PR Lol eyl 3 Comnn 0)lod oot 0399 c(stamb brnzmo Sl bl alono
WAYNYA o cdl ,o gu b
WAA/YIYA :llio o ls 65,5550 gl
WAA/F[F o by dy gyl
BV - £Y ilrio

o SLSWSS 00l b (4135 sadwlo p oo (0 y20 50 bl b
oo 35 bt ¢ puiilo 3 9 T 989 ¢ 5 SO 3 253 390 Ao GI'S g 599 3
* e

PR

SroPe 9 (Srb s oSl 9 (FeSun Gblw (55,0l g sy (S i Glawle 9 (Sub slaa cdpiey
bt 4 @bl (nl (danmotums s s Judne (p ) (owlwl 1 cdmlo g (b 5 )0 Lol £939 059 0! 455 eba ol GloyS Ll
Ole) sawle pazd Blad 4 ydloy 3 78 ol ) GGk e 03900 (il Jrmiiliy 3 (plwbid (Giizd cn! 5 S Wyl 00
30 Jole g 5935 B I Liwly cnl 50 .o ooliviwl *(SDEVI) slamls loas b S s piscmml aslih 5 jalio oy ol
Sl a3l am ob oolitul (LS by 3 3P £ (B ng (S Cugby b wad Jold plgy lacrd b yeS
atd 2l S aldi g oud Al pal GIS bumo 50 5 Guvas) G pducawl ;9 1 ol Bl & LT (olos cabgpo
01 5155 0L 5 9 05 (lud (63l iy 50 axlllaed y30 009ume 31 &0 yioghiS YFOr Carug 4 (sladlaie (bl (1l 4305
et S e 50 pbloy 9 R TS Ol sed (o (LI oy 5l (oA g Luwgy FA Slani cpdlo b pee (295 Ao
Gloylgnle s bgs o OLI sudmiuw pglai jISDEVI psll 31 Jolo guli comuw Como jolidn 4 .00,10 51,8 19, b pazxd oL )
Jleel b g sudasino glawlo 3blw “g‘l- Qb o 080590k Wb i b .ol colisiw! SENTINEL 1 (6,100 ymolai 9 A cawadd
Tl b i lawle sbaigy Ol 9 solul ol <6310l psbai g3y 3 ™ (CCD) (Suwnad b o' (g3l sl SuisS

283 0 51,8 ol 8590 1y 0aoly (6189 ] a5 Ls Como odnlcawsd

aboyS liwl sloylanle pglai gi3ls  SDEVI asLs s‘_g).a..\awT (ol glaas oy :‘SJ..QJS Qb‘)‘ﬁ

s#Sand Dune Encroachment Vulnerability Index

s#xCoherency Change Detection

mehrabi@uk.ac.ir (J s 0kt 5)0La S c0le S il g olisls (5 68 (63 500b 2 5 L3l i iy Lokl — )



1va4q QL".MU ¥ e)ucr@a))éewlahcmgb\jb\&uw fA

doodo

ool oad )92l (aemy oS 3 2lioble Rl el lal o gy sl JleSis el 5 g5y
5 eler) Sl (e 5 g, 2ol A by JleSas b LOTRF GliSes 5 55 m3)
<hoble (UNCCD?) ase Ho slosle olioble b ooyl camlee o odal iy yai ub (Yoo A o) Ke
3 ol slo s e lisie e 1 A e i 5 S Glolin 3 (e ot 59 3] Sl e
@ Sl 2ol () 5 88 alel (gauaie Jlus 5 OASEw sbml Sl (e o5 Sl slacdld
ooy Yo A) Tilsw 5 g Sl Gk (Ve ¥ Tgpad g alse) ogdie solasdl elazzl Jiluw S0
S Oler Sisdad 5 i bl o bosgume (ul 5l a0 AV 5 oo lawle glaas il oanisy o)l
Sy 4 4255 b S35 oun] 53 wilgigo llis nl0)ls )15 s g sladnls poze 5 2130kl daias
ol Olee 5o 3l el ( Sl slaoygd ounlip Gl g alS o9d WS Gl 50 p3l eslsg; (el
g SlL) d9d oo Slamle Slaas 1S 5 S g (BLS Glg B el am)s g ond s LB
Sly b Slbbre et 5l S sy God peme ey BLS SR cu S b (VY Sy

ARRR ‘?Q‘)&“‘“ 9 as) "\""l‘nso dj)ﬁu‘s ENI= ns’y"‘"}“ Lol 4 LQ"") ‘cs.’L*".‘ slolSi S
b oldliz (oye 5 Job Jhjl a8 a8 518 Sisans 5 Sis slapelil o Gl O 5w )s £O sg0 4
SIS SN L Olpl ) gy B p @Sl SiSaes 5 S Ll o)l Gl Gl Sble xS
soas (s psS Gble |; plnl colus 51 ESe (orkoo A sg00 a5 Conl 00l Crge (Jlo )3 e oo VO
JEsl olsy oSy, |y ,USe osrkes 1Y 950 crbis ol 51 ilies 3azl 8LS iy b iblis § clawls
2010305 5 ol Slapgls Ll 5l ptse 5 cenl Jlab (b sloags T JiSe (sekee & 250> o5 el 00 S
oniplml glaasilias (VYAY ( als)) ail o Molye byhs 5 ollss e colazdl 5510 o Wb, 5 o g o>
ol 3 sl Lulyd Gl ple)S il a5 5l )13 ol Gl S o 5508 el 1F sas e ol
osls JSas Sble Lol ) le,S bl mdaw 5l as )0 YT sga 10 (VW) () en 5 (sogaio) Cuwl i)
Jud aes 5 Jlud lalin LS (gekee a5 Shle 5 sn5S L2L) ESe (seles VIV (lie (nl 5l oS ol
Solie ] 0l sl s S il byt 5 b o 3 U5 ol plisl i 45 it
Sl dalivg) o ool (bl sbooly do i «(65,0laS” (Lol 4 995 pozma b g oads bl ol (559 L
adhin olupg glecadled 4 g 0 oo o2l,8 po e Saij Glp 1) Glowae CMSie dilhie Sl g (golail

- Giannini et al.

- United Nations Convention to Combat Desertification
- Holden and Shiferaw

- Pye and Tsoar

- Schlenker and Lobell

- Effat et al

oOUh WNPE



4 )\ a.}Ld;'.w‘L'Q\)J L;L&MLA t}a.& upjvu L L}ELA &.L»L.&

50030,5 g 5ol> al> 0 )4 dJleo ol b JluSis polas b 3] Jlo wiz (b & e0 s bl slaaokl
el Gl B G @ als Lo Jb o

sy st poza 3l o Gblie colid i)y o g Mollon gl o 0k sloaslllas (515
il 5 oaz o e laas Jhs b5l Glsie b (dos o (V- X)) ol oS5 5bay sl a2 ol
wiline glavle sboas G39998)50 (o 5 Sl Glaas CS > Cuzr (w2 3l o s Dl e 058 0
TohlSan g 815 aizman ol 03l S8 sy 2050 |y Wlinsg, 5 lezilo dnoslr 4y slawls glaas oyl s
@bl pludgie (25590 (65,5l Sl S 5, 2 Ols) sleasle Gla T gy p 4 (V20 7)
pydise S5kl cels Sae SYsb 5o ool Galep g sy gleanle &5 el (T 51 (S regl ol
SEi 3 olsy sbhanle sloagd Cont et s ladsly (ow)p @ 8 (V1) T Ko 5 tlse 2 se
il b ol g s, sloanle s b ais, dmS s Lt Geios gl Wlaisls, 1oL Cyin gle
Obboa g £935 5 Ol Aol 4y yomie iyl O jgods 43,5 D50 sbapladl e ol ool g0l
Slonl s Ky lmlr Ll Slsie b idos 18 OTA9) e 5 gogaio al oad olalS 5 ol oo e
Obial laaslllas gbs wailosls )13 axlllans ge 0598 (paiz (b 1) (o8 loasd S 28 e (adsds) Og 02
5 Sl aijle ool g Syod s VYO L AP o aVle hugle jsbay glavk sloag a5 sas o olis
0l i slbodss ol ek g b pieny Jolpe doblS lamSasl dilaie i sloag aslllaaly (V< VA) Tyl San

Wlos S (g Sl 1 sl cd iy (liee el bl €55 (el o 5 030 18 g0y 20550 (S9Sms Bblis
S SYsb Bilse 5l i a5 el onnall)l g, sl albmlr b)) cur Gk sleasly (S
o)l 0g2g Gl (pl &lse I (g les aS Il o)ls Wil polae (6, Seslwl g cud g 2ler g ol slaosls
—a ey S S oial s el ot el 5 i Lol sla gty ol egdle (Y e e uple g i)
35 05 Bl 6yl GRSy baaddlls 5l pan 058 g0l Jolis |, Jlo (paiz 5 035 SaeolisS Jame b
Slawle sloas S (il 2 (S s TV T0LKes 5 (gtee VWY P00 5 Gy (soeml) 008
lolgale jgooly sltomin slais, daelsn £55 (nl Caidse 5l Gluebl jsliieay (Y10 Il Sen 5 ()
5 O0g) 3,5 oy g b ) (g wd Cgz 4 P 5 gy @bl Gly U wilazd 518 oslinuls e
JB105 g el 5905l o sloylgale pyatl (5,55 (S guiw dawgs caball,l Sledlbl  egdle (Y oV &5l

- Al-Harthi

- Zhao et al.

- Hugenholtz et al.

- Attanayake et al.

- Ahmadi Birgani et al.
- Mihi et al.

-Elsetal.

- Bodart and Ozer

O~NO O WN P



1749 Ol oYF e)ucr@a))éewlahcmgb\jb\&uw g

DlSan 5 9 815 el 5 s e sl ek et sl 63L5 emm Sady (sTls ], e
aS 5 9bay Wlos S solul Gl slacys oluls b g gwyp cua cod,b ol 5l ol lasoe (Y4VA
9 Oliaaw ol obly; adhie glawls ol las S - Sby by (VYAY) LS 5 (59
o Ve bl Glawls sleas cé i ol pliasl g ools J18 aw)0,50 5905l tomw jloslainl b1y il
LSLQM ‘GISB 9 )‘ LJ'“M LSLQ‘&“S) )‘ oolaiul L: ‘(Y‘ \\ﬂ) YJ.o.QJS .Ji‘oé; %BT)‘ @),4)...055 VY Sgd> 40
s Sl Cusb, e ),;L » ol sl ools J13 ol 890 1) Gl jeuS alie 3blie o ouuSTy (slawle
—aib sla g, 5l oslinal b olag) (¥ V) TolKen 5 Lol o)ls oS slanls slads g5 p0m 0 ol @i
Wlos S ateine 1) il showl jo (295 ble i sloas 69y p odloF, oy Gl (b o
bl (g H3iS g 0 BLS ibe adls g b IUT 5l eslatul b oY VA) Tl e 5 (ol 3
Wilos ST jasie |y Gls,y slacd (605 sl g 3985 (5l dxo

OloS bl (B blia 1 dnle 5 b slaoss (ByuS (59) 2 Slalllae S zen (3iSL &Sul 4 4255 b
Cowl o0y UT P2 (P (GO u.:‘ ) ol d.‘oL..,o O Egoge U"‘ KONy J..Jo a QT » 05)*9 9 Cl e\.d)i 'nlau‘
8 el g owy 0550 lawle slaas 35S g poa (Bxe ;o bl SDEVI asls sl eslatnl L G
wals cds ol e OLL (6,98 polas 9 SENTINE 1 g lol,) polai 5l Lisly cpl jo cpizmen 0,5
Ll saioslarw! SDEVI

axJlaod jg0 0dgux0
adlais Coluw .l )......:LA)J 9 C).QS ‘Uli') LSLQQL‘"“’)'Q”‘" LQLA; QL.....J‘ ks‘?,w d.‘al...a J.QL...) AAJUa.mb)}A 03 g0

Ae 5l ST (Sa)k bwgie g 009 62295 5 SaS g o) ailaie (pl @l .Cesl oudjpazme Dol blo Lawgs
OFAY St 5 cgolailel) el Lo o yo s

- Gaber et al.

- Fadhil
-Varma et al.

- Afrasinei et al.

A WN P



o) il ealial L Oly,y slaanle p a5 e 53 shle oluls

axllland yg0 00900 1Y JSC&

b g, g ool

Sy Julo

asle ol ase Jolse il o anls § (05 pamd g OS> jebar a5 cadl ool las L3 glaaslas
NP0 5 plaes) wilioe e 5 5 slaad G55ls8 50 b s anle 5 GO (35 o yied ) w0l sy
(SDEVP) slawls sloas (55 s pdyamml (asli 5l gios ol jo (V)Y o) Kad 5 S5 g0
dlo 5 b by 50 N8 5 asie yiall 0 Lasls cpl ool sadoslizal (Y2 VA &l Ses 5 5099)
b el 5 Ol S e plisl il 1, B cushy 5 LS s il g3 eglisl ol Sy ol
Srdlcaw! JSlas Jolwe 0 00 5 b s pdicaw! [SLis ) sae a5 5 sbas 950 0 (goiuas, O L) olael
Voojled Jgazr o eadol (a3ls elul noanls 5 58 (35S Gyl Ol 2l 2l il
el 00388 ¥ o Loty UK 50 S g, Uol e Cmioes el odmlie LB

1-Hemdan et al.
2 - Sand Dune Encroachment Vulnerability Index
3-Gomez et al.



1¥44 Ql:‘.w‘l.? ¥ oyld nr.g.i 093 LL;'.:‘JQ Ja.::u: C;‘J.]a\:u s

G gy oyl gld Y S

SDEVI (g il golasl 32 dusls 9 (o (3 a5 50y ol ) Jguir

SDEVI (6323 caml (il Grdcunl 4z | 4,
<)) o L \
Wb oS v
oLy Lsgie ¥
W N ¥
>y Yo > 5

Jds a4 aS el g yglob LB g oo 32l ool GIS Lo o Ol yd Add 4 5l aw eadol sl il )b

e ¥ a9 6 YO ol Copu g Cush; sloasd) basds 5| o o Sglite sl Sy o3l 5 9l

oy

wb Sas oSl wad wlie po baii aes ‘sazme (5,00 paigel Sllee Jloel b (@il 51 LS (siwn

59 " Sle eyl 4 by e ol Sl slaosls ams o ) dwle g 2 Je gl b cud b o0 j0 Sledll

il aids SO eyl ol ol sasays (https://giovanni.gsfc.nasa.gov/giovannils sl 4 b ol
oo 59, 5 i)l HeS B canl 00,5 WG VAL Yoo e slapgogype (o |) el 4 S0 ok o s Langte

1 - Resampling
2 - Giovanni



oy )\ oslaiw! LQ\)J L;L&MLA €}>=.& u;‘fu BE L}ELA $bu

Olie Gl b ale Syo (lie (e ably (LS laasllas wd gl Zeul SRTM (g0 Yo (093, el
Sy o 3blie ;0 43,518 sl aS (g ysbay (V) F S d) ol ool (Lad 1) oo gl £l
o] 5o S50 Jelse 51 R00 (S i e Sl 5 Jole 5yl 418 ol sladnle 39i 5 Sy (2 yme 0
ol Oliee (bl 2 Jale cnl 4 (20 (59 0 el VTR v+ (cwlidipn ladids 5l a8 ol (5 04y
nle 5 (rd 95 5 335 5 (wlidimny sl 5| o o 23l g Saleyd 5 (Sojlsm ply 0 SKiw Cueglia s
Slawle laas aSgyobar (Vo) (ohlSen 5 5on 2gm Ve oA low g (o V-V (G 05 o0 Lol
4 ailaio ;5 dgzge SLaS T g 08T e 5 sy 4y VL o anle 408 Lol mlie (lgieay
51 aams go et 355 @ 1) s pdyam] 45) omb Ol lood GheS 5o 5 o teS
& lale (slaas Sl 5 S 25 98 g0 Cgmne 6 vl )3 IS5 alse 0 Snes 3 (So (BLS i
GBS gy aids (Ve T e 5 55) sl (alS sy Wil et 5148 0l (S (soaste Jalse
ol &5 ol S ughy bole 556 0 3T 0h agd slojlnle yigai 59, 2 NDVI (a3ls Jlael | il

Lol saisanys (https://giovanni.gsfc.nasa.gov/giovanpis ol 4 ol cole Slgx ol b 5,556

399l e ooty

3oty ool 5o el sadioslanul Heo5l giomiw by, 99 3l (Gabms ol (o eolatuls jge el meiw locl 6l
Colw 5l aS VYAV ZITY 5 \YAQ/-2ITY lagle; 4 by Cawad oylsale 51 OLI (5,9 odizw pgai ¥
3Ly 90 (6 yamall 9 SO e gu0l) (owdid slaguoear bl o s, onl Ho ol colaiul wll oslils USGS
Gl ¥l o bls awle g i wlge ok CU5L ples wlul 5 aS Slxilsl o ENVIS.3 l38ls 5 lawgs
ol S35 ;5 slacaS 5 (Y VY Fialy 9 0,¥g) il oo ob3L o i o 0 Al o 5 S5k o eSS
Dol 5 b g 255 33 5 51l JUIS 5o ¥ il g e JUIS 5 8 il a8 JUS 8 ¥ il 42 il e
L)l s 4 baiye (S S 5 gl pslaie pay isd o alulid e Jb slawls slaoss (S uS
A dslie Ko slagley a4 by e () oS 5 pslas

ol Sar Gillobe Ghsy onl ol (CCDY (Sion lojets lolid S5 5l ookl pgo (29
FolBen 5 o> Ve o) ELKen 5 gl) ol b S0 cuibse b gl slaylile Sealiyogdjse sl s
2l byt (3l K01 g ilizes loj 50 @ bgape Jy aklaie So I oLy ugai 55 By, cnl 5o (V0 VA

- Livingstone

- Yizhaqg et al

- Bullard and White

- Coherence Change Detection
- Lio et al.

- Hvivi et al.

oOUh WNPE



1va4 ul:m;lf IF oyl ‘V.g_? 69> AN%NQ‘JPBMM OF

5 Jom cialogd sz sbolss S cov gliwls o glo i o Sis sladame ,5 igd e il
o 5 pI8) 395 ca 0)lgale g s oy | hab SRS o sl Sl aztiyo syl 1E (588 e,
sz b 4 g VV ey Ve L oSlc cw 3 o Sentinel 1 g lol, poar ¥ oolaws jelaie pay (Y-)A
Slosle gbosls Colus 5l ls caibllae g,55 palad yleg 4 Ly ,& aSVFAV/- S/ Y g\ YA/ AIYY A ¥AQ/- £ Y
SNAP ,l58ls 5 jo (g loly pslas a4 ba e sl Judow .ol bl (Mttps://scihub.copernicus. ey, o Lad
Sl o3 sk 5 Tl g s iy alyl 58,5 15 L] OCD b, plosl g 285 ol
Gy S8 s IS JBI Y sl uledyd 5 00,8 ()l e BT (g, plomil 4y pladl Ty g
" Fhron i e 58 OFAY () (n) (i) o yesis ol 5 o5dle (510l o5l
Vg ((Sad (g yiaS) ¢ oolael s S gosls (551 (Ve oV iylog) abbiso pgai g0 Sledbl
Peboe (Smod alS el uej S35 2 03E) (S bt WS (o0 e (Ken (M)
loliwlgs ) il oo 6 S iml (Ko (3551 S 6 e Bblio b alite )3 (55)5laS (sloosgasme azes )
9550 Gl 03 )5 yh g 4By 2ok Slrodgarme (S 90 a4 (oS (Koo gl (Voo F O] Sany

oSS 4l O 4y ol Gl 35 o 2 5 Gl ol slasle sl 278 5 S 0 e else
bgs po 4z olool ol 5o (Y Jgaz) 8,00 1y 58l o yiis 0 il 5 36 ol slls ) aibs 4S5 ebay senl
VB Y ISl ad ags Jolse ol 51 <SG 2 4

(Sloslo Soass by 5 Sy 53 550 Jolge suinaie ¥ Jax

O aiub F aid Y aib Y aib Y adubs LS5

o< A I -¥IY YIA -Y10 Y10 -Y/A (4l 51 o) ol &

0-A A=) V-V VE VY VY < (30,9) Cashs,
Aee < YeooA- B o=V oo vYef_¥f.. (o) glis )|
2L o) o lazes o by S Ny g aeyje P G

o
—oy Slaaiy Lo T - . .
Slasle gloag | Swanle 5 o)l . SOl Slsm, | Sy Sladss] glawssle STLSY
v

1- Backscatter
2 - Master

3 - Slave
4 - Coherency
5 - Srivastava et al




00

wdbeslial L Oly,y slaanls p a2 e 5o shle oluls

3l @ Jole bl 6 pdyoamT ol 4 — 0 b o aids - Y Ui

aghy Jole obusl 52 5y ropmil (5300 4 3 S gy 4k — A1 F S



1¥44 Ql:‘.miU ¥ oyld cr..@.i 093 g&‘.]a Ja.:au: C;‘J.]a\:u s

EW 5l Jole (bl 31 (6 sl Glmo el — 0 (gL 5] el - il :0 S

SBLS Siedigy Jole Golusl 1 (5 o] (50 4l — 0 (AL gy A — I PSS

o7



ov il ealial L Oly,y slaanle p a5 e 53 shle oluls

G390 e Jole (bl 32 (6203 ol (ol o Al — O (5 5ol g el — A1 Y JSC

b Sglite sl (5,0 slo syl b chlisee (6 iyml slads¥ 5 ot GIS Ls 4o 3ails Slilee plosi L
Pl wazr gleail 5 (IS5 b i adl oSG ojlad Jouzr Glaw » Culed)d 5 0sd pex K0S
S goae b))l Bblie w0sdas s plycenl ol 48 0 (A JS8) wd 4d SDEVI (a2ls ol ek
] oS by 3hlin £52 V) 31 a8 251 slls (slaosgioms 5 Yl it (5 g b 4kl 3 1Y
Blie 10 s pdcaw] bl a4 axlllass g0 03900 Dol oo odalin A ojled S5 0 aSle 8,8 o 8
Vor il (ol lol (nl 2 Conl 00l o5 B ol (Lo aihaie O @ Ol slaavle 580 5 poa
—coml b aids <> &y yaghS YA L LS el b aib o adlassge 0dgaza ;| & o yiogliS
sloail )3 aslllass g ailaie Colus ilo g chavgle 6 piyanl b alib 552 mye gl VAL - YL (5 04y
@5z 3 G slegite ;0 Vb (LS cndeanl b bl 0,5 0 )18 05 (LS 5 o5 @iyl b
Slalivg, 5l Lawgy FA Sl 5 piloy 0l 29ir Glion a5 sbar wiloadiadly aslllaes)se odgae
5 T2 Sl Grizen ol w8 S VL (S Gl bkl )0 addllaes)ge oogame ;o 43513
ol 5l glagise ol pegdle wsjlo J13 Vb 6 iyl b aib )0 lagliw o ol (slaliwg) 51 5k 5 0K,
el 55V L iy ergis 3 oy 4 ilegi 5 il & 2o sloed o bl



144 Qtlwu ¥ n)La.i: cr.é.i 09> LHJ&WQ‘)&WM OA

Omt bl oly Sl yegksS A g seile s 5 %) lased e (bS] edla 5l askS VY Sgam p0 4S5 5k
2500 513 Olgy e Sei (Vb (s Sl (5 me j0 il g zad slo et

robas §I SDEVI (a3ls oS 5 285 olie et 5 sy loged Giedyy od bl men jlite &
Goail 5 ale § b Lo uebliieg iU cib bl 8, a5 bl b eolizl OLI (glolsale
59 (! Sl gl ()0 1) @iz Gyt s Wb 5o 9 QUL G i 3o 8090k )0) S 5 308090k
S S5, S 5 oyl o il 50 oyl e 3l el 35l patedes | cgluole sloaigy gty Wl s Wil
5 o ooadioy ok g 3blie (4 JS5) (Y 50 ¥ SlBLL) W3S 55, S 5 dgs b 4 s gl 1y olicil
g er 3l 3l oy B ords) sloged S5, anle 5 28 5l s)le (o2l 5 (pBg) SOy 4 anle 5 (28

U5 0t Jlael VDY wilio] a el (gl yueks o)lsmo comnts 5 dusle § 3 iy s gblie (g jlola slatads
B3 o Hlas ITAY BT slo b o Ll (b5 090 5 dmle g b iy (sl (yl5we Vo oyl
gy o5 (glmedgaoes 5 cansl sbools Sl )b K, 4 VTR Jlu 4 o, cslatale by co sbli
28 Hobplen web patiine b s e b a8 )18 S ) 2m)b Bble (5395 9 308 S5, VY0 Jlo anls
aatlio o1 odle ] 005alS] 1y, sl Cory y Jlo 50 oyl b o5 s sdmlive )+ oylads S
595 o3y 3l edalisoay asle 5 bl 0ol eardisy (slrodgazme b (A JS5) eadangd (s iy 4l
Cov glaaiy b og5 ol Yo (L5 5 Vb 6yl b gloosgame S wg) o5 ams e plid (Ve JS)
elols jo salol als LS 8y » o d Wy e Solen pl aS o)l JeiS anle g b idg
23l gy sladule 5ol g pozma (2 yme ;0 (laodgazs



04 il ealial L Oly,y slaanle p a5 e 53 shle oluls

Jlo 35 4 bggyo el JUIS 55 Y il g o JUI 53 8 il oyd JUI 50 ¥ il a4y 8 Wil comnd Jolds GBI 5y s 5 14 S5
WAV 510

AV 520 Gl s ob dusl g (ol Giudigy Ol ) S5



AAAL Ql:....;.\.?c"f n)wcr@ajjbgdr]a.]a:an&bb&ndm [

Dgds oo oolitul oadiol el ww Cowo g SENTINEL 1 g lsly polas 5l guims cpl jo o] 5 ogdle
alllansygo dibaie @ bgpo pslal Sz j0 oloj (boeslog,; lasnti Gl e Sy CCD SSS
A AIYY 2o b a4 bogs o polad g by pgad olgacay A/ FNY Zo )b a4 g e 5,0, pgai .l saloslassl
O g Slo s Gl SLAS a5 (Soon piglal ameyd b oolitiul g pglal Olgeas AV/-F/0Y
5 s Bblie SIS (g, (sl o) Vo (Fhras b 3blie sl cal 5 (1) ) i a8 o
Zloel GUL o pess samolis </ 5l Sl Sea b bl o .cul wiloais poss jlo oS oo
5 S39kES Sl 53 W yss Wl oo 0olsg; Sloyeis (nl 09d oo haw (Sud Slo oS 4l 5 5,
ol Yo 5l aSil @ azgi LY A () Kad g plE Ve oV il g & logn) ail S idg £45 40 s
pbolan ol cend (shols ppb 5 2 (sloe i callans pe aibiia 5 S iy 35 50
5 O by Cod bl Comdae b adl poss sleosgase 4SSl sl 04l o cdmlice VY ojlels S o aS
Qg g edewl 4Bl 5,2l AV B A0 bl b oask g o0 b mhaw peo w)le callas (Ve JS0) avls
IS alin jlas jsbo] ol yopdle 0)ls Slszen )55 slad 5 oselcumndy Gy Wigy b b (b S
ooy sl el bl asleay CCD STl onwlcawsdy mmlis ccwnl aseio A ojlads IS5 L VY o)l
ol Jols s anslis o)ls Yo SDEVI ozl | Jol> ¢ pdycam! asis b Ll Glbal 588 polas
5 7085 VA (Ko g (59095 (V17 ()L, g laes VN F ()60 g Lojlg) aline slaasillas b guaxs
pod dxine Bblio (ol Jomnily ;5 oaliol (aSlh (39 (63,15 SSLaS I gy a8l el (VYA (e

Ll Gy sbrasle

660000 700000 740000 660000 700000 740000

3250000
3250000
3250000
3250000

3200000

3150000
3150000
3150000

3150000

AV/F14Y= A/ FINY Gloj 0593 43 bgsye —0 ABI+AIYY= AB/FINY Sloj 0,9 &1 bgy yo — Gl Siwod 3 glai 1) JSCib



4 )\ ade;'.w‘L'Q\)J L;L&MLA €}>=.& u;‘fu BL L}ELA $bu

©D9h 0 wgaie oloyS il (B8 slacwend )5 cnes (anb SlbLre 5l (G oly) slagd ek 5 S
sty gy onl po el adlaie B3I slael, 5 (55)5laS” g)l50 dlaolligSn gz oS wags aS (s ek
aS a2 oo lis Baios glaadly ol colaiul SDEVI asls 5l dule g o0l pge dxiess 3blo gloliss
3ol ol5 s iyl (o yme 50 aalllaed 50 03905 slalivg, AT 5 siley 5 28 O, Glopd (oles
TR g Ly FA Slass it 00l edgame (9t Slaisn pegdle s 1B (g, slad Sed g (S
2 Sl a5 eolo 1B ob; (LS s o me 0 pbley g ) @ pd Gl ed aw G (bLIT el 5l ole
5 oolial sl b ol 5 99 sopiysil Lars ol b ablie cqz lopy Sliges bl o
Bl Wedg g deie dule 5 (2D (BT 5 Gl 5o (e Slgiee 903l i LSS 5 o lsale gl
Ol 2 odle 05 solinul glanls loargy lulid ;5 (2950 (lgier @f & jo0g0le Wb S 5l &S5 5ba,
S5 Al ped 055 s e 5 b earde blie Ll el 3 syl pistas CCD oSS

ua>l~: ‘53‘|)L§ 9 )Lu.c‘ ‘d,».vu U"‘ BN odu&»‘d)y 6‘0)}&.0 Rl &9.: 90 ® (S9, » OMJLQ.C‘ )5.))'&)2.?@
s oo )8 auli 5,90 |, SDEVI

&lw

29,0l axly codlul of;T olRitils ¢ cwliioiymo 09,5 b

ookl b glawle ol sleas S - Sy Olpss gwyp (OYAF) loadks 0oljg,m oo (558 wdgemme (Sgpms
N aadf o)l pgo Jlu (e Ol yblre olad oo 4y i SUT,5 0ye dblate raalllass yge 5995 sominw

ol olBasls el oyl g5 pg ol ol S g g0k Gialu 8 VYAY) Jiis ol

wlel Gl OY8) peesdlace oolj ol wgage gyl cabdo pgeme i SLLIE gl soweste o)l (sogaie
MAANVE ao oF ojlods B Lo «(05 (55595850555 slaivghy (adsi) Sl o8 Glapls 2 9 K,

pobal mw Slas gy sl eolanwl b o815 aml )0 was g gdae (Sed 0iS 052y galed olulis (WYAY) e olyee

NoN-e L an o F ojled 0,90 ormb b jo Sl Sledbl wileles g 5905l o 4 25 Lol 9 V- Jisiw (gl
Afrasinei, G., Melis, M., Claudio Arras, C., Pistis, M., Buttau, C., Ghiglieri, G., (2018), Spatiotemporal and spectral analysis
of sand encroachment dynamics in southern Tunisia, European Journal of Remote Sensing, 51(1): 352-374
Ahmady-Birgani, H., McQueen, K.G., Moeinaddini, M., Naseri, H., (2017), Sand dune encroachment and desertification
processes of the Rigboland Sand Sea, Central Iran. Sci. Rep. 2017, 7, 1523
Al-Harthi, A.A., (2002), Geohazard Assesment of Sand Dunes between Jeddah and Al-lith, Western Saudi Arabia,
Environmental geology.
Attanayake, A., Xu, D., Guo, X., Lamb, E., (2018), Long-term sand dune spatiotemporal dynamics and endemic plant habitat
extent in the Athabasca sand dunes of northern Saskatchewan, Remote Sensing in Ecology and Conservation, 9(3): 1-17.
Bodart, C., Ozer, A., (2007), The use of SAR interferometric coherence images to study sandy desertification in southeast
Niger: Preliminary results, In Proceedings of the Envisat Symposium, Montreux, Switzerland, 23-27 April

Bullard, J.E., White, K., (2012), Quantifying iron oxide coatings on dune sands using spectrometric measukements
example from the Simpson-Strzelecki Desert, Australia. J. Geophys. Res. Solid Earth 107. ECV 5-1-ECV 5-11.



1va4 QL".MU IF oyl ar.@_? 69> A&rla‘b.:m@\jlabudm (41

Effat, H.A., Hegazy, M.N., Haack, B., (2011), Mapping sand dunes risk related to their terrain characteristics using SRTM
data and cartographic modeling, J. Land Use Sci. 23(6): 231-243.

Fadhil, A., (2013), Sand dunes monitoring using remote sensing and GIS techniques for some sites in Iraq, Intelligent
Information, Control, and Communication Technology for Agricultural Engineering, PIAGENG.

Gaber, A., Abdelkareem, M., Abdelsadek, I.S., Koch, M., El-Baz, F., (2018), Using INSAR Coherence for Investigating the
Interplay of Fluvial and Aeolian Features in Arid Lands: Implications for Groundwater Potential in Egypt, Remote Sens.
2018(10): 832-845.

Giannini, A., Biasutti, M., Verstraete, M.M., (2008), A climate model-based review of drought in the Sahel: Desertification,
the re-greening, and climate change. Glob. Planet. Chang. 24(64): 119-128.

Gomez, D., Salvador, P., Sanz, J., Casanova, C., Casanova J., (2018), Detecting Areas Vulnerable to Sand Encroachment
Using Remote Sensing and GIS Techniques in Nouakchott, Mauritania, Remote Sens. 24(10): 541-564.

Hamdan, M.A., Refaat, A.A., Abdel Wahed, M., (2016), Morphologic characteristics and migration rate assessment of
barchan dunes in the Southeastern Western Desert of Egypt, Geomorphology 16(257): 57-74.

Havivi, S., Amir, D., Schvartzman, |., August, Y., Maman, S., Rotman, S.R., Blumberg, D.G., (2018), Mapping dune
dynamics by INSAR coherence, Earth Surf. Process. Landf. 2018(43): 1229-1240.

Holden, S., Shiferaw, B., (2004), Land degradation, drought and food security in a less-favored area in the Ethiopian
highlands: A bioeconomic model with market imperfections. Agric. Econ. 20(30): 31-49.

Hugenholtz, C.H., Bender, D., Wolfe, C.A., (2010), Declining sand dune activity in the southern Canadian prairies:
Historical. context, controls, and ecosystem implications, Journal of Aeolian Research, 21(12): 71-82.

Lancaster, N., Helm, P. A, (2000), a test of a climatic index of dune mobility using measurements from the southwestern
United States. Earth Surf. Process. Landf. J. Br. Geomorphol. Res. Group 20(25): 197-207.

Livingstone, 1., Warren, A., (2014), Aeolian Geomorphology: An Introduction; Longman: Harlow, UK.

Liu, J.G., Black, A., Lee, H., Hanaizumi, H., Moore, J.M., (2001), Land surface change detection in a desert area in Algeria
using multi-temporal ERS SAR coherence images, Int. J. Remote Sens., 22(31): 2463-2477.

Mehrabi, A., Dastanpour, M., Radfar, Sh., Vaziri, MR., Derakhshani, R., (2015), Detection of fault lineaments of the Zagros
fold-thrust belt based on Landsat imagery interpretation and their spatial relationship with Hormoz Series salt dome locations

using GIS analysis, Geosciences, 24 (95): 17-32
Mehrabi, A., Derakhshani, R., Rahnama-Rad, J., (2009), Spatial Association of Mineralization and Fractures in Meiduk
Porphyry Copper Mine, Journal of Geotechnical Geology (Applied Geology), 5(2): 148-155

Mehrabi, A., Derakhshani, R., (2010), Generation of an integrated geochemical-geological predictive model of porphyry-Cu
potential, Chahargonbad District, Iran, Geochimica et Cosmochimica Acta, 74(12): A694-A694.

Mihi, A., Tarai, N., Chenchouni, H., (2017), Can palm date plantations and oasification be used as a proxy to fight
sustainably against desertification and sand encroachment in hot drylands? Ecol. Indic. 12(2): 23-41.

Pye, K., Tsoar, H., (2008), Aeolian Sand and Sand Dunes; Springer: Berlin, Germany.

Schlenker, W., Lobell, D.B., (2010), Robust negative impacts of climate change on African agriculture, Environ. Res. Lett.
2010(5): 10-23.

United Nations Convention to Combat Desertification (UNCCD)., (2004), Preserving Our Common Ground: UNCCD 10
Years on; United Nations Convention to Combat Desertification: Bonn, Germany.

Varma, S., Shah, V., Banerjee, B., Buddhiraju, K., (2014), Change Detection of Desert Sand Dunes: A Remote Sensing
Approach, Advances in Remote Sensing, 2014(3): 10-22.

Yizhaq, H., Ashkenazy, Y., Tsoar, H., (2009), Sand dune dynamics and climate change: A modeling .appBzaghys.
Res. Earth Surf, 9(12):103-114.

Zhao, H., Yi. Y., Zhou. R., Zhao. X., Zhang, T., Drake, S., (2006), Wind erosion and sand accumulation effects on soil
properties in Horgin Sandy Farmland, Inner Mongolia, Journal of Catena, 6(2): 71-79.



Journal of Natural Environmental Hazards, Vol.09, Issue 24, Summer 2026

Research Article

Detecting Areas Vulnerable to Sand Encroachment Using Remote
Sensing and GI S Techniques; Case Study: Rigan, Fahraj and
Narmashir Counties, Kerman Province

Ali Mehrabi*?!

Received1(0-03-201¢ Revised:18-05-201¢ Accepted:25-06-201¢

Abstract

Sand dune advancement poses a major threat to agricultural land, residential areas and residents of the eastern
and southeastern parts of Kerman province. So that the occurrence of frequent sandstorms today is one of the
most important environmental problems in these areas. The purpose of this research is to identify the range of
Rigan, Fahraj and Narmeshir cities in terms of Sand Encroachment potential. For this purpose, the sand dunes
vulnerability index (SDEVI) was used. In this regard, five effective factors in the spread of sand, including wind
intensity, soil moisture, topography, lithology type, and vegetation were used. After preparing the relevant maps,
all of them were ranked in terms of impact on vulnerability and integrated into the GIS environment and the final
vulnerability map was prepared. Accordingly, an area of 345 square kilometers is located in the area of high and
very high vulnerability. The southern half of the city of Narmashir, 68 villages and parts of the communication
network between the three Fahraj, Rigan and Narmeshir counties are in very high risk of Sand Encroachment. In
order to verify the results of the SDEVI index, OLI sensor images related to Landsat 8 satellite and SENTINEL

1 radar images were used. By dividing the infrared band on the blue band, the sandy areas were identified and
applying the correlation change technique (CCD) to radar images, the stability of sandy areas was determined.
The results confirm the accuracy of the vulnerability index.

Keywords: Sand Dunes Expansion, Vulnerability, SDEVI Index, Satellite Image Processing, Kerman Province.
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