Partha Sarathi Mondal /IJES/ 11(3) 2022 ; 93-102

Vol. 11. No3. 2022
©Copyright by CRDEEP Journals. All Rights Resg

Internatio
DOI: 13140/RG.2.2.13589.40169 2.

Contents available at:
http://www.crdeepjournal.org

_International Journal of Environmental Sciences (ISSN: 22948) (CIF: 3.654)
A Peer Reviewed Quarterly Journal

Full Length Research Paper
Erosion and Accretion Dynamics of the Rapti River in the Foothill

Region of Siwalik Himalaya

Partha Sarathi Mondal

Research Scholar, Department of Geography, Banaras Hindu University, Varanasi-221005, India.

ARTICLE INFORMATION ABSTRACT
Corresponding Author: The present study incorporates foothill reach of the Rapti River located in the Indo-
Partha S. Mondal Nepal border. This reach is characterized by an unconfined alluvial valley with a
narrow channel and wide floodplain facilitating the river to shift frequently over the
Article history: valley floor through erosion and accretion processes. This work aims to quantify the
Received: 03-07-2022 bank erosion and accretion dynamics over a period of 87 years from 1923 to 2010 and
Revised: 10-07-2022 assess the processes behind it. This study is based on topographical maps of 1923 and
Accepted: 28-07-2022 Landsat satellite imagery of 1973, 1980, 1990, 2000, and 2010. The result reveals that
Published: 30-07-2022 left bank face a net gain of 77,260,842 m’ land and right bank face a net loss of
72,189,957 m” land over 87 years. This implies a balancing nature of erosion and
Key words: accretion.

Unconfined valley;
Erosion; Accretion;
Avulsion

Introduction

For an alluvial river continuous changes in channel position are very naturdésinablephenomenarhis leads taiver
bank erosion, downcutting, and bank accretighrough which it adjust its channel to any changes in
hydromorphologicakondition caused bya natural or anthropogenic factoMoreover regional development activities
such as sandmining, infrastructure construction along the riverbank, artificial cutoffs, construction of bank revetments,
resevoir construction, and land use alterations have changed the natural geomorphologic dynamics(bhngeasd
Richards, 1997Surian, 1999fuller et al., 2003Kesel, 2003;Rinaldi, 2003;Surian andRinaldi, 2003 Batalla et al.,
2004; Petts and Gurnkl2005; Richard et al., 2005Yanacker et al.2005; Wellmeyer et al., 2005Li et al., 2007
Kummu et al., 2008 Multi-temporal analysis of riveftoodplain processes is a key tool for the identification of
reference conditions or benchmarks and fordhialuation of deviations or deficits as a basis for prebased river
restoration in large modified rivef®lakamura et al., 2000Most of the alluvial rives of the IndeGangetic plains are
unconfined and dynamic in nature with walveloped extensévcontinuousfloodplain along their bank@hilip et al.,
1989;Kale, 2002;Pati et al., 2008Midha and Mathur, 2014 hese rives frequently adjust their channel on theide
floodplain caused by variations iwater and sedimennputs active teobnics and human activities apatial and
temporal scalegSinha andGhosh, 2012).This frequent channel changeauss various social, econom and
environmental problemiike flood hazardsloss of life,property and infrastructurend alteratiorof aquaticand riparian
ecosystemgTiegs and Pohl, 2005; Rudra, 20060 etall, 2011) Hence,understanding of channel changes through
erosion and accretion process aadponsite mechanism can ban effective techniquefor natural river management
which hasattracted geomorphologist, environmentalist, river scientists agmheers over second half thelast century
(Kale, 2003; Latrubesse et al., 200%dra, 2010Moors et al., 20111

In this regard e presenstudytriesto find outthe amount, rateand distributionof bankerosion and accretion of the
river and explorenechanisma andprocessesesponsiblgor channel changesith the helpof geospatial technologige
get an idea abotlhe dynamismof the Raptiriver.

Materials and methods

Study area

Repti is a mountain fedransboundaryriver originating at an elevation of 3048 in Dregaunra range of Siwalik
Himalaya inNepaland after draining through thmeiddle Gangetic plain in Northern India it meets with Ghaghra river at
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Barhaja in Deoria distriadf Uttar Pradesh, a major tributary of the Ganga. Geographical extension of Rapti basin is from
2618’ &3’ N an’@3fr BE%M6 8 HE 8B.Atihas.a total catchment area of about 26,041 dum of
which about 44% and 58 % lies in Nepal d&ndia respectively.

The length of the river is 782 km out of which 331 km lies in Nepal and rest in India. The Rapti river is characterized by
braided, meandering and anabranching channel respectively from its source to confluence. The study atexh iis loc

the foothill region of Siwalik Himalaya with a stretch of 50 km, of which ~10 km lies in Nepal and ~40 km in India. The
geographical extension of tistudyarea is from 273 4’ 51 %1 N 44406 ' 2 &N °3as'd &'r’®nE &Bo’ '8 2E
(Fig. -1). The river valley is symmetrical in shape oriented in North West to South East direction. The valley floor is
characterized by continuous wide active floodplain with few pocketsaafivefloodplain. In thenortheasterpart of the

Rapti valley, Siwak range is subsequently followed by Terai region and Bhinga Range respectively in the southward
direction, while thewvesternpart is enclosed by the Rap®haghra interfluve region (Fi@).
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Fig. -1 Study area Fig.-2 Geomorpblogy of
thestudy area

Data collectionmethod

A multi-temporal georeferenced database has been created from topographical megagebitel imageriesand
subsequently theiver banklineshave been extracted as a single poly§fmm each datasednd overlappedin GIS
platform By compring these superimposdinkline position further delineation oferosion and acetion areas have
beendone The area and distribution oéach erosion and accretion plot amdso computed and summed up to
characterizedpatiotemporalpatternof erosion ad accretion dynamics of the reach.

Data preparation

To study erosion and accretion dynamics in temporal context i.e. for five epoch coveragé9q13239731980, 1980
1990, 19902000, and 200@010)topographical sheets and several mditte Landat sitellite imageries are usdéghm
various sources (Tablg.IThe entire study area is covered by one Landsat scene thexédbakof five scenes are used
for representindive epoch coverage (1973, 1980, 1990, 2000 and 2010). The satellite imagesproally tybtained in
premonsoonseason witta cloud cover of less thad0%. Subsequently, thienageriesare radiometrically enhanced by
stretching each pixel values to minimum andximum values by applying tHermula (Mean+/ standard deviation)*2.
A standard false color composiie used so thabanklinesare clarly visible. The Landsat imageriémve following
projection parameters:

Projection:- UniversalTransverse Mercator.

Zone:-44 N

Datum:- WGS 84.

To cover study area two topographical shéitsd 44-15 and NG 443) of 19221923, publshed by US Army Map
Service argeoreferenced in Erdas Imagip@13using the abovprojecton parameterg-urther thetoposheets are
mosaicked irEradadmagine 2013.

Table. 1 Database and sources

Type of data Date Path/Row Sources

Topographical sheets  1922-1923 NA http://lib.utexas.edu/maps/ams/india/
(NH 44-15, NG 44-3)

LANDSAT MSS 09.(2.1973 154/41  https://landsatlook.usgs.gov/
LANDSAT MSS 16.03.1980 154/41 https://landsatlook.usgs.gov/
LANDSAT TM 02.02.1990 143/41 https://landsatlook.usgs.gov/
LANDSAT ETM 25.03.2000 143/41 https://landsatlook.usgs.gov/
LANDSAT TM 29.03.2010 143/41  https://landsatlook.usgs.gov/
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Demarcation of channel boundaries
The channel outlinesre qite easyto be demarcateth the topographicalsheetas in compare tgatelliteimageies
Various studiesfurther reveal different methodsusedto demarcate channel outlindsawler, 1993; Gurnell, 1997;
Winterbottom, 2000Nicoll and Hickin, 2010,Dewan et al 2017. Nicoll and Hickin (2010) usal boundaries othe
waterbodyto define channel edge. But this method has a limitation as changes in water déffeterit seasorof a year
will lead to changes ithe position of channel outhes. To overcome thigroblemsoil-vegetation limit approachas
been adoptedh this study as given bgurnell, 1997 andVinterbroom 2000to define clannel boundary on Landsat
image Here channel igefined as an area with below 10% vegetation cawer90% or more of thiarea covered by
bare soil or water bodyowever, themethodhas two advantagefystly it eliminates inconsistency ithe delineationof
channel outlines that might occur due to varying wieel especiallyin monsoon regions angcondy, the contrats
between bare soil anatgetatiorareais very clear on Landsat imadeurther, br methodological consistendp, ArcGIS
10.1a single operator digitized channmgbutlined as a single polygon for each year at a scale of 1:10,000

Defining erosion andaccretion area

Erosion and accretion areas on each banle len demarcated by comparlmnklinespositions from 1923 to 2010.
Further, this dynamicis assesed for five epoctsi.e. 1923 to 1973 (5Qears), 1973 to 1980 (¥ears), 1980 to 1990 (10
years), 1990 to 2000(1§ears), and 2000 to 2010 (Iykas). In this processtwo successive rivgrolygons (i.e. 1923 and
1973) foreach epoch are superimposed in a single layer in ArcGIS TBelareaenclosedhetween eachanklinesof
two successivgearsis thendigitized as a single polygononsideing eachsingle polgon as a single plot. Herebyet
polygons placed tthe left of the left bank are cortéred as erosional plotshereaspolygons placed ttheright of the
left bankare considered ascaretion plots. For right bank same method has also been applied with chrapgégon
position. Thepolygons positioned to left amight of right bank ismarked as erosion and accretion plots respectively.
This outcome reveals spatial distribution eybsion and accretion plots on bdtanks. Further computation of the
amount and ratefcerosion and accretion for eatlank are separatelgummed up to estimatée total occurrence of
erosion and accretiasuring eactepochand also fothe entirestudyperiod. To interpretheresponsible meckmésm and
processes aimtensive fieldinvestigationwere carried out tccollect theevidences. The Google Earth Enginéme-lapse
featureis further usedo corroborate sequential changes in morphological prdcetise intervening year whenever
possible.

Results and discussion
Mechanism

River bankerosion is a natural geomorphtienomenonhich occurs almost in all channglit it becomes severe in
alluvial rivers The study are@videncesseventypes ofmechanismoperatingand causingiver bank erosionFirsty,
high stream power due to chanrgiadient in the footli region of Rapti river causesitensive hydraulic erosion
especially alonghe meander ben@Fig -3a). Secondlypresencef noncohesivegeo material n several places along the
study reach intensiftheremoval of bank materia@speciallythroughhelical flow alongthe concavebank ofthe meander
(Fig -3b). Thirdly, birds like Indian Mynahaving excavated their nest on tlwehesivebank cliff of the river causes
weakening ofbank geomaterial (Fig -3c). This further intensifes bank erosion processes such lagiefaction
mechanical weathering, hydraulic erosion, cantileverfajlslab failureandslumping etcFourthly, fluctuation in waer
level during different sessiotauseslternate wetting and drying aifver bank leading t@xpansion and contraction of
geomaterial and ultimately resulta slackingweathering(Fig -3d). Fifthly, liquefaction of bank material weaksethe
bank mateadl and resultsnto slumping of river bank (ig -3€). Sixthly, undercutting of thébank at the base causes
overhanging blocks to collapse into the channel pcody cantilever failure (Fig3f). Seventhly,decline water level
alongthe steepard low heightcohesive bank causes theerhanging blocko slidesdown into the channalue totoe
erosion at théase(Fig -39).

——

(&)
Fig 3. (a) Hydraulic erosion near Bhagwanpur villa@i®; Non cohesive bank material near Piprahwa village; (c) Water
mark and Bird nest near Barbagh village; (d) Slacking due to periodic wet and dry of cohesive bank near Barbagh
village; (e) Bankfailure due to liquefication near Ramnagra village; (f) Gawér failure near Raghunathpur village; (g)
Slab failure near Mahadewa village.

Erosion and accretion dynamics during evaluation epochs

19231973

In this epeh erosion and acetion hasoccurredall throughthe study reach indicating@onouncedchangein channel
morphology(Fig. 4a and4b). The rateandtotal areaof erosion and accretion on bdbanis of the riverare shown in
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Table 2and3. It has been observed tHaft bark erosion andiccretionoccurring during this period i67,320,58am* and
79,258,978m° respectively resultingn a net gain of 6038398 m® land (Table 2 and B Whereas a net loss of
57,889,901 m* land took place along theight bankmainly due towesivard avulsionof the channelhavinga straight
length of aboutl5 km betweenMuhammadpur and Raghunathpur villagfeg. -5a). Therefore,a total of whole
97,430802m? and 104479299 m? area were eroded and accretespectivelyalong theentirestudy reah. Thisfurther
infers anetfloodplain aggradation of,048,497m? occurringmainly alongthe left bankof the river

Table 2. Erosion dynamics of the river

Time Erosion
period Left plots Rate (m%y) Change Right bank plots Rate (m’y) Change
bank (%) (%)
19231973 17320580 8 346411.60 80110222 7 1602204.44
19731980 11981569
20 1711652.71 394.11 11630437 19 1661491.00 3.70
19801990 13068604
20 1306860.40 -23.65 17238768 13 1723876.80 3.75
19902000 11377389
18 1137738.90 -12.94 19463078 15 1946307.80 12.90
20002010 8485089 15 848508.90 -25.42 15621088 22 1562108.80 -19.74
Table 3. Accretion dynamics of the river
Time Accretion
period Leftbank plots Rate (m?y) Change Right bank plots Rate (m’y) Change
(%) (%)
19231973 79258978 7 1585179.56 22220321 8 444406.42
19731980 9127337 16 1303905.29 -17.74 10597762 19 1513966.00 240.67
19801990 12532254 18 125322540  -3.89 10846770 15 1084677.00 -28.36
19902000 19400123 14 1940012.30 54.80 12576527 14 1257652.70 15.95
20002010 19181962 16 1918196.20 -1.12 13377102 21 1337710.20 6.37

It is observed thadluring this epoctthannel changes mechanisare mainly governed byour major morphological
processe¢Table-4). Out of thesdour morphological processesannel narrowing caed bydeclinein sandarareahas
mostly occurred(44.44 %of total frequencyof occurrence oprocess. Interestingly this has only contributed 2005 %
of thetotal reworked floodplair(i.e. sumof total erosion and accretion areaaim epoch causinga net loss of 498078
m? area along the study readh contrastto channel narrowing this study reach has evidenced occurreravelsibn
(22.22% of total frequencyontributingof about 64.20 % of th8oodplain work (Fig. -5a). Further downstrearfrom
Raghunathpuwillage the channelchangehas undergone acomplex morphologicaprocesyFig. -5b). However,lateral
migrationbeing themajor reason for floodplain aggradation whibbs occurred dwnstream of Bhanghaiillage for a
stretchof about 13&m.

Table 4. Morphological Processes during Epoch 19233

Processes Types of changes  Frequency
Complex change Compound 2
Avulsion Simple 2
Narrowing Simple 4
Lateral migration Simple 1

19731980

Like 1923-1973epocherosion and accretion plogsealsowell distributed all over the gtly reach but as their mean size
has declinedhe number oplots haveincreased froni0 to 21(Fig 6a and b Table 2 and B Thisimpliesthatchangesn
channel morphologgre more ditributed and pronounced compare totte previous periadlhe erosion and accretion
alongboth river bankare more or less same withe meanareaof 10,834276 m?. It is further observed that alonigft
bank 11981,569 m? of landareeroded at rate ofl,711,653m% year which is 394.1% higher tharthe previous period
(Table 3. Due to his accretion raten theright bankhas also increase@40.67%Table 3) Whereason the right bank
erosion ate was only F % higher than previous perig@able 9. Overall a net degradation 8886907 m? floodplain
hasoccurredmainly alongthe left bank

During this epochtwelve morphological processes aigentified which areinvolved in channel change nfemism
(Table -5). The meandering processreats five new bend 25.00 % which contributes to only 18 % ofreworked
floodplain witha neterosionof 1,028667 nf landalong theriver (25.47 % of totafloodplaindegradation)ln contrasto
this only two avulsions have occurred near Gangapand Tribhaunavillage respectivelyresultinginto 24.50 % of
reworkedfloodplain with 39.28 %erosion on left banknd55.51 %accretion orthe right bank. Overall, meandering
processnd rotation combinedlyauss appoximately39.72 % of total floodplain degradati@fig. -7a andb).
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Fig. 5. (a) Avulsion and(b) Complex

change
Table 5. Morphological Processes during Epoch 198280
Processes Types of changes Frequency
Avulsion Simple 2
Lateral migration Simple 3
Chute cutoff Simple 2
New bend Simple 5
Extension and translation Double 1
Translation Simple 2
Double heading Double 1
Rotation Simple 1
Complex change Compound 1
Expansion and translation Double 1
Chute cutoff and new ben Double 1
Lobing Simple 1
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19801990
This period haslsowitnessedvell distributederosionaccretion plotsll through thestudy reacl{Fig. -8a and b) In left
banka negative changa erosion ratg-23.65%) hasoccurredresultingin decreasg-28.36%) in accretion rate along
right bank tharin compare to thereviousperiod(Table 2 and 3)The erosion plothave decreased from 20 to 15 along
theright bankwhile on left bank iremainsunchangedThis infersthaterosionoccuss in big patchesalong right bankn
compare taheleft bank(Fig. 8a). The left and righbankwitness moresrosion tharaccretion reslting into a net loss of
536,350m* and 6,391,998n% land respectivelyTable 2 and B Overall a total 6,928,348 floodplain has been
degraded mainlgccurringalongtheright bank.

During this epochelevenmorphological processemeinvolved in changing channdbehavior(Table -6). Meandering
processes hahke highestoccurrence witt80.43% andis concentrated onlin the middle and southern parntf the study
reach(Fig -8a and B. This contributesl9.43 % of totateworked floodplairwith a loss of 537,611 nf land o boththe
banlks. Comparatively, bute cutoffhasa secondhighest frequencef occurrencg17.39%) and contibutes32.44% of
the reworkedfloodplain It causesa netaccretionof 2,074,398 nf land on both the banksdue tochannelabandonmen
and subsequent fillg up with sedimentsHere it is important to mention thathute cutoff occurs in the bend having
high amplitude or higlwavelength(Fig -94). In chute cubff initially a flood chanel getsdeveloped due tover spilling

of water during flood condition. This flood channel either follihe pathof the old course of the river or develop a new
minor chanel following lowest floodplain elevation whiatbnnectswo necksof a meander bend. In due course of time
the flood channdbecomes solechannel and theld meandered channel is abandorlaccontrast, neck cutoff occurs in
low amplitude bendnh which wwo necks of a bend come clogereach othedue toconcave bankrosion and ultimately
joins togetherforming a newchannel Near Munjehna villagen neck cutoff has occurreahd subsequentlydue to
downstream transmission of chute cutoff efi@oew benl hasdevelopedFig. -9b). Further, a avulsion occurred in the
northern end causing®0 m long meandered channel which wa®ld course of the riverThis contributes to 18.22 %
of reworked floodplairwith anet lossof 2,971,708 nf floodplain ontheright bank.New benddevelopmenand avulsion
togethercontributeto 81.59% of thetotal degraded floodplain

Table 6. Morphological Processes during Epoch 19890

Processes Types of changes Frequency
New bend Simple 7
Lateral migration Simple 3
Translation Simple 2
Neck cutoff and new bend Double 1
Growth and double heading Compound 1
Retraction Simple 1
Lobing Simple 1
Extensiontranslation and lobing Triple 1
Widening Simple 1
Chue cutoff Simple 4
Avulsion Simple 1
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19902000
During this periodthe number of erosiofccretion plat hasslightly decline than the previous period arlde bigplots
are mostlyfound inthe northernand southern part of the study redElg. -10a and b) On the leftbank negativehange
in erosion rate-12.94%) is still continuingas seerin the previousepoch Whereason right bankmaximumpositive
change in erosion rate (12%0) hasoccurred Which is also responsible fahe maximumpositive increase (54.86) in
accretion rate otheleft bank.Further @ theleft bankasdeposition exceeds erosion it causeset gain 08,022,734m?
land. In contrastalongright bankthe erosion exceeds deposition resulting a net loss 06,886,551m? land. Overall
1,136,183n* floodplain aggradation occurred alotig left bank.

In this epoch changes inchannel morphology mainlpwesto elevenprocesseqTable -7). In the northern endn
avulsion proceseccursata meander benthrough reoccupyingf the old course Thisleads to a suddenwestward shift
of the channel, resultingn lossof 4.19 % N area onthe right bank and gain of 3.70 % ni areaon the left bank.
Meandering pocess i.e. new bend formatibies the highestfrequencywith 31.58% and contributingto only 16.23 % of
total erosion and accretion. @©fit process and subsequent changesreoprted to bsecond highesh frequencywith
21.05% andcontributeso 12.56% of total erosion and accretio®imilar to the previous epoch chutetoff occursin a
bendwith high amplitude ohigh wavelengthwhereasneck cutoff occurred in low amplitude beridear Salarypurwa
andDundravillage chutecutoff hasoccurredand subsequelyta new bendasdevelopedin due course of timehis new
berd mergeswith the nextoccurringbend andransformed into a large double headed bend. Different types of meander
migration such as extension, translation, expansion and varouisinatiors of thesemovementmainly occurshetween
Kishanpur anddundravillage due tdhe restrictionof channelmigrationby valley wallandRapti Bridge(Fig. -11a and
b).

Table 7. Morphological Processes dng Epoch 1992000

Processes Types of changes Frequency
New bend Simple 6
Lateral migration Simple 1
Chute cutoff Simple 1
Translation Simple 2
Expansion, extension affdanslation Triple 2
Chute cutoff, new bendevelopmentand double headiny Compound 2
Neck cutoff Simple 1
Narrowing Simple 1
Avulsion Simple 1
Confined migration Simple 1
Translation and extension Double 1
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Fig 10. (a) Erosion andb) Accretion in 1990 Fig.11. (a) Translation and
2000 (b) Translation

20002010

The erosion and accretion plots are mainly distributed in the northern, middle and southern end of the st(iig.reach
12a and b)Out of five epoch this epochexperience the lowestrate oferosion alonghe left bank The @osion rate on
left andright bank hasdecreased b25.42 % and 19.7%6 respectivelyin compare tgoreviousepoch On right bank
erosion and accretion plotgveincreased by plots Which impliesanincreasdan channel changactivity ontheright
bank.Here, erosion exceeds accretion resultingp net loss of2,243,986m? land along the right bank Comparatively
left bank deposition was motbkan erosion causing a net gain of6d6,873m? land. Oveall, a total 8,452,88T? land
was aggraded deft bankfloodplain.
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Similar to previous epoch,here are eleven morphological processesponsible forchangein channel behavioalso
observedin this epoch(Table -8). During this epochchanges in channehorphology mainly owing to meandering
procesq38.01 %)which hasincreasd thanin previousepoch. It contribute37.31 %of total reworked floogblain with
40.84% erosion and 34.64 % accretion aeduling in degradation othe floodplain Expansion ad extensiorprocess
are secondhighestin frequencyof occurrencesvith 19.05 % and alsgontributesto 12.36 % of reworkedfloodplain
with 10.65 %erosionand 13.67 %accretion Translation and expansicalso causesl3.84 % accretion and 9.0%
erosion.Approximately 50%of floodplain aggradation is caused IBxpansion extensionand Translatior- expansion
processe$Fig. -13a and b)

Table 8. Morphological Process during Epoch 262010

Processes Types of changes Frequency
New bend Simple 8
Lateral migration Simple 1
Translation Simple 1
Translation and expansion Double 1
Expansion and extension Double 4
Growth and double heading Compound 1
Confined migration Simple 1
Lobing simple 1
Confined growth simple 1
Extension Simple 1
Expansion, extension and rotatic Triple 1
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Conclusion

In the foothill region Rapti river has a wide valley and narrow channel withide floodplain alongooth the banks.
Hence the river is unconfined in nature amde able to move freely on the floodplain. During monsoon period high
dischargeprovides the necessaryenergy tothe river to move across the floodplaiMoreover noncohesive bank,
mechanical weathering athe cohesivebank, gravitational mass failure, melening geometryfurther intensifiesthe
process of channel changestlod Rapti river.Analysis of processeasorevealsthatduring thetime span of 19232010
changes in channelctivity are mainlygovernedby twenty-four morphological processefut of these meandering,
avulsion and chute cutoffre the major processeéchannel changeendwhich alsoindicatesthe erodible nature of the
floodplain. Statisticsshow high spatioctemporal variability of erosion and accretioaccurring along theriver. The
maximumerosionaccreton is concentrated betweeanrthernend and Uttamapur villages observed in the studi/hile,
except epoch 1928973, minimum amount of erosiomccretion has occurrddetween Uttmapur and Raghunathpur
village aschannelmigrationis restricted by aubsurfacéineamentwhich is validatedy the presence otraight channel
with almost no movement Whereas from Raghunathpur tsouthern endf the study reach a moderate amount of
erosionaccretion hasccurred In this partof the sudy areadevelopmenbf meanderits growth and migration are the
major causef erosion and accretiodmong the five epoch maximum and minimum erosion on left bank occurred
during 1923- 1973 and 2000 2010 respectivelyas discussed in the papddut highestrate of erosion (about
1,766,094.29m°/y) occurredduring 19731980, which was 364.82 higher tharthe previousepoch In refferenceto
accretion maximum andminimum of its occurrence took placguring 1923-1973 and 19731980 respectivelylt is
further observed thatnathe left bank accretion exceedsasion during 19231973 but during th@ext twoepoch it is
reversedThe goch 1990 2000 and 200@010arealso characterized byore accretion thaarosion.In contrasto the
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left bank,right bank has witnesseanaximum andminimum erosion and accretioaccurringduring 1923- 1973 and
1973-1980 respectivelyWhereaspn theright bank erosion exceeds accretion all throupk five epoch resultingto
netloss of landOverall a net gain 677,260,842 nf floodplain along left bank and a net loss7@f189957 nf floodplain
along right bank has occurreder theperiod of.87 yeass. This infers balancdetween erosion and accretialongboth
the banksAmong five epoch maximum net gain of ldrfabout61,938398 nf) on left bank has been occurred during
19231973 whereasin next epoch, 1973980amaximumloss of land about,854,232 nf occurred. It is also observed
that through thevaluation period right bank always fa@enet bss of lad. Maximum net loss (abo6,889901 nf) on
right bank occurred during 192373 mainly due to avulsion of the riveranvestwarddirection.

It can be concluded thalhe foothill regionof the Rapti riverwitnessfrequenty channelshifting causing los®f live,
property andsettlementsPart of thevillageslike Deharia, Parsa, Veergadjshrafnagar, Ramnagara, Narainapur, and
Parkhotampuare inundated and subsequently got submeirgedheriver during the last few decaddsa such condition

an undestandingof erosionaccretion dynamics wilhelp to mark thevulnerableareasfor settlement to reduce the
damagesThis will also help in magping theriver corridor which is the most cruciaspace for riverand riparian
ecosystem and it must be lédir the river.Further, understanding the naturdynamismand responsible processa®
also necessarfpr river managemeryractices
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