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Abstract

The Himalayan rivers flowing in the Indo-Gangetic alluvial plains are highly dynamic, owing
to the large volume of water and sediment generating from the mountain slopes of geologically
young Himalayas. Kosi is one of the major and most dynamic Himalayan Rivers that drains
the Indo-Gangetic plains. The river is notorious for its hyperkinesis which lends the river its
characteristic course instability and frequent morphological avulsions. The river has shifted

120 km in 250 years progressively westward.

Many theories have been advanced to explain this aberrant but anomalous propensity to shift
course. These may be grouped into two broad categories namely (i) Autocyclic processes, and
(i) Tectonics processes. Autocyclic processes allude to the natural phenomenology of upland
and riverbank erosion and sediment deposition and arguably, the latter theory has been the
more dominant viewpoint amongst researchers and other investigators in their quest to explain
the observed migration of the Kosi. A serious drawback, however, has been its failure to explain
the recorded preferential westward translation of the river.

This study presents a credible and an encompassing metaphysical hypothesis to explain the
geomorphological evolution of Kosi’s course and is supported by a detailed examination of
available topographical maps, footprints of paleo-channels and historical literature. Critical
review of traditional viewpoints with a plausible argument for the river migration is also
presented. The author proposes that Kosi’s migration and its geomorphological evolution may
be a response to underlying multi-scale basin processes including neo-tectonic movements and
causing a westward creeping, limited extent upheaval. The result is a transverse tilt in the river

base that exaggerates its western bank cutting rate.

The study highlights the imperativeness for a better understanding of the complex
morphodynamics of Kosi basin as an aid for implementing river training and/or management
initiatives in the region. This study proposes a new perspective and framework for
understanding the morphological characteristics of the dynamic Kosi River using the remote

sensing and hydrodynamic techniques.

Kosi River is a prime subject to study fluvial geomorphology as it displays many of the fluvial
morphometric features in its short journey to River Ganga. At reach scale, it creates various

planforms such as braids, anabranches and meanders. Whereas, at the basin scale, it forms a



tributary river network as well as a distributary alluvial megafan. The study formulates an
alternative approach for remote-sensing based geomorphological characterization of the large-
dynamic rivers. The satellite imageries provide footprints of the evolution of river dynamics.
These capture the morphometric features and position of the river in time, and thus variations
in these features can be examined. These changes then can be analysed to understand the

underlying dynamics.

The study reclassifies the river-reaches on the basis of their planforms- (1) straight, (2) braided,
(3) anabranching, and (4) meandering. The reaches in these planform zones have different
evolution dynamics and thus, also have significant differences in terms of channel stability.
The upper and lower reaches of the river, which lie in the straight and meandering zone
respectively are morphologically stable. Whereas the middle reaches (braided and
anabranching) are rapidly evolving and are critical. The study also presents the effect of
anthropogenic intervention on the complex morphology of the Kosi Basin. In anabranching
zone, the river has shown gradual westward movement and is skimming along the western
embankments. The Kosi and Baghmati confluence also lies within this zone. The two rivers do
not have a definite point of confluence but forms a looped network, which is continuously

evolving.

The study also points out that unlike many other rivers, Kosi flood plains are not
straightforward. The 2008 Kosi floods are the example of the same. The intuitive understanding
of the floods is in proximity to the river. However, in Kosi River the nodal point of the flood
plays a decisive role in mapping the flood inundated area. This can be alluded to the complex

topography of the river.

The flood of 8th August 2008 is arguably amongst the severest in the history of the Bihar
floods. Many investigators attribute this catastrophic event to a breach in the eastern
embankment of Kosi near Kusaha, 12 km upstream of Kosi barrage. Following it, the river is
said to have ‘avulsed’ back into one of its old historical courses. This study suggests an
alternate understanding that Kosi’s locally dynamic riverbed morphology may indeed have
been a likely trigger for the aforementioned catastrophic event of 2008. Study suggests that
changes in bed morphology may be attributable to development of critical sediment deposition
patterns due to the natural interplay between fluvial dynamics and the hydrodynamic influence
of Kosi Barrage. The phenomenological causality for this 2008 event has been established

iv



based on inferences from 2D hydrodynamic simulation of flood flow propagation in Kosi for

pre- and post-barrage bed morphological scenarios.

Apart from complex morphogenesis and morphodynamics, the Kosi River also poses a great
challenge due to the extensive flooding caused by its waters, and, in its wake, the large-scale
destruction and socio-economic disruption is common in North Bihar. Lower part of Kosi
Basin (LKB), downstream of Chatra Gorge, has been a system of concern for the natives, water
managers, Government of Bihar, and Government of India. The country witness annual
episodes of flood and inundation lasting for many more months disturbing the life of the
natives. The implicit assumption of stationarity is often overlooked while understanding the
rivers, causing gross assumptions in the flood management and planning, which was clearly
evident from the 2008 Kosi Floods.

In the present study, the paleochannels of Kosi are proposed as the flood channels for effective
flood management of the non-stationary Kosi. The efficacy of the paleochannel system has
been evaluated by employing the graph-theoretic approach. The paleochannel network was
found to transfer nearly 35% of flood volume stress. Moreover, the paleo network system was
found resilient to small perturbations further increasing the reliability of the flood management
system. Thus, the study proposes and structures a non-invasive strategy to alleviate the flood

problem of the region.

The present study offers a more comprehensive and rational understanding of the
morphogenesis of Kosi River, which recognizes Kosi as a non-stationary system. The study
provides a coherent tool for morphological study and characterization of rivers using remote
sensing techniques, which can be implemented for large dynamic rivers. The paleochannel
framework developed in the study will enable the decision makers for making a sustainable

flood management strategy for the region.

Keywords: Non-Stationary Rivers, River Shifting, Awvulsion, Course Instability, Fluvial
Geomorphology, Kusaha Floods, Bed Morphology, Megafan, Morphodynamics,

Paleochannels
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SS1-a0T & STolle HAelel & g1 arell ATy T Afear Jar ATy & ggrsl aolret
q 927 AT H el AR JoIoe 3cdesd gl & HRUT AcAs IcAcHS gl Hiar
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gl ¥§ A4 3 fAfse AT HTERRAT 3R gERAART & AU Feard g1 w
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gl o@H F YT § o P F G 3R SHIT -3Mpidw [ dAa-fadfae
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I 3R JaTE HT HROT FoT Fohcl &1 TRUMH FTGeT I 4N & ool H Uh 3]0y

[T gl & HROT SHPT TRIAT o T FHeldl aT &l Fel &ar gl
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g HETI &1 A AST YRGTOT 3R/AT Tt Ugell &l 9] el & AU HerIdr &
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Figure 6.20 Zone 111 - Grid 6 - Erosion and deposition analysis and river channel
corridor. (a) to (d) erosion and deposition in consecutive decadal timesteps;
(e) erosion and deposition in the channel in the 40-years; and (f) & (g) river
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Figure 6.21 Zone 11l - Grid 7 - Erosion and deposition analysis and river channel
corridor. (a) to (d) erosion and deposition in consecutive decadal timesteps;
(e) erosion and deposition in the channel in the 40-years; and (f) river
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Figure 6.22 Zone 11 - Grid 8 - Erosion and deposition analysis and river channel

corridor. (a) to (d) erosion and deposition in consecutive decadal timesteps;
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(e) erosion and deposition in the channel in the 40-years; and (f) & (g) river
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Figure 6.23 Zone 1V - Grid 9 - Erosion and deposition analysis and river channel
corridor. (a) to (d) erosion and deposition in consecutive decadal timesteps;
(e) erosion and deposition in the channel in the 40-years; and (f) & (g) river
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Figure 6.24 Zone 1V - Grid 10 - Erosion and deposition analysis and river channel
corridor. (a) to (d) erosion and deposition in consecutive decadal timesteps;
(e) erosion and deposition in the channel in the 40-years; and (f) & (g) river
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