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Abstract

In the present study, method for developin@ quantitative prediction of river bank erosion is
presentedA stream bank erodibility index was assessed to study the statbilig river bank.

To assess the stability of the rivbank erosion hazard inde8EHI) was estimatedn
consultation withbank heightbank sloperooting depthrooting density andsurface protection

In the upstream of Farraka Barriage between Rajhraih Farakka, the continuous shifting of

the left bank of the river Ganga and associated river bank erosited the loss of agricultural

land and sockeconomic vulnerability in most of the Mouzas of Manikchak and Kaliachak block
of Malda district, Wet Bengal. In Manikchak block, 13 mouzas are severely affected by river
bank erosion. The estimated BEHI of Narayanpur, Manikchak, Gopalpur, and Duarni Tarif are
high which indicates the river bank instabilitfhe satellite data of LANDSAT TM 5,
LANDSAT MSS 1 and LANDSAT ETM 7 for the year 1973, 1999 and 2011 were used to assess
the nature of shifting of the river bank and to estimate the landAdgke derived images were
transported on GIS environment to extract the course of the river. To esthreateftivard
shifting of the bank line, 25 sites were considered along the left bank. Then overlaying the
extracted layers of the river course of the year between 1973 and 1999 and between 1973 and
2011, the distance of shifting of the river bank line weseasedlt is observed that there is a
strong relationship between bank instability, BEHI, shifting distance of the bank line and eroded
land area in the concerned study area.

Kewwords: Bank erosion, BEHI, barikstability, bank shifting, RS & GIS

1. INTRODUCTION

Stream bank erosion is a dynamic and natural process as stream meanders across the landscape,
however, in many places the rate of stream bank erosion has increased markedly because of
hydraulic and geotechnical processes (Rosgen, &2@0M 200k). Riverbank erosion is an
endemic and recurrent natural hazard. When rivers enter into the mature stage, they become
sluggish and meander. These oscillations cause massive riverbank erosion. Accelerated stream
bank erosion is a major cause of fuint urce pollution associated with increased sediment
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supply. Streanbank assessment include thieasurements of bank heights, angles, materials,
presence of layers, rooting depth, rooting density and per cent of baaktjpmotwhichare used

to develop thestreambank erodibility indexMeasured dataere converted to a normalization

index for application for a wide range of channel sizes and tyaeder (1993) measured the

river bank erosion and changing course of the river in a scientific Stesam bak erosion is a

natural process that occurs in every watershed, excessive erosion has serious adverse
consequences for the physical & biological function of rivers. Eroding stream banks can be a
major source of sediment to a stream (up to 80% of the atoadglSimon and Thorne, 1996)

and human activities such as urbanization or dam construction can accelerate bank erosion rates
by more than an order of magnitude. Extensive research has been underway on bank failure
types, bank erosion mechanism, streamkbstability and prediction of failure by Thor(982),
Thorneand Tovey (198), Thorneet al. (1997 and Simoret al., (1996. It assigns point values

to several aspects of bank condition and provides an overall score that can be used to inventory
stream bank condition over large areas, prioritize eroding banks for remedial actions, etc.

It often difficult, however, to distinguish between stream banks that are eroding at a natural
rate from those that are or have the potential to erode at unnatudilyates due to altered
watershed hydrology or sediments load. The Bank Erosion Hazard Index (BEHI) is a method for
assessing stream bank erosion potential. It assigns point values several aspects of bank condition
and provides an overall score that canuked to inventory stream bank condition over large
areas and prioritize restoration efforts

In the present studBEHI was estimated after Rosgen (28&hd 2001pto assess the nature

of credibility of the river bank in Manikchakhe BEHI methodologyva |l uat es a str ea

susceptibility to erosion as a function of five factors, including:

The ration of stream bank height to bduk stage.

The ration of riparian vegetation rooting depth to stream bank height.
The degree of rooting density.

Streambank angldi.e., slope)

Bank surface protection afforded by debris and vegetation.

a b wnpeE

The changes in the flow character as a result of siltation and sedimentation as well as
variation in discharge invitesevere rivebank erosion in Malda. The constructiohFarrakka
Barrageplays a significant role cloggingf sediments on the river bed and problems of river
bank erosion in Malda. The construction of Farrakka Barrage was started in 1962 and completed
in 1971. The 2.64 km barrage was constructed was es$tathlto divert 40, 000 cusecs water
towards Bhagirathi River to flush the sediments into the deepest part of the estuary to improve
the navigational statusf the Kolkata Port (Rudra000g. The obstruction leads to the river to
make of her own way induag the continuous shift and erosion in the upstream of Farrakka
barrage. Mainly two districts Malda and Murshidabad were being affected by river bank erosion
(Banerjee and Chakraborty 1983; Banerjee 1999). The changes in the river course due to bank
failure are a londgerm natural disaster in West Bengal sincdyesikties (Rudra 1996 and 20,10
Mukhopadhyay 2003)River dynamics is one of the major problems in river draining the Ganga
plains and is particularly serious in the eastern plains from where ebthe most interesting
histories of fluvial dynamics have been traced (Jain and Sinha 2003, ChakrobortQ0st0aJ
The present study is dealt with the study of river bank erodibility based on &EMiell as
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nature and extent of the bank line shitieftward with the help of RS & GIS which reveatbé
impact of the fluvial dynamics of river Ganga on bank erosion hazards in the concern area.

2. STUDY AREA

Malda district of West Bengal is located in the Ifigiangladesh baler (Figurel) having a tal
area of about 3733 KniCensu001).
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Figure 1. Location of Manikchak block in West Bengal

The district is consisting 15 blocks. Western side of the district is bounded by the river
Ganges where the bank erosion occurs in a frequent manner. TheaigadVanikchak Block is
located under the Sadar Division of Malda District consisting a total population of 2, 40,123
(2001). The geographical extent of the study area extends frm12MjN °1 4 Nji2 5% 6 NJES 7
to 880 6 NJE . Mani kchak Bl ock compr i s amsl 89 Mouzgsr a m
(Table 1 and Figurg).
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Table.1: Mouzas located along the river in Manikchak Block, Malda.

L Name of L Name of Mouza L Name of Mouza| JL No. Name of
No. Mouza No. No. Mouza
1 Godai 13 Mashahar 22 Narayanpur 84 Manikchack
2 Kesharpur 15 Bagdukra 23 Ugritola 85 Raniganj
4 | Chandipur mal| 16 Samastipur 24 | Karia Sultanpuuq 86 Govindapur
8 Suksena 17 Shovapur 25 Kamalpur 87 Rustampur
9 Dergrama 18 Chandipur Tofi 26 Mathurapur 88 Mirpur
10 Rambari 19 Dakshin Chandipur | 27 Gashigown 89 Rahimpur
11 Shovanagar | 20 Duani Tofi 82 Jot Bhabani 90 Gopalpur
12 Hiranandapur| 21 | Paschim Narayanpur 83 Dhamampur
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Figure 2. Location of mouzas in Manikchak Block

The number of female population displaced by bank erosion till 2001 is 17,017 and to that of
male population is 18,126 (DHDRM 2007; Banerjee,1999) reported that around 7#38nkim
area was lIst in 30 years from Manikchak and Kaliackak area. Majority of the population in
Manikchak Block belongs to Hindu community. Around 49% of the total population engaged in
agriculture and belongs to the category of landless labourers. Women comprise 18t of
total main workforce in this block. Women population also comprises 58.7% of the total
marginal workers. In Manikchak Block of Malda District, 15 Mouzas were getting affected by
river bank erosion since 1978.
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The total agricultural land affected byrbaerosion is 13, 204 acres and as a result of which
3330 families were affected by land loss. At present the bank erosion is being found in some
selected Mouzas of Narayanpur, Balutola, Gopalpur, Dharampur, Dakshin Chandiplihetc.
emerged charland dhe river bed is also getting affected today and inviting the loss of vegetable
and agricultural land in Manikchak. In the study area, bank erosion occurs twice in a year. One in
preflood period, this caused due to high pressure of increasing water bartkevalls. Another
one in posflood situation when stagnated water seeps as ground water through weak and porous
soil in the left bank and finally weakens and dissects the bank deep rooted. So, after the recession
of flood water, left bank collapses ehunks (Keshkar et al. 1996).

Under cutting or Loss of underlying suppdg the primary cause of bank erosion at
Manikchak. As a result of hydraulic action the soil particles of under laying layer is detached and
carried far away by stream flow which réswverhanging layer at the t¢pigure 3). This over
hanging layer with time collapse and execute rapid bank ero$mtational failureis a very
significant process of bank failure in Manikchak blo@kgure 4) which can be seen here
frequently at Goalpur, Balutéa etc. During the lean season when the water label is low, along
steep cohesive bank the toe material is removed by the hydraulic action, as a result the shear
stress is increased and the cohebiaeks tend to fail along shallow slip surface this process
of bank erosiordeepseated movement of all or part of the bank profile takes place along a
curved surface. Such sever type of failure that involves the movement of large volume of soil
and generates serious bank line retreat in Mank&tack.

Figure 3. Cohesive and nenohesivelayers at Figure 4. Rotational bank failure, Gopalpur
Nrayanpur.

The present study &n attempt to examine the spatial bank erosion condition of Ganges River
in the Manikchak Block of Malda District. The studydealt withthe nature and extent of stream
bank erosion of Ganges River, tlestimaton of the ration of stream bank height tarik full
stage, ration of riparian vegetation rooting depth to stream bank height, rooting density, Stream
bank angle and surface protection, the assessmehedfank erosion hazard index and to assess
the potential erosiorsitesin the Manikchak Block stimating Bank Erosion Hazard Index
(BEHLI).
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3. MATERIALS AND METHOD S

3.1Database & procedure to estimate &nk erosion hazard index (BEHI)

The presenstudy is based on collectpdimary data. Site specific informatiavas derivedhfter
four days intensve field investigationin Novemeber, 2015with GPS, Clinometer,and
measuringape, measuring stafind hanging rop€elo identify the erosion site€SPS survey was
executedTo estimate bank erosion hazard index a complete BEHI tech{iRmsger2001) was
incorporated in the present study€efe are two methode estimateBank Erosion Hazard Index
(BEHI) such as a complete BEHI procedure and a modified BEHI procedime. first
procedures descriibe complete BEHI procedure created by Rosgen, includemgifatation of
bank full width. The secondorocedure describeds mo di fi ed BEHI procedur
require identification of bankull width. The modified BEHI procedure is intended for use by
workers who lack experience in identifying bafull indicators, including volunteenonitors.
Correctly identification ofappropriate bankull indicator requires considerable experience, and
is the most subjective step in the original BEHI procedure.

Il n trut h, both procedur e that éhe step dflcacalatilgBEHI w  a r €
scores has been simplified such that there is only a single score for each metric, rather than the
range of possible scores provided in Rosgenods
remove some unnecessarp@ctivity from the field observations, without overly reducing the
utility of the procedure.The complete BEHI procedure consists of five metrics; four
observational and one requiring some measurement. They are:

1. Ration of bank height to bank full height: This is the most challenging of the BEHI
metrics, as it requires accurate identification of balkindicators. Bankfull indicators
in unstable streams (i.e., incising or aggrading streams) can be more difficult to identify,
but are usually less thaop of bank.

2. Ratio of root depth to bank height: Root depth is the ratio of the average plant root
depth to the bank height, expressed as a percent (e.g., roots extending 2feet into a 4 feet
tall bank = 0.50)

3. Root density: Root density, expressed as a patce the proportion of the stream bank
surface covered (and protected) by plant roots (e.g., a bank whose slope is half covered
with roots = 50 %).

4. Surface protection: Surface protection is the percentage of the stream bank covered (and
therefore proteetd) by plant roots, downed logs and branches, rocks, etc.

5. Bankangle:Bank angl e is the -thelmphkdronotlie watdrliee aii| o we |
base flow to the top of the bank, as opposed to benches that are higher on the floodplain.
Bank angles greahan 90 occur on undercut banks. Ban&sgle can be measurement
with a clinometer, through given the broad bank angle categories, visual estimates are
generally sufficient. Bank angle is perhaps the metric most often estimated incorrectly.

Study Bank Heigt (A), Bank full Height (B), BH/BFH (A/B) = (C)
Root Depth (D), RD/BH (D/A) = (E)

Root Density in % (F), Weighted Root Density (G) = F*E

Bank Angle in Degree (H)

Surface Protection in % (1)

= =4 =4 8 -9
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If the field staff lack experience with identifying bank fuldicators, it is recommended that
the bank height/bank full height ratio metric be dropped from the BEHI calculation, leaving four
metrics:

1. Ratio of root depth to bank height.
2. Root density, in percent.

3. Surface protection, in percent.

4. Bank agle, in degrees.

3.2Estimation of Bank Erosion Hazard Index BEHI)

Overall scores for the Complete BEHI were calculated by summing the scores for each
individual metric using the values assign@able 2) and scores for the Modified BEHI were

similarly calculated using the values assigii€dble4). The overall BEHI score corresponds to

an erosion hazard category. It should be noted that the overall BEHI scores and categories were
devel oped by Rosgends work in t hethefeormakhe Moun
modified for conditions in Michigan.

Root
Depth

Bank Angle

Surface
Protection

Start of
Bank

Fig.5: River bank with various BEHI parameters
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Table.2 Guidelines for measuringpmplete BEHI (After, Rosgen, 2001)

Bank Root
BEHI Height! | BH/BFH | Depth Root Roo_t Roo_t Surfac_:e Surfa(_:e Bank Bank Total
Depth | Density | Density | Protection | Protection Angle Angle | Score, by
Category | Bankiull Score (% of Score (%) Score (Avg. %) Score (degrees)| Score | Catego
Height BFH) ° g 9 gory
Very low 1.011 145 fg(') 1.45 | 80-100 145 80-100 145 0-20 145 | O 7.2
1.1% 7.26
Low 119 2.95 50-89 2.95 5579 2.95 5579 2.95 21-60 2.95 14.75
Moderate 1.215 4.95 3049 4.95 3054 4.95 30-54 495 61-80 4.95 %2;2'
. 24.761
High 1.62.0 6.95 1529 6.95 1529 6.95 1529 6.95 81-90 6.95 34.75
. 34.761
Very high 2128 8.5 5-14 8.5 5-14 8.5 1014 8.5 91-119 8.5 4250
42.517
Extreme >2.8 10 <5 10 <5 10 <10 10 >119 10 50

3.3 Estimation of the Shifting of the river bank leftward:

Landsat images$or the year 1973, 1999 and 20@kre pocessed in ERDAS IMAGINE PC
software (9.2) using WGS 84 projection system which was inbuilt in the Landsat data where root
mean square error was approximately 0.982 and which is acceptable limit. All data was
integrated in a GIS environment to understéme controls and mechanism of river dynamics
(Table.3)

Table3: Specification of the satellite Data.

Data Type Details Resolution(m) Year/ Date Source
LANDSAT TM 5 Path/Row: 139/43 30 2011-06-08 USGS
LANDSAT MSS 1 Path/ Row: 149/43 60 197302-22 USGS
LANDSAT ETM 7 Path/ Row:139/43 30 199911-06 USGS

For a detailed analysis of the dynamics of shiftinghaf Ganga adjacent to Malda District
vector layers were developed based on the raster layer from Landsat TM data on ARC GIS (GIS
environment) based#ware version 9.3. Firstly, LANDSAT MSS 1 of 1973 was digitized and
then the mouza map was also digitized corresponding to the study area. The digitized mouza map
was overlaid on the digitized classified map of 1973 to assess the actual area undedland a
water mouza wise. The same process continued for the year 2011 on LANDSAT TM 5. Finally
the changes in the areal extent of the land were estimated considering the estimated land from the
satellite images of 1973 and 2011. To assess the shifting d@ftiehk line, firstly, the images
of 1973, 1999 and 2011 were collected from USGS.
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4. Result and Discussion:

4.1 Estimated BEHI and Instability of the river bank

At Duwarni Tafir (Bhutnir Char) the estimated BEHI is 34.90, (Ta&levhich is very Igh

where the tendency of river bank erosion is also very high. The measured bank height, bank full
height and bank slope are Tr 0.5m, and 110 The surface protection is of 50%. Root density
and root depth are 20% and 0.64 m. At South Chandipur (BICivar) the estimated BEHI is
35.25, (Table2) which isalsovery high The measured bank height, bankfull height and bank
slope are 1.65m, 0.8m, and £26spectively. The surface protection is of 30%. Root density and
root depth are 20% and 0.5 rAt Pashim Narayanpur the estimated BEHI along the left bank is
43.95 (Table.2) which indicates the instability of the river bank. The bank héiaphi, full

height and bank slope, surface protection, root density and root deptfavarable for
promoting rive bank instability and high BEHNow the riveris engrossing the land'he river

has entered almost 100 m towards the left bank of Ganges River (Pashim Narayanpur). The
original position of the river & the left bank line has been shifted leftward duetrenge river

bank erosiorfFig.6).

Vulnerable

—_—

d &

") Flow seperation, variation in the
direction of pow and vulnerable bank
erosion site At Manikchak Paschim Narayan

Fig. 6: Flow separation and bank erosion. Fig.7: Soil layers alonthe river bank at Narayanpur
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Table4: Estimated BEHFrom different location of Manikchak River Bank.

Stud?/]t/Bank Root f K Total
. Heig Root Surface Ban
Location Lat. & Long. Bankfull Dept_h/Ban Density Protection | Angle BEH
. k Height Score
Height
South Chandipur A 0.336 20% 50% sy | 2400
(Duwarni Tafir) 87 0 35 BEHI-10 BEHI-4.95 BEHI-8.5 | BEHI-2.95 8.5
South Chandipur 258&' 7809 2.06 0.30 20% 30% 120° 35.35
(Bhutnir Char) BEH-6.95 BEHI-4.95 BEHI-8.5 | BEHI-4.95| BEHI-10 '
8 2. 99
258 . 949 0.075 100°
. 2.29 20% 20%
Pashim Narayanpur & BEHI-10 BEHI - 43.95
87 1. 00 BEHI-8.5 BEHI-10 BEHI-6.95 85
2581 . 509 0.29 100°
. 3.4 25% 50%
Pashim Narayanpur & BEHI-6.95 BEHI - 36.90
876 1. 2 0 BEHI-10 BEHI-8.5 | BEHI-2.95 8.5
Manikchak Ghat S B B 0.6 15% 80% | o2 | 4900
(2No. Bridge) 876 0. 8 1 BEHI-4.95 | BEHI-2.95 BEHI-8.5 | BEHI-1.45 295
Manikchak Ghat 2504&. 500 3 0.022 2% 25% Bégl_ 4185
(2No. Bridge) 876 1. 2 0 BEHI-10 BEHI-10 BEHI-10 BEHI-6.95 295
Left Side of Charland - .
Opposite of 25‘3&' 680 5166 0.46 20% 70% Bé’gl_ 2230
Manikchak Ghat 8762 96E BEHI-8.5 BEHI-4.95 BEHI-8.5 | BEHI-2.95 6.95 '
(2No. Bridge) ' )
Rer ot Gopalpur | e | 122 036 | 20% | 9% | poh | g
Eastern Part Ghat 876 8 28 BEHI-4.95 | BEHI-4.95 | BEHI-6.95 | BEHI-1.45 6.95
Left Side of A .
CharlandOpposite of 25&&0 3ON 1.25 0.6 25% 90% BEZI:’I- 17.75
Gopalpur Eastern Pal BEHI-4.95 | BEHI-2.95 | BEHI-6.95 | BEHI-1.45 '
Ghat 87 8. 23 1.45
Left Side of 90"
CharlandOpposite of 2500661 2.62 0.0152 5% 80% BEHI - 36,90
Gopalpur Eastern Pal & BEHI-8.5 BEHI-10 BEHI-10 | BEHI-1.45 6.95 ’
Ghat 8® 7679 )

At Pashim Narayanpur, the estimated BEHI aldmgleft bank is 36.90 (Tablg.where he measured

bank height, bank u | |

height

and

bank

s |

ope a

re 1. 7m,

50%. Root density and root depth are 25%, 0.Amiver cross profile was done along the left
bank of Ganges River at Pashim Narayanpbe near bank river bed pri&i(Fig.§ depicts that

the depth is close to the river bank which plays a significant role to increase the velocity of
water. Such hydraulichaacter of the river along the Pashim Narayanpur bank with fragile bank
stratigraphy promotes bari&ilure (Fig.7). The rives bank linehas been shifted leftward more
than 100m aPashim Narayanpuwlue to extreme bank erosi@fig.9).
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Fig.8: Riwer cross profile between mainland and daad at Paschim Narayanpur
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Fig.9: Bank line shifting at Nrayanpur.
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Gradual increase in depth of river bed away from main land

P Y . N . ]
Main Land [A] River Cross Section Profile along the line A-B Charland [B]
5
!
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Fig.11: River cross profile between mainland and tdnad at Manikchak Ghat.

At left side of Char land opposite of Pashim Narayanpur the estimated BEHI atoteftth
bank is 20.80, (Table)4which isless compared to Paschim Narayanpthie measured bak
height, bankfull hei ght  arhedestimated BHI at Manjxolhak ar e O .
Ghatis 39.90 (Table)4 wher e the bank erosion is very hig
height and bank sl ope ar e 4isbf@5%. RootTensity dnd . T
root depth are 2%, 0.1m. The néank river bed profile (Fig.)1ldepicts that the depth is close
to the char land which plays a significant role to increase the velocity of water. Such hydraulic
character of the river along ehchar land with fragile bank stratigraphy promote suitable
environment for river bank failurét left side of Char land opposite of Manikchak Glhg
estimated BEHI is 31.85 (Table.4and FigllThe measured bank height, bankfudight and
bank slopare 2.6m1.2m,and9 0 . The surface protection is of
are 20%, 1.2mAt Gopalpur Ghatthe estimated BEHI along tHeft bank is 32.463 (Table\.4
where bank instability is at high levelhe neatbank river bed profile (Fidg2) depicts that the
depth is close to the river bank which plays a significant role to increase the velocity of water.
Such hydrauliccharacter of the river bank along the Gopalpur bank with fragile bank
stratigraphy promotesver bank failure.

In oppasite of Gopalpur Ghathe estimated BEHI along the left bank is 17.75 (Table.4).
Google Earth image of 2014 (Fig.13) depicts that point B was located over the river bed but at
present (2015) condition new char land has been development in the saidnloddte
developed char land is also getting affected by erosion (Fig.14; location A, B and C) where
estimated BEHI is high. The stratigraphy of the char land is basically composed of sandy
materials with less cohesion. The developed char land is usegriultural practices which are
also under threat.
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Fig.12: River cross profile between mainland and charland at Gopalpur Ghat.

Fig.13: Vulnerable sites of bank erosion at Gopalpur ghat
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