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Figure 1: The process and mechanism of gully formation in Sanganeh Kalat region
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5 - Geo-Environmental Factors
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6- Bivariate statistical models
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Figure 2: Pictures of gullies that occurred in the study area; gullies are dangerous to human infrastructure
(anthropogenic) such as roads and buildings (A-C) and agricultural land (D).
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Figure 3: Location of the studiy area.
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Figure 4: Methodology flowchart used in this study

9- Global Positioning System
10- Extensions
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11- Bayes
12- Prior probability
13- Posterior probability
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14- Gully Erosion Susceptibility Maps
15- Receiver Operating Characteristics
16- Area Under Curve
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18- Topographic Wetness Index
19- Steepness

20- Runoff generation rate

21- Soil moisture

22- Subsurface flow

23- Slope stability
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29- Convergence
30- Soil shear stress
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31- System for Automated Geoscientific Analyses
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Figure 5: Gully conditioning factors): A: lithology, B: land use, C: altitude, D: slope aspect, E: slope steepness, F: plan curvature, G:
Topographic Wetness Index (TWI), H: drainage density, I: distance from rivers, G: distance from roads.
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http://geographical-space.iau-ahar.ac.ir/article-1-3537-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 12:55 IRST on Thursday October 16th 2025

VELY )l A o jlac ia gen g Jhuo « salsdl yha (sLdd sale (saolibiad ¢

36°45'0"N

36°40"0"N

o 4 8 16

e — i1y b e

36°35'0"N
1

Ho-100 5200 - 300 TS sl iy 50
$5100-200 § 5> 300 o T g g2y

()0°0I’0"E (>0°K"20"F. (»""I(-"-“i"ﬁ
:G 4&71-:: JS-:: CF uf:..:‘ ‘5.1...7 SE Lsr-;«:r S ID Lt&i‘)' :C Lﬂ‘)' 6,:)‘5 IB qu&u SA (‘A-\.S..J .:‘;r._ﬂ JA‘}G 0 Jg.:- aslsl
ol 5 alol (G ala g, 3 Aol (S S5 H 318 s5 casb, asls

Continue of figure 5): Gully conditioning factors): A: lithology, B: land use, C: altitude, D: slope aspect, E: slope steepness, F: plan
curvature, G: Topographic Wetness Index (TWI), H: drainage density, I: distance from rivers, G: distance from roads .

e ey Jalgs ol s ms sl b s VLl Jue 5 eslizd
Jte 5loslinad b aoms s Jalse 51 n G oIS 5 s STT Gl b s Sis o 2l Bl mls
Gl e 5550 o VL wliaKas Jole 3550 55 .l sddosls Ol () S 55 b yd SVl
&l d&S) Kbe wsle ol3lm 5 GYNY) (Kol 51 pbaY Olul esl) Kam glassle ol
el Cs @ (V) 0) (Peh) OleS e sl (SalKin L3l 5 #V/0T) (L5 5 Swanls wilszid s
Sl e S5 o daly GKscolew sy <o ol Gl wlba K gladsly ple gl S s
Sl ome 53 oS el bl gedasOlis S ol W SUIG S gbadisle s wbia K 5 Sl
S sl 0l b gVl Jie Jdessases (ol 68 s o (la JK8) Kl SE sG]
Sl Ll s s oSSl il b o (VL ol 6Ll 2> ol o (oS aed &le lag )8
Celps 5 (W= V) (S e s w510 (58 Sl wdIS 3 (s 51 eslinud Jole 5 ST bl b oy alal
Lo el e O3 oS mle 5 EL Gl ISl e (b IS2) s ke (P = V) s
b Pl o K15 o AL by 15 Sl ST il by 0T e 3 sdtiasolis &8 i1 s
S bl o wS e a6 4 A3 Sldllas b s pl S J S 1 ST (Rl b cpl by s rals
Shellberg ) s oo a2 (53,5L5S bl & S 1) S Sl 3 (80 5 S dile) (ol 235 sl
Ol e 4 Cds g ool as sl olis bos SVl Jue jy LA oS5 o e s (et al., 2016
S5 6 S15 Gl WIS 3 e O35 5 BV 5550k >4 /04 km/km? 2 S5 IS 3 g5 BB
S SIS bla s LT (S| oSKo (V0 JK5) 5515 550 s +/EY —2/08 50/Y0—+/8Y (</eYoO
LSl s 5 Camdge it 53 Bl ol S Olsea e 2S5 68Ul nl (el oS
s bty Sl alol I3 L aS tes e OLES s cltn g, 5l ol 5 5o o a S5 ax 55,4
Slib a8 Jl s cote sl e <V &ltng, Sl dhools a5 iblis 3 W a5l b o 2alS iSOl Jiola b


http://geographical-space.iau-ahar.ac.ir/article-1-3537-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 12:55 IRST on Thursday October 16th 2025

vo ST (b (58S s (asme (o) Jolse 56 (2l

S ble W ldie Jl- oIl (W K8) Lo 51 s 4 1y (528 ol 3550 2 YOV=YO) 5 V1YoV
b gos ST [l b 4 Gl 5 ol () LIl ol e SLlS 3L 20 YOO I iy wils s, b akuols
sdalie LG (10) ISi 53 (TWD) 1S 55 cusby jasls 30 b e el albisy, 5l ol il b
o s 52 cpl p esdle ol sddodalin VWV NUTY 5 VT S s e alal, SO
Sasks IS Gl 1 e W a0 ke ST b 3 anu s 5 SIS Sasbs parls sl
Ol eV bl 5 G185 5 Casby (astld o alaly L OIS o 1 e (nl 2ls DL <o Ve 1S 5 5
2l 5 LSl g3 o sobslae BLI| amitips sl med s Sb la b s M S5 5 SE e
58S o e sSae Lals,y SO gl 6l p Wl o ls s (QUlss e b alaily 52) 1S 55 ok,
i e Y Ll IS S das e 0L o pl g ST b b sl 5 1S s s
s e 68wl Sen (V) S bl (o (IS8 (P = 4N syl P 550 Sl
Ohale b Glanl B s ok a5 el b Bl s e ok b bl 5 siSOT il b
Slaail bl ol od3al <UL o a5 IS 55 (F= HTV0) g 5 BB 2l s
Gl b K, 5 SIS ey alind Lyl i 36 ) 4 45 <Nazari samani et al(2009) Law 55 s 5,158
5 33 e B s et g ole gl Sl cantls 0l s St ke G ST il b
sy AT sl 5 Cod S OIS (i 13 pone DL imen aslllas ) 53 S o Wl giST il 3
g slagr 5 (P= +V/AY) mas gl WS la eSS S5 m b (Saeen (P #£0) Cils
ol ST il b g 585 VL dlai| (goias0lis oS (W JS0) A3 3L o8 oy 5 B0 s
daly 53 ol g 4 ) Gble b aslie 53 Jled slacgr 53 iin LS 23 oS15 s 4 Baes
UK OIS S sls OLES s sl R s g4k 55 ledes b ol SG sla Sy e G L
JS) 5505 3 (V) aie IS OT JWs a0 5 035 (P=4V/8A) oo 035 ool o5 YL hils Ol ol
Stams o 5ls 0L S Ul s adm e (1) 0L 5 588 SIS alie mls ol (U
ey 3 eslr Sl alols Juls 3l Sl Al e GBI prke 5 gl SLa IS 3 Vame ST 2l 5
53 (P=4V/AY) e g 5 B b W 55l (N UKD sl ol 1) tisSl Jiole b a4 sl o 5Sas
Gotiasolas e >Yer 5l s alol 5 Vb ST Sl b a4 Camla GodadOlis e Vor B oy ol
3 S 5 358 B e sb) ol s (laeslr oSyl 4y a5 Lol ST (il Sl
w2l 1 Sl GhlBl bl 5638 s Sl & e 5 BB S 5 0l baaals (S5 50d 35,0

LS e

32- Turbolo


http://geographical-space.iau-ahar.ac.ir/article-1-3537-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 12:55 IRST on Thursday October 16th 2025

VELY )l A o jlac ia gen g Jhuo « salsdl yha (sLdd sale (saolibiad g

wlid Kiw

=
W)
-

QI Qt Ear Pch PP KK Kad Kam Khe Ksn Kor KPEcm Ksr Kime JCH Jd  Jq
B59d9s) Slaalls
SN S NS e2SmS @S

- [e]

15

1.0

0.5 —
o l | | |

os| M

1. 3 T T T

e <0.26 0.26-0.42  0.42-0.69 > 0.69

£ 3 D) Sl @il e eS1Y A @ e (m/km?) &S @SILT Jote
211 (G eslS slauuus

vl
Cumluo i)l
- ow

Cuamlu>

-

[

Glss, 5 abold S S 5157 Carsh ) Lasls

(1]

b i |
I
ol
- i
Cuawluo i )|
o w
o W o

.

, 0.5 l K -
e [ 0841
0.5 -1.0
1.0 ; T v T 15 . - v .
<76 76-167 167-261 > 251 <9.70 9.70-13.10 13.10-16.30 > 16.30
oS0, 1 aliols (sla s Crgb, LaSld Gla S
Etas D (ST
Lf] 9]
2 3.0 —
2.0
- 14— -
= i e
S ol 5 10
,'! 5 -
2 1.5
2.0
-3 T T T T T -3.0 T T
-~ 651 651-733 733-824 824973 =973 = 9.44 9.44-22.73 22.73°48.28 = 48.28
ELAT,1 Glaulls rais (GBS

. "] . ]

Cuulu s |
o H
P

Cuunbuo il
-] - N
=
/T

bl
N~

o3l jl dlold
. [i]

1.5

=
uy)

0.14

0.5+

~ I
-1.0

0-100 100200 200-300 > 300
o3l jl o lold (slaulls

€ Wby, 3 Aol d ( iSa) VSIJJ €l g8 b (s Kn @ (ST slow! Folse WS 2 6l Comlus 25,10 IS

sl 51 Aol oud Jss dcwd e h e a5 g ‘CU:J,I f (A pg ash, sasls
Figure 6: Gully susceptibility value for each class of conditioning factors): a: lithology, b: land use, c: drainage density, d: distance

from rivers, e: Topographic Wetness Index (TWI), f: altitude, g: slope steepness, h: slope aspect, i: plan curvature, j: : distance from
roads.

°
"
0

Cuwlus>



http://geographical-space.iau-ahar.ac.ir/article-1-3537-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 12:55 IRST on Thursday October 16th 2025

vy ST (b (58S s (asme (o) Jolse 56 (2l

3 b5l s ST b b 4 Sl salE

Gl sl wo s ST Gl ity GBS ey md 5 mlE R i 53 oS sb0les
o stio (oS O Jlgm 4 ST Ghle b Giin B 5 5 bd SVl di Sl eolizal b o5
g 53 US4 Comlas op 2l (5 B3l LV JSE) W3 S stnaid 3L L 5 oL
S ld S 01 53 oS pde sdalie 3,5 Glaisn 5 555 0 Tend 3 O ul ]
Db LS IS5 53 ol il b 30 i b ol L0lS s wltags ) alol ale (25
3y0p 010XV 0 s Ikl Gl L AVYYL Vlasl Jie gl S1y oe 3 e A3l ST

(A Jﬁ.:) .Llsjf

60°0'0"E 60°8'20"E 60°16'40"E
1 1 1

'_I.
4 B
- o
0 - 2
i
&

'_I.
z -3
s 2
3
&

'_I.

- =
Z lo 3 6 12 “
ﬁ_ e P 1 [(CP)JJ—.H‘J—!‘—-}G—_—J—DHH &
p .
% N L s S,
LL

T T T
60°0"0"E 60°8'20"E 60°16'40"E
ACP) (b i V¥l Jas 5l esliad b il il 4 Coml gadd5 Y SS
Figure 7: Gully susceptibility maps produced based on a CP models.
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Figure 9: Sensitivity analysis results of variables when each factor is excluded in CP model.
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Abstract

Assessment of the Influence of Geo-Environmental Factors on the Initiation of Gully
Erosion in Sanganeh Kalat Basin

Soil erosion is a significant environmental issue of common concern in the world today.
Despite the importance of soil erosion in sustainable development goals in arid and semi-arid
areas, the study of the geo-environmental conditions and factors influencing gully erosion
occurrence is rarely undertaken. The main purpose of this study is to evaluate the
environmental factors to Initiation the effective factors in the characterization of gully erosion
at the Sanganeh Kalat Basin. We also aimed to apply a Conditional Probability (CP) model
for establishing the spatial relationship between gullies and the Geo-Environmental Factors
(GEFs). The gully erosion inventory map field surveying was randomly partitioned into two
subsets: part 1 that contains 70% was used in the training phase of the CP model; part 2 is a
validation dataset (30%) for validation of the model and to confirm its accuracy. Prediction
performances of the CP model Receiver Operating Characteristics (ROC) curve methods,
respectively. In addition, the influence of all GEFs on gully erosion was evaluated by
performing a sensitivity analysis model. The validation area under the ROC curve for the CP
model were 87.32%, respectively. Also, based on sensitivity analysis, lithology, drainage
density, distance from river and land use represent significantly effects on the gully erosion
occurrence.

Keywords: Gully Erosion, Geo-environmental Factors, Conditional Probability, Sanganeh
Kalat
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