed slope was then derived from the
elevation differences of the individual points.

Stream structure survey and Pebble Count

Additionally, a hydromorphological survey based
on the River Habitat Survey (Environment Agency 2003)
adapted to the circumstances was conducted by the
author along the Katun River during an excursion in
September of 2019 (Schletterer et al. 2021b). Surveys were
carried out in the middle and lower reaches, including
bedload characterisation with Wolman-Counts (Wolman
1954; Nikora et al. 1998; Galia et al. 2017) along the banks
(Fig. 4). Limitations of this method, besides the lack of
detection of fine sediments, are difficulties of measurement
at large water depths and the difficult comparability with
sieve curves, since the counting methodology provides a
cumulative curve based on the total number and not the
weight of the sample. Due to the dimensions of the Katun,
measurements along the river bottom in a cross section
had to be omitted in this work and the lines were measured
near the banks on representative gravel bars. At least three
lines were measured at each location. To ensure a sufficient
amount of data, a sample size of about 150 stones per line
was used in this work. The measured stones were divided
into twelve different grain fraction classes ranging from
grain sizes smaller than 8 mm up to over 256 mm (Table 2).

One-dimensional Model using HEC RAS

The collected data of the above-mentioned analysis
was combined into a one-dimensional steady-state flow
simulation using HEC RAS 5.0.7 and HEC GeoRAS 10.5 with
the aim of connecting parameters observed via GIS-based
methods and the rivers hydraulic processes. The values of
the three available discharge stations served as authoritative
input parameters for the extension of the one-dimensional
flow model of the Katun. No discharge values were available
for the Upper Katun thus the Tyungur (upstream) and

8EROS (2014). Collection-1 Landsat OLI Level-2 Surface Reflectance (SR) Science Product. Ed. by Earth Resources Observation

And Science (EROS) Center.

°Dilts, T. E. (2015). Polygon to Centerline for ArcGIS: University of Nevada Reno. Available at: https://www.arcgis.com/home/
item.html?id=bc642731870740aabf48134f90aa6165 [Accessed 31. Oct. 2019].

1°Singh, J. (2017). Calculate Road/Stream widths. Available at:

https://www.arcgis.com/home/item.html?id=ede4729410e846638520f99901542518 [Accessed 31. Oct. 2019].
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Table 2. Grain fraction classes used in pebble count

Grain fraction class 3 4

7 8 9 10 11 12

Diameter [mm)] 8-113 | 11.3-16 | 16-22.6

45-64 | 64-90.5 | 90.5-128 | 128-181 | 181-256 | >256

Onguday, o

Ust-Koksa

umn

Fig. 4. Locations of stream structure surveys and pebble counts along the Katun

Srostky (downstream) stations were chosen as the start
and end points of the model. This resulted in a total length
of nearly 370 km, covering large portions of the Lower
and Middle Katun as seen in Fig. 5. As clearly seen in the
discharge, the lowest flows occur in winter and the highest
ones are related to snow and glacier melt (May — July). Based
on the collected discharge data from (Lammers et al. 2016),
the fluctuations and long-term trends during these months
were examined. Due to missing data for the Maly Yaloman
station in the middle of the river section and taking into
account that an adjustment of the average values under
the aspect of the observed strong annual fluctuations was
being considered error-prone, for the later simulations
average discharge values as seen in Fig. 2 were taken (Table
3).

The remaining parameters of the model were derived
from the geoinformation-based calculations already
performed (geometries, slopes, river axis, etc.). Since no grain
distribution of the actual riverbed could be gathered and
the Manning values from the pebble count differed from the
literature, the values of the recommendations from literature
(Chow 1959; Brunner 2016; Arcement and Schneider 1989)
were used in this work for the one-dimensional flow model
as shown in Table 4. The ice thickness during the winter
months with its associated roughness were determined
from literature (Vuglinsky and Valatin 2018). According to

Shiklomanov and Lammers (2014) and the available Landsat
8 imagery from the month of April 2019, the end of river
glaciation was determined between March and April.

The Strickler Coefficient was derived using the
correlation between grain size and bed roughness by
inverting the calculated Manning value.

n=0.034%q ®

RESULTS AND DISCUSSION

The Katun in its upper reaches can be defined as a
fourth to fifth order river. With the mouth of the Koksa, the
Katun changes to sixth order. This also marks the border
between the upper and middle reach in the literature. The
inflow of the Chuya increases the stream order to seven.
Even though the Chuya is one of the longest tributaries of
the Katun (Mandych 2006), the conjunction of both rivers
does not lead to a significant change in the river regime and
therefore, the lower reach begins where the Sumulta River
joins the Katun. Until its confluence with the Biya River, the
Katun remains a seventh-order river.

The longitudinal  zonation is characteristic for
fluvial systems, which is associated with characteristic
hydromorphology and bedload processes (Schumm 1977;
Allan and Castillo 2007). Our satellite-based investigations
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Table 3. Average discharge in the months of February, April, June and September

Station (river km) February [m?/s] April [m?/s] June [m?/s] September [m?/s]
Tyungur (229) 44 161 832 218
Maly Yaloman (301) 85 196 1488 426
Srostky (616) 87 510 1743 584
Table 4. Manning's roughness values used in the one-dimensional modelling
River section Left bank Main channel Right bank

Lower Katun

In winter: 0.070
In summer: 0.100

0.035

In winter: 0.070
In summer: 0.100

Medium Katun

0.05

0.04

0.05

Maly YaloiB

Tyungur'

Fig. 5. River section used for one-dimensional flow
simulation in HEC RAS

of the Katun River, support the published longitudinal
zonation (upper, middle, lower reaches). The elevation
profile shows in the linear approximation a slope
ranging from 0.29 % to 0.59 % in the upper course. With
increasing flow distance it drops to 0.18 % in the middle
course and finally to 0.12 % in the lower course (Fig. 6).
The results showed that a development of the bed slope
and a possible bed deepening in the comparison of the
considered years could not be represented justifiably
due to the different resolution of the DEMs. Especially in
the gorges of the Upper and Middle Katun, the elevation
values of the DEMs with resolution ranges of 1 km and 225
m, respectively, often did not represent the water surface,
but predominantly that of the adjacent slopes. Therefore,
only the results of the observation of the SRTM Global with
a resolution of 30 m were deemed accurate.

The different river sections are also clearly visible in the
one-dimensional modelling of three different discharges
using HEC-RAS. Both the shear stresses and the flow energy
in the Middle Katun are a multiple of those in the Lower
Katun.This is true both in winter, when the lowest discharge
prevails and the river is frozen, with a shear stress of 20 N/m?
to 9 N/m” and energy of 41 N/ms to 14 N/ms, and in early
summer during the annual flood, with 100 N/m?” to 14 N/m?
and 404 N/ms to 178 N/ms (Fig. 7).

This energy gradient along the Katun River can be
reassured in both the pebble count (Fig. 8) and the visual

assessments of the stream structure survey conducted
along the river banks. The giant bars and large boulders
(Iturrizaga 2011) that shape the riverbed in the middle
reaches (M1-M2) and upper lower reaches disappear once
the river reaches the flat plains (U1-U3). Here it begins to
meander and the predominant grain size is below 32 mm.

In addition, the widening and slowing down of the
river can be seen in the simulated water depths but also
in the flow velocities (Fig. 9.). The discharge data from
the Katun River (Fig. 2) shows that, the volume of the
flow increases with increasing flow length due to a larger
catchment area caused by numerous tributaries. Within
the HEC RAS simulation, the occurring velocities in the
lower reaches (max. 2.36 m/s) are noticeably lower than in
the middle reaches (max. 2.74 m/s). Considering the slope
of the riverbed, this is an understandable relationship. If
we now take the average water depths of 3.74 m in the
lower reaches to 4.88 m in the middle reaches from Fig. 9
into account, the flow profile in the considered section of
the lower reaches must increase, in order to accommodate
the increased discharge of approximately 250 m?/s with
decreasing velocities and depths. Consequently, as the
flow depth decreases, an expansion in width takes place.
The maximum river widths in the middle reaches range
between 300 m and 400 m, up to 3,500 m in the lower
reaches (Fig. 10). In contrast, in the upper section of the
lower reaches, river widths of around 250 m were measured.
In this area the Katun runs constricted between mountain
slopes and is therefore unable to expand. To cope with
the increasing discharge and the reduced width, the flow
velocities increase to 1.5 m/s and 4 m/s and maximum
flow depths of 2 m to 4.5 m during high discharges. As
the river leaves the constricted valley and becomes wider,
these values drop to 0.5 m/s to 2.5 m/sand 1T m to 2 m,
respectively. The consistency of the results is maintained
when annual variations are considered.

The Katun River has characteristic flow fluctuations,
i.e., the strongly varying flows, over the year (Fig. 2). The
river carries 20 times as much discharge in summer as
in winter. The reason for this is heavy snowfall in winter,
which, together with the thawing of the river at the end
of the winter months, leads to increasing discharges in
the following months. Since runoff data for these months
are available and with the help of a study of the river ice
thickness in the Altai Mountains the required parameters
could be estimated, it was possible to simulate the
hydraulic quantities also for February. Especially the shear
stresses and the flow energy show a slowing down of the
river. However, with increasing discharges, these values
also increase again and in June/July, the highest erosive
activity is to be expected due to the shear stresses. Due
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to the GlS-based approach and missing data regarding
riparian vegetation no statement can be made about the
quality of the exchange with the floodplain areas, since
more detailed models than the one used in this paper are
needed for this (Maharjan and Shakya 2016).

When analysing the sinuosity of the river Katun using the
simplified formula for three different section lengths along
the entire Katun, the results suggest the use of 1 km for
section length. For this length the calculations provide the
lowest standard deviation and thus the most consistent
results (Table 5).

The high difference between the two DEMs under
consideration is probably due to the different resolution.
Because of the resolution, the maximum values for the
two years should also be viewed with caution. Both the

1.5 and 1.7 represent outliers and are at locations where
the river axis does not clearly coincide with satellite data
from those years. Nevertheless, such high values indicate
stretches of the Katun River that can be described
as strongly meandering and occur more frequently,
especially in the middle and lower reaches. Based on the
following, more detailed calculations of the SSI in each of
the selected section the entire Katun can be described as
straight to slightly sinusoidal based on Table 6. According
to the different hydromorphology in the lower reaches,
a determination of SSI should have been carried out
for two different locations. Due to difficulties with the
determination of a main river axis sole based on GIS data
this was not performed.
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Table 5. Results of the simplified sinuosity calculations

SRTM GLOBAL T km 5km 10 km GMTED2010 1 km 5km 10 km
Mean 1.10 1.23 1.29 Mean 1.06 117 1.06
Std 0.09 0.15 0.20 Std 0.08 013 0
Max 1.76 1.69 2.09 Max 157 1.91 1.06
Table 6. Muellers sinuosity index for channel lengths of 5, 25 and 50 km in the upper, middle and lower reaches
of the Katun
SSI CL=50km CL=25km CL=5km
Upper Reach 1.02 1.03 1.09
Middle Reach 1.05 1.04 1.14
Lower Reach 0.99 1.0 0.97

Table 7. Hydromorphological characterisation of the Katun River

Upper reach Middle reach Lower reach
River kilometer [km] 1-210 211-410 411-688
Flow order number 5 6-7 7
Sinuosity SSI [-] 1.03 1.04 1.00
: : 86-108
River width [m] 65-110 97-165 1975 - 2,025
Bottom slope [%] 041 0.19 0.14
D50 on the banks [mm] - 52-77 18-32
Manning value n (banks) [s/m1/3] - 0.066 - 0.07 0.055 - 0.061
Strickler value kSt (bank) [m/s1/3] - 143 -152 164 -18.1
. 2 Tyungur Maly Yaloman Srostky
Gauge (Catchment in km?) (13.415) % (36,608) (58.113)
. . 3 266 466 614
Discharge MQ (min - max) [m?/s] (44 - 832) (85 - 1.488) (87-1.743)
Specific discharge MQ 19.83 12.73 10.57
(min - max) [L/s/km?] (3.28-62.02) (2.32-40.65) (1.49 -29.99)
Flow velocity v [m/s] - 1.16-2.74 092-236
Maximum flow depth [m] - 197 -4.388 1.54-363
Shear stresses [N/m?’] - 2063 - 10048 944 - 5564
Flow energy [N/ms] - 41,66 —404.30 14.04 - 178.68
Dominant vegetat;?r?ptsype of the riparian Grasses / Shrubs Saplings and trees
Vegetation structure of the riparian strips - simple complex

* = Geographical location of the Tyungur gauge in the middle reaches. However, since it is located upstream of the confluence with the
Argut and the Chuya, it is cited as a reference for the discharge of the upper reach.
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CONCLUSIONS

Our case study from Katun River underlines the importance
of longitudinal (connectivity), lateral (floodplains), vertical
(sediments) and temporal (annual variability of flow) aspects,
which are the 4-dimensions of a lotic ecosystem (Ward 1989).
Based on our investigations of large-scale hydromorphological
characteristics along the Katun, guiding principles for glacier
rivers were developed (Table 7). As shown for the individual
parameters (e.g. slope, width, etc.), they influence each other
and are strongly dependent as well as characteristic for each
river section. In the context of revitalisation of straightened
and / or channelized river courses, it is important to focus on
the processes of this interaction and provide suitable space for
lateral expansion. The aim of revitalisation measures should be
to enable the river to support its natural dynamics and after
an initial situation is created the river should form the newly
gained riverscape itself.
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