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Abstract

The analysis of vegetation cover variations serves as a key index for identifying the heterogeneity of
landforms and biodiversity and determining important areas for protecting this fundamental
environmental component. This research examines changes in vegetation cover within the landforms of
the northern desert zone of Isfahan Province using Landsat 5 and 8 digital data (TM and OLI-TIRS
sensors) from 1987 to 2020. During this period, 200 images were acquired over 27 warm months (June
1st to August 31st annually). First, necessary preprocessing was applied to the study area images. After
landform classification using the Topographic Position Index (TPI), vegetation cover changes in these
landforms were examined. The findings revealed that the highest Enhanced Vegetation Index (EVI)
values were associated with prominent landforms, mountains, and highlands, while the lowest values
were observed in flat terrains (playas, mud, and clay pans). Changes in EVI at varying elevations
indicated a noticeable decrease in EVI values at an altitude of 1400 m (middle pediments). In contrast,
EVI values in mountainous regions (elevations exceeding 1400 m) displayed a significant increase. The
EVI index on slopes steeper than 65° exhibited a marked decline due to the presence of rocky and steep
terrain. Spatial patterns of the EVI index for the year 2030 suggest that the Karkas Mountains,
particularly from Mount Karkas to Mount Marshan and the areas between Kashan and Ardistan, will

encounter severe environmental conditions.

Keywords: Enhanced Vegetation Index (EVI), Topographic position index (TPI), Physiographic
factors, Landform, Landsat images

“Corresponding author: j_ganjali@pnu.ac.ir

A


http://pec.gonbad.ac.ir/article-1-951-en.html

[ Downloaded from pec.gonbad.ac.ir on 2025-08-14 ]

+

w99l S oSl
" LS gy G ; cblin" 4 pii . 93{'_ GQJ.C
Ry, 9 Sy 0 Lo (e 3190 0590 S

http://pec.gonbad.ac.ir

Olgao! bl Jlows (Sbly digs S 590935 GBUS1g 30 AL i 93 SIS 39 (i § 59U g
Thishg 53 A ' lods 4 e
Ly e Mol 055 ol & Glenlo (s pral  laniS iz
Sl el g ply olRsls il ez o9 5"
lnl el o ply olKasls (Ll 09,8 ¢ Lotlo”
ol gs"j)‘9>' oKisls ‘Gh_.b skl oj); UL,.;:.JL»“
Ol el (83,5l gy g Uiisel clinion olojle yledol livl cads @lio 5 (55,5laS (3 5ee] linion 35 50 ¢ Lokiwl T

VECYIANYY 1 bl b OV F VANV sl s s s

ol

Coodl gl)lo Salad (ruad 9 () £ (0w Sloww (Gl plulid lp lales (LS bg sbahog 59Ty
gy eyl )d (ALS gy Olpd Jlod 4 a5 ol T Ghgy ol el aazme (ool aldGo o 5 bl jgliioay
513308 352 YAAY-Y+¥+ 0,95 ;3 (OLI-TIRS 9 TM (glaosiamion) A 9 8 Cawaid 098y srosld oS a1 oleiual oyline! Jlods Sbla
(2.0 Jalol B 010,50 lal b Bolian ceuwsST 5l B (95 Jal b Gollas) Jlw 0,5 olo YV 30 yguai Yoo (iloj o3l el 5o e9 0!
CarBgo (s lh SeS 4 e ol (guiaaib 5l g Jlos! (Fldllao g9p0ld pglail 59y 22 p3Y SIS 5 i ol o <l )0
PR 4 Glaio EVI polio o yidon a5 ol (LAS aidly .od (o) p e duid (ol 50 (BLS gy Ol i ¢(TPI) (SIS 68
EVI jasli &l puti ol (o 5 I AR L) Hlgon locais pydasd o 51 polie oy pn g lelad )l g oS dla Sl
Al slalisdo B Lials EVI polio (blo old pocais olmwls) (g0 1Fee gl )l 53 a5 Cal ol ;0L el )l sl 5o
O EVI a3l adace L 1y )i G381 (e 16+ 31 i (25198) limdsS axlg 3o EVI polie a5 cowl Sl 45 ol el
S0 G059 Cawl H13)95 1 (Gl (LIRS Wig) 3l & yo Sle e 9 (SIS ()] 9929 s 4 4258 £O 5l oy Glaced
—oLal o Gble g oL ylo Oleldd )l g 4 oI 55 3l Loguas (uS 5 L gS a5 3,10 (I colsa Yo ¥ Jlo IR EVI (Lo
A aplgS axlge Olo g ,le5L bl b b liws )|

Cowdd pglai o Bud (S5 g 3ud Jolge (TP (SIS 295 Caundgo (oLl (EVI) 4l dgn0 (2LS by (oL i5uels o Ty

Jolse 3 56 Sl iy 5 Rl il 8]
S Aly Coedl l (potasST iz o Gl g (anb | s LS ider ael> ol
5 o5 b (Pettorelli et al., 2005) coul I, 55 5 S o s ST S e 2

S Sy sloonl5 dlar | LS b S
Sl &l Jdoay ST ol sl 90 5l e
b slrodguze 13 5 Sojlul ) S Sl ity <94
3o v sloossdy (058 slags S ojluil g alises
LS sla a3l ool g oy LS gy aler
Sy i g ool il sloylgale pglar 5l oaslcasoa

dodsio

5 Capde (mey @l oo n slr pY Gl iy
5 ol Sled iUt Gried 5 (e Sl
PLS g Ol Gl el ety 25
cll o Al e odgl Ol ol gle ST
Sl Gy o0 Syt panilSe (2l5,) 9 S om0 (slovg
S ol a4 OYAY gple 5 Sl eolinbe)

j_ganjali@pnu.ac.ir : Jstas sorw 55"
Ak}


http://pec.gonbad.ac.ir/article-1-951-en.html

[ Downloaded from pec.gonbad.ac.ir on 2025-08-14 ]

OlKed o (xS yan

Fob aw o Casad laools;l solaal L @l., 1998
Ot Sl ) Glie 4o 45 W) a2 cnl & iz
o )l S NDVIE (a2l alS atigy a3l
L (Zhang et al., 2003) .|,Ken § SSl5 .ol oy,
SyoJleis ;0 MODIS sain slaosls 51 solazu!
sy 5 B85 slags S ojll a8 ol Las sasie YL
WYL & pss S0 5 b Joe S5egs (6l p1 glilaie LS
519 g ol Oela 5 (o0 ST () Aol 5o
Vaogen et) o, Sen 5 (S gily ol Srho Jlons g
sslitl b 1, Iullole JSim aiiye ool @l., 2006
5 Cewad TM MSS  leosizuw  polas
5 ol Jlasl 2l g, s NDVIE asLs
agyd 130,91 Cawsdse JAN= +/AY o | laaids Cono
)y e, (Darwish & Faour , 2008) 4l 4
255,80l NDVI (oL 51 Lo al e 55 e
YO+ ay S YAOAY 5l ] pe Cang 45" wiols oLis
etal., 2010) .|, Ken 5 Sl )9 .ol a8l 2alS LS
robas Sloy slags e 5l eolanwl e (Verbesselt
Wl Bz 0 BFAST (b, 5 lo,lsale
had Slpets $gy Jolod ln gy onl &5 sl o
aile SWSL Oless sy ¢l 9 cwsle NDVI
OLEes g a0y el soliiwl BB (655w 25T
slaosls 51 6,500 L (Vanderpost et al., 2011)
Jelss 5 slas! slacadles a8 wuily 5 Cewad g, lsale
el 0093 Llgud g Siddass a5l po o 150 s (g0 Bl
5l eslanwl L (Rawat et al., 2013) Ko 5 g,
5 NDVI NDBI (la_asls 5 xiwyss slois,
ey e 3 2l Gy Dlyeess o 2 4 NDWI
5o aS ol las il sl wie wuSTlgl <Ll e
dslo g oy Llg5 g Lo ylil ddlaie (aXB3S ans g0 Jobs
(a3 LYTAA 5 TAAN S50 45 s )3 s ,Somy yoes o
$5o9baS o2l alS b sl )5 plo (Jilie 5o
el 4Bl 22lSLYINE o018 LAY o ol
5 sSee b (Ardo et al., 2017) ., Ken 4 4o,
aS wols a1y ol stz 5l Jol> EVI a3l
3 (NPP) aJyl alls odg polie o (g lolae s
Oen 5 Kib el ool gy, Ly 3T Jole dilaie
3 MODIS ,jlas ;i eolaal L (Fang et al., 2018)
LS S o ls sbg ololis & BFAST s,

Y.

St by Sl 5 Jhe ddg (2LS Gl (eSS
emagST o (Heydari Alamdarloo et al., 2024)
S9zg0 Laily) 5 (LS Adg la Thy CSlid b
0P 5 o)lger lapydadd 5 (BLS Adey liee w0
Depew, 2004; Magee et ) ol ooy oyluliispgs a> g5
Sly poe sy 51 S alS i @l 2008
(JoSis pgzmen B sleonsy (o) p
op g bpdad Slk ol Bras Sl ohobl
5 mo SlEbI lgi oo o abegar 5 09d o0 Dgmama
b Al Glapiu arogi 5 (owyp lp 6900
Oy Comdy Gl g oy Sygliasn | anb
Gk 3l a4z LSy g phiie (S g Sloy Jolpd b alS
Sosk3 gycnl 5l leds Yoens plime Sliles
Gy 0 OBl i e Sy a4 90 Sl Sromiw
(SIS Skl (bl ay Gl Al
30 (2974850 g ools ol j cds daosls 4 ool b
& Sod Ol i 5 (LS i 55l sln ol
(Huete, 2002) s,ls 5,51 (550 o g, plo
o8t Slle dyeS 33 RSB L olal jeeS
Sk 1ol L8 Gl Sas bl gyl o Lo
W 535 0 B 5 RSB L pledal Gl Koo
Bed s ame Gl pl S glaglinl 51 Sl )]
25 Ol 5 (S s 4 Oledol il Lok asgy
3 2L e S8 LS b g ok e 35 s
a5l esose ol A5 el axlye Gilive (glao i
woale o glr o] 51w e Olml 1)yl gy,
#2502 Gbe Sl e (SasSly g gpels
25 8 G S 5 oy s Wb ladhie
Cosnd) ol glolgale asd, slaosls 3l snlinl ol by
adlge (nl aglie 5 (BLS (idgy sladlaie )5l ol
aalllas 590 ity (,55Lo5 slap pud o s aiel) )
Lol pdbolazl 5,0
on ssbeds pliie 5l cam @i cal o
51 ailes,S esliul (glolsale slaosls 5 aLE i,
<9815 L (Yorks et 1.,1992) |, Sen g 35,9 :alox
NN cls Lo o 2LS gy glacislis
ol & Koyl sbisy bl sl bz bl
Sl rl llys g Jole n yogee 45 W) 4
Lyonet) ;,Ken g oyod ol 009y pls (gl Joss


http://pec.gonbad.ac.ir/article-1-951-en.html

[ Downloaded from pec.gonbad.ac.ir on 2025-08-14 ]

1FY Gl 9 3l cpmxoy 9 Comms 0 5losls (o0 3190 090 [ LS pgr Comy j cbilis &y yid

5 P! (2 dess 3 NDVIE (a3ls o e &l peis
oLl (nl )3 Sate Dl it W9, (n i 09
OYAY) e 5 15 o ool il ol Gy 5 55 s 4o
p oS i slaesls cles s o
s SHb sl s cewad sleonies
s a0 8 ool cblas ddhie 5 ollds
EVI 5 SAVI a3l g0 4 e NDVI 6 5 51 L
alS I e 4 g odalomsds SIS o i Lulul
5 0 2 Of a5 dilate gl )l azgs LB
oo s (V) olSes 5 553 cals
Jols EVI s NDVI _alF gy Lasli 50 calo
Pl Jloyg b JSis 4wl saizuw polas
L oasls NDVI a5 aiiil o ol cubo
el 2o onl o (LS de 2l lp Sl
Sl B9, 2Ll s OV Gl 5 (w2
ootz NDVI a5ls ) esliial L LS _ade
Ny a5 pl 4y S99 ssul ase> ;0 MODIS
st 5 wgiz ol Gblie Yo - YY) F gla Lo jo a5
Sl g9 obj plys 5 (AL bg sllo &5 adg>
ol g, b ol et )5 b bl 53 g wileos,
5 ORIl ade> 0 e g 55 slacie) 5 odd g9,
ol 48l 0l (65 Kelnr Hob 4 (5))5liS Sl
Syt $i9) 5l ooS L OTA) e g (e S e
45 Wy a2 cpl 4 B8 il jo (LS Al
i b allio o] o LS ey Ol s iy
O Oliasd Wgy 5 Sl oolidl 5las] anidS jo a5 cul
JRVEEINC SR SV JE PR
S5 s Synte b Gla S Yl 5 b ool
i s Aoy 53k Jn L (Y39 ol sl
EVD s g5lo;)b pLS asls wlol LS
bk s e gl slos 4 ol &l s MODIS o
Yoo ooV 18 oo ogl 4 aS izl o oyl bl 4o
Jsb 5o el wg) bl (Sujew (als Lawgie
alS g, bl JSK> sleas,e a5 Jb o aiils
o L]y b (TR K 5 L e ailazsl
1255 4 Wi, 42055 (2l & i) ;3 NDVI 4 SPI
2 Jses b sy wls o MODIS o)lsel
sloaiily 5 0,5 15 oolitul 050 SliwmsS 3blie
o 45,5 S 4y e el gl ol 5l ol

"

Ol s adlate ] SHIYOIY a5 sls lis ol ausls
Voo gladle (b o iy wr L So L1, NDVI s,
Chenetal.,) ;Ko § oy ol 00,5 40,55 Y VV
sleearls s, » GlFns il 2Ll 4 (2020
Sl as ol olis bamdl asle, LS ide
oS oy 2,5 0033 NDVI el g5 o |y 81 S ass5
5,138 o 558 NIRV 5 EVI SAVI ,, uss a4 Ll
s ey S sin e (PUML 2023) ()
xSy s o cdbl can o EVIE S - Sl
G )0 (golB yds &S ol Gl @l 08 o)
Soucals; Gl BVE sy, Ll g coi onalie (e
il 6l OYAY) L5as 5 (5, bdass oyl 4o

3 et ol ed AL sy g b i
Jls 90 ;0 OLI s ETM+ slasaizn cusad slaosls
55 sl NDVI asls lade ¢ eolizal \¥AY 4 V\FYA
S 5 oo Sl 0l Lt gl iS5 drelirs Lo
lll 3,90 aibze sl Jo VF o 5 aLS i
Sl el gy b (2811 a4 (5 by sl 039, 03 1S
o e b (Sl s Colue Gl sl g oo
L OWYAY) owglS g oolyz 8 cunl ails coluws rals
il yo ole saiziw NDVI slacoS 5 5l solazul
Blog, 55 ol dnls g Bl 5 alos glaasls w0 a5
s (AL Gidg Slpeti Voo N YWY la Lo o
5 Lalboy, cnl slaade> o0 2 Vg AalS
5 bl claail sl odg azg B LT o]
sleosls 51 eslazal L (OYAP) ) Kee
byl 4 ewad oylsale OLI g ETM+ slasaizins
s RVI SAVI NDVI »l5 iy sbasls
wa L ols plis bl aS s y wid 0y 5> 0 WAVI
YA Lo )0 oy < /AY LIS (g 15 oy 2o L SAV
g o,Sles pye YWAL Lo 0 asye </AY
Jlo o MY LS b cpyieS b WAV asls
e 0 |y gl o icias VYAY Lo o +/FY o 1YA-
(YA5) L5 g oy csloazily .ol arsls b as L
Cewad I ol (aLS sl als 558 bl 5l plas
OhlSe 5 5555 9)l0 (aLS wdgi g e Al 2L LA
0,95 ,o Terra-MODIS slaosls ;i oolaial L (VYY)
ol Qg o e el 4 wisls lis Ve oY NP


http://pec.gonbad.ac.ir/article-1-951-en.html

[ Downloaded from pec.gonbad.ac.ir on 2025-08-14 ]

WoOrN

WoOUN

OlKed o (xS yan

Cowl (oS 5 5 Gl ) ke (2R POl GipgTy 00
S slagSIl oy JLss 4y SLiliggss 0,509, o L oS
do,e o 2LS e Dl g SauSly, lacsl (5B 4

el Slalllas argy S8 50555 slaaly

gy 9 Slgo

aslllan 3 yg0 dilare

55,5 15 oleiol pliol Jlad 4o adlas g0 dilaie
obdimey Slogadis Hlai 5l adlaie ol (V JS2) ol
—ae 095 25 9 Olrl B e 085 2 Sl
9 o35 tg,0) Cuwl ad)S 8 e —aeg)l b ploy
o8l i 3 8T St old 2 (VWA c(gtammo
S ol glls Slalllas 63gae (IRIMO Climate)
VAA B VYR o il Laste (sl 5 ol S5
Yo 5 VEE e Las 3L asily bawgie 5 yioalis
ol Sawaidy sleosls ulwl 5 ol Xiole ax o
Slagon o) cunl adhie 0 Sgzge  wlillge
OV gl (58,5 olidlsn

SI'owE S00E

MoTN

wrowr

Olpts oy e (VF0)) Lo g 0oljglo
a5 axmdl ;o o Mo b el )3 (BLS idg el
Soyd )3 S2alS W) Dol 5 adel (S oo slaole
ole yo =+/A L —+/+Y e & NDVI,olin colus
Srelle GLolas g Srmepe gl Sanl andls 352y
Ol G @lye jo 1) (LS idg Olss (VF4Y)
7S g Oy a5 31 (LS laatdl, (K0S (o) 2 332
slodls 4 bype iy 4 (2LS Gl woyd Gy
sl 0355 2oy AT VIS . Silo Ly g \WAY 4 1¥VR
Jelow &5 g9dge (nl g B9 Aig 4 g L

Sglstyge slalad o (BLS (hdg (SaSTn lesSl
oo (al il ouds JLds iz @36 sloaddie 4l 5
21 ol by - S5 slagsl 5 LS jiig ol s
aalsl )3 g A (oo (o) Ol Gl Jlod gyel8
il glap o) 1o 1) dase age dylas ol Sl e
5 el 5y5e ol calize clajly o dilaie
(oS 5 Sl ) plgie |y syl 6)slsd e e

SHle 40,5 g gcans o) Gog glad ) le 5 (EAD

4 T T T T 4
c o
19 s
H 2
x X
3 >
N r
X 3
o> H
= ','f
b
z =
- -
5 .
B E]

Ny

axlllas 3 90 ddlaio — | JSUB

So Jles 5o sl 9 00,5 Bl 50k 551 ) S5 4
Cawsd pglas JS ggeme b oS p atlh pgas
Var bgryo ole YV 5o pagai Voo Jold (g2 290
Oeo ¥ 0 YoV BVAAY Sloj oy jo ol Jlu
ol oa 03ld Lisles (V) Jgaz 0 o] wledlbl a5 el
oald degerme o ply olad CbLlissT lesle (b e o
Ol syl a5 sges @l ) (DSM) mbaws (g30e Jow
degezme ol el e Vo LyE olad SIS
b g iyeel g oede Sladss o AW3D30 ool

Yy

CRB9R 09y g Lodld
Sl )b 5l roghs ol jo oolatnl 850 (ominw y90 slaosls
ol ol .l sals 48,5 https://glovis.usgs.gov
A6 595 Jgl 5 Jlo o5 sloelo 4y (3late 0051 ¥ o
pobal el (oo Jolgl B ols 3 Blgl Jolas) g
095 4 bgrye 233k ez 5 0 A 5 0 Cewad slolsale
039, V& Sloj sloo,go by e A U olo,m VY e
g B 1S s pglal (oeles () Jgaz) b 23l
S b Bl B calin Gy 53 (557 al g


https://glovis.usgs.gov/
http://pec.gonbad.ac.ir/article-1-951-en.html

[ Downloaded from pec.gonbad.ac.ir on 2025-08-14 ]

1FeY olno) 9 3l oy g St 0 lous 0203193 0590 / LS gy oy j Cbilas 4y pitd

5 Fodl it s ey Lauld 5 oS Ll a5
50 ol aslds (LS I 5l wog cliol csals (S
DN L (a58) 255 s 5 0355 Jlosl L5 &50
50 5 0ad o Radiance b rixis Joles 4 pglas
la. Y] Q)B.o dilaio odimd u‘““"“ﬁ" )"9"4" O A dalsl
Y ol ol Wb oSS e 9 Sliee K00S0
6me 9 \))51).3 )Lu Syg0 &}Lw ‘o..uk;..wod.; (_?’Léf'

355 e bl ()l 2 aboga e

ol (Takaku et al., 2014) .5 1,3 ()15 0 40
S8 ey L (DSM) (o (g30e Joe wosls dcgozne
@ a5 el (owod &l ) Jol o) e Yo Loy adl
Sl g 6l Sleg ,SOb (6590 51 Ghamiw Il alews
Sl 6)94 BY AS.’ PRISM o omiwom BA).«.MJ‘
)‘)5 (ALOS) u.uo) soslice :\J)M.s 3)‘9.2& SS9y » aS
‘_g)l.wool.n] 9 w).n.\.o w‘ \H/\ U))ﬁ U")"] w‘ 4..3;
L pls slaosls .o plxl gl by el ool oL
Ssbal s 25 3105 5 Jooed ASCH a, tif e 8

oolaiw! Sy90 Cawadd o),bl.o ).19'.@' @)b - JS""’.’

o,lsnlo FRCE 50w o Jlw Pgai oyl
VaAY
o a4y
b . 1440
= Thematic Mapper (TM) 1244 \PYYE
S VEY LYY
Yooy
VEE-vE
YooA
VFE-YY
® Yoy
35
8 OLI-TIRS Yo\g
3 Yoy
: 5100"E 51°45'0"€ 52°30'0"E z
2 - g
- p4

B

33'45'0°N

33'00"N

L gl
ferad

IAS'0°N

Sl aibie ol ol aids - ¥ Jsd

SrSore bisie Ver (o)l slapl b (olis)l (o008,
Y .85 plxl Jobo 4 Jobo 5505 G230 951 5

Yy

Jae 5| ol (¥ JS) ool | liti sloasly 5o a5


http://pec.gonbad.ac.ir/article-1-951-en.html

[ Downloaded from pec.gonbad.ac.ir on 2025-08-14 ]

V¥ limo 9 3wl ooy 9 Comas 03losds 0233190 090 / LS pgy oy j cbslio 4y pii

9 (V) aaly (F SC8) ol augd o Al ()90 o

D9 09y b Gyl g G Sz 0 1) el (V)
(Horn, 1981)auS oo awlxs

VISP JVPCINA V| FE X SRV T N Bt S KV W)
Sl pess laz 10 ) Glaals jo canlol jo g0l ol 90
S e bty bl ol Lo oS adg les
i ,95d) 5l ookl b g o ¥ JSCE) JuSCo ¥ ox Y oolal b

(ol )l (098 Juo) (5 yiwy LS Lw 53 s 35T 31 (6l (S ¥ x ¥ 5 yonto 6y -V S

el Caway (F) adal, 51 oslewl b S

Slope =tana = \/Sloperzow + Slopedypmn ¥4k,

30'0"N
H
3

300N

51°45'0"€

_ (Z7+223+ ZG)—(Zg+ 2Z1+ Zs)

Slopey,e = o \ alayl,

Slopesn — (Ze+2Zr+ 25;;227+ 2Z4+ Zg) v 4.]43‘)

b (S 9 Sl S )d e dlore
S2°30'0"E :

‘5:[&’&0 alas .”e. .».m_f ,se.

s9e slaaSl bawgle b (5350 alais o gl (o
ary Oler Dpslre gl So s b a5 el
Wilson & ) sgei Jloel o1 59, 2 1) Ggumlidl i
0 5 f olas Lulg, .(Weiss, 2001 <Gallant, 2000
bl 5 TPL (el was oo oLas |, TPE syl 3,
A ol S s oy el b,

¥ aba,

0 ala,

Z= iZieRzi
TPl = Z, — Z
Voo B g sl TP (a3las ey 5o

b w9 JENV oo a5 &j50 o 0l loJle
S rSose baws oo plas 1) b S8,,5,8 g aall - 5
98, Jae 5l eswlewwoas TPl SIS e asls

Yf

TPl (S15g165 curbgo pas s
Guisan et ) l,Ken ¢ cyucdsS lawgs lanl asli oyl
WEISS, ) sy bawgs L 5 233,5 #,kae (@l., 1999
ol eols 8 (Jenness, 2006) y..o> 4 (2001
Ol b Joho o ol )l SE1S g 95 Condpe pals
9 dmlie (el (g098; Juo ,0 1) drlaen Jobo it
TPl i polie 0S5 0 8,900 1) TP g, cpl 5l
il bl o Siles £lis | 51 a5 ceul glodal p >lgs iles
b 3,593 o3 daalley ;S5Lis Gae piolie g 5l o
Py Gogloma glis| agie 31 a5 anl ooyl L
Sl |y ghes (Hl55 ko 4 K05 polis
Jolas #8ly 10 TPl a3Ls (Reuetal., 2013) oS o


http://pec.gonbad.ac.ir/article-1-951-en.html

[ Downloaded from pec.gonbad.ac.ir on 2025-08-14 ]

1FY Gl 9 3l cpmxoy 9 Comms 0 5losls (o0 3190 090 [ LS pgr Comy j cbilis &y yid

Comndd ] alizee X (gl 4 laz Glaise )7

A dolee (! o .l Joo cpl jo kB adlge athy;
§ o 90 LLS)\}&]M)QWASMI lowe 5l 2,0
b alwgas Y jeme ol glad oo [ SaiSTy o
w‘X)M)o)...._uA}b&LS‘)\my)M)oH
9X) e 99 s b, SiLiS (b > 0) cote o
Gwl.sXa_:‘J.u.u QY a0 lis ,ob =0 ol e
LTSI Y (PRI LYCR IR JORP RV
5 adlmsl 3llae,ud o ieS dhas Oluye eSS
Olasye (%S Ghyy 28,5 oy gl LB slais,
B Egozme 45 323 o hilp osls 1y as s
sy, 5l il oo See JBlas @ 1) bl

3 (% - %) - 9)]
b — =l

A ala,

n
Z(Xi - )_()2
i-1
oo 58 1y n e ol i o 3010 L
3,91ty (1) il

a=Y —bX q aly,

o Sy ddbie o ol e lasxly oLl
Lol 485 O g0 e J S slaailin] b oo U
4 3l Ganpeds glaalinl 5 @l J5uS Gl
sl o5y Jao ool gilie | mlip b (sloass
ST 558 LAt § ol A (gl Jos il
lap o Jolod g (o) p Sanl oad 485 000 (088,
el 5 g i Futaly Lol p 3 55 ey Sl
Syge Ao )O (6159 ) 6[.:::@5 ‘L)Lv) )IB.A.Q ‘_;lsbw.)
5 Jod S0 )0 ppara Glol (LS Bk g 5o

lgan clcais aib ailaie o 3o gloosly . olis)|
Al 5 (Vb el (Gl juldd (ol juis
Oyl slaatinl gl p Slelis )| g ags 3 (Saelp
b ganail g alolid (e J ST g 0ad

EVI asls

5 el o angs VI asls slen adls o asles oyl
Sedige hawd b Bds jhead] iz SIS (a3l ol
58 21 5l eslitul sges ool yj adal, 5l lg5 oo a5
Jrowi ey o I S1AS 098 o0 el a2l
ol 3 (adws il 5y J2e) g9z Jolse BT 5 055
ooy 30,8 Ggole Wb NIR bl cpl jo 04 atuls
$b RED (A cawsd ;o 0 &b 9 0 cowad jo ¥ uil)
Blue g (A cewadd ;o F ail g 0 cowad ;o ¥ ail) 50,8
el (A asad 1 Y il 50 e o) wil) T ail
EVI = 2.5 X (IRZRed) $ abay,

(NIR+6%xRed—7.5Xblue+1)

sazmin b bLs )l o EVI alS iig asls
6381y so 80 slaaxly )0 5 s 5 gl )| (S8, Sgy 05
2 BEVEales oldler mjs 5 3y, «Dlpess 6551
Gy Slae pcalsl o iad pwyp Sldllae g0l
2lS ibg alaVagwgs ol glasis o150
S Sy sladlge 5 glojlaale polas I Jol>
izn Lo 4y K00 b el g o 31 55,5 5
S Badal (6

B g Sy Jo

5 <oz ol @ BV (23lh linss i ol
S e e g5, Joe Ol sol
Cardy oy ysbie 4 Jolo plad 4 e ksl
09 yS 5 Jde il oolaiwl VeV Jlu o alS g
oslw (5 bl alal; (yLo sl 2l Ohgy Sy ool s
b g5y b3 Sl Y g X e e 93 (o
bl asgoze gle 5l ln o L& ool
25 Soge a b il dole 9,05 o0 S SuSTy
]

9’:: a+bxi \s 4.‘4.:‘)

3Bilinear Interpolation

Yo

'Enhanced Vegetation Index
2Resampling


http://pec.gonbad.ac.ir/article-1-951-en.html

[ Downloaded from pec.gonbad.ac.ir on 2025-08-14 ]

OlHSed o xS x>

S5 cloaiS L) Jlsen slacais 5l oo Sl o

il el 5 asS o Faoly By & (s 5

o

\-‘“‘? ,:,,
e B
siooe S1rasoe

aibie 3 Jlr e 53 sy (i o515 B8 L
Iy 655 po idu 0,ls )T (6ogei 5,93 oLl
2 Srhogr - o led g, b S5 sleesS
TPl (asls sone 3,1 O)JSs wlol ool a3 §

TP gl bap dusd (gusvainbs -0 S

2l 5l Sl aS 0gd o oumlive yliws )l = LalS jexe
Slocadld 36 cod (Hlg ol Dl s el s slas
ool ol Bl sl (o] SIS L) sl
alllas 590 adlain 3,5 5 3p0 Lt (Jlod 35 50 50
slacass daldl dadlls U edate 45 Col sanlive L5

(A5 F SN anl s 5 IS slodiS 5 g

YT 0228 DAY g LT gla Lo ;s Jlo o5 (glaoke
‘_5515|5 ...\A.b; p...w).v *) i *) J&m‘ 9 J)jiﬁ Y’Y’j
Ly Sriorr —@eled W) bl e )80l
labissy § Loyl S Gl )0 6,508 Wb o] Sjlse

30N
E T

BN
— T

P —

ASTAS0°N

VAAY Jlo oy 9550 sroke ;o EVI (aslis (oSl (o bad Ol i —F JSCs

Ys


http://pec.gonbad.ac.ir/article-1-951-en.html

V¥ limo 9 3wl ooy 9 Comas 03losds 0233190 090 / LS pgy oy j cbslio 4y pii

[ Downloaded from pec.gonbad.ac.ir on 2025-08-14 ]

34"30'0"N
34'30'0°N

33‘as'0"n

33°450"N

33'0'0'N

33'0'0°N

s100E s S0
1228 Jlu sy y 3590 soole 1o EVI (aslis il (o lad &l yuuis -V JSCi
srooe suasoe 523007

3a"30'0'N
100N

; 3
[ :
s £
? °
» R

YO Jlo oy 990 srolo o EVI s lis il (o1 lad Ol s A JSi
g 5100°¢ 51°45'0°E 52°300"E :
R \-&‘,k?‘-. - E
kY 3
E x
: :
2 2
; s
2 2

Yo¥e Jlo ow)yr 9590 oo ;0 EVI asli (nKile o bad Ol puds -4 S

Yv


http://pec.gonbad.ac.ir/article-1-951-en.html

[ Downloaded from pec.gonbad.ac.ir on 2025-08-14 ]

OhHed 9 a5 hn>

ol Ol 0 do g B eSSl ol )l adds
To9q> eyl o oS cul o eyl wlal s EVI
elas )l 0gd so canlice EVI polae ials g0 VF- -
BY SRV R PO SURTLIN X P WSSV O O
5 =359 85,0leS L2l e85 Jds 4 el olels)|
YL elasyl o wo)ls 0gz g EVI uguse o381 clils
I3 s ol 4mse & 539 e e VF-
VEee ela)] oogumme jo Al yo wad 0 5L EVI

Wl olib ) EVI jasls Ol i 59519
PO YA r o sl olib o wsli pl lawsis
BVAAY kel sla b j0 (5500 YO+ sloplE L (5
oddlive B (V) Ko g (V) Jgoz 0 a5 dwlxa Yo Ve
basgie a5 w2 oo (LES 090 5 g0z (nl (o) el
il Wgy g ye YA B PO gl 5l asls oyl
il il Al iy o515 el Gl L g axils
8,15l U b a3l l Sl sl 2]
YA LY. aib (o cwguomol lois & OB S
3929 « S g 0908 o] JuJs a5 00,5 o samlive

axflo 5)90 b Jlw jo olii )l calizes Wlinb jo EVI asls buvgio -Y Jous

=Wl olinb o 9ys0 sl
ombos  YLas VAAY N43) 1338 1843 Y. YeeA Y)Y Yels o YeYe Sl
0+ q.. COPEY YAV CFVY o JeYYA LXTE e FAY VD +[e0Ye  <[-BF.  +/-F)Q]
q.. VB [ FEY o foENN [ QYD [ FTY fCEYY e¥AA o [oBFY o[-OFY  [-OVS <o FA)
V0. VEco L JENY YRY fofAe [oENe o[o¥YA fo¥YD o/-FAY o[- FAE o[e0F.  o[oFYY
VEe . VEO - SeOFY  [XAD [eSYD [-OYY [ FAY o[- FAR o[eFOF  <[-FYA  [-$3Q [0V
VEO - VAo [eFAY L OFYY ofefee [o¥R) o[oFAY [ 05 o[-FYE  [LOAS o[-FFE  .[.OTF
VA YVD. o[0TV [ FEY oSV L [AOFF L [0BY  +/-FYR +[-SQY  o[-FFY  VEE ./.04f
Y\ YEeo [eOVY [¥AR [ SVYY L [eBSY  [8eY oo FA0 [-VEY  o[-FA0  <[-AV)  +[FYF
YE.. Y£O- SeSFA [e0FR e AVS [eBYE o [oYe) oSBTV o [-ABY  +[-VAY  o[-ARE L [VVY
Y- Y. C[eSRe JeOVY  [SAYY oSV o [VEY  +[«0FF  [cAAS  +[-AFY  +[-q\0 /- V¥Ff
vq.. TABe e VEY feBeA [ AV [YYY o[eVEY  feB0%  +/-QNY  +-AVE  oeqFe o [oVYD
10- YEeo L [VAY  o[eSYA <[-AAF o[SVYS o[eYDR [SYF  <[-QYY o [CAAY  [-QFA -/-V4F
e vEO GYOE e feBY e e ASY e VYY o [eSFA [eBYA +[eqe8  o[oADY  <[-QY /YD
vEO YAQ- CeSEY o JeDAD  [oAVe  c[-FAF [N o[eBYS o [oAFe o[ AVE e [oAFe [oVY-
0.1
< 009
=
= 008
(4]
2 007
5 0.06
® 005
[1}]
[=Ts]
@ 004 /"\/ ——1987 ——1991
g 003 ——1995 1999
S o 2002 2008
© 2013 2016
£ 001 2020 Mean
0
900 1400 1900 2400 2900 3400

Elevation (m)
Wyl Glisee wlib ;o EVI jas Ui o s -V JSCi

Oiigy oS5 gl Giali8 b g il Laul38l (guig,
WSS a0 YO oYL ol o el oal 00433l oL

oty b Jo EVI (o3l Ol i’ 59U

o8 oo Hlas addllac 5550 00game yo 1) ot wlads (o

YA


http://pec.gonbad.ac.ir/article-1-951-en.html

[ Downloaded from pec.gonbad.ac.ir on 2025-08-14 ]

1FY Gl 9 3l cpmxoy 9 Comms 0 5losls (o0 3190 090 [ LS pgr Comy j cbilis &y yid

oy (2B 392y Jo 4 ks ol v o0 S
ABL el jlail cpl o bes falS g (S 5 (SIS

19555 2 wdle (G285 W, 5l g ol aulS ol b
a0 PO 51 YL slacad o oS el o ol o
@ e o olis | g paas Sl EVI sals &,

o lizes wlinb )0 EVI a5l buwgin Y Jgux

(42 50) e Wl

o g0 sl

Ol o> Y o> VAAY Yaq) AREA Y444

YooY YeeA YO Ya\s oYY oSl

o SJXFA [ EVA feOVE [ FOA o[- FEA o[-¥TY  o[-DAY  +[-OVD  +[-FYe  «[-B).
o Y- SJeBY e [ XEA o[-BYE feBVe  [-OVE  o[o¥AY  <[-$OX  <[-SV\  [-VYE  -[-0FF
) 10 SJOYY [ XEY  feSEA o-DVD f-OFF  o[oFEA ofefAe [ SYA  o[-VEY  «[-OVD
10 Y. SJOYE o [-EOF  [eSFE o[-V [-00F  +[-FOO  [-YeN  [eSDY  +[-YOF  «[-OM}
Y. Yo [oBOY  ofFFA [eSAY o[-0V [eQVY  o[-FFA  +[-YYY  [eSYA  o[-YV)  .[-$eF
Yo Y. SJOFY  fefAe o [oSAY o[- 0FF  [oOAD  +[-FAe o[- YYR o[oVe)  o[-YAY  -[-YY
Y. ¥o SJeOYE e XAY o[ Y o feBVe  o[-OAS <[+ FAX +[-YED  o[-VAY  o[-YAY  -/-$YY
¥o - SJOYE XYY [eSA5 o[0FA o[eAYA +/-FA0 [ YEY  [eYNS  o[YVY  -[-5YD
. £0 SJBFN e EEN [eSYE o000 c[-OOA  +[-¥AY oYYV o[YeY  o[VOF  [eFNe
£ - SOYY oYY feSYN oo OVE feBYe  ofFAe  +[-$A0  «[-FYe  <[-YAA  +[-OYA
- 00 SJeOYY [ YN feSAY e feBeY feBeY o[ FYD  +[SYA [eSOE  ofeVeo  [-0FY
00 §e oY fefee e BAS o[- FAE e AN <[FSD  +[-SON  [-SYA  <[-SYY  «[-OFY
g £ SJeBeY o eYAY feOVE /e FA) o [oFAY  [oEVY  <[SA% o[-V +[-$0F  -[-OFQ
£ FAUNY [ ¥VE o [-YAD  +f-¥Fe  o[-YED  o[-VEA [-YFA o[-¥AS  [cFAY  <[0-d  +[-Fe)
0.09
Qo.og
& 0.07
f=
= 0.06
s
= 0.05
=
@ 0.04
& —— 1987 —— 1991
2003 _1995 ..................... 1999
@ 2002 2008
9 0.02
= 2013 2016
< 001 2020 Mean
(TN
0
5 15 25 35 a5 55 65

2 P Ghis sl Gl o) oo Sl 4y el
boanlie ;o LD 5 Jlsen glacts daaiS o350
5 iy ol mer caw 4 (VL jecis
celyy g 65laS jshiie 4 ol 5l (6510 o0 g gl Sl
Gl (i S0 (o 4 el go 80wy ol 5o
o35 phbolizl jogas (nl ;o Sl 555 50 Sl

Slope (Degree)

o ol )3 EVI (5 Lh Ol pois’ (9501 -1 Sl

Ya

Al wlid )0 EVI o5l Ol i 59519
TPI 44 o 50

Sl o EVIE asls (VY) U8 5 (F) Jgoo 20U,
P Gdg dneS 45 wed o0 LS (o0 pud it
RS Grbg o1y a5 cwl b ol el
s Bly Slelis | 5 LS din S sl o pad s 55


http://pec.gonbad.ac.ir/article-1-951-en.html

[ Downloaded from pec.gonbad.ac.ir on 2025-08-14 ]

OhHed 9 a5 hn>

asllas 390 W Jlu 53 (o0 ,303d Cilises ©linb 13 EVI asli bawgio -F Joun

ool (000l ik

i g0 sl

TPI
oo i olid VAAY 149 1490 1949 Y.ov YeeA YA YOS Yo LSl
L) lsen slacss RS CYSEERYES 7 NRYRY TNV RS L} SENRYPS Y AN PS £ L UNNPYPS L PRRY ¥ 29 WY I 37 SRT A 75 i
(5 o) slaass
ol yw cois MRV S EERYES ¢ RS Y 2L SRR PY PR SENRY IS LV SRS RS 27 N Y 1 4 WY P AV Y I 7 WY BV o
ooy o CLEDe o[YAY e OYA [eYY o[ FYY G YAY o [eOF0  +[-OYF  ./-0YR /- FVF
Vb o Cuio NG Y 4 AL VRIS TV RV PL LTI PS 3 U IS AV SRS ) Z R £ 24 SR OV o o
olels )l daosS da Saely  +/-0FF <[ FFE [FVE [ OFY /088 [¥PY [eYAY o[- 88F o[YRO ffe-
0.0900
0.0800 m 1987
0.0700 w1991
0.0600
% H 1995
< 0.0500
= m 1999
< 0.0400
* 0.0300 w2002
0.0200 2008
0.0100 2013
0.0000 2016
Jaen e ol Ll pwoils Ll pwsds WL e ol e *‘.u_lJ.._-
, = < = = 2020
el a5 L) lelis,! dgnss
(AT 5 ) H Mean

Landform Classes based on TPI

o o Gz Sl 55 EVI aslis ool yis —1Y JSCi

GY-eV Jloslogd oo g a9, C8l b o)lSGay aS Ve oY

58 55 00,5 o0 ST (6u al¥l o L pgo 5B Y- A
N9y g (o DS S YT B YA Lo 5l pgu

[l 5 5 sy oS ol Sl 5%
Gl W) (o jobo 4 YV LYY Lo 5l e ke

b oo

PS5 Siligy EVI (o3l 7ok Ol puii' 599

oSbsS wlojls o EVI el pob ol
Tobe Sloy Slneti 5T wd 5 (3l ]
Lol ool sl plas VY S o EVIP=0 a5l
Jlo 5 Jsl 3 e eanlive S5 4 o5 jsblan
Jlo b 05 o oS g3l tand Lyl 5 Y - Y B VAAY

Y.


http://pec.gonbad.ac.ir/article-1-951-en.html

[ Downloaded from pec.gonbad.ac.ir on 2025-08-14 ]

V¥ limo 9 3wl ooy 9 Comas 03losds 0233190 090 / LS pgy oy j cbslio 4y pii

34600

2008

34400
34200
34000
33800

Area (Km2)

33600
33400

33200

2014

|

1

I \
| ez 5B

1987 1990 1993 1996 1999

2002

2005 2008 2011 2014 2017 2020
Year

EVI>=0) 65,k sl ;5 EVI jaslis zabaus siloj ol 555 ¥ UK

ol asrine Dl (WSS Glaldy olelay )| el
s 38 Gl le Slelay )l Coon 4y a2 god
ol (Sad azl e psix Lol 0 00 S e wais
ol BYo a5 col Lot (Kbjew 43,0 axg b
Sl cou wilgh oo w8 )3 1,8 om0 )90 a5 sblen
5 2150k b rizes 5 DuedlsS (enldl (slao 90

E 51°0'0"€ 51°45°0"€
B

51°00°€ S1°45°0°€

EVI (o5l (650 &l pund 29 (o2
EVI (asls olad &l Wy (o) 3l ol s
Gl bl il sa ooyl (VF) IS
oS Wb o gliws )l = Lals Heme EVI a3l &l s
2 s ee Gl Iy (Kagew azys )k el el
AT (K e 00 7S 0 55 Ll )| gel ey ()

52°30'0°¢

YeVe— 1AV Gboj ey 5o EVI el g lad Ol i wig, 1P JSSS

Ol bl g g ol ezl o gl @ bloe gleasl
ot bl p e Sl 485 S s S
005 5 g dalone 525 Dl Al A8 )90
ALy DS cdas 0 sl Sl Ol sy 4l

Joko 40 Joko 59, b a5 ol 9290 4l g m i

R

ot BT gy (e Lh oyl (S Ol puis
Yore g ¥e¥e Jlw

Joe slae p Grogn (nl 0 LS by 3L
W 5 o VT o Gl Geen )Ty (S
Sy O3S Joe bl cnl 010005 s 5 abogy e


http://pec.gonbad.ac.ir/article-1-951-en.html

[ Downloaded from pec.gonbad.ac.ir on 2025-08-14 ]

OlHSed o xS x>

g 0g walgr oallasl Cumsg sl 5o laliug,
Syt logas ¢y 30 Jlods Slelis ) 4 bgyye
alg> g a9, Shou ded lyld b Jlad 5 ogi>
Sg3 9 pacd Olels )| uimen o LSl p Slelas | ol

bl a6 ackue Jasl i doss g

51°0'0"E S1°es'0"e

33'a5'0"N

S Olyss (V0) S ol ool o 5 g 4 bl
hame a3ls ol gb s e olis | EVI asls
el )| Cooms 4 oS5 5l Loguas LS55 lelis )| 55
ans Sy o] 4o g 0,0 18 Sl bl i o ol
oL jeme D9l e gy, 0P Slidi by i
5 losted Comoimly 5 sl o5 b Logas pliwo)

Yors Jhw ;o EVI a8 iciigy (ol suss] Gilse &l i - 10 Ui

Sy95 0 wsthe Ll b sl sleludl slac e 5l ob
2 G arle pl aeS a5 cl Jb o cpl el
Jﬁj) uaj.«a} U'l‘ ) )i).b PR Y ..\.,lujf).. B |) ax)lao
» I ng ami Jl Gom 4 (23 (nl eanli
Igam el )5 wowd i oy Cewl ol )] slaosy oS
oiels EVIE polie (Ll slopuwccisn) (g% VF- -
OlwasS o580 jo a8 ol Jb jo cpl ol g ST
e o Sl loyesn sili8l s, I EVIE polis
Sl Jdsay az s PO 51 man slaced s (Jl
Gl bl 00 QT 5 g @Niw (&lo yoeo 6.5‘)
ol oo oy EVIE Lcals wig, olS i ol
sy D90 slej ol 4o 3 EVI (el eVl Slilugs
shee (a3l (nl Geb s oo )1 (sl Lns
Comws &g S S Sl logas WSS alelas | V¥ Jlo o
58S walys 8 S llys o olid )l olelis)|
9o azlie o e Sl b g Gl 0 (iny ooy

Yy

G S Al 9 S
i3 ol TP S8 055 L o e 5T
2 Jetie o0l gg gy esmmsplis ol )l (o093,
).u:wé “SJYL’ ).u.vwb suLCLm)‘ 9 L®095 sL‘b‘;M]f
sloaas (L) Slgen slacaio ( olel wais ( Sle
)‘ J..ol.‘> C"L"' ! dnlas Sy90 5).013 B (‘_st 9 )
B s W 5 TPE 535 s 5,05 5
e | alS il oS5 SRS 5
20l (o) el (Slalllas g pal5 )0 elis )| (S31 S 005
0 Gebie asls pl anans a5 ol i EVIE a3 ls
ele el anin (0 lo 4 cwl linsS 0,800
o —i et s, b pleasS el o
(Gldyle g W5, Gliley, JB) gldlas oogasxs
9 ol gl Lulph pdaid (nl jo 0gh o osalie
W}J ‘U’i‘ 5] 05)&- ! 00)5 M‘J.S L(bﬁ}deJ J.:L.o LY
— QLA jemme lalivg, g b el Cews (8l )3 (oL
Slel g cel)) o) slaS (o2l 992g Jodo & 5 (lews)|


http://pec.gonbad.ac.ir/article-1-951-en.html

[ Downloaded from pec.gonbad.ac.ir on 2025-08-14 ]

1FY Gl 9 3l cpmxoy 9 Comms 0 5losls (o0 3190 090 [ LS pgr Comy j cbilis &y yid

(35 obwl cym &l 69,90 aslllas) MODIS
XND ao 5 ol olidl iz psle 50,15 Sliio
AAay

Sl Jados ATV 0 LS e oS53 o, b o
Cewadd o )lgale glaonizin ;o (LS ibg sloasls
5 OldS (o SOL B0 lalim] Ts0)se aslllas)
ol o sl otanssS] (3955 o cblis ailaie
V1) ao Y oyl

£ ki i e ol ke LS g ol
blie o alS by IS Sl b TR
MODIS o jsale sl jl oolital L sliwass
L pole lalllas ¢ (o)) ool 53,50 asllla)
FVAYTVAL oo F ol e

Sl 66X b3, AYAY Ly s plo ey sl ool ulie
(659 3 G ool Llow b (L2 gy (Jad
o) lme Cupde 5 Srptelin WlES g
O s olidls ¢yl o5

St Wy Jeloo 5 i) YA sl e w00l
5 B g ) ol jleslaiul b (LS g
ol g,5e adlae (CVA) s by s
Sryebin s Wi lnl s JLe 5 05 slagligh
FUAY ao o ojlads o lase

Al g0 ol )y AYVAY O wggll B (559 8
b Jlo 5 5 o JLsiis 4 EVI s NDVI als i,
s goyee dallle SiS das 5 KiF blie 4o
A o)led e bz Sledbl eyl ol
NPTV o

~ o) Bl ) o3l ST YA ooyl oo e gl g il
robe b phasle plial o ol flg Slies Sl
TY-00 oo BB o)lesd carme (5 sl 5 Ll i ol

NEY b o be b o oS o) olids o e
lopod 5 (2L Gide Sl G Bl BTy
o ) olad e Sas olpdual i Jlod o S
AY-£0

aud IYAY 7 il e ( Lo ez ol e B s hoese
§ ol U o1 s il 5 LS ity 4t
@bl SleMbl par 5 550 5l o Gl SESS
wliliz Sl (olongr liod )0 aslllas)
FYTF ao QY ojlads (pam)

o shee & (Olilho cg o gnale plabs p (gl
N9y L3l AT o ((Bloygy oy 500 o) poye
5 by Sy polal jloslinul b (alS (mdgy DS

vy

Cewd by g 8L, 1S Wil o5 4y liws I — LAl jexe
L Slepladl glacdlad cow o 5 lalig, o by
G5 L E3ose (nl ad walss gjas; (agllasl Ll
OF ) o 5 il T 5 (VF4Y) e 5 JasS
4 bgpy (ly e Gl G 5 (Sales
5 o5 slpwcids logas w33 Jleod Slelis)|
A sl azlye Sl des Wl Lo Jld
5 Soin s yaed Sl Grzes 5 LS, Slely)|
Lo i op ol wialys g paslae Laul,8 ane
P b w5 5 2okl ey 7S 4 azy
saddse g bar 285 65lSTy (leal Ll Sl po
Dlieesd (o) p 5 PLS Ghds p ST gs8 e
ailge SG oy 4 alS Adg (siledae g ile s
S35 s hre Ol (2l 5o Wlg oo (dare moe

2,5 1,8 solatil 5,90 Sblo age opl o pae g

&b

Oyt (65l ST VYA 68,5 wlidlgn Sliiss o ol
i) iasl gl

sy St Qi) V) L e (s e o]
S Gromn S5 5 oolaal b (o2l 55 5 (e gelas
9 d‘)T (O 163 )50 anlllas) (ylpaol liwl Jlod )5 )50
YVY oo ¥ ol olal St 5 0 pn lidins (S
yav

AYAA T il az wigs )31z wggpmd op o LidaSs e
hoslial b oalS adgy Slpss Wgy ileosS
i (o) oyl anlllas 5 g0 dllate) 15 5l i
TABTVA ao 0 ojlad (LS pascany

ey byl NTAP 5 s g (ooadlpl v i Jon
25 St bl @il (8LS wlgi 5 Ghdisy sl 2LS
Ve pae ¥ o)l ppSias (i (clug; sleo o
OY

ol s pwyp AT i el
b drwgs sliwly o (Bl o) 5 (olS by
Sl dny lllas (oo by g3 y0 axlllas)
w033 9,0 NFANVAN Lav A ojleds (sladlaie 5 (500
o9 pla oRadls (ol pl gwlids ey VAR o (g00ms g

Al s NFY e selle 0Ll o is a9 )
loey50 50 (T Sl (il 5 @le aLS by a0y
ootz NDVI ) esliad b Joy 5 JlSis


https://pec.gonbad.ac.ir/article-1-565-fa.pdf
https://pec.gonbad.ac.ir/article-1-565-fa.pdf
http://pec.gonbad.ac.ir/article-1-951-en.html

[ Downloaded from pec.gonbad.ac.ir on 2025-08-14 ]

OhHed 9 a5 hn>

Huete, A., Didan, K., Miura, T., Rodriguez, E.
P., Gao, X., Ferreira, L. G. 2002. Remote
sensing for natural resources management
and environmental monitoring: manual of
remote sensing 3 ed. University of Arizona.

Lyon, J.G., Yuan, D., Lunetta, R.S., Elvidge,
C.D. 1998. A change detection experiment
using vegetation indices. Photogrammetric
Engineering & Remote Sensing, 64: 143-
150.

Magee T.K., Ringold, P.L., Bollman M.A.
2008. Alien species importance in native
vegetation along wadeable streams, John
Day River Basin, Oregon, USA. Plant
Ecology, 195(2): 287-307.

Pettorelli, N., Vik, J.O, Mysterud, A, Gaillard,
J.M, Tucker, CJ., Stenseth, N.C. 2005.
Using the satellite —derived ndvi to assess
ecological responses to environmental
change. Trends in Ecology and Evolution.
20(9): 503-510.

Puri. P. 2023. Enhanced vegetation index and
land use analysis for seven sister states of
India (2000-2022). Sustainable
Development Goals in Northeast India,
2023: 167-183.

Rawat, J.S., Biswas, V., Kumar, M. 2013.
Changes in land use/cover using geospatial
techniques: a case study of ramnagar town
area, district nainital, uttarakhand, india,
The Egyptian Journal of Remote Sensing
and Space Science, 16 (1): 111-117.

Reu, J.D., Bourgeois, J., Bats, M.,
Zwertvaegher, A., Gelorini, V., Smedt, P.D.,
Chu, W., Antrop, M., Maeyer, P.D., Finke,
P., Meirvenne, M.V., Verniers, J., Crombé,
P. 2013. Application of the topographic
position index to heterogeneous landscapes.
Geomorphology, 186: 39-49.

Takaku, J., Tadono, T., Tsutsui, K. 2014.
Generation of high-resolution global DSM
from ALOS PRISM, The International
Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences,
Vol. XL-4, 243-248, ISPRS.

Vanderpost, C., Ringrose, S., Matheson, W.,
Arntzen, J. 2011. Satellite based long-term
assessment of rangeland condition in semi-
arid areas: An example from botswana.
Journal of Arid Environments. 75(4): 383-
389

Vaogen, T.G. 2006. Remote sensing of
complex land use change trajectoriesa: case
study from the hilghlands of madagascar,

Yf

(el o S9>gl el dds> )3 SIS = e (905
AN as ) ol

e AIVAE L Ladl b o o Sl Sasgs e o ikl

b 2LS sleasls ol (olS idg Ol s

IRl Oble 9 @y Slidos 99 I (hontw I eolital

YYA-YAe jao of o les

O st ) s e P (9B T (OIS wG S

P Gls el Sl g, b ITAY

Oreire 35 Gty (nyiege 5l o (NDVD

oyles ¢ anme Ol yble glas o (] bl 1)

YV-FA oo ¥

Ardd, J., Tagesson, T., Jamali, S., Khatir, A.
2017. MODIS EVI-based net primary
production in the Sahel 2000-2014,
International Journal of Applied Earth
Observation and Geoinformation, 65:35-45.

Chen, R., Yin, G,, Liu, G., Li, J., Verger, A.
2020. Evaluation and normalization of
topographic effects on vegetation indices,
Remote Sensing, 12, 2290: 1-9.

Darwish, T., Faour, G. 2008. Rangeland
degradation in two watersheds of Lebanon.
Lebanese Science Journal. 9: 71-80.

Depew, JJ. 2004. Habitat selection and
movement patterns of cattle and white-tailed
deer in a temperate savanna, M.Sc. thesis,
Texas A & M University, 71 pages.

Fang, X., Zhu, Q., Ren, L., Chen, H., Wang, K.,
Peng, C. 2018. Large-scale detection of
vegetation dynamics and their potential
drivers using MODIS images and BFAST:
A case study in Quebec, Canada. Remote
Sensing of Environment, 206: 391-402.

Guisan, A., Weiss, S.B., Weiss, A.D.1999.
GLM versus CCA spatial modeling of plant
species distribution. Plant Ecology 143:
107-122.

Heydari Alamdarloo, E., Abolhasani, A,
Behrang Manesh, M., Khosravi, H. 2024.
Application of remote sensing techniques for
evaluating land surface vegetation, Remote
Sensing of Soil and Land Surface Processes,
2024: 199-216. doi.org/10.1016/B978-0-
443-15341-9.00006-X

Horn, B. K. 1981. Hill shading and the
reflectance map. Proceedings of the IEEE,
69(1): 14-47.

Jenness, J. 2006. Topographic Position Index
(tpi_jen.avx) Extension for ArcView 3.x, v.
1.3a. Jenness Enterprises.


https://doi.org/10.1016/B978-0-443-15341-9.00006-X
https://doi.org/10.1016/B978-0-443-15341-9.00006-X
https://link.springer.com/book/10.1007/978-981-19-6478-7
https://link.springer.com/book/10.1007/978-981-19-6478-7
https://www.sciencedirect.com/author/8973773500/p-de-maeyer
http://pec.gonbad.ac.ir/article-1-951-en.html

[ Downloaded from pec.gonbad.ac.ir on 2025-08-14 ]

1FY Gl 9 3l cpmxoy 9 Comms 0 5losls (o0 3190 090 [ LS pgr Comy j cbilis &y yid

Yo

agriculture. Ecosystems and Environment,
115(1-4): 219-228.

Verbesselt. J., Hyndman. R., Newnham. R.,
Culvenor. D. 2010. Detecting trend and
seasonal changes in satellite image time
series. Remote Sensing of Environment,
114(1): 106-115.

Weiss, A. 2001. Topographic position and
landforms analysis. ESRI user Conference,
San Diego, C.A.

Wilson, J.P., Gallant, J.C. 2000. Terrain
analysis: principles and applications. New
York, John Wiley.

Yorks, T. P., West, N. E., Capels, K. M. 1992.
Vegetation differences in desert shrublands
of western utah's pine valley between 1933
and 1989. Journal of Range Management,
45: 569-578.

Zhang, X., Friedl, M.A., Schaaf, C.B., Strahler,
AH., Hodges, J.C.F., Gao, F., Reed, B.C.,
Huete, A. 2003. Monitoring vegetation
phenology using modis. Remote Sensing of
Environment. 84(3): 471-475.


http://pec.gonbad.ac.ir/article-1-951-en.html
http://www.tcpdf.org

