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ABSTRACT

Determining the extent of riverbank erosion and displaying it as a map in a GIS
environment is effective in the optimal management of water and soil resources. The
aim of the current research is to delineate the riverbank erosion zone from aerial
photographs, perform regression modeling, and identify factors influencing the
development of riverbank erosion using various spatial data including physiographic,
hydrological, geological, and environmental data in different sections of the
Balikhlouchai River in Ardabil Province. Initially, influential parameters in riverbank
erosion in the region, including topographic, soil and land factors, hydrology, and land
use changes, were calculated. Accordingly, the variables under study were obtained for
four time periods: 1955 using aerial photographs, 1980 using TM satellite images, and
years 2010 and 2013 using Google Earth images, and the effective extent of riverbank
erosion was compared. Subsequently, multivariate regression analysis was performed
using independent variables (including topographic, hydrological, soil erodibility, and
land factors) and the effective extent of riverbank erosion as the dependent variable,
using SPSS software, and suitable models were developed to estimate the amount of
different riverbank erosion. Based on the results of regression analysis, environmental
parameters such as slope of the river reaches, peak discharge, area under irrigated
agriculture, concentration time, pasture coverage, and residential areas played a more
significant role in exacerbating riverbank erosion.
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Extended Abstract

Introduction

Determining the extent of riverbank erosion and displaying it as a map in a GIS environment is effective in the
optimal management of water and soil resources. The aim of the current research is to delineate the riverbank erosion
zone from aerial photographs, perform regression modeling, and identify factors influencing the development of
riverbank erosion using various spatial data including physiographic, hydrological, geological, and environmental data
in different sections of the Balikhlouchai River in Ardabil Province.

Methodology

Initially, influential parameters in riverbank erosion in the region, including topographic, soil and land factors,
hydrology, and land use changes, were calculated. Accordingly, the variables under study were obtained for four time
periods: 1955 using aerial photographs, 1980 using TM satellite images, and years 2010 and 2013 using Google Earth
images, and the effective extent of riverbank erosion was compared. Subsequently, multivariate regression analysis was
performed using independent variables (including topographic, hydrological, soil erodibility, and land factors) and the
effective extent of riverbank erosion as the dependent variable, using SPSS software, and suitable models were
developed to estimate the amount of different riverbank erosion.

Results and Discussion

Based on the results of regression analysis, environmental parameters such as slope of the river reaches, peak discharge,
area under irrigated agriculture, concentration time, pasture coverage, and residential areas played a more significant
role in exacerbating riverbank erosion. Based on regression analysis, the most influential factors in riverbank erosion
occurrence in the study intervals can be prioritized as follows. In the physiographic category, the slope interval and the
area of the upstream area are among the important factors identified. It is noteworthy that in the hydrological variables
approach, none of the variables showed a significant relationship with riverbank erosion values. Among the land factors,
the variable of residential area extent was introduced as an important variable. Overall, considering all variables in the
modeling process, the two environmental factors of slope interval and peak discharge have the greatest impact on the
amount of riverbank erosion. The use of these relationships enables estimation of riverbank erosion in the study area
based on available data.

Conclusions

In the current study, the extent of riverbank erosion was determined from aerial photographs, followed by the
identification of factors influencing the development of riverbank erosion. Subsequently, attempts were made to model
riverbank erosion using various spatial data including physiographic, hydrological, geological, and environmental data.
According to the results of regression equations, it was revealed that among the physiographic factors, variables such
as slope interval and the extent of the upstream area are the most influential factors in the occurrence and exacerbation
of riverbank erosion in the study intervals. It is worth noting that none of the variables related to hydrology showed a
significant relationship with riverbank erosion values. Therefore, it can be concluded that hydrological factors alone are
not effective in the changes of riverbank erosion in the Balfeluchay River area, and simultaneously, other environmental
factors also play a role in exacerbating erosion. The examination of the status of riverbank erosion morphology and
changes in influential variables indicates an increase in the area affected by riverbank erosion in the study area. This is
while changes in factors such as effective riverbank erosion area, drainage density, average discharge, riverbank
coverage, and the percentage of different land uses vary in different periods.

References

Das, T. K., Haldar, S. K., Gupta, I. D., & Sen, S. (2014). River bank erosion induced human displacement and its consequences.
Living Reviews in Landscape Research, 8(3), 1-35.

Ghosh, D., & Saha, S. (2024). Identifying river bank erosion potential zones through geo-spatial and binary logistic regression
modeling approach: a case study of river Ganga in Malda district (India). Modeling Earth Systems and Environment, 10(1), 81-
98

Henshaw, A. J., Thorne, C. R., & Clifford, N. J. (2013). Identifying causes and controls of river bank erosion in a British upland
catchment. Catena, 100, 107-119.

Spiekermann, R., Betts, H., Dymond, J., & Basher, L. (2017). Volumetric measurement of river bank erosion from sequential
historical aerial photography. Geomorphology, 296, 193-208.

88



VFo¥ 500 Fe o lols V) 0,90 S3999 5909559 30
09y dlo

oS- ulodly 03k 33 Fgo Jolge (i 9 (lailS0g) HUS gl 8 3,91 2

Jud,l sl gl ailsog

Toolj chlaao gy o (5 yhol Al S ool gl 93,7 196 romsl L3I

ol oolaiw! B 3lols guis o CC BY NC pocus¥ U g 5b (o yiowd & ygo as dllilo (y

OFY) G55, 0oly hlaas ¢ call S o ol t35,T co0l gomasl ¢ 3L ¢ 5 y98 drosl ;i (il &y gl
Jeoo ] sl glsdl ailsg; 0aidS - wledl s 05b 40 ge Julse fpnd g (slails0g, LS ol o5l
B7-101 (F2) V) «isiplsdsoniis e

oSz

ot S e 50 GIS Lo )0 4tk g0 o Giled 5 S glailiog; o)LST Gl b Sy (e
S Se g9, 5l Glailsog, Ghals® edgame (eeni pol> Beiod Ban el Jige S5 O mlis
losls jloslitul b glaslsag, LS Giolu b dnns 5 Foe Jelse oand 5 (oo ) Silode (5o
Ol 5o sl alsdl wlsog) 5l (ploosly yo (aos 5 (wlidiiran) «S3glg 0up (S50 58 alizes (S
Jelse oty dilaie ,5 sgzge clailiog, LU ialuyd obml o iss olo,zall ol ol o)
alllas 3550 (sl piite dLiwly ol 5o Wad daloee (61 DS (Shedgyed (o) 3 S S S e
TM (o lsabe sl 51 oolial b V¥OR Lo o sl sl puSe 3l ooliesl LYYY o adaiio Jlgz o
dlio 550 SlailB0g, iolw 3 g mhaw ¢ 0l ags Google Earth ,olas LYAY 5 VWA sl Lo
Sndy Ghle B (Sielsnee (B ns Jelse Jold) Jas slopite Sloslitul b (s w235 115
S5y Jlod g 4 iy peiie (lgiea laileog; Glaled ee mh 5 (o) else 5 S
Cawddy alies glailsog, LS yiolu 8 Jlade o5l 5 el sbd Jow 5 ploxil SPSS jl531e 5 )8 6 piie i
(o cely; ciS ot Colus @yl (29 w0l bame sla sl cGse S5 Jel @l (el il
Wl 4l (glaileag) LS Aale B Waid (5 (6 St (A (F9Sme Bblie 5 @pe ibg S e 0o

DOI:10.22034/hyd.2024.61311.1735 il

Lojlganls’

oluyd ilBog; (s39ls8 )90
Ogw Sy ilBg, LS
Sla gl adge o pmiionisy

Ja0 ! bl

128 08 08 SROT 1 PRR TN
VEY[FIVY i iy o ,U
VPo¥/o¥/3e s yLacsl g b

SIFE ‘slxwl ,abl ] oo 0 g

esmaliouri@uma.ac.ir :aebL|,

Ql)-il ‘J.:.ga)l ‘&:&.’*’)‘ RN oKiils ‘g5’“’““|° é.gb.ao 9 6)')5L55 sasiiils u,:T o pde omsji Fac g t5":"“]° @L;A 05/5 sl =Y
(arezoo.eshaghzadeh@gmail.com) (1,1« Juss | ¢ o)) Gime olEtils o xels tolia g (65,9ltS 0aSLisls (5 o susn] cmiign o)l ol IS aisgal isls ¥
shasghari@uma.ac.ir) sl « Juos,l o ool iz olKisls ¢ rds golis 3 (55,9LiS” 0aKtils « S5 cwiige g pole 09,5 sliwl -¥
(raoofmostafazadeN@uma.ac.ir) !« Jus,l (oo, ame olStils « aurs golin g (55,5LiS 0aSLails (0T g pae 0aSidys gae g crmb golio 09,5 Lutilo -¥

A4


mailto:arezoo.eshaghzadeh@gmail.com
mailto:shasghari@uma.ac.ir
mailto:raoofmostafazadeh@uma.ac.ir
http://childmentalhealth.ir/page/133/Open-Access-Policy
http://dx.doi.org/10.29252/jcmh.7.4.19
mailto:esmaliouri@uma.ac.ir

ooy (5y95 (ol H3LI e et g GlilB 09 HLS iali 8 5,8l

doddo

LS Gl b laailssg, (pam anil )5 090 oo (peli ailog 5l S canl 2y slajli (o Fidbal 51 65,5leS 5 58 T sl
il JIS! o St 5 (So (Y VN F L Sae g old) 0 oo o 5l Ty cetS s ol ) o keas Clae YL slailsog,
NoTY ToSen 5 Sl amo e a5 | jslre ol 5 s BB i AVl o5 ol glailiog, JUS il (S
el 5 oS il i Uil s ledl Goclis b 5 xeebs Jelse ,o5b cow laanl,yl 5 laalssg, ()« - - VO
JUsl s @lral> s)lnbl Jole laailssg) 0)LS al 2 (A Y- TY ol Som 5 o0l silacas) Wigd oo ($59998,50 il 9 (222
a SUOTY oY) L5 5 ol g baiinl & Y18 oLSan 5 05,8l 5 pol) el 0,lS S gloosgs b oy
rye Fisages Oypats o)l 1o ol b olas; Jy g e 020 Ly Lao )l g e ol 3 g0 laailiag, 5o il b
Mo o] mge «slailE0g, LS il 3 (VoYY 1o Sen g 0idg)) 09 oo S ol )d 4 s (65 Gt OMSie 5,0
doailsog, Jobo ylome slool) w55 (555l (ool 55 Aol s (i y23 09 c0 (0] Slaailsg, ail> o Sl 3
B Gl 85l (B0 O 5l (a5 el Sl laoslu (g)ll wags 5wy, O (Sogll 5 Cgm,y ke wpas 2l
siile else 5150 (glailag, HUS Liglod (VXY V- YFOLIKan 5 S YESS OTY ¥ VE Lo San 5 danl) ol (glailiosg,
Sl Sli8l g o 55 5 osliie @8 5 slazxil oo lges S glite pal Sas 5 5l ol Sl 5 (58 Bl
sy Sy, 5 daojlgnd Coonw a4y 0l S g lao)lnd b plaal plo g baady ) (B350 a5 9,95 5 5 JUH oo lgns S
Corwg slailEog, LS Giole,d (FAA Ve e F 2508 67 V210 w0y 3wl js (500 Sgd o duais Sl 9 Sl,b1 slayuo;
O3 59 e Blae Slge adgi b g 35lu o0 9l D)lus dilS0g, jsls slaosle 4 camd oo ARl wlB0g, Slibl sla s
)5 1 il ez glonl; dlo ,n 5iS sloailiog, liliag, JUS il ,d (Y55 X 1R () San 5 0ol ipm) S5 oo
£3y plKan 53 98 e o3 (ornbs jsboar (8T Ay, 53 (Folite and g D Ly 55U slajpon Lages 5 w5 0
S g bl 0 22 oS SLldl g lacdles (g slo aalss &) o )lS 5 ailbog) aaile ;0 (6 Fg e Dl 505 (2l 9 O
5 1) Sl oad axgs BB sl lus 3l ohbs Live 5 sl 3 aig; it coge @lge (6 )kons 50 was oo pliil Laailssg,
Flsol 5 ol o S B3 b i Hlgice |y Al clboylsyd 5 Jolow w56 odas L¥s (BOF ¥+ YT Vol San
s Gl (Sod O g ol 150 dolses cod alifl ] J31s (S5 5 (355 5 Jolms e aily (s 4t
5 65008 slarlo; 39,9 51 S5 ala b ailhog; Cuaw & ST et Cle @y cd (g0 (S gledI S e 5 sdat
&g, 4 W S5l 51 g Yomn 00l sloadgm 2ol s 5120 Slogmsy (AY ¥ 2 YF Aol 5 255) 35mih S0 suate Jalge
sl Slogasy ol (TATE ¥ eV S 5 Sl 1al) digs o ol yas Ail0g s 0,la0 alus 8 51 56 Sligus, b 5 odpasy
2l 5 oy loaiy Al asa ol o e o el 1) 5l aube jes g odly J1E LSG Con | By, ey o
O 5 (o p8) Wed oo 055 g 48l Slale B (Dew Sbaglyr jsee Sl p s 9 6133, Jolyw 23 Jol> 5 05800
) i L 5 Sl e a5 el Y iale b S g ailiog, Cu e g eosilels jsliieds cplpln (VVEY YY)
Sl Jos @ bapl gbal 5 JyoS5 <o oY Sleladl g oad olulid laileog, )US alep ssinse (25 (0bya (S

VRV Y e Ve S Y+ VoY) oyl Sam 5 obT o (g botind)

1 -Das et al 7 -Kimet al

2 -Mallick et al 8 -Ghosh and Sah
3 -Rowland et al 9 -Lefrancois et al
4 -Ahmad et al 10 -Wang et al

5 -Koutalakis et al

6 -Couper



\'F'T'J'.;L; 'F'.aju N .ojjstéjj.‘_}é)}a‘,:j;)u\?h

VX 5l Feojlols Y 0 y90 8390993909959 0B

AT Yo7y 5 ls2) wlion 0929 T (B S5 1 ) iy, 5 Lajgs o)l 53 Ygens (slailsog, LS (iulu b
=S by SNk e o haid Koo sla il g as o o ol Jled ojlgen ooils (Slajes yiuw 5 oo LS slatel o ule
3550 2l CoieS Lk 5 by dposler glanil (65)5laS ool bio el (il g8 onl J S i Jlsd T 9,5 51 ey
Sl (ailS0g; S g 0)l00 plidsipn; ST iz 5l B0 (6lo,lS (talu B IS jsboar (OAT VN - Tl Ses 5 (L)
Lohlen 5 sliie) coul pladl glacoded izee 5 O Gl (Slser Sleogar ple 5 Ol Cepu @l ok (S
2 e Jalse anlllae 5 Lol ol wiad laailiog, il cow blie aike lailag, Liolo,d o5 ol 5 (VoA ¥+ \Y
5 6hke) 0I5 o Juped 1) ol adlllas (slojlsale puglas 5 alsn slouSe I ealitul a5 sl (5,5, o] (ciulu b Conds
OAF VYLLK g o, Sl OA Y- YY ()] IS

L Ve AP 5 055 Jlie plsiear el oad plnil ailsg; (6,5 Ghalep (2L Logas 5o goaxis slagiags,
0,99 90 ;o lailrog, LS Lialw B lawgie e 90 5l o 5l oolitwl b K% ailsog, (6,LS &l s (g5l K0T Ban
P o Sas g Loyl 50,8 8,500 Sl 2o IV g /% |y el limo g Jloy yio ) 5 /A e i |, AAYZY - -0 5 12QY-145)
s aiislay Ligleal, dliog, ads> o Sl JUS Linloyd sas oy 4 gloylsale glooolsl eolizul Ly (YY) oY+ 1)
$S3sgy0ep g (Slgyaen )L, uizes 5 w0 )S St Ol (Sogll 5 (65,5l8 L) 5 Al aile slaptusST rals
b B )3 Sge Jalse 5 535098 9055 adlllan ;o (VO :V2NY) (B0 5 (Gloy iS5 wuids | &g, (Slig ol (Son w0y
W09,y sl et Jolse (n St lB09, 0)LS 5y il gl 9 (owlid ) OleitS Lo a5 widly 0 0950 Al LS
s b (BN 508 j0 (slailBog, LS Ll B wig,y Julos g anien 4 (FOF V- VY)Y IKe § @b gy o0 sleds 4
sladlo ;o (ol g5 a5 wsls plas ailbog, Jolo (Fu)l Sliess e 5 b g a3 lop 598 5l homin 5 (2L Sl
Goyb 5l sl on T ailag, s blie g ,lS s ol b () YY) hlSan 5 pdie Lo, ul 005 s Yo - ¥-144
Sl Sl 5 Gl pdicasl (i a4 Gl b Ll ailsog) 4l )L sblie «S3slsh sess sl (S
o,LS g,lly Jaw 5l oolainl b ailsog, (o ,LS jiole 8 lie 59l Baa L (VRO V1) )L, 5 00l > 1050 ,5 (gaisdils
SS1as 5 s adaie sla s ,o BSTEM e 3l solital b ails 55, s jlodrnd zmlts ool 5 zugY ilag, 1o ail,S 6l Lile? 5
Lgias 5 6yl ey lS Ll s Joailty 0ims 5Lt 45 ol V51 a8 5,00 50 50 40 @S il 5251 oS izl o (glalad
Gaa L (VAL V- TY) e g ooljoeme il glabaxd iSTas g 1 abate oo plp oS Gl SMw sla )l > 4o (o &l S
Censl 039 Jlo 5 2y 5205leS BIF Jlus 50 ()UST (gl Lo gie a5 wudly o (ledledl o gal ailsog; ()L Sl B (0503 oa8
VYT Len 5 Glojllima il sty ailsg, olyz Ol g (@0 ud b 6 LS Ghaleyd edgame (e b3 dal, S
oo W3 o 1 ats g ol B (g3leJoe a5 sl jo lisgais ;o S wlhog, 65U Lale ol oLl L O EY
ol 5 ey 6 e Copde glp @lailog, LS Gl polis ST slasig, She s G Cupae o ) olS
e shiieds sdnsgd Seoliyoged (g jlo e Bam b (Yo FY ¥ VEN L Sam g by S (SaS ailiag, Jolgus 3l uliilons
&l M oo g0 £48g 10 Salinog,ad sladcs 5 Sludl DMl ganled 4 aiw aildog, jo slalBog, LS iole 3
SESS 5 sy GRbed e po wiile (else 38 L JAY Jolas (o 8 9 Vb B3 L, (65U Aul 8 9wl s O
Saleg) ple sl 97l Olpsa AlBog, Sblis Slldl gli2l 4 S o plinl addlhe mls wisged avaloxe (L5 (25
b U Soislsrgn sloon cuS 5 5l liliog, LS Lialod 3y50, Gan b (V- YF) Silga copmizod b olgiiony 4line

1 -Julian and Torres 6 -Sharma et al

2 -Bhuiyan et al 7 -Nath et al

3 -Henshaw et al 8 -Hasanuzzaman et al

4 -Spiekermann et al 9 -Boota et al

5 -Kummu et al 1 -Huang 0

U



ooy (5y95 (ol H3LI e et g GlilB 09 HLS iali 8 5,8l

95 SUR5095 ST g (Sleser laesls jlosliial g 3.l a5 08T xS g dged oalitul egian (hea SlaSSS
LI, JUS o,e g im0y, Jolu B3l olbul> @ilsog; v g950s obuls (UL awain &l oss 4 ilgs o S slo S
wleog) codyb el 5l 6 sl jshaieds slailEog, )US (ol )8 gy diled (i i CIAPY ol o 0 p0) (ol 280
& e 4y SLLL Sl 0ogll oS 055 5l (6 5Fslr 5 e 515 20 g wilog, ahafie aain 5 yras d5:42 9 P
Gadg> 5 5l (o syl Gl ;0 (slasladly sl g sl (65550 il 50 (g IS Cgms g Gl B (g5l Jse 5 ailsoy,
Jolse 5 2lyl lags )5 g9 cailaie Siiddand 0eldl 4 4z g5 L 05500 ()l Al0g; 4 Coled )0 45 el guse B el wog
5 Slawnls 4y &yl sbml Jloizl 55 5 058 ©f Geel J 5l slaglsdl ailog) Coenl 5 5 Slaileog, LS (ale 2 2 foe
S5y 3 535, il b odgdoms (yan pblo 5eioes Bl pliy sl o ] gy ol (sl iy, Bl sla ol o
At e slaosls sl oslitul b glailssg, JUS (iolu b asng p oo Jelse uad 5 G )55 Siladoe c2lop slauSe

el (aezme g (oulid e «S3elg 008 ¢ SIS g 50

ORRIR P9y 9 g

axfllo 80 ddlaio

2 O3 ool 4ol )0 90,35 o o)l Clls (g )LS ssgusme 853 s dnlol jo g cnl ool LSiS W5 ,S e dadl o
Azl o alis el g Juo,l e b 5L el peud a5 Cosl ool Slas ! el (glo 133 G VYWAY Lo jo ,9536 ailsog, (59,
Lg.blj 5 Curoz p slaling, (sloglxdl ailbog, 4SSl by o o D9 0 ool o b (S)L.t-.'T FLOW Lg)l.:.gT &l ool g
4505, 05 oo guo B Ail5-09, 3,5 Culed 50 59,38 e 0aLS I EMG! (sl e3g95e 51 135 L a5 955 00 Sl e 355
Ll 00l dil30g, paileln g Sludl slacodlad 5l LU sasie Sl poss Ghed s (o, (6 4ed 009050 1 jaue > 40 ;9500
d‘)Ja‘ M LS@‘)‘ o~ Lbc)l) L.>'>)" ® 9 Al ‘5’5&»«7 dJaL.A 9 c&b ‘Lg))aw 6&6).3)[5 Ls‘)“) LS@‘)‘ séﬁlébs) JGE oo jO
OAJM 9 u.al.o..” J.: (_g)...as)-.\...m Lgl.ﬁoli...m." J?Ln B ‘_gl_'>91.’>r.[La 43[509) Ja,...os...n ° )JQLM 9 "\'“"L’QSO é:).a).a.oju VPYA 9 YoV

OHRIF P9

oolaiwl 8590 goslo

Ao g3 )| 098, Jow 3l oolainl b g oldl e Sledbl dilolu ool b (£l cgz ) (315 gu95 Jolse imgh oyl jo
L oaolol ;o ol dud g0 Vo S8 0,08 b g andllas 5,50 adlaie VYO« o v 81,5005 ands ol o elas,)] o098, Jow .ol
Lo i) Do ateive (ialw 8 4 Ll ol 5 0l asuine asjle g9 0)gdS cwlid pe) Glojlus Vi) oo e e ass ;) oolaw!
olgale TM osiomiw 4y b pe slojlgale yiglas ¢ olgn sl wuSe 3l Lol)l 5l oolaiwl 43 cpuns gl (Yoo F (LB 59 £)]5 4
g plol gl (F LY S0) casl oas oolazwl Yo AY g VoY e 0 YAAA OV A00 o s 4y by &)l 1565 gl  Cwad
sloolainl b ol a8 5 Jlas o (6,50glS VO oo @ Jolgd b ailbog, dslllas 8,90 o5l 5l akass VY 5l glage Sldes o ol
gl (358 pslad 5l oolitul b caalol jo .0ui8 5 5158 oolinnl 5 )50 Slowloxe 13 5 Wal (550 hdgn Codgost (610 At (90
) slo iy 51 e oy 5 S sy e 250 15 bl o yama oMl S50) (sl 35, fales® jige

92



sbad VY L0955 5 8 595 50 55 5y hen

VSl P

VX 5l Feojlols Y 0 y90 8390993909959 0B

(ol Jol) Jolis anlllas 550 slaasg> CawdVl 03game (S,5 g 38 Olasein iz md o dwle o5l ;2 ;0 abgy o
(ol ol sl oals | Y Jgoz 53 basgie o e gl )| N sl S pd il opls S8 S a8 o cdagee
& a5k oy blgy lp aS casl 53 BB ol el (oD o oo Abbgrpe (5 5Ky 00l oKl 50 20 el 5l ool b
5 ooledl b ol o Vgl o0 slaools 5l as cwl oogy slailsog, JLS ol 3 50 Sge g Al VOA S boye0 b Jbo )
59 5 (Ale YO ciS5h 0,50 L) (s (20 9 Jawgio (00 polis oplyp ogdle .ol ool (VYWAY LAYTA Sloj o5L ,0) caidLS
soliiul j5Sde (5 kel 0,90 10 0aDLS 5 wledl s (5 509,000 sloollius] 1o 5350 sloosls 5l 4T 54 5LS 5,90 Sgumw S, Lails,

(g Sy bl lhales slsn oSe) 1380 Jlo o Slalllas 3L (o Lo b ol BT 33T osgamms lsm oSe) 1900 Jlo 4o lalllas ok (!

(!

aleg) ) il 8 Ol padti (b5)] 5o axlllae 0590 dils 09, ool 51 (5 9bai :(Y) S5
Figure (1): Images of the river reaches studied in the assessment of the changes in the river bank erosion

(Lol pL3 B 5LT by (glolmble sl VAA+ Lo o slolllas o3k (oo adLE b olodl sl lsale paba) VaA- Jlo ,o lallla o3l (il

a9 )L (il 8 Ol i (b 3,1 50 anlllae 5590 Ailb0g, oL 31 (5 abai (V) S5
Figure (1): Images of the river reaches studied in the assessment of the changes in the river bank erosion
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Figure (1): Images of the river reaches studied in the assessment of the changes in the river bank erosion
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Figure (1): Images of the river reaches studied in the assessment of the changes in the river bank erosion
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Table (1): Empirical equations used in the estimation of river bank erosion in the studied reaches
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Table (5): The results of different parameters of the study river reaches in the estimation of river bank erosion
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. Table (6): Results of river bank erosion regression modeling based on hydrological variables in the studied intervals
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Table (7): Regression modelis in river bank erosion estimation in the study area

alal, odbzMal i po oolaiwl 050 yuitio diwd
Re =1.09 Pr +0.034 Au — 35.75 < /a9y RERg
Re =0.141 Rt +0.31 Ra + 5.98 JAAA s
Re =1.09 Pr+0.492 Qp — 51.17 ./a3Y Lo yuite dan

adllas 9,90 slaosly jo slaileog, LS (ale B ooz 5o J5e Jelss (n fpte a5 i Ol o0 Ggew S, Ly, el bl 2
o..\.n] wéd.: ’/‘\Q‘Yl ).").a ‘5’5.....»;) AJ.)LLA u.....u w)..a )L.\.O.a 9 AJ‘ AW ‘_g).:_o p.e,o JA‘9.€ ;)_’> ’/’Ylf 9 \/’C\A w.’ﬁd.a w‘fal.’
S Gl polie b gylo cre adayly e psio 31 plaSzd (59)g 000 o psie (6,5 )54 0,5, j0 a5 el S8 LB Lo
s 50 095 o gae gl las sl as og /YT ply ead Zl Sl Jaw gyl paw s pgas pl jo wislas &l glailsog,
4o LSLD)A.&A.A Q‘y’.{:@ AR VN ).g‘)_g JM w‘).o L Xy 0990 IES WS 9 ngM.Q IRPRE N Coloo o o G J.a‘}c
LS CiS el so fgamme ;0 0l Jols < /TAA Bl 0als dSl) dolas ol oy g Sl 00l (B pae 0uls &I] Sg S Joe
w1y 58U a8 G CIFAY 5 V2 Jow ol o b cad ga) zgl (20 5 05b b Jule 90 g3lw Jow jo o i dan 85 las
555 9w dailg, 5l eolawl el ool Cuvods +/AAY Jolae oo 4511 Jow s o yo ladie g ailails glailsog, LS jiolw b jlade
el 03905 o018 39350 (sloosls wlwl 1 1) axllas 050 dilaie jo glailEog, LS ol 8 0,6l oSl

axdllas 9,90 Lol ;o 4ilb09, LS (b yd » Fgo Lo yuitio Ol pundi

Jouz 5o (Lo BA) addlaes j50 Sloj o3l (b o slaileog, JLST il 5 e addllans 5o dibain sla Sy ;o Ol polie

ol 0 43‘)‘ A

GlailB0g) HUS alw b 5o Gl g Jle (Sloj s yw 42 gy Lo o Ol i s :(A) Jgu
Table (8): The results of the changes of the time series variables of the study years in river bank erosion in the study area
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