[ Downloaded from magazine.hormozgan.ac.ir on 2026-01-29 |

[ DOR: 20.1001.1.22517812.1402.13.1.4.6 ]

SN AFY Sl ((F) ViAW sl gl b b rays
http://magazine.hormozgan.ac.ir

3557 38 A Jda 9 TanDEM-X s\aesls 31 osliuwl b iz iyl ,d o i
(Nj.w.’).o.’v"— Ao 4> 183y 90 aallas)

Sledol lpiol S5 s yaolips 5 yllin pale odSCails o el (slidlyin 05,5 Lolio] 5V & S13 Lo,

oLl wsipstaliy 5 bilpiz pole ouSiil i chime bl 5 (S35ls3 505T) 45, ) polis) 5 dpo L2l 16N P g

Oledol lgas/
s e g
(\f~\/‘f’/ﬁ:uiu{-’b?’@)\3 \f~~/\~/&:¢é\{)>’@)U)AjL&
oS

P2 3 Bl G g 48T ol T il B g5l i seeTe bl 51 (S (B a8
Rl B 3 F e sl s allid ag cacalllae (ol 3 05 5 8 S ) e g () wilie Sl 0355
ad g 3 (Maxent) 9,57 2 lus Jue Jloslinl U iz lu 8 @uudg 9 o i o Sl
ELa K8 ¢ Gl Gla g 1 b 31 B Guis Cpnd g0 1ok ook 413y oy Ol )3 & s o]
2355 4N GIS 15000 55 Jaroma 33 5 403 8 g &1 S5 5158055 5 5liai 03lizal b 5 a1 52
Glaosls 311y ans g 31,8 4 5d la el @dm A 0 55 i @latel &y paots i G
S Slles b 3o i) 53 .k 4 SAGA-GIS 38105 53 120 1Y K& @8 b TaNDEM-X
3 4d aegi GIS Hl3dle 5 53 S cdly a2 la)T plasil 5 ST 51 515 54 500 5 anllass )y 5o adlais )
5038 4 o 5 Jaszi slao )l gals  glai ) o3l b (ALE 2w o515 5 Sl ) akE
35T I Jus @l ) i L) GIS laows 53 b 4 W asli 51 S a o
o= 93 el ol 05lil Juks 0031 ) g Ao )3 ¥r g dis i) T 6l Waesls Aoy Ve 31 (Maxent)
938 oddr jasin b arlis K5 b arls 5 S a5 O1e b Ko 0 503T 31 05Ul b anlllas
adlais Bz e b shuaig g e mie Hlasl Sz b (B me el o )8 8T caly
s e85 abi) )5 (AUC) o ) Coles 5 (ROC) simtn 31 3Ll b anlllans o
aal T et 5 ALS iy (0l 6 S s gLl pas L a8 sl 0L e g o) ) Jeol
ol o o ;3 AUCS0/94T 315n 5 ol (Bt ol b 3l p3 b pasli o 3 5138 5T

2951 SN Jus s g TANDEM ¢ B iy Lo b 1sulS 0505

r.zakerinejad @ge0.ui.ac.ir: J giume ooduw gi *

a5


http://magazine.hormozgan.ac.ir/
http://dorl.net/dor/20.1001.1.22517812.1401.12.1.5.0
https://dor.isc.ac/dor/20.1001.1.22517812.1402.13.1.4.6
https://magazine.hormozgan.ac.ir/article-1-705-en.html

[ Downloaded from magazine.hormozgan.ac.ir on 2026-01-29 |

[ DOR: 20.1001.1.22517812.1402.13.1.4.6 ]

TanDEM-X (slaesls b Sk Lislu b i SX gl 5 I3 ST

daddo -\

5l Olgm il 1y (los2ed Sl Wl a OT 51 36 Gl (o 5 o0l e 2T clagtala b Ols Sl
Sl sl T e lasly Galasd Jals 05,8 Jler & 8 JS8 e 5 ool 4 g b T il S
53 dsmne Glodsty (215 J&) KT sl s & (Arab Ameri et al,2015) 545 oS (i) 2T
(Seidsasn Bl b ey bl o ol Sisang s Sis ol losa il bl clsascT
Gholami et al, 2017; Zakerinejad & Maerker, ) aas » I3 ,;‘L: Cos 1y Sglize gleasol 5 wlaSls
o J5 oS 3 o T il IS sl g i 58 Sl diz o milab g5 ol 15 s (2014
o] Sl me slasluy Woly (o)l & Olslp Sllust cogr ST 5, s Sl s 2 gy Uy s
sl 9, cx! 5l «(Poesen et al, 2003; Valentin et al, 2016; Nikpour et al, 2005) <ol Jls, 5 5 (slos
ol 5 et a2 canangy 5l eslimall LOT 51 56 &bt Sl Bl 4 B o 25, 5l &S sl
Tahmasebipour et al, 2015; Zakerinejad, ) sls 2ol 1) (tole b cpl ¢85 s Ol5 s OT o Jse Julse
Besharti et v \A el (55 S50 Jalse oo 5 3bml f¥s 5 (iola b cpl adllan 5 (g ps3) 140 (2020
.(al,

b 5loslimal b Ul G 55 gaug alisg, ads Fho gl ciuag o & gl S s
w55 5l Gl 428 g ol &S b cxls Ly GIS Low 5 0T 5 S5 Jasee Julss 5 odd cliils Sz
S B ganag 3 dae QLo cds & Cal e3ls OLES G ol S &S ciles sad ealital ok 53 s
Ly AL iy 486 Gblu o bias a5 a8 sy 0L mls OT Ly esdle .l dops M S iyl b
= cladle s (Conforti et al, 2011) csl jziy doys Yo YU claccd 5 i lawuls (Cins idy
3ol 53 el aad bl S5 Slllas T olap shvag 53 bl gladae 5 55l asls Sl eslinl
abodes Jdos dlaz Sl gla S, Sleslimal b (3530005 5 (St e b kst 08 e ) o ol plnil Dlid
DL 1) W tal g cnl ey 3 1 dae (ol (LIS &8 et eslizal (FUZY) (536 Jas 5 (AHP) (31
S s Jae eslazal b &S (> > Tﬁsl s -(Dhianaufal et al, 2018; Habibi 2016 Zhu et al, 2014) a>
BE QU?)*J" R SN S Gl p b aiB ag S b sl Gl (CSn) (g9 5T
M a5 sipangy 0> de ol VL 2B Kby e, p s s S plasl ool Ol Olm e T ao >
Ly odd A58 2l bl gl s i S U550 Sl s e pl &8 530 9ol LS |, S fole b b
@ ‘-*ibf rl,;;l (2018) 01, Kea 4 Ebrahim L g o ﬁi; sladlas s (Zakerinejad & Maerker, 2014) s ,ls
S ol 4 Canles S i Sy (FR) Slsls cons 5 (WOTE) salss Oy cladas Olg )
a5 Gl 4 el 488 0l 0L mls o 23 8 g NS D s > ol LylE oy
g 3, Ses (AUC-W/54) dalsd 05y die & S g 5 (AUC-AS/FY) Slslb Cond s a5 0

Cﬂﬂ‘ 4.“\:3‘) gs%‘.‘fd"‘?’ BE)

ay


https://dor.isc.ac/dor/20.1001.1.22517812.1402.13.1.4.6
https://magazine.hormozgan.ac.ir/article-1-705-en.html

[ Downloaded from magazine.hormozgan.ac.ir on 2026-01-29 |

[ DOR: 20.1001.1.22517812.1402.13.1.4.6 ]

TanDEM-X slaesls b Jus ol B o o SE P g a5 Ss

dox Sl S o BT le bl g5 ol b B a0 55 Stad S S5 T s, 51 ealial
($3Isd Ogmen ot Sl s cpl o3 o8 48 plal Oles S Okl LT gl ailae 3 &7 (glanlllas
Casby parli 5 s, Sl als s S8l g o Jatte SIS 05 5 ) B wenlS
S ol (AUC) 7910 oomia 5 comlon o 3ls O Gios 51 ol b les S eslinal 315 5 5
. (Ismailie et al, 2014) ol ailats 3 Jaes ol b 4 el bUS o i S die 5 Goded oauasOLEs
S e bl LB wg s ey 0o Gl sbapasle 5 Jalse Sl et 5 Slide 1SS s o
St 2T b S sl sl o LI el Sl ailes S8 05 lparls Jy eas eslind
Blo ALl ol S r Jes 2 by e ailats S 53 S 4 s bailis a5 5 ol I 5T
Nazari Samani et al, 2009: Zakeringjad et ) <l J1i& 55 b las b 5 b el Jiig S e D 504
3 SIS s sboasls 25 bl 4 bly ol s o5 gledlas sal, 2018; Zakerinejad & Maerker 2014;
ol 031y DL G pl ol &8 cdd wtls y olisle ST Ol 55 Lyl a3 98T S e e Sl eslinl
O o 5 JUI mhaw Sl (508 abols (¢l jasls @ bsy e (S il olnl s asls o 5 550 oS
el 0303 O ) s g o & 0o /A Je ot Jlzsl g e ) e el e ol
wosm S sle g Comles Wil 4 S Wi adlle s es ((Piroozinejad et al, 2017)
S 238 bl cnnSla dute Sl sl b 350 LS g0 6 slagasls Sl eslinal b Olgial Ol Gy 53 p e
Sl atls @ by e 5 4 S de e o Sl g o i S Sl el 0L fagn opl mls
b Ol o asls fumens ciud (HA) o Kon asls 5 (VYY) pli)) pasls (152 /7) (Sanla s
NP PP S P IRCII JUIPRE JUVLCH R AN g J DO SPPN I BUEE B SR P
Zakerinejad, 2020)) .l axils ailie ) 53 (ot Coenl Fai ol b

5 G ms ol o lls s w )l Okl G5 Oy bl s o Sal 4 ey b
Gl 025 468 35 Rk o) ol Dan o wilad S5 T Golad 5l e ol Gl co o lid s
Jio 8 NS4 5 et Vb s b ol )| aghy ddo Loguas clolsale sbaasls 3l aslimal | St 2la s
bl Plls Sl g g Fis (halod @ il Gbla (st 03 doe ol QUL Lol e oS

. . Lok . afu o . LT .
Sl ol g 5 ol 5a SIS ST Julse 51 3T Olis e e 5 (5 5] 4l 5>) 0l

anfllas 5y g0 adboio— ¥
OF B aids 4 a3 0F o Slad (o mashS YV s JLSKa VWAYFA Conny a anfllansjgo dibaie anllans ) gn a5 s>
03 o Okl 5,5 Oy s Jld ooe «ids ¥4 YA B aiBs VA amus YA 5 35 Jsb adds FY 5 4o
S8 Bl a3 V08 5 VA i 4 lale Ul gz slos (1 ISG5) Sl sasigily o) Ol
63 5 55 sWele by a 38 Sl w3 VA 5TV 5 4w S0l sles a8 wdy e
p) ol e B 3 Uy s 51 OT lasin L5l 5 e on YYV/OF oy gt ool VL S,k Sl

4 g 0 gl cwuwﬁjjh’J‘jCﬂnl Jaime b S A.sJUa.AJJ}A o 9> w‘ ‘19.3’1).2 .(\\"\Y (s (G gw g 9

aA


https://dor.isc.ac/dor/20.1001.1.22517812.1402.13.1.4.6
https://magazine.hormozgan.ac.ir/article-1-705-en.html

[ Downloaded from magazine.hormozgan.ac.ir on 2026-01-29 |

[ DOR: 20.1001.1.22517812.1402.13.1.4.6 ]

SN ALY Ly (FR) Vi e ilu b gla ha s

= - = -
Lo, L L;‘):.ﬁ LS'“".'.'?.' Sy g U’l‘ ul..a| LSL%,{}JJ Sl cwl c..\..’iad‘) u";‘) 03) 55 i Ay 2 bb‘@l:-—
Candd S 4 a3 gdea Q‘ilJ; ol "’)‘““’J Lg\AJJJ'Lw ol lAu.;.g- w\w\:o.\:";f L;L&C«.ﬁ::j&)ﬁ: uy—dw
Al Ji& 03 Gl Lol dge Slsu; g ol 4nglq-LéT WOliws cC)bL«gg ‘e ¢L§)L-T ‘G_,’;L.u sl

] 0 oéjjTA.ila.;Au.;u\.lﬁ- u:.;“Lw)s J| uil-‘“’)‘”

sravs sz sz seszoe sewe
N N
ven
W ¢ F W¢ E
S S

von=]

— = sororn

von=]

Legend
4l i 45l
] A A —
- High : 1963/88
B Low: 9721813 02845 9 135 18 - o8 gl
O — e Ko meters 02040 80 120 160
e — — Kilometers
.. [ - [ [ [ .

L

M&A:J}Aw}’g‘jwﬂu)ﬁj\swﬁ:\'ﬁ

aa


https://dor.isc.ac/dor/20.1001.1.22517812.1402.13.1.4.6
https://magazine.hormozgan.ac.ir/article-1-705-en.html

[ Downloaded from magazine.hormozgan.ac.ir on 2026-01-29 |

[ DOR: 20.1001.1.22517812.1402.13.1.4.6 ]

TanDEM-X slaesls b Jus ol B o o SE P g a5 Ss

F9y 93 =Y

S Jas s TANDEM  laesls Sl oslitul b 4 gt 30 0T g B folu b o for 38 ( agh opl o
s ol el (Maxent) cos Lazs! « L(Phillips et al., 2006) (Maximum Entropy Model) 5 =T
ple lime slaaas o Vb S it cbl & ol (MLTS) S5l cetle sl Sl S
Jis Gl in oy SbL 1 Sl 59,57 Jool wlul s o9 5T ey Jas (Phillips et al., 2006) 5,15 Ja>s
bl Cos 0 O fal (o 5 30 055 5 Jies i oo (25 wlel 5 68 03,80 o 1) aals s
ool B aled slonl s s cbaY 51 SO a cueal Jus o) (Zakerinejad, 2020)
5 S o esliul s SLSG (=08 Shedis Ghale b s e e Jale ool gl a8
oo o S eled slosl o Jaswcan; oY I Ko e coeal Jackknife Oy asT Sl eslawl L
i oslinul ROC g (sl y (AUC) (soie o5 b astla Sl olg die Jlzsl o sl wimed S
Hosmer, ) 558 0 455 1 53 Jlo sles die Gachis Spl adly /4 S i oo o) h sl
S50 e lal g g opl U3 sl 0l 03,81 i i, plsl Jole ¥ IS .(Lemeshow)&2000
ol 0 o3litl s 903 (gl Ao n ¥e g e 3550 (6l Wosls ko Ve 51 oslial

Dl 5l eslimal b olen Ko 5 loslsale nola 5 Gli laa)n Gob 5l bdLs Cuspe il
e o st b it S ot L) LS s GaetE e 5 03 S o8 (GE) &l £
5ol e Ol Ol S8 il ik Kes (IS 5 Cusks @SE VST B gagme ol
Ale s 55 e \Y S @, L TANDEM gl 8, das glaesls Sl eslazal (JBS™ es canl o7
s e 53 sgmsn (Siana slalet I s, G g0 sl ey 5 LS 45 445 (SAGA-GIS)
b2l el s A i sl w28 5 438 s (SAGAGIS) Bl L s (DEM) 4l
43,5 445 (ATC GIS10.8) Jissle 3 5> ¥o¥Y Jlo ey bswn ¥ ficzn 5 A o) (slaejlgnle L slad S eslicl
3238 Opo ailie daw Sl easisssT por ladised S (S il Wl S Gty i
JSs 5 Y Jsas) w3 S 4 ArcGIS10.8 Sl 53 5 (Ve a8 it Olle) b
Sl 5yl oS 0L sags K5 0 LS Sllae sy sy sl S Ol bl (5 5 ¥
MEhiorobo & Audu, 2012; Maerker €t al., 2015 ) ol ol 03 ois 4_%? Oy e Ol Oglan LS s
5,1 b Geass cpl aslsl s .(Qin et al, 2011, Rahimifar et al., 2011 Rahmati et al., 2017, Shit et al., 2013;
g > ey it Olgiewy (Fut (alo b BB 5 Jies oite Olyieay aSClicu b b oad S5 caaY 05 S
43S Ll s n due s 153l 5


https://dor.isc.ac/dor/20.1001.1.22517812.1402.13.1.4.6
https://magazine.hormozgan.ac.ir/article-1-705-en.html

[ Downloaded from magazine.hormozgan.ac.ir on 2026-01-29 |

[ DOR: 20.1001.1.22517812.1402.13.1.4.6 ]

SN A FeY L (FA) VoY

ke mle B sla e s

i b g gl
Sus

B st g s

l

Jhe ol g a5 a8
oo s ) oo . 1
H-PM—»& ) L < i, TanDEM
b 8o gl o b b gl e
S oo g gd et ol 5 MXENT Ju il ‘
L (g3gas alocld s onacs gl ,
o fa o Jobo Lol S s JlS e
y,
| Juzofsale 3 iake 5 ol b
el S e ROC-AUC
g
G gy Oyl b e IS
by g g1 d g Bz il d 8 5T slajlas 1) Jguts
I}@’JJ}G"JJJ L@Jém b«éj.’J ﬂ)@/})ﬂjjj LQJ[‘.,M 54’3))
(Y+) 3,L8 s Ul o s a5 1 (Y+) 3,LS s U wal T oLl el ]
() 855 o5 pas Ssb bl \Y (V) 5,8 5 Ul SIS 55 Sk, el r
(Y~)>JL:§)L;J| &l/Té«Gu»u \Y (\"")Ou:);;fij g,.:.:nd)b r
TS U T oLl jesls VOl s el ¢l f
Sl 53 eAd g A e @kfuux;l; 10 (Y+) 3, 5 Ul S Ol p)
Arc GIS10.8
ﬂ)é‘r);_).\a.\.’:%cvw L;”\J‘LSJ"JK \¢ (Y')A)L’.{JL:.” Mudb}_aﬁkl.@b UA}L:Q £
Arc GIS10.8 Juls
ot T e bl iy Sk il Y (V) o 5 6555 2l e jails y
AIC GIS10.8 Jij3lp 5 ;5 e
J5le 5 5o 0l ags @l T 5l ol W) O, oS s o A
Arc GIS10.8
3 0l as pmlibpmas DSl 7Y Al lioms A O s oS s b e 3
Arc GIS10.8 L33l 5 (rv)
(¥Y) L5 Q?)w}) oo ale I



https://dor.isc.ac/dor/20.1001.1.22517812.1402.13.1.4.6
https://magazine.hormozgan.ac.ir/article-1-705-en.html

[ Downloaded from magazine.hormozgan.ac.ir on 2026-01-29 |

[ DOR: 20.1001.1.22517812.1402.13.1.4.6 ]

TanDEM-X slaesls b Jus il b o i

[

lable_taif “abareland ~poorrange

wagri wagri =rock =) (s S AE
magn msaltiand  =saltland

= agri_rainfed = modrange “ urban

-

e
DESCRIPTIO wQUATERNARY =3(GACHSARAN)

o (BAKHTYAR! Jws ( MISHAN FM ) w= Asmari and Jahrum
7 (AGHAJARI | == ( SACHUN FM )ms ( KARAJ FM )

= (JAHRUM. ) = ( RAZAK FM)

e

Legend o ) oy T i - e .
+  New_Shapefile Legend
tex Altitude
Value
L o rlon 138 flis) Adds
B sL B ow - 972813
sl | R —
| pomonn
H HEE H
z 2|z 3
3 o B 3
1 L H
i 1|3 B
! Lk i
i [ i
Legend Legend
LS Factor Stream Power Index
Hgh : 529877 VIS on - 2206018
[ESTULRE ' SPJ Ak
- Low : -6/48612 - Low : -1829101
b 3 ¢ ] (n ] | I u 2 |
- S el T s S s y oy — Ty oy oy vy oy
1 1| L
il HEE H
£ H H H
H il | 4
f LG H
oo 2vo00n T L - R e e o = " . oo o )
Legend Lagend
Valley Depth Longitudinal Curvature
vna:w' 223183 =‘ fwn o/0758271
el i Liad) 4438
l Low : 1774404 W Low - 010697731 "L’h ¢
| —— ) 18 i | | —— o [ ) J



https://dor.isc.ac/dor/20.1001.1.22517812.1402.13.1.4.6
https://magazine.hormozgan.ac.ir/article-1-705-en.html

[ Downloaded from magazine.hormozgan.ac.ir on 2026-01-29 |

[ DOR: 20.1001.1.22517812.1402.13.1.4.6 ]

SN ALY Ly (FR) Vi

e el b sla gt

B

e

Value
m 20156696407

B Low 17052050+06

o ) = o ey = o o
Lagend
_Flow Accumulation

A s e e

et

Milshade
Valos
Won 255

Low 1
=
PR B ma
e o T = T o T T e —
i H H
H 2 H
i i
] 4
i B i
H s H

e

-

I I
H H
e — e e i
H H
Wi

W 224231

Low - 348232 (I Ryt b Al

e o
Legend Legend
Vertical Distance to Channel Network Relative Slope Position
Value
oy on 33063 QS A G 52508 ALl 420 o i 115842 (i i AL
-,
Low : -3/34795 - Low - 01187655
i -

R o " N 3 . 3 " M

B L T o

!
" —— - =3 — —
Logene
Siope
o g a8
- [ETLPR
o g

)¥


https://dor.isc.ac/dor/20.1001.1.22517812.1402.13.1.4.6
https://magazine.hormozgan.ac.ir/article-1-705-en.html

[ Downloaded from magazine.hormozgan.ac.ir on 2026-01-29 |

[ DOR: 20.1001.1.22517812.1402.13.1.4.6 ]

TanDEM-X slaesls b Jus ol B o o R

Vv

e - - e e 2 o " w oo - s P st svevse e e e
Legend Legend
Novi Convergence Index
Wll:“gn 01802767 High - 925404
4
(A g sl = s sl
Low : 0100272955 Low :-102/869
£ 5 [ I————

¥
s

e = o o = = = o oy = - . = = - = o =
gd = 3 i
!-
;-
i-
: 5 : : ;s . v v v , v y v v v
- o aw o 2w e e " e |y v L d one L o Py foe e
Logend Legone
Aspect ASC_waterway.asc
Value VeRitioh - 842
High - 100442 & s 48 ' * 4a) il 3 dlald ask
Gl g
Low : 1125456 Low: 32
==
e ——— o — ——

o dke )3 551 3580 sla el ) v of s

() basl -
5 Jien Gl it Olgisay (g Cnd a0 WOT Las 5 I8 3b o asls ol a5l dn G cpl Lo
Sl G dun s JEs ame Olgsn o3 obilax (o e 5 Isb Slamis gLl & old 4y Sus b
i i el Gl s § 4 ks il & ol g 485 die 6l b Cul s 5
Loss ¥y (eadw) S5l Olgeay Fast LG o) Ve 3,8 S5 G sy Cead > S 5b0ls
1 05,37 (AUC) iowin o3 o Jlages 0 JS5 3 oty S aslizal Juo (2ylsT) (i Lol g ol
DIs 1 g 200 2l Gl (ome Dl da X s (655 2 &5 tied plaslaged Jold gt ol .l
Ly, deas o oled | Wlodd pond gibata g5 by &5 ol s e ezl Ol da Y jgmn (g, 5 At
53 Jlages cpl Wgs el e daly ekasOlE nb a5, &S e 5 Sote dlaly ednS jasde e 53 Vb @ g,
f AT 5 AV e ey s s el e 2y el bl dal Ol S st <l
W Sy dis oty &, & ol s Jlo ma otz Ol o8 ol (2o ST 5 (s st s0s (sl w55

\-¥



https://dor.isc.ac/dor/20.1001.1.22517812.1402.13.1.4.6
https://magazine.hormozgan.ac.ir/article-1-705-en.html

[ Downloaded from magazine.hormozgan.ac.ir on 2026-01-29 |

[ DOR: 20.1001.1.22517812.1402.13.1.4.6 ]

AT ALY L (1) VY ke mle B sla e s

S ol p s il ble W5 s o5 Jas &S Lemeshow)&Hosmer, 2000) s 54 o u,? LB s
S S LS s,

10F
0.9
08
0.7
0.6
05
[ ET N
- 0.4F

03

AUC= YV, il ol 22300

|
AUC= 3 cniad s e

01 ]

A= 80 AT s 23 pm

0Dof

i I 'l I i i 1 1 1 i i

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.e 0.9 1.0

218w fa Adabe
4 g 30 21w (Bis Gl b o Jua JLis) w1 e D S

A S i do s sy 93 3l ik g3 G led Ol oime a3 Ol o Gl sk nl 0o
e asls 51 Ka canal Oga)T opl .l 0id oslizal Jackknife OgaT 5 consle g5 5 oolitul b it
de 3 b astls 51 a od e L Ml ol 03,87 L5l (B toled sl o wily e Ol es
oetls Ly sarls e L3l b s wib e K 4wl ) b i oo Jun STl 5 558 asia ok
LSS 5y a s ol a3l sl sladas oS Ll Ly s oren  oph paste K05
Sl 5 A el Ll bsmll sl s oLt oSl bamll 51 e il & U s

A el g s (LS A5
Ll s 5 bl b el cul sms LBl il Sl bl a3 Ol s esdle i &
Saloss S sl sl nin & ol O saasOlis Jaa s &S 5la Aoy b A8lgs oy 50
@l T 5ol 5 (1/A) ALS sy oS5 LNE) sl )8 (RVIA) ¢l 3 & adkaie St
coad (/) 30 0T adgm ol 5 0L S o35 4 50 I3l clamalyly o a8y asly o (ALIV)
oanta el 51 SKn Coaal 5 3T Ol ¥ Jsdr U il (£0/7) L JUST U (o3 508 dbols 5 oot b
5 2l s gl slaarls o aas e Ol | (sl S 05051 @l 5o 5 eled K8 sl ik
o2 ler ST slauls omn a aalsl o o Bl (o Comal Ll 5 4 S i3y oS5

Db o als Vb eS8 lie do s b


https://dor.isc.ac/dor/20.1001.1.22517812.1402.13.1.4.6
https://magazine.hormozgan.ac.ir/article-1-705-en.html

[ Downloaded from magazine.hormozgan.ac.ir on 2026-01-29 |

[ DOR: 20.1001.1.22517812.1402.13.1.4.6 ]

TanDEM-X glaesls L Sus Jolu 3 R

R

4 g 3111 A g Bl Gl b el 31K e o jlin Ol 5 1 g

S Hlin w5 T el
av/a ¢l
W& 2l @S
YA P& s,
AIY T 5l dols
f ulﬁTW
/Y - SLIVES
T SIS 5 sk,
\/Y e
\/Y Sl il
N Jsb sl
/5 s wle
A e
(As sl
iy Ol <oy
0" ot
Y JU S b oo 0 dsls
/Y b dsb
o/ s O

Environmental Variable

Jackknife of regularized training gain for Presence

_Aspect[
Convergence Index [
Flow Accumulation |

Elevation

LS Factor|

Longitudinal Curvature [

NDVI[

Relative Slope Position [

Specific Catchment Area Band 2 [
Stream Power Index [*

Topograpghic Wetness Index["

Valley Depth [

Ventical Distance to Channel Network [

Geology

landuse [
soil[
waterway [
Hillshade [
Slope |

Without variable ®
71 With only variable ®
4 With all variables ®

g
=

05 1.0 1.5
regularized training gain

N
=

U.i.h)}v_',1\):o:Lé.:.w\:)}4gsuuar'u‘»}\&gﬁﬂé\yw)x‘s\xQU&b}»ﬂ@w:FJi..i)

{34


https://dor.isc.ac/dor/20.1001.1.22517812.1402.13.1.4.6
https://magazine.hormozgan.ac.ir/article-1-705-en.html

[ Downloaded from magazine.hormozgan.ac.ir on 2026-01-29 |

[ DOR: 20.1001.1.22517812.1402.13.1.4.6 ]

1SSV AEY Ll ((FR) VY e Sl b gl fa s

2 AME Sl Gals Gl o 03T 5 @Sl s 5l ol s 5V IS8 lalssed & ar s L
st Ll ot (o AN plil o a8 o ol ol Sl el e 7 ol sl Gasls
el cl wil gl 5 Pl Jale 3T ol ead iy gl air e 5 Sl wils S sy Jlose
5 S Gl g Sl 25 inag o L @ el oV Ol ess 2Ll 0
b by il S Gols e U (0l it b g 4 am 5 b a8 ol | adllans e adlete
STl 3 005 b Ll Ko ST ()l opned ool eas £3031ST 5 G Bl s WS
3 B s SIS gly g (Y Jlaseim VO ISE) Wlarils g pl0 5 OLSS Lo ol sl Ko
ol Olsee i & aas e Ol ol Gt i gdnag o S50 Latls cpage Olyea o
b 5 kS o My G G lad Ol OWSS L sbay 0TSl 5 (18F) ol <1\ JI o (S5 s ot (b
bl gy o (1l VO JS8) A8 e My (S5 e S35 w2 e S L 0TSl 5 s r (T04)
sy B oled s Jlexsl o i e Ver ous B e la ) &S s O aal T Sl dols asls

(5 s V SK8) Col ot arlpn Kt 28 L 2ol Ol OT 51 kol 1581 L 5 5l

T T T T - T T 0.65
o - e
0af 1 1
08 1
07 .
- 5
2 a
go‘s ED
=
2os 2
E g
©04 ©
03
02
01
0.0
1000 1200 1400 1600 1800 2000 El 1 2 3 4 5 & 7 8 9 10 11 12
065 1 1ok
060 s
0.55 1
050f N . o8r
045 2 ] orr
5 5
So40 1 2061
3 2
g0% Sos
2030 kS
B S04
025f
020 4 03f
015 1 02t
010 ol
0,05
00f
0.00 L L ! 1 . . . . ! I | ] I I !
-0.1 0.0 0.1 02 03 04 05 06 07 08 0 2000 4000 6000 8000 10000

33 (F) 1T 31 alold (1) (ALE g o515 (1) (31 6yl (1) g1 s ols 8 1 oy b as i gy (omia 1Y IS5

g 3T ab s (B

\.v


https://dor.isc.ac/dor/20.1001.1.22517812.1402.13.1.4.6
https://magazine.hormozgan.ac.ir/article-1-705-en.html

[ Downloaded from magazine.hormozgan.ac.ir on 2026-01-29 |

[ DOR: 20.1001.1.22517812.1402.13.1.4.6 ]

TanDEM-X slaesls b JSus Solw o L9l g sl5 g S13

e ld el 5 e, mT ST s Sl eslimul b oS a st 3 0T ad s uuarg adB A S s
Sl b Sl b 3ble 328 Kl o8 st 35T it il 4 Sl 4t o o IS 0T
el b g ol atB 0 oS b0l Wly 55 bl s ] Wb oS Sl e S
Do) S abls oS &peo il aas e ol VB D3l s 1 b Jlas] aid pl ot Ol s
G5 oty bl 5 sl op 5V (Fast e dlesl b csleo s ol Son5) & LOT LS,

el gl st Ol Bl 51 s o ST Gls i 4 S35 L i

244000 248000 252000 256000 260000 284000
1 1 1 1 1 1

220000 230000 240000 250000 260000 270000

T T T T T T T T T T T T
220000 230000 240000 250000 260000 270000 244000 248000 252000 256000 260000 264000

Legend
<VALUE>
[ 10/0 - 0/09

[10/09 - 0/31 e s
I 0/31-0/59 445

4,058,100 16,200 24.300 32,400
I 0/59 -0/99 o s @

@ g 301 A g S il b Gduaig 4 A S

&S amii g S -0
Gl 5 o3 Sitsang 5 St il Lyl 3 15 OT 5l (s 20 &5 Ol pl 5528 598 Il b a0 ar g b
5 G el s 2l b s (il Lld & s 6 Cl i S 20y
Ghla Sl cblis cgm s o3V lag a3 Bl OT Glaase 55 3 ks adl of Cur clueg
0o B ol o g (Maxent) oo 5T sl Jie Sleslimal b Gudss cpl 5o bl 35 iole b dxts
oo p gble s «87 Jus opl o Bisel blE i iledis )b Olil 3,8 g 3 4 gust ] b 5>
(Srs Gl b ol gledis gl s ag Sl sl 5 sl oosale s slas 5l sl b sl o ST
e b (o it S e L1 Sl ale o ST il g s ST e s s

aMlﬁTL}o&cJ‘iﬁT o 9> Co s cdu{@b LR J«ab c&‘jﬁ}? g’_‘,q}laj cub"_):- NIRRT c&i’:jj QL»

\-A


https://dor.isc.ac/dor/20.1001.1.22517812.1402.13.1.4.6
https://magazine.hormozgan.ac.ir/article-1-705-en.html

[ Downloaded from magazine.hormozgan.ac.ir on 2026-01-29 |

[ DOR: 20.1001.1.22517812.1402.13.1.4.6 ]

AT ALY L (1) VY o fole b gla fags

ol (Sl il ¢Sl ol S g WS e liin (el S Gals Ol s o Jsb sl
3 8 eslimal Fas ales ales bl o o s M sl ke Olgiea caal T Sl

ik s eadly Jld e bty ) S adbis Sl as s A Sl i &S s Ol Sledae 1 el 2
ls I8 adlete 8,0 Cp  pLl WSy s (150 50 Skt GbLe T S0 aglal 8 koS L
Sl opl odiasOlEs & el Cws & ATV Ll adllas ool 55 (AUC) oows 5 gl patls o308 )]
e de 8 o8 Ug e Losolin b s enp Vi ey G il bl aney U3 di et
S S8 RSl 51 syl s il bl 15

Gl At bl s ¢l Ol o ey i)l Gasls |y Comal 5 T o i o 5 Ol Jus )l mls
Sy adlate 53 G (e p Ol B mST il L) iz SGsky 3l 2y (e sSan daly S
Ghlie 53 Sl Gas 2087 0I5 o0 ol ol s 4505 L3 e AVY gl a8 s bas o ity 5 Sl
G 3 3 ot daly atlie AL phg s ailes (i bl Ol o cl S5 OLLE Bl o
Al @l b e ol @l b L8 Sl LS i b ogd 55 sl 5 bless ol
Sheet ) 1> lysan s oo Sl s 25T dus gl 2alS7 L o el eals 0Lt o 0 Kty
2l 8 pasls gl e s Sl an .(et al,2013; Zakerinejad & Maerker 2014; Rahmati et al,2016
alllans o ailate it talasp et dlosmly IS 3T ol e 8 50l 1 cmal 5 L o iy
5 AN o s pizmed Sl 03y (505lST bl 5 (8)1S0) Chmd Wle ol 4 by
338 AUl 3 S el G il olal wa g nins 5 Ollay il 3 Vpans a1l i el
S s saals sl Ol 2B K sbe b e s 5 VT b 5 5 65l Slles |
o S lesd o (2L e l8) Sl Glagasli s plasl s das Sl edip] sl (5 55)
SIS sy el s ol s cwl S5 4 eV s uST talasd sl 3 pepe 28 adllans 5
oatls ag Gl cpl g oesdle sud gy e VY K @Lu8 L TAN DEM claesls 51 011 s Lb odsl ol e
 adkie Vb ol ar b egsipn )l e ealinal ¥ Lz ol sale slaesls 51 b (Sl (s 2)S
S S Vb el b bl oy sl 5 mp S e 3 BlS e GoiS pl B Sl eslimal uST ol b

38 B Ol el e sy ge S p T blim

Lo

1. Abdollahi, Sh., Habib, N., Mir Yaghoubzadeh, M. H., Najafi, S. (2017). Estimation of gully
erosion and their development using GIS and remote sensing, Journal of Desert Ecosystem
Engineering, 6 (17): 69-78(in Persian).

2. Arab Ameri, Al., Yamani, M., Shirani, K. (2015). Optimization of susceptibility map to
gully erosion using integrated data-driven statistical method, (Case study: Taroud-Najarabad).
Land knowledge research. 10 (37) ): 38-18. (in Persian).

3. Arabameri, A., Cerda, A., Tiefenbacher, J.P. (2019). Spatial pattern analysis and prediction
of gully erosion using novel hybrid model of entropy-weight of evidence. Water. 11(6): 1129.

14


https://dor.isc.ac/dor/20.1001.1.22517812.1402.13.1.4.6
https://magazine.hormozgan.ac.ir/article-1-705-en.html

[ Downloaded from magazine.hormozgan.ac.ir on 2026-01-29 |

[ DOR: 20.1001.1.22517812.1402.13.1.4.6 ]

TanDEM-X slaesls b Jus ol B o o SE P g a5 Ss

4. Besharti, B., Abedini, M., Asghari S. (2018). Investigation and analysis of factors affecting
the creation and development of gully erosion in Shurchai watershed. Geographical Research
Quarterly. 33 (2): 222-20 (in Persian).

5. Conforti, M, Aucelli, P., Robustelli, G., Scarciglia, F. (2011). Geomorphology and GIS
analysis for mapping gully erosion susceptibility in the Turbolo stream catchment (Northern
Calabria, Italy). Natural hazards, 56(3): 881-898.

6. Dhianaufal, D., Kristyanto,T. H. W, Indra, T. L., & Syahputra, R. (2018). Fuzzy Logic
Method for Landslide Susceptibility Mapping in Volcanic Sediment Area in Western Bogor,
Proceedings of the 3rd International Symposium on Current Progress in Mathematics and
Sciences 2017 (ISCPMS2017) AIP Conf.

7. Ebrahim, M., Abalghasem, A., Ahmadi, M., Asadi, A. (2018). Comparison of Gully Erosion
Susceptibility Mapping Using Weight of Evidence and Frequency Ratio Models at Sanganeh
Kalat Basin. (4)32: 105-126.

8. Gholami, M., Ahmadi, M., Mahmoudi, M. (2017). Analysis of Geomorphological
Constraints in the Physical Expansion of the City with Emphasis on Gully Erosion, Case
Study: Mehr City in the South of Fars Province. Journal of Natural Hazards. 6 (12): 124 -105.
(in Persian).

9. Habibi, A. (2017). Gully erosion zoning to identify endangered villages using a fuzzy model
in the Gargar Shushtar river basin. Geographical Quarterly of Scientific-Research Land 14
(53): 52-37.. (in Persian).

10.Hosmer D.W, Lemeshow, S. (2000) Applied Logistic Regression, 2nd ed. Wiley, New York
392 pp.

11. Ismaili, R., Shokati, R. (2014). Evaluation of Abkandi Erosion Sensitivity Using Logistic
Regression in Salva Abad Basin of Kurdistan Province Geographical Studies of Southern
Areas. 5 (20): 104-91. (in Persian).

12. Khorram, M., Mousavi Nasab, Z. (2013). Hydrogeochemistry of Groundwater Resources in
Khasoyeh Plain - Hajiabad, Zarrin Dasht Fars. Iranian Geological Society. (in Persian).

13. Khajeh, N., Qudussi, J., Ismaili, R. (2017). Investigation of The Effect of Environmental
Factors on The Formation and Spread of Gully Erosion Using GIS (Case Study: Tamargareh
Ghozi region, Golestan province) Watershed Management Research Journal. 8 (15): 212-202.
(in Persian).

14. Nazari Samani, A., Ahmadi H., Jafari, M., Boggs, G., Ghoddousi, J., Malekian,A. (2009).
Geomorphic threshold conditions for gully erosion in Southwestern Iran (Boushehr-Samal
watershed). Journal of Asian Earth Sciences, 35(2): 180-189.
doi:https://doi.org/10.1016/j.jseaes.2009.02.004.

15. Nikpour, N., Fotouhi, S., Hossein, N., Sistani, M. (2017). Morphometry of gully erosion
and the factors affecting its creation and expansion (Cham Fazel plain basin in the southwest of
Illam province). Journal of Spatial Analysis of Environmental Hazards. 4 (1): 97-11. (in
Persian).

16. Piroozi Nejad, S., Soleimani, K., Habibnejad, M., Zakerinejad, R. (2017). Prediction of
Gully Erosion Using Remote Sensing data and Maxsen model in Alvand Basin, M.Sc. Thesis
in Watershed Management, Sari University of Agricultural Sciences and Natural Resources. 9
(14): 110-95. (in Persian).

17. Phillips, S.J., Anderson, R.P., Schapire, R.E. (2006). Maximum entropy modeling of
species geographic distributions. Ecological Modelling, 190: 231-259.

18. Poesen, J, Nachtergaele, J, Verstraeten G, Valentin C. (2003). Gully erosion and
environmental change: importance and research needs. CATENA, 50(2): 91-133.
doi:https://doi.org/10.1016/S0341- 8162(02)00143-1.

M-


https://dor.isc.ac/dor/20.1001.1.22517812.1402.13.1.4.6
https://magazine.hormozgan.ac.ir/article-1-705-en.html

[ Downloaded from magazine.hormozgan.ac.ir on 2026-01-29 |

[ DOR: 20.1001.1.22517812.1402.13.1.4.6 ]

AT ALY L (1) VY o fole b gla fags

19.Rahmati, O, Haghizadeh, A, Pourghasemi, H.R, & Noormohamadi, F. (2016), Gully erosion
susceptibility mapping: the role of GIS-based bivariate statistical models and their comparison.
Natural Hazards, 82(2), 1231-1258.

20.Shahrivar, A., Shadfar, S., Khazaei, M., Adeli, B. (2017). Evaluation of Gully Erosion
Zoning Methods, Case study: Abgandi watershed). Echo Hydrology.4 (1): 132-119. (in
Persian).

21.Shit, P, K, Paira, R., Bhunia, G, Maiti, R. (2015). Modeling of potential gully erosion
hazard using geo-spatial technology at Garbheta block, West Bengal in India. Modeling Earth
Systems and Environment, 1(1-2), 2.129.

22. Tahmasebipour, N., Rahmati, O., Ghorbani Nejad, S. (2015). Predicting the sensitivity of
Gully Erosion in Seymareh Region Based on the Heart of the Certainty Factor and
Determining the Importance of the Factors Affecting It.Echo Hydrology y.3 (1):93-83. (in
Persian).

23. Valentin, C, Poesen, J, Li Y. (2005). Gully erosion: Impacts, factors and control.
CATENA, 63(2): 132- 153,

24. Zakerinejad, R, Maerker, M. (2014). Prediction of Gully erosion susceptibilities using
detailed terrain analysis and maximum entropy modeling: a case study in the Mazayejan
Plain,Southwest Iran. Geografia Fisica e Dinamica Quaternaria, 37(1): 67- 76.
doi:https://doi.org/10.4461/GFDQ.2014.37.7.

25.Zakerinejad R, Maerker M. (2015). An integrated assessment of soil erosion dynamics with
special emphasis on gully erosion in the Mazayjan basin, southwestern Iran. Natural Hazards,
79(1): 25-50. doi:10.1007/s11069-015-1700-3.

26.Zakerinejad, R., Omran, A., Hochschild, V., Maerker, M. (2018). Assessment of gully
erosion in relation to lithology in the Southwestern Zagros Mountains, Iran using ASTER data,
GIS and stochastic modeling. Geografia Fisica Edinamica Quaternaria, 41(2): 95-104.
doi:https://doi.org/10.4461/ GFDQ.2018.41.15.

27. Zakerinejad, R. (2020). Evaluation of digital elevation models to prepare a Gully Erosion
Potential Map Using Maxent Model and GIS (Case Study: Semirom Watershed, South of
Isfahan Province). Remote Sensing and GIS in Natural Resources.11 (3): 24-21 (.in Persian).
28.Zhu, A. X., Wang, R., Qiao, J., Qin, C. Z,, Chen, Y., Liu, J., Du, F.,, Lin, y., & Zhu, T.
(2014). An expertknowledge-based approach to landslide susceptibility mapping using GIS and
fuzzy logic, Geomorphology, 7,pp: 128-138.

"m


https://dor.isc.ac/dor/20.1001.1.22517812.1402.13.1.4.6
https://magazine.hormozgan.ac.ir/article-1-705-en.html

[ Downloaded from magazine.hormozgan.ac.ir on 2026-01-29 |

[ DOR: 20.1001.1.22517812.1402.13.1.4.6 ]

Quarterly journal of Environmental Erosion Research Extended Abstract
http://magazine.hormozgan.ac.ir

Spatial Prediction of Gully Erosion Using TanDEM-X data and
Maximum Entropy Model (A case study: Khasoyeh watershed, in
Southeast of Fars Province)

Reza Zakerinejad': Assistant Professor, Department of Physical Geography, Faculty of Geographical and
Planning, University of Isfahan, Isfahan
Parivash Alvandi: Graduate M.Sc. Student of Geomorphology and Spatial Planning, Faculty of Geographical and
Planning, University of Isfahan, Isfahan
Q Avrticle History (Received: 2021/12/26 Accepted: 2022/05/30)

Extended abstract

1- Introduction

Soil erosion is a global problem that seriously threatens water and soil resources. Among water, wind
and glacial erosions, water erosion causes extensive damage every year around the world.Water erosion
is divided into four groups according to the importance and method of formation, including splash
erosion, sheet, rill and gully erosion.One of the most important types of water erosion is gully erosion
which is a common phenomenon in the climate of arid and semi-arid regions, which affects large areas
with different morphological, soil and climatic conditions. In fact, this type of erosion is of special
importance due to the production of sediment and soil loss, as well as extensive damage to land, roads
and structures. Therefore, to prevent the rapid growth of gullies or to minimize the damages caused by
them, it is very important to know the morphology of a gully and how it is formed and the reasons for
its growth. In fact, by identifying areas prone to gully erosion and identifying the factors affecting it, the
risk of this erosion can be reduced. A large part of the southeastern regions of Fars province due to
special topographic and geological conditions, have been affected by this type of water erosion. The
main purpose of this study is to prepare a gully erosion susceptibility map using satellite data and using
Maxent model to evaluate the ability of this model to predict gully erosion prone areas south of Darab
city in Fars province and also to investigate the impact of each factor in this is the type of soil loss.

2- Methodology

The study area is located in the Khasoyeh watershed, in Southeast of Fars Province in the Zagros
Mountains (ZM) (54, 9'till 54, 42' E and 28, 18'-28, 39' N) and covering ca. 139248ha. In this research,
we followed the subsequently mentioned working steps to predict the gully erosion susceptible:

In the first step the locations of characteristic gullies were digitized using Google Earth (GE) images,
aerial photos and fieldwork. Subsequently, we converted the polygons into equally spaced points, which
are congruent with the raster cell centroids.

ii) In the second step we prepared the predictor variables that are driving the erosion processes. These
continuous predictor variables include; Physiographic indices including, elevation, topograpghic
wettness index (TWI), vertical distance to streams, slope, slope direction, hillshade, LS factor, Stream
Power Index (SPI), flow concentration with spatial resolution of 12 meters were prepared in SAGA
GIS. Before applying the indices, the DEM was preprocessed with low pass filtering to extract artefacts
and errors, like local noise and terraces using ArcGIS 10.8 (ESRI, 2010). Then, the DEM was
hydrologically corrected eliminating sinks using the algorithm proposed by Planchon & Darboux
(2001). The other applied indeice in this research are including, geological maps, land use, morphology,
soil texture, were prepare. In the last stage, after preparing all the effective indices (Indepence layers) in
the gully erosion of the region, the maximum entropy model was implemented.

3- Results

1. Corresponding Author: r.zakerinejad@geo.ui.ac.ir
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The results of the applied model showed that the elevation index is the most important factor. In the
other words, the result indcated that there is an inverse relationship between the elevation and prone
areas to gully erosion because the most gullies area are located at a minimum elevation of 900 meters.
The reason for this can be reduced soil depth in high areas. The results of the modeling showed that
more than 80% of the area is in the very low risk category and most of these areas are located in the
northern parts and highlands. The high-risk areasare mostly located in flat and low elevation areas in
southeast of the study area. The ROC curves in this study was equal to 0/94 that shows the applied
model is considered well distinguish different areas of gully erosion prediction.

4- Discussion & Conclusions

Gully erosion is common geomorphological problems in arid and semi-arid regions; therefore, it is essential
to develop methods to predict it with simple but highly accurate models. In this research, the spatial
prediction of gully erosion in the Khasyoue watershed in Fars province was carried out by means of a
stochastic model and a detailed terrain analysis as well as additional environmental variables. The validation
of the Maxent model shows that the model prediction for gully is outstanding. Percentage of the important
variables for prediction of gully erosion indicates that the most influential parameters on gully erosion in the
study area are espectively elevation (57.9%), land use (11.6%), vegetation density (9.8%) respectively and
the least effective parameters are the direction of flow and catchment area with (0.1%) slope and vertical
distance to streams with (0.2%). The simplicity and the relative low data requirements of the applied method
allows an effective method also in other regions.

Key Words:Khasoyeh, Tan-DEM, Gully erosion, Maximum entropy.
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