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ABSTRACT

The aim of the study is the presentation of the directions and scale of changes in the
morphology of the Himalayan and its piedmont river channels occurring under the
contemporary influence of human activity. The study uses the results of morphological
field research conducted in the Teesta river basin (right tributary of the Brahmaputra) in
the period 2011-2015. The research shows that one of the most common anthropogenic
form affecting banks of the Himalayan channels is their reinforcement and reprofiling
related to bridges and dams construction. In turn, on the Himalayan piedmont, the most
visible human influence is massive extraction of riverbed sediments what leads to the
deepening of river channels. The morphological changes of channels caused by human
interference deteriorates the quality of the rivers habitat and affects human communities
dependent on rivers ecosystem services.
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INTRODUCTION

Environmental conditions of rivers are changing over multiple spatial and temporal scales
under influence of natural factors and diverse human activities [1]. The role of various
forms of anthropopressure in channel systems is particularly discussed in the
environmental literature, e.g. [2], [3]. Human activities in river ecosystems can be direct
(including channels regulation, construction of dam reservoirs) and indirect (containing
land use and land cover changes), and their consequence is a change in type, as well as
spatial diversity of the intensity of morphogenetic processes [4], [5]. Human effects on
mountain streams lead among others to the changes in channel geometry, dynamics of
water and sediment movement, contaminants in the stream, or aquatic and riparian
communities [6]. [7] states that human activity leads to the transformation of the natural
environment into more homogeneous and with a low diversity. Human impact on river
ecosystems is particularly noticeable in highly populated areas where rivers are a main
source of ecosystem services [8].
Rivers in the Himalayas and its piedmont have highly dynamic environment with extreme
variability in discharge and sediment load and are characterized by frequent changes in
shape, size, position and planform [9], [10]. Simultaneously, the Himalayas and its
piedmont are places of strong human interference in the natural environment [11], [12].
The aim of the study is the presentation of the directions and scale of changes in
the morphology of river channels in the Himalayas and its piedmont occurring under the
contemporary influence of human activity. The study uses the results of gemorphological
field research conducted in the Teesta river basin (right tributary of the Brahmaputra) in
the period 2011-2015 (Fig. 1). The investigations were carried out during 5 scientific
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expeditions realized under cooperation between Polish Academy of Sciences and Indian
National Scientific Academy as well as under collaboration of the Institute of Geography
and Spatial Organization and North Bengal University.
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Figure 1. Study area

STUDY AREA AND METHODS

The field researches were mainly conducted on the Teesta river and its tributaries within
the Darjeeling Himalayas and its piedmont (Fig. 1). The Teesta river is a right tributary
of the Brahmaputra with draining mountain area of approximately 8,600 km?. It originates
in the Pauhunri massif (7127 m a.s.l) and the total length of mountain section of the river
amounts to 182 km. The Teesta is characterized by a complex hydrological regime with
rain, glaciers and snow melting as well as groundwater supply. According to [13] the total
annual rainfall fluctuates usually in this area between 2000 and 6000 mm. Approximately
80% of the annual precipitation falling during the monsoon season [14]. Maximal river
flow registered on 4th October 1968 (in Teesta Bazaar) was estimated at 18150 m*s* and
the minimal flows during dry season drop below 20 m*s [15]. In the analyzed mountain
section, the width of the channel within the valley of the Teesta ranges from 20 m to 200
m. The slopes of the valley of the Teesta are shaped by landslide processes, which are
especially active during intensive precipitation and high water flows [16].

Lish, Gish and Chel rivers are a first large left-bank tributaries of the Teesta river in the
piedmont zone of the Himalayas. The total length of the rivers is respectively 20 km, 41
km and 63 km. In the mountainous part of the rivers their valleys are deeply cut in the
metamorphic rocks of various geological units. On the foreland of the mountains, the river
beds are filled with alluvial material that forms extensive fans (Lish and Gish) with
lengths up to dozen and a width of up to few kilometers [17]. From the study of [15]
results that on the studied rivers Lish, Gish and Chel, every several years occur very large
or even catastrophic floods causing transformations of the river channel morphology.
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The geomorphological works on the Teesta were carried out (in 2012) during
investigation of the hydromorphological state (with using the River Habitat Survey
methodology) of the mountain section of the river (33-kilometer length) between Sikkim
border and outlet from Himalaya (Sevok bridge). Field studies on the Lish, Gish and Chel
rivers were based on the 4-fold measurements of morphometry of the riverbeds in four
designated cross-sections. The research was carried out in the years 2011-2014. Three
cross-sections have been located in the mountain piedmont along the bridges on the
national highway connecting West Bengal and Assam at a distance of 3 km from the
Himalayas (Lish), 4 km (Gish) and 11 km (Chel). Additionally, in order to illustrate the
tendencies of morphological changes in river beds in the mountainous area, one cross
profile of the Chel riverbed was determined along a road bridge located in the Himalayan
part of the drainage basin, about 2 km above the mountain border.

In addition social studies were conducted among population living off the extraction of
bed material from the Balason river (the tributary of the Mahananda river in the Ganga
basin) in the Himalayan piedmont. The studies aimed to illustrate the relationship between
local communities and the morphology of riverbeds. The community of the Nimtijot
village was selected for investigation. Information on the local community’s social and
economic standing and its relation with the river ecosystem were collected through a
diagnostic survey in the form of interview conducted in 2015.

The detailed description of the methodology use in the above mentioned investigations
contain publications [17], [18], [19].

RESULTS AND DISCUSSION

Human interference in the morphology of Himalayan rivers

The main natural factor affecting the morphology of Himalayan rivers is frequency and
magnitude of floods caused by high rainfalls [13], [15]. The consequence of floods (in
combination with rising of mountains) is deepening of channels as a common natural
morphological process in the Himalayan rivers [11], [20]. The measurements of cross-
section located in the mountain part of the Chel river conducted in the period 2011-2014
confirm a trend towards deepening of the Himalayan channels. The depth of the Chel
channel in 2011 ranged from 5.25 to 6.45 m. In 2014, the depth was in the range of 5.45-
6.30 m. The course of the average depth of the Chel channel shows a trend towards
deepening, up to 1 cm/year (Tab. 1). Local deepening of the channel during a year reached
0.50 m [17].

Table 1. Average depth of the Lish, Gish and Chel river beds in 2011-2014

River 2011 2012 2013 2014
Lish 3.62 3.57 3.55 3.51
Gish 5.85 5.83 5.84 5.83
Chel (piedmont) 6.21 6.05 6.23 6.32
Chel (mountains) 5.74 5.72 5.74 5.77

The modifications concerning the morphology of channel banks are one of the a major
form of anthropogenic pressure in the channel within the Himalayan part of the Teesta
river [18]. Reinforcements with a concrete walls and reprofiling of riverbanks is observed
for example at the location of bridges and the degree of human interference is diverse
(Photo 1, Fig. 1). The highest number of modifications was found in the Teesta Bazaar
bridge section, where the right riverbank is reinforced with a concrete wall along its entire
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length. A smaller degree of river bank modification is observed in the Sikkim bridge
section, where the reinforcements and reprofiling are only occasionally present in the top
part of the left bank. The Sevok Bridge section is characterized by the smallest degree of
modification of riverbank morphology. Morphological changes caused by human activity
influence river habitat of rivers [21]. An expression of human changes in river habitat is
the Habitat Modification Score (HMS) index which indicates the degree of anthropogenic
changes in the river hydromorphology. The Sikkim bridge and Teesta Bazaar bridge
sections, with modifications in the morphology of riverbanks, i.e. reinforcements and
reprofiling, are characterized by the greatest changes of the river habitat. The river habitat
in those sections can be considered as significantly changed. The values of the HMS index
equaled 29 and 34, respectively (Fig. 2). The Sevok bridge section, where the HMS value
equaled 9, is characterized by the least modified river habitat of the Teesta river, which
is the result of the smaller transformation of river banks morphology in comparison to the
other sections.

Photo 1. Reinforcement and reprofilng of the Teesta channel banks (Teesta Bazaar)
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Figure 2. Values of HMS index and coverage of banks
by the concrete walls on the bridge sections of the Teesta river

In the light of the growing demand for electricity, the Indian government has decided to
double the current volume of its production using the energy potential of rivers, by
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building a large number of hydroelectric plants. One of the areas in which construction is
carried out is Teesta river basin (Photo 2). The construction of many dams and water
reservoirs within Teesta river basin will lead to significant transformations of the natural
environment, including morphological changes in riverbeds [16]. Dams impose changes
of flow and sediment transfer that drive changes of channel form along the downstream
regulated river [22]. In the river channels above dams there is an intense accumulation of
sediments, while below due to erosion there is a degradation of and dredging of the
riverbed [23, 24, 25]. The Teesta river transports a large number of sediments, exploited
in many places by local communities after the flood period [26]. The damming of the
river will block the fluvial transport in the river and because of intensive accumulation
within the channel and flood plain of the river will cause rapid shallowing of the river
channel and the reservoirs.

ek W 3 o e
Photo 2. One of the new built dam (Teesta Low Dam 1)
on the Teesta river within the Himalayas

Morphological consequences of human activity in the river channels

at the piedmont of the Himalayas

The Himalayas are a source of material transported by the flood during the monsoon
season and deposited on their foreland. The scale of aggradation in river channels may
reaches 3 m during 10 years [15]. The piedmont of the Himalayas is densely populated,
which causes a strong human influence on river ecosystems. One of the most important
manifestations of human activity in river ecosystems is the extraction of bed material [6].
The results of measurements of the bed position of the Lish and Gish river in the
designated cross-sections at the Himalayan piedmont in 2011-2014 show their slow
shallowing (Tab. 1). This suggest that the scale of material aggradation during the
monsoon floods in the summer season is general greater than the scale of river material
extraction by man. The observed raising of the bed level was in the Lish river 3 cm/year
and in the Gish river 0.5 cm/year. Research conducted on the tributaries of the Teesta
river prove that the natural supply of bed material during floods does not always
compensate the losses resulting from the extraction of material from the river. It results
in cutting the riverbed into the ground. The field measurements show that the changes
taking place in the bed of the Chel channel on the Himalayan piedmont were more
complex than in the Lish and Gish river. The depth of the Chel channel in 2011 ranged
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from 5.15-8.30 m. In 2014, the extreme depths of the river bed were within the range of
5.25-7.20 m. From comparison of morphological cross profiles of the Chel river bed in
the period 2011-2014 appears that in some places across the channel the tendencies of
pronounced dredging were observed, while in others raising the bed level. The maximum
local elevation of the bottom during the year reached 1.20 m and dredging 0.70 m. The
course of the average depth of the riverbed indicates that in the whole analyzed period
there is a tendency to deepen the channel of 5 cm/year (Tab. 1). This tendency can be
combined with the mass extraction of bed material from the river.

The geomorphological effects of such form of anthropopressure in the above mentioned
region have been presented in other scientific studies and the Balason river is one of the
best studied rivers in this aspect in the North India, e.g. [27], [28]. Surveys conducted
among the local community involved in extracting bed material from the Balason river
(Photo 3) showed a significant dependence of the existence of the studied population on
the work in the extraction of material, and the extraction will be continued [19].

25 e i N e RELs -
Photo 3. Bed material extraction from the Balason river
by the local community (Nimtijot village)

CONCLUSIONS

The geomorphologic fieldwork carried out in the period 2011-2015 in the Teesta river
basin within the Himalayas and its piedmont allows to formulate following conclusions:
1. Noticeable changes in the morphology of rivers are one of the most visible results of
human activity in the Himalayas and its piedmont.

2. In the Himalayas deepening of river channels is a common natural morphological
process, largely observed as the effect of frequent floods with high discharge. Human
interference in the morphology of channels is visible in the form of bank modification by
reinforcement and reprofiling. A serious threat to the morphology of the Himalayan
channels is progressive construction of large number of dams what will lead to the high
accumulation of bed material above reservoirs and faster deepening of channels below
dams.

3. At the piedmont of the Himalayas the main natural morphological process within river
channels is accumulation of material flowing out from mountains. In turn, the main
human activity is revealed in the form of bed material extraction on a large scale. Such
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activity leads to the depending of channels in the situation of insufficient supply of bed
material during floods.

Surveys conducted among the local community involved in bed material extraction from
rivers showed significant dependence of the existence of local communities from the river
resources (amount of bed material).

Due to the above findings further degradation of morphology thereby ecosystems of rivers
in the Himalayas and its piedmont is expected.
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