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Spatio-temporal variability of channel behavior in relation to channel
braiding: a milieu of topological braid modeling and quantitative
traditional analysis of Chel basin (North Bengal)

Debarshi Ghosh' - Snehasish Saha®

Received: 1 May 2019 / Accepted: 10 June 2019
© Springer Nature Switzerland AG 2019

Abstract

Channel behavior is related to the existing channel processes that lead to frequent changes in the water and sediment flow
pattern of a river. The channel behavior reflects its tendency of auto-cyclic cut and fill processes. On the piedmont surface.
the channel hydraulic geometry transforms due to the huge supply of bed load and the fluctuation of flood discharge. The
heterogencity of load and nature of load dispersal favors braiding of a river which adjusts with auto-cyclic processes of cut
and fill. In the present study. conventional models for braiding proposed by Brice (BI: 3.69-9.04), Rust (BP: 5.1-12.3) and
Richards (modified) (4.7-10.9) have attempted to associate them with channel network analysis by compating vertex detour
index (VDI) with temporal changes, cta index, theta index, pie index, planform index (PFI). flow geometry index (FGI), and
execution of the planner circuit model of the braided course based on link-node ratios like @ index, f# index. and yindex. The
standard sinuosity index (SS1) was calculated to be maximum (1.11) for the reach 4 with the average range of 1.027-1.045
in 2016 keeping the sume persisting trend over 1981, The flow geometry index is 107.4 compared to the planform index of
braid accounting for 0.35 which held flood as the most responsible factor. In 2016, the channel network of river Chel revealed
moderate channel efficiency with a greater degree of channel diversion along the bars (103-111). Morcover, complex or
volatility of braid vs. sinuosity has been noticed in case of the river which unshadows no spectacular trend over time.

Keywords Avulsion - Channel dynamics - Braiding index - Sinuosity index - Foreland basin « Planner circuit model

Introduction

Channel behavior on the piedmont surface is related to the
channel processes, flow and sediment flow pattern of the
river. The qualitative determination of channel patterns
(Dury 1969: Leopold and Wolman 1957) and their behavio-
ral trend develop with temporal channel dynamics and can
be derived from ‘reach statistics’(Goudie et al. 1990) like
simple planform identity of channel sinuosity (Muller 1968)

and complex topological expression from the planner circuit
maodel of multi-thread channels (Kansky 1963). Nowadays.
the channel morphological changes with respect to water
and sediment supply can be studied through digital terrain
analysis (DTM) (Allen 1978). In the braided course, the
dominant morphological changes are duly related to the sedi-
ment supply (Lane et al. 1996). The braided courses are often
considered as a stochastic system from the analysis of sedi-
ment flux during turbulent flows (Paola 1996). The braided
behavior of a channel is adjusted with the rate of aggrada-
tion, channel belt mobility, bed scour activity (Huggenberger

00 Debarsha Ghosh 1993) and morcover channel adjustment related to channel
wetlanddeb & gmatl.com gradient. cross-section and discharge. The channel behav-
Snchasish Saha 1or in the piedmont of Danjeching Himalaya (North Bengal)

snchasishsalanhu 19796 gril com

' Dhupguri Girls’ College, College Para. Ward No. 01, PO,
Dhupguri, Dist, Jalpsigurs, West Bengal 735210, India

Y Department of Geography and Appled Geography,
Universaty of North B i R hang P.O.NBU.
Dist., Durjeeling, West Bengal 734013, India

reflects a tendency of auto-cyclic cut and fill (Field Investiga-
tion 2015) process evolving with the changes m the relative
heights of the existing river terraces. The channel exhibits
succession of fan sediment that indicates matunty of the
surface with the channel braided network (Knighton and
Nanson 1993) triggered by flood recurrences. These flood
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Determining the spatio-temporal response of downstream coarse
sediment sorting process in the Chel river (North Bengal, India) using
cluster analysis

Debarshi Ghosh' - Snehasish Saha?
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Abstract

The fluvial transportation efficiency related to rainstorm events is important to understand the variability of sediment sort-
ing process in the channel. The supply limitation of different size of sediment grades in downstream reveals the nature of
geomorphological scale of response (spatio-temporal). Pebble count method has been attempted here for determination of
dg, (median) particle size associated with frequency distribution of sediment samples from 13 study reaches on the basis of
standard sediment grade scale of Wentworth and modified Udden-Wentworth grain scale seasonally. Intra temporal vari-
ability (IATV) and inter temporal vaniability (IETV) results were categorized under hierarchical cluster analysis to view
the sediment movement downstream from minimum distance algorithm. On the piedmont, the bed configuration is mostly
boulder infested of heavier size class (> 256 mm) and that remains greater than 86% in pre-monsoon condition, It comes
out on the basis of random mixing of sediment load (> 2 mm) while transporting as discharge. In Chel basin, the process of
sediment load dispersal indicates less heterogeneity in the sediment sorting process towards downstream, The haphazard
distribution of very coarse to medium boulders (4096-512 mm) up to reach 6 indicates the limit of channel competency.
The paper seeks 1o know the seasonal variability in the sediment dispersal process i.e. finding the reach wise variability of
the sediment mixing process downstream and the sediment supply limits of median particle size.

Keywords Sediment sorting - Frequency distribution curve - Normal probability distribution - Hierarchical cluster -
ANOVA

Introduction within the channel bed and clustering finds the similar dis-

tributions. Most of the studies have employed the method

The main goal of cluster analysis is to build homogene-
ous groups from a geographical area according to certain
variables (De Carvalho and Lechevallier 2009; Dutta et al.
2019. Dutta and Das 2019). Statistical parameters like the
mean, median, standard, deviation, kurtosis, and skewness
have been widely used 1o characterize grain size distribution

to group a limited number of grain size distribution param-
eters like the mean and standard deviation, and few stud-
ies have taken advantage of the entire distribution (Zhou
etal. 2015: Nelson et al. 2014: Ordéiiez et al. 2016). Thus,
both the process helps to infer variations in hydrodynamic
conditions, eolian activity, and sediment sources (Fournier
et al. 2014; Zhang et al. 2018). The frequency distribution
and mixing process of various grain sizes as bed load can

24 Debarshi Ghosh be expressed through percentile-median diameter (CM)
wetlanddeb@gmail.com pattern (Passega 1964). standard deviation method (Boulay
Snchasish Saha et al. 2003), curve fitting models (Wu et al. 2020; Paterson

snchasishsahanbe 1979 @ gmail com

Department of Geography, Dhupguri Girls' College
(Affiliated to University of North Bengal), Dhupguri,
West Bengal, India

*  Denartmentol Geography and Aoolied Geoeranhy.

and Heslop 2015) and bayesian method (Yu et al. 2016) of
sediment mixing process. The cluster analysis groups similar
conditions of grain size mixing process with end-member
modeling (Varga et al. 2019). The cluster analysis is also an
important spatial analysis tool. The modermn clustering pro-
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COVID-19 second wave: District level study of concentration of confirmed )
cases and fatality in India o

Dr. Debarshi Ghosh*, Apurba Sarkar "', Dr. Pradip Chouhan*
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of
wqwmma[mw Malds, Universiey of Gour Bengs, Mokdumper, Molde, West Bergal, Indie PIN- 732105

ARTICLE INFO ABSTRACT

The paper aims to reveal the spatial pattern of the concentration of COVID-19 confirmed cases and the spread of
Pandemsc the pandemic from the Case Fatality Ratio. The study has been accomplished with district-level data. The analysis
tnfection mortality eatio of the spatial pattern decoding has been done considering the Global and Local Moran's | statistics comprising
the linear trend of spatial autocorrelation for the whole India. The timeframe has been divided considering
the mrgz of the second wave in Mxrd: 2021 and the peak of the wave in May 2021, The spatial clustering

Cane Fatality Ratio p both the of confi d cases using Location Quotient analysis and the pattern
of spmd of the Infe lated fatality throughout the country, The high Location Quotient of the confirmed
cases strongly b d sround the Puna reglon, Kerala-Karnataka region, Garhwal Himachal, NCT of

Delhi and Ladakh-Kashmir-Himachal Pradesh region during the period of the study. In May, the concentration has
randomly clustered around the middle part of India. The Case Fatality Ratio was high in Maharashtra, Madhya
Pradesh, Punjab and Haryana st the surge of the second wave. During the peak (May), two significant clusters of
high Case Fatality Ratio are observed in and around the Mumbai urban (Maharashtrs) and NCT of Delhi (including

Punjab-Haryana).
1. Introduction dioxid (NOZ). iculate matter (PM) contribute in part to the tox-
ins g envi I ination (Sarkar and Chouban, 2020,
COVID-19 pandemic has been impacting the life and Sconomy across Huang and Brown, 2021, Bherwani et al., 2021), Many Indian urban
the globe since December 2019 and has caused major disrup [ including Kolkata, and Pune, are at the risk of air

(Walker et al. 2020). The COVID-19 pandemic has resurfaced in India contamination (Conibear et al., 2018).0ne out of eight (about 12.5%)

in the form of a hard-hitting second wave. The COVID-19 has brought
a threatening challenge to Indian society and the economy (Sarkur und
Chouhun, 2021). India’s devastating second wave of COVID-19 has over-
whelmed its health system and the country (Ranjan, 2020, Ghosh et al,
2020). The second wave of COVID-19, caused by severe acute respira-
tory syndrome (SARS-CoV-2), has struck India severely, with a signifi-
cant case fatality rate (Tomar and Gupta, 2020). The situation in India is
more critical as it has a huge population, poor medical infrastructure and
complex socio-economic structure, where self-isolation, social distanc-
ing and quality treatment are the key controlling factors to neutralise
the impact of the discase (Kallya-Perumal ct al., 2020, Bhuyan, 2021),
The growth of towns and the consequent need for more supplies have
damaged the deli envi of India, where there are high levels
llution. Sulfur dioxide (S02), Nitrog

deaths in 2017 in the country were attributable to high rates of res-
piratory disease, stroke, hean disease, diabetes, and lung cancer, all
conditions for which a certain percentage of cases result from severe
air pollution (Gurjar et al, 2016). Some relevant scientific literature
highlights that exposure to air poll may be rel to virus infec-
tion spread, and more recent literature focuses on COVID-19 diffusion
(Cheng et al., 2020, Report et al., 2020, Saha and Chouhan, 2021). On
January 30 2020, the Director-General WHO declared that the outbreak
of novel coronavirus (2019-nCoV) constitutes a Public Health Emer-
gency of International Concern (PHEIC) as per the advice of the Inter-

ional Health Regulations (IHR) Emergency Committee (Black et al.,
2020). In the first surge in 2020, COVID-19 has infected nearly 20 mil-
hon people across the globe, with 90 countries in the community trans.

of smog, fine dust, and water p

" Corresponding author.
E-mail address apurbasarkar ughadt gmail.com (A. Sarkar).

htpe:/ /dol.ong/10.1016/).cave. 2021100221

stage (Bherwani et al, 2021). The daily reported (onﬁmu:d
cases started to rise from February 2021 in India (Sengupta et al., 2021).
The mid of April 2021, registered sudden hike over thousands of daily
death was observed around the country (Khanna, 2020). Multiple fac-
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Determining process of occasional flooding from channel
hydrological characteristics of Chel Basin, North Bengal (India)

Debarshi Ghosh'

Received: 11 January 2019/ Revised: 5 September 2019/ Acceptad: 10 September 2019

© Korcan Spatial Information Socicty 2019

Abstract Occasional flooding has a distinct impact on
fluvial dynamics of a channel. It brings new thresholds of
adjustment for hydraulic conditions of a channel. The task
of estimation of peak discharge during occasional floods is
very complex, as the water recedes very quickly. The flood
and rainfall design techniques (Gumbel's frequency dis-
tribution) are the relevant solutions for peak discharge
estimation at an un-gauged station of measurement. This
paper aims to estimate the volume of peak discharge during
the phase of occasional floods at “t" recurrence intervals (5,
10, 20, 50 and 100 years) which are 148.87221. 158.58408,
167.9592, 1799475, and 218.8758 cumecs. The separate
yield of peak runoffs from small 3rd-order basins has been
estimated by rational method on 2 years (162.70 cumecs)
and 10 years (212.60 cumecs) probabilities of recurrence.
While deriving probable peak flood discharge, various
temporal hydrological relationships regarding rainfall-
runoff and stage-discharge have been established by curve-
fitting method in lincar and power regression models. The
temporal study (2015-2017) reveals some interesting
hydrological results. including (a) 1284.21-1522.22
Ha m day™' channel runoff causes discharge greater than
150 cumecs, (b) effect of basin lag influences the runoff
curve and (c) the water stage above 2.5 m gauge height
indicates occasional floods. The rainfall as system input
indicates high spatio-temporal vanation ranges, between
200 and 5500 mm, as maximum annual average. This
approach fundamentally assembles the rainfall-runoff-
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1 Introduction

A flood is an unusual high stage of water due to runoff
from rainfall and melting of snow in quantities too great to
be confined in the normal water surface elevations of the
river or stream [1, 2). That is, a flood is any relatively high
flow that overtops the natural or artificial banks in any
reach of a stream [2]. Reliable estimates of the magnitude
and frequency of floods are essential for flood insurance
studies. flood-plain management. and the design of trans-
portation and water conveyance structures, such as roads,
bridges, culverts, dams, and levees [3, 4]. The process of
flooding is related with the increase in relative heights of
water column or the stage. It can be determined from the
peak flows in flow duration curves. Flooding is an integral
part of the channel process that sometimes causes the fix-
ation of new thresholds for water and sediment continuity
I5, 6]. Floods can be measured from the volume of peak
discharge, stage of the water, and the floodplain inundation.
Artificial neural networks (ANNs)' applied in the field
of hydrological modeling have been used for over a decade
for flood estimation in un-gauged catchments [5]. The
advanced technique of flood loss estimation models inte-
grates physically based distributed hydrologic model and a

! An antificial neural network is an interconnected group of nodes o
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Abstract

The paper aims to determine the potential avulsion zones on the picdmont segment of the Chel river basin. A total of 12
hydro-geomorphic causative variables have been selected considering the river basin’s present geomorphological and hydro-
logical characteristics. The analysis focused on spatial modeling considering Multi-Criteria Evaluation (MCE) technigue.
The paper’s main contribution is to identify the active avulsion zones on the picdmont of Darjeeling Himalaya triggered
by high monsoon rainfall (5479.3 mm maximum annual average). The model’s input comes from high-resolution Digital
Elevation Model (DEM) based on interpolated rasters, proximity rasters, and rainfall raster. The raster overlay inputs have
been fuzzified to scale down within -1 and produce the final factor weights. The Analytical Hierarchic Process (AHP)
checks the priorities judged by cach variable’s pair wise relative importance as a part of MCE. Finally. the model indicates
that suitable sites on a continuous scak of suitability range between 0 and 1. The rainfall raster gets the highest weightage
in the AHP priority scoring. The model correctly classified 85.7% of sites suitable to avulsion, and it has also been proven
from the recent (2017-2020) field photographs, The Fuzzy-MCE technique has revealed the role of high rainfall in triggering
avulsion on the piedmont surface. The final composite layer indicates the mountain outket (junction of Chel, Manzing and
Fagu Khola) as the most potential site for avulsion.

Keywords Channel avulsion - Multi-criteria evaluation - Fuzzy logic - Analytical hierarchic process - Rainfall intensity

Introduction

Avulsions encompass considerable insinuations for the lat-
eral redeployment of water, sediment, nutrients, and hence
are 4 key influence on flood-plain and delta geomorphol-
ogy, sedimentology, and ecology (Makaske et al. 2002;
Sinha et al. 2014; Larkin et al. 2017). The heavy rainfall
and flood catastrophes compel the river course to avulse to
new courses. Avulsion can be progradational, incisional, re-
occupational based on a process of new channel formation.
Progradational process associated with multi-channel over-
bank flows from large-sized crevasse splays and cross-valkey
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channel formation with high rate of channcl bed aggrada-
tions, incisional process triggers newly scoured channel into
the flood-plain surface with slow aggradation of the channel
bed and re-occupational process is associated with formation
of new channel occupying the existing active or abandoned
channel in the flood plain (Slingerland and Smith 2004).
Channel behavior frequently changes dow due to the
supply of discharge as related to the gradual decrease in the
slope (Langat et al. 2019). The process of channel avulsion
is mainly dependent on rainfall, discharge and slope of the
channel and valley. Avulsion occurs when overbank flows
from a main channel take ad e and p ly occupy
secondary or relict channels on the flood-plain or creste
new flood-plain channels (Slingerland and Smith 2004;
Sinha et al. 2019). The piedmont zone of sub-Himalayan
North Bengal is very responsive to high rainfall occurrence
in monsoon. The channel bed aggradation, course shifting
vis-d-vis avulsion are the direct results of high rainfall events
especially in 1990s. The local-scale avulsion is a very com-
mon fluyial phenomena triggered by extreme rainfall and
flash floods on the picdmont surface. A local-scale avulsion
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Abstract

This study aims to evaluate the causative factors for high bank erosion probability along the left bank of Ganga river in Malda
district using binary logistic regression model. The bank erosion at the outer bend of Ganga in Manikchak and Kaliachak-11
blocks during the recession of fiood water in Ganga poses serious threats to the inhabitants of Diara since the construction of
the Farakka barrage. The constriction slowly started a probkem of water pilling at the up-stream of the barrage and extended
up to the Bhutni Island (40 km up stream). The seepage mechanism allows the entry of rising flood water to the banks and
again released when water level recedes gradually and causes bank slumping. In recent monsoon (2020), Gopalpur, Jot Bha-
bani Dharampur gram panchayats of Manikchak block are heavily affected by bank erosion. A total of nine causative factors
are selected as predictor variables in binary logistic regression model categorized broadly as vegetation, water and moisture
indices, proximity based on river channel and settlement, soil characteristics and land use-cover classes. The omnibus test of
model cocfficient gives the likelihood ratio (224.433) for the overall model fitting (p value 0.0). The model predicts correctly
254 sites as low bank erosion (LBE) and 111 sites as High bank erosion (HBE) category with 84.4% and 67.3% accuracy.
The soil bearing capacity significantly expresses highest odds (87.6%) of telling the high probability of bank erosion. The
model produces an accuracy of up to 87.4%.

Keywords Odds ratio - Log-likelihood statistics - Bank crosion probability - Influential statistics

Introduction

Rivers are extremely sensitive to its surrounding environ-
ment (Rudra 2010). The channel dy namics is associated with
frequent spatio-&emporal changes of channel behavior under
different environmental settings (Woh! 2020). The channel
morphology and its dynamic nature are the outcome of com-
plex interaction between water and sediment transportation
process in the river (Kummu et al. 2008). The process of

The bank erosion process is a complex phenomenon result-
ing from fluvial process and anthropogenic pressure of the
flood plain (Bordoloi and Nikam 2020). The bank erosion
process manifests through both erosion and construction. It
not only engulfs the floodplain but also takes a rok in devel-
opment (Rudra 2014). The bank erosion process is consid-
ered as the natural geomorphological process of a river. The
process is a complex interaction between channel hydraulics
and structural propertics of banks. A sandy substrate is more

river dynamics is more frequent in alluvial ch Is. River
bank erosion is another outcome of such fluvial dynamics.
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vulnerable for impinge flow attack which causes toppling in
meny alluvial river of lower Ganga plain (Bandyopadhyay
et al. 2021), The vulnerability of banks under flow impact
results in bank retreat, collapse, block/chunk failure etc.
Bank retreat affects the river bed configuration (Ghaosh and
Kar 2018). In lower Ganga plain, many rivers erode in one
direction and many ‘Char-lands’ (new alluvial deposition)
riscs in the opposite (Rudra 2020). The new sediment source
creates riparian habitat along the banks. So, bank erosion
plays a key role in the development of fluvial habitat. In con-
trary to this, bank erosion imposes an uninvited hazard risk
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