AR /....:L,‘V o)Lo.‘.‘;‘:A.\.L? JB‘_@){)UQ“ .

30 5999890955 Jolge looliwl b ol Julw 8 4y Cowlus guisainy
dog )l Ol pos justsl 039>

\159.7;’ S {*‘Yo"}_}).L’:J o ‘\Lg..\.ol Le,

OF e [oY]0 8 5y b VWAR/ ALY sl o )

oS

2 ot G o Elgil 4 sasal slaej Calise slaisy 6 pdycamlin Julod 5 dolud sloon sy e 555
Ailgs go Ol 2 Fge Jelge ol 5 Gulu 3 elgil 4 Conlus aiss aygs a5 5 sbay WS o bl aowe 5,400 5
Ol 53 sl abgyye bl sl p3Y (g e DLl il 4y jonie o c2ale 8 sloosy lgl £35Sl 2alS  ogdle
laalpl JUS 5 glanl T syl oo Gl b slrossy (6 ol Jdod sl o iiogs ()bl by, hmgy
Job cainls Jdg  slioul cond gz coud a0 (Lol Gidigy 5 605 (S Cgliae Jole il eolaal b
O @l 285 18 (a2 9,90 Al bl pae i3l ojem 50 S (Sujglgrnme 05,5 5 (lyz Dya8 (ald wd
5 Jod BB ol cslaalpl LS 5 slaal T (o lis ( ombans ol )3 589 ds oaiiS dninue alises Jalse il 5,90 10 ol
S yo slanl pl LS g slaalpl ol 80,550 40 Ll ais Jol> (6,lid 5 (oo ol 80,50 50 casuin 3ig, )l
ly Jole SO 31 olgs cod g 55l Giolu 3 51 g65 cpl 485 10 ate b e (6,50 cabogspo Slids 4 az g5 b ¢ Julge
Ot o SP g ol Sz e o )0 coad Job b S (o Julse 05 slaeld aie b cudio  JolS jsbas
G G pdiamlas 4is ouwly wlal 5 Bk 5lasls Slaalpl LS g glaal ol ol s €989 ;o |, o ).JL»
JLS g slaalpl ialo 3 L bl colie 5l aw 0 Yo bt (6 pducamlus aidi 1o (slaalpl LS g slaal ol iole 8
asds o5 pae 4 el ol a3 )18 was b asad (LS Calas b sblie sogame ;0 inls 4 by o glanl ol
9 )JW J.a‘}c Oy90 40 J‘bﬁ)" 9 \))‘b cdYs )S.\.”da.‘! IRVEL RTINS J.OLC Clad )‘ oolal L> W) \.\.»Jj.: (5).:~.\JWLM.\.>
IREXIPP I p oS Sy90 1y axlllac 590 adlaie jo Hlai 0590 iulu B slaodsay olul o Ko )5

il B Bl 0 pstegs (6 bl g, S cblax (ol b 4 6 pdyiamles (gaulS sbejly

oblyas 5u3ul 05> 10 (S5ele8 50855 Jolge 5l ooliiwl b ol rolu,d 4 Comslus (gaidigy N Lo iz gz ol ki, gowsl
BF-FY iamin ¥ ojleds A Al S (505 5 Sladss ag))

gl olSils b golio 5 (555l 0aStils «(g,l0 55T § & 0 09,5 Al ol IS atsgel iilo-)
(00isS a3180) dung | olKtils (cads wolie g (55,9LaS 0aSiils (5,0 550l g &5 50 09,5 Lailo-Y

d.:.aos)l oKislo N @LLA 5 S lasS saSislo “_g)b}:;'q'l 9 & 05; )liel;‘....;‘f\"
h.nazarnejad@urmia.ac.ir :Ssg xS Gy *

\a)



Information value (Infval) g, 5l eolazul b (2011
asi ags 4 Wkl Turbolo el o> o
R CEERCCES [YVPRCL & BN ISP STk N e
G ns 5 2Ll Gl bl S slo e ol
Gl b Sy Canla 5 arags o 1) 3l o i
9 B als addllae 3,90 5ul 09> grlaw ;o (G
awlie 4 Ll o (Luca et al, 2011) ., Ken
ol slagsasT 31 o0lial b ol (6 iyl
95 P9y 45 W) Al (nl @ opiie Wiz g 90
G o 1) coles Z85 p i ok
Zakerinejad ) )5 5le g 0l555,518 5,18 (6 pdy il
-Celes 3blie 3l Gas L (& Maerker, 2015
iz olrlle ads> o Sl Gl ud
So)d Gl S8 el e aw Sl Gl (S50
013 S bt 5,5 solizul (groms o> 5
sl ol et Ol D08 a3l a5 cl
Sl il b slaosnsy (iS5 (o5 b3
;o (Kanti Hembram et al., 2019) )|,Se 5 ) o
oy, 5 eoliiwl L oase 5,0 o Jainti ool o>
- ol Gal 4 sl oj9> a5 wisls yLis (Infval)
9 Seldge Oliae g Cewl 039 WSO Gialu b 4 pdy
5 sosdlpl Sl TYO 5 IVA ey 4 Joe st
w3l 039> ,o (Ebrahimi et al., 2018) .l,Sen
il B g pdamlus aid 4 4 W
opiie 50 bl slos, 5l eslinul L guisy]
o Moy (S oS1 5 ol lis bl sl
O G n Cusgb) (el g albog) l alold
0557 5o il B Coles St )0 S5 Jelss
5 35 Glel lagdy, el sladlo jo aiies 5]
SNy Samlas aaiyg ;8 63k 95 o piie Wi
5 (skelon] Olalllas 4y )lg5 oo die cpl jo a5 atils
ol e 5 4L yee (Esmaili & Shokati, 2015) S o
Amiriet) -, 9 (5 el (Mehreban et al., 2018)
Arabamerietal.,) -)|,Kea 5 5 elec e (@l., 2019
Conoscenti et) |, Kan 5 giwsilS 5 o1l ;o (2019
&A1 (Zhu et al., 2015) ) e 4 45 «(@l., 2013
5 o9y «(Angileri et al., 2013) ) Ken o
oHes ¢ Mo «(Prosdocimi et al., 2017) .l Sen
Halefom & ) «gi5 5 psalla (Melelli et al., 2017)

i

doddo

2 ot bl Ot S Sl
Syl 5 bl osyslaS laise
2 sy e sy o laieas 5 all e
b i &5 098 o0 a2ty Glnl Bblis 5l (5 )l
Elgil annsgi Sl 3blie colids atejl (T b o ke
Mg 5 ey S o 2l el slronsay ilise
! Uislw,d (Mehreban et al., 2018) coul wgu,
Bhlis 5 2l i ol Jole 51 (S olysees
") 9wl S 03 G Sl cas (s
(Novara et al., 2018) cwl oo (5j5les sl
Olnl)saS 2l ESe (lee YO S50 a5 (5 55b0a
Zakeringjad & ) )ls 13 o Lles b cos
alax> 1 siole,d sleenss,  (Maerker, 2015
Slodgs SIS > 5 GuSLT g )leds ¢ b sl il 8
5 SlaasS bl 5l S (oalee VY 5l 2w )0
51 (Arabkhedri, 2014) cool Ll olpl slacis
0Ser glaaly (Shglsh sess slaaxly oS l]
Wl o s el 5 llpd 4 azgs b il
Gong, ) ol ce 9925 4 Lialu,d 5l cols slaoasay
gl ganaib 5 ololid (s ees 4 (2011
S5 slaaly )0 abgpe slacad 5 iole b alise
B9, 5 (S (el )9e955 slas Sug; 5l Jel>
sl 5 (G955 Sumdy 5l b)) 4 Wl oe a5 ol
oanl ln Funse g Sbl> slagts, @bl ol L
0y e juoul slaojs>

o5 Oliee 5 Joed BB 5 ez Sledlbl Syl leay
SIS 0,0 09y el slaass> o S il
Sl 3551 a0 el oS ol 8 (oS A2 dgs
Uil b Sl I 5l adg Gilihs gblis Joliy |
(Abedini & Yaghubnejad Asl, 2017) <l 3Ls S
Spdtomles wyp olp e Glal,
sladels Lol 3529 Suigled sy slaossy
ouiiS J S layiie m ks, elely bl
Olfiss ssinlop sloonsy G mjs 5 e
Grdylamlbes il 5 b 1) SYlixl nolie
Meliho etal., 2018, ) sges angi |, ol 3 sloonyay
4o (Arabameri et al., 2018, Azareh et al., 2019
Conforti et al.,) o)\ Ken 5 5,505 alal, cpon



V.. J.:.SLS Ay O)Lo.»i: A AL’>

SE 60,5 wlabss

e il lerw sk Wlie o o8

dallas 0550 jesul oj> 5o (e ;Ko slassajl
Najafi & sadeghi : Sadeghi, 2005) o 7l 5!

(2013
2 vt -west P
4 5
- ) s
lH ’
/
/
/
> J r
b/ x :
5 / 4
!/ 2
/
’-‘ wveE wwer
1'1"“ ) LA
1 1;
B 4 s

ey

rlT sl 5 9T pac 3l 0395 Carnigo -) Kb

olnl e ®
Figure 1. Location of Omarabad watershed in
West Azerbaijan province, Iran
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Figure 2. A schematic flow chart of applied methods to evaluate soil erosion severity and susceptibility map
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Figure 4. Erosion-prone maps: (A) Slope aspect; (B) Slope; (C) Slope length; (D) Plan curvature; (E) Stream
Power index; (F) Soil Hydrologic group; (G) Erodibility rates of geological formations; (H) Land use.
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Table 1. Weighted values (Wi) distribution for each class of factors prone to Stream and Streambank Erosion

Factor NpixNi NpixSi Dens Class Information value (Wi)
Lithology
(Qal-Qf) 1148.3 267.6 0.2 0.1
(gn-gr) 1194.9 382.3 03 0.4
(gr2-pr) 1300.7 508.4 0.3 0.6
(CM-Ag-Use-KIu-CMv.s) 2210.6 588.6 0.2 0.2
(EC) 94.1 27 0.0 18
(Es.m-Qu-Pschk-Pd) 1514.0 228.9 -0.0 Py
Q1) 2666.2 1.9 0.3 5
(QF) 75.7 241 04
Land use
Range Land 155.4 411 02 02
Agriculture 111.3 15 0.0 26
Out Crop 46.2 19.1 04 07
Garden 1.5 0.1 0.0 11
Urban 4.0 0.4 0.1 06
Dry farming 87.6 17.7 0.2 00
Slope
0-12 4689.8 494.4 01 0.6
12-20 1824.3 484.8 0.2 02
20-30 1515.9 400.0 0.2 02
30-60 1473.1 387.4 0.2 0'2
>60 1129.8 237.1 0.2 0.0
Aspect
Flat 3115.3 230.0 0.0 0.9
North 679.2 208.2 03 0 4
North East 1300.9 371.6 02 03
East 1166.8 318.2 0.2 03
South East 1029.3 258.2 0.2 02
South 1173.6 218.7 01 0 0
South West 828.6 163.8 0.1 00
West 459.0 126.1 02 03
North West 405.8 109.6 0.2 03
Plan Curvature
Concave 695.3 186.8 0.2 0.3
Flat 8570.3 1576.8 0.1 0.0
Convex 893.3 240.8 0.2 0.3
SPI 543.6 0.13
0-30 4884.2 452.1 0.3 06
30-60 1614.9 362.1 0.3 0.36
60-90 1360.0 316.5 0.3 0.3
90-120 1207.8 330.6 0.33 0.3
>120 1091.9 0.43
LS 1949.1 0.2
0-5 9958.7 277 0.3 0.0
5-10 95.9 13.4 0.2 0.4
10-15 53.5 8.7 0.3 0.2
15-20 32.3 59 0.3 0.3
>20 18.4 05
Soil Hydrologic Group 0 0
A 97.1 194.8 0.1 0
B 1562.7 1215.1 0.2 -0.4
C 6888.3 595.0 0.4 01
D 1610.9 0.6

> NpixSi > NpixNi= 10158.9

Total Den Map= 0.2 =2005.0
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Figure 4. Susceptibility map of Channel and Riverbank erosion in Omarabad watershed
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Table 2. Area of areas susceptible to erosion

Erosion susceptibility map classes Area (%)
Very Low 24.6
Low 4.6
Moderate 20.2
High 41.0
Very High 9.6
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Figure 5. Success of the model using Channel and Riverbank erosion training data
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Abstract

Spatial distribution of erosion phenomena and susceptibility analysis of different parts of watersheds
to their types, plays an important role in environmental planning, so that the preparation of
susceptibility maps to types of erosion and identification of factors affecting it, can Reducing the risk
of various erosive phenomena will lead to providing the necessary management measures for the
relevant areas. In this research, a bivariate statistical method was investigated for analyzing the
susceptibility of Surface, Rill, Channel and Riverbank erosion phenomena using eight factors of rock
resistance, land use and land cover, slope percentage, slope aspect, plan curvature, slope length,
stream power index and soil hydrologic group in Omarabad watershed of Urmia. The results showed
that regarding the effect of various factors predisposing to the occurrence of Surface, Rill, Channel
and Streambank erosion, acceptable results with a clear trend in surface and rill erosion were not
obtained, However, in the case of channel and streambank erosion, each of the factors, according to
the relevant classes, has a positive or negative effect on the occurrence of this type of erosion and
the effect of one factor cannot be considered as complete, positive or negative. factors such as
lithology, slope length, slope percentage, slope aspect and SPI have the most positive effect on the
occurrence of Channel and Streambank erosion. On the other hand, according to the calibration of
the susceptibility map to Channel and Streambank erosion, only 20% of the area with Channel and
Streambank erosion related to calibration were in the range of areas with very high to severe
sensitivity in the susceptibility map. This indicates the inefficiency of the susceptibility map
produced using the above eight predisposing factors and emphasizes the research on other more
important and effective factors in creating the desired erosion phenomena in the study area.

Keywords: Susceptibility to erosion, Soil conservation, bivariate statistical method, Erosion
intensity
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