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Extended Abstract

Background and Objective: Forests around the world have become increasingly vulnerable due
to their exposure to a range of environmental and human-induced threats. As the detrimental effects
of forest degradation and declining ecosystem quality are widely recognized as major risks, it is
essential to develop effective tools and strategies to prevent or mitigate these impacts.
Understanding the degree of forest sensitivity is a critical step in this process. This study aims to
classify the sensitivity of forest ecosystems in Lordegan County based on both structural
characteristics of forest stands and biophysical factors, including topographic and hydrological
features.

Material and Methods: This research assessed the sensitivity levels of forest habitats in Lordegan
County using key indicators of forest health—specifically the Leaf Area Index (LAI) and forest
density—alongside physiographic variables (slope, aspect, and elevation), rainfall patterns, and
land use/land cover data. Structural and land use maps were generated and validated using satellite
imagery, while physiographic data were derived from the province’s topographic maps. Average
annual precipitation was calculated using long-term monthly rainfall data from nearby synoptic and
rain gauge stations. A regression model was developed to estimate annual rainfall variability at each
station, which was then spatially mapped. All input layers were converted into raster format in
ArcGIS 10.7 and classified into four sensitivity categories: low, moderate, high, and very high. The
standardized indicator maps were weighted using the Delphi method, and a composite sensitivity
index map was created by averaging the weighted layers. The relationship between the sensitivity
index and the contributing indicators was examined using Pearson correlation analysis.

Results: The integrated sensitivity analysis revealed that 18,386.34 hectares (14.44%) of the forest
area were categorized as low sensitivity, 48,333.58 hectares (37.96%) as moderate, 38,179.18
hectares (30%) as high, and 22,405.90 hectares (17.60%) as very high sensitivity. Statistical analysis
showed that spatial variations in forest sensitivity were strongly influenced by a positive correlation
with both LAI and forest density, while precipitation had a significant negative correlation with
sensitivity. Additionally, the combination of physiographic variables demonstrated that sensitivity
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and vulnerability increased as slope, aspect, and elevation values approached higher threshold
classes (i.e., classes 3 and 4).

Conclusion: This study highlights that a high-resolution spatial evaluation of sensitivity
indicators—using a 30x30 meter grid—can effectively reveal the relationships between key factors
influencing forest vulnerability in Lordegan. The projected increase in climatic variability and its
growing impact on forest sensitivity underscore the urgent need for proactive monitoring and
management. Without timely intervention, these forests are likely to face escalating threats from
climate change, natural hazards, and human activities, leading to further degradation. Future
research should incorporate the other two core dimensions of vulnerability—exposure and adaptive
capacity—alongside sensitivity. Emphasizing the role of local communities within a social-
ecological systems framework could offer a more comprehensive understanding of forest
vulnerability and inform more resilient conservation strategies.

Keywords: Vulnerability, Remote sensing, LAI.

How to Cite This Article: Raeisi Gahrooei, M., Mafi Gholami, D., and Abbasi, M. (2025). Classification of the sensitivity of the forests
in Lordegan County based on structural and biophysical characteristics. Forest Research and Development, 11(1), 1-23. DOI:
[10.30466/jfrd.2024.55330.1726|

Copyright ©2024 Raeisi Gahrooei et al. Published by Urmia University.
@ @ This work is licensed under a Creative Commons Attribution 4.0 International License, which allows users to read, copy, distribute,

and make derivative works for non-commercial purposes from the material, as long as the author of the original work is cited
properly.


http://creativecommons.org/licenses/by/4.0/

DOI: https://doi.org/10.30466/jfrd.2024.55330.1726 Sz anngi 5 g
DOR (\\‘~\°)‘\—Y\‘W‘\ a)l.o..i: AR J.L>

@'&#3}!’ Al

b 9 ol sl Sy wlul 08 ) Ol i sl Ko Conles guuazb

Tebs 0850 5T e Slasgls S 68 ) e

(raiesi@stu.sku.ac.ir) .ol 1 o3 S ¢ o S e o805 (e o5 5 b b 0aSSl S e (655 (il -
(d.mafigholami@sku.ac.ir) .01 1 ¢3S 4 3,5 e o3 oo psle 5 o e 0aSCiils (YK o5k 05 8 Ll =Y
(mozhgan.abbasi@sku.ac.ir) .ol 1 S e 3 S e o KiSls ¢ pue e 5 b mle saS S psle o5 S Ll Y

VEY/ VAV 5l sl VERTIYNY il

s AS>

.

e s 4 O S LS Sl e 5 me 53 (5,515 Clew Ol ol 53 b [0 i g 4ekle
CohS el g 5 e sladely el 8 s b dileds i cblis 4 sl s el
213 5 500l Lpd e atld IKr slap il s DI Ol e ades s S
So3re Al Sl Jlaie lolid 5 Ly 55 cn) 2 L 8k ln e slalpl 025
OB ) Ol s sla K cpnlir (gdoaihs s cpl S5l G poepl ol il
5 byl b SHs) Sdse 5 S clel&ins, btle sla Sy eluly

ol (lao]

Glos p OB Ol gl S slaelliy s, Comlo a3 (s ie hasl 3 e, o 3l
el (K oS15 5 S mhv jaxld) Ko ol w0 bg e (soltle e gl i
L gduarb Sl G /6 5 (SAOL Cunds Lol jen (plil 5 g i) (SIS 0
o Sloslsale yslai Sheslind b (6,08 ol o & (bl Gla ot li by o aalds sl oty
235 A ag Ol B S 08 2l 5l esliad b 318 658 slajastls ALE Lhd  wwloms
S g Sl 0 by o wilale S,L pslis JSlej (g 3l eslizal bVl S50 Lo g2e aolsl
DS 5 ¢ s S 5 il s 551 g 5 sl R g5 5 5e il 55 S0n5 5 Wl 0L
s 3l esliad L5 3,50 el oled A (3lealds 5 dol oy oSl a3 ize cpl VL
Shuarb oL s 505 cau g (oS il Sl 5o 5 LS fes 4 AICGIS 10.7 51580 5 55 5 5 50
Doy 3 eslinal b sdimanlee o 035 43 b et li (sdds,llul) sl shuail glaaid . Lds

Sl U,JLA\]{L;K;;,-L;LMK.QJJCEMJJ Cowla 4l sddgloaid ai& 5 LAS © 0 s



Vo)lads VY ol (K> anwgi g Jipgh oole dolilad
la ol 5 Cowles wles Ol (ﬁlS ax3) bl LS:.MM.A ol ol w305 ladlis

el CLM 55 ol il i85 ghuadl g acule da ot ld 513055 slaalids 5.4l (aadl

YAVANA ((doys TVAT) lSla EATTY/OA ((dwoys VE/88) SLSa VAYAVYE oS sls Ol IS
Lolib js e ia o&iss,y JS s IS 51 (Ao W) SLSa YYER0/80 5 (Ao ys ¥0) s
e (b e 3) (ool alasly ol 5 a3 imals 13 3L5 sl 5 3L 5 o 320 (oS ol o
Cilizes Slae 1S 5 Coanle Sl S Wl s cab a8 sl Ol b ax s 5 sl ol
St 5 [ (S1 5 Aos3 5 S e sl e la b O s 5 Vb (Soen 51 ie oKy
(el 5 g coed) 315 55 slasasle Gl romen ol S5k pslie (i 30) e
Sis (Glezr s aw Slid) Sl d o 0 o e ls ol oolie Sl il &oysn 55 oS sl OLES

Al Gl 5 s el s s pdicen 5 ol

SLelis 55 53 Comlo 4 by je lajals SIS 533 i)l o 5ls 0L Jhassy ) s oS amsd
Sl pali Ole alaly Cho g 5 Lo 5 o OS2 Yo 53 Yo asls slad sl L 05 ) S0
Slie Sl o @l 5 aslsl s 5 el (gla ine O3 oul53l Ky 35k e pdu0Sal | il
53 ekl ladle 53 a8 das o 0L ey o3k 3 Mo slaellins) s pdicen] 5 ol
5 orab bl el S i Sheas iy Sl e UKl e 5 sl pde ) 50
il Al ol eaa | b K ) o 555 kS SOl aalsl s 5 S il 13 L
S b s 852 00 Sl Ros el Ay 5o s b IS e el sl e,
s bl 35 s b Sl melr 1B 4 a5 Spdioanl dn IS s (6l 8l

CYAYTYYEE Y 1 aled 5yl J s o 33



s 9 6yl gla Sy oubuly (B ol il gl S Colas ganail

o ol il den 3 e s e S
Jazirehi ) coul ol b K ool Conslom 0153
and Ebrahimi Rastaghi, 2004; Jaafari et al.,
356 sllaal sladely oSl 4 55 L L2011

Slr @ DA Sl el sen ¢ lse 51 Cans )
S s K s Mo Gl i
ol Sl Groael Sl (L g o o g
Sosre Gl s ALK Ko gl s
.(Sharma et al., 2017; Paul et al., 2020) ..
S el 5 AT 58 5 Gua ol w4 olaws
Mafi-) ol bae i3 (pl omlo 5l 55 G35 5

Gholami et al., 2021b; Sharma et al., 2017; Paul

e 5 sl lil ek sl L 65 S
S5 o g3 oS sy alble ol e
Turner et al., 2003a,b; Ebi ) das s 0L 5,8
Gpdioasl Lol 051 51 S s (et al., 2006
T

(b 5 02) (ot 55 58 Sl
Slelo gl 5 (35 513 (5 2 5o Sl
Lo bl S by ks bl il 4 Cons
Sl ok S5 Blh a bye S5 L
Kelly and Adger, 2000; Turner et al., 2003a,b; )
Sk ] ke « .(Smit and Pilifosova, 2003
2 B S 8 el edd (il sghe dn 4w
Sl Sl 5 a9 oyl SIS I Jul e (5 ne
S by ol el o ol conlis (o
(230ls b ke S b ) sy bk
.(Adger, 2006; Polsky et al., 2007)

e b K ol g 5 ol
Sl bl S S Olseas 05U S o i

5 o g b K sl L5

4adle
3 kRes Skt (5 e s Oler el 3 K
b Lelse Sl slas sams Laws b K 5l
e i 5 00 WSS el s
Lambin and ) s55 0 Ldg Oler Cla.w 33
4 SYsb e Jsa Ol s .(Meyfroidt, 2011
S b S sba s plical ol 5k
ol ol 5 L5 o S 5LL Jase Sl i
Lindner et al., ) &l o Jol5dl Ol oad 4 Cod
(2010

LSl K 08 5len Ol cnl o
03,5 wd L ool sl se Ol B8
TR B PPV e BT CCESRe SR v A
Nl (Amiri et al., 2017) cl Sde SV b
Sl Ol ol b S slaao o a4y 2350 L
g il 5 Ko ST s SIS ans
Las e pl 53 pls pglle sl romen 5 5L 5) 5
o Gl s 5 s g S Bl
Gl eld LSl s S5 g
.(Iranmanesh and Jahanbazi Gojani, 2007)

SIS & ol 5 Jbeesler Oll sla 1K
(&2 Y gams 5l eslinal (oladl 5 ol L
b Gl ol Sl s Bl 035 Lo
s Coanl Sls pls Gl 5 g Golas
)_ﬂctﬂgﬁu}jcﬁbu});wﬁoﬂ{
Mohammad nejad Kiasari et ) L ,ls sdge 5 S
S Cow J= 5 ol (al,, 2010; Fatahi et al., 2016
S 2 e 5 edla s sba Okl ) e S
OB e Sl 5 b ol bl 510 AU
el el e Sl @ Ol S XS s
Ol s bl (bl (ol Golas 5 o s

e ¥l 5L il dga glas ol ¢ IS0



\O)W‘\\ﬂ}sﬁoijw&jfsolc;ALl@ﬁ

Slyend (M el sy el s
Slaaas b s bp gt cpl 5o 03ls &5 (g kb
0 G BT Gl i plulis gl anddS
Sls L ey sy |y Jasee O bl

o Sl 5 ame Sl bl g3 Al
PRGN PR PN CESNCI A S PRSI
cblis @ dels 5 el SBSLeps w0 1 &l
Sl 03 S el 5 sl (e 4 sl o3 S oS
Gl L o pde e el axwy 5 ol
ARLS 5 6552 b K cpl Sl S5 cble
G a4 glaws felge 51 SO s dals
Lavﬁg,..,ﬁ)' gl Casles Hlaae aad 4 sl
b s ol s ol ol
o Lol 5 ) Sl a3 (nd G2 b
53 Sl Sl Wi e aoes Dl bl ¢ 535
A3 e LKl S ol a3 4
e i 31 26 sl BT ile, Bla- 4 sl
ol ol bl Gue w0 plaws 55 0SS
.J\.:;Sr.a\)_'e B Lafﬁgwﬁ)'

©Ad A s nl e ke reas
Ol g sl S 5 il (g hadl 5 o) 2
Glaolliy g,y 53 solerlu sla S5y pulul 05 )
i s S S hs) Surbse s SR
DLl 5 Sl poud 5 255 ats 5 (3T
Sl S5 e Gl Bl sl i 05 S
3 e s cblis s [l Gl 2alS

A dal g &l Ll

R TBIIre

o 290 diais

Ol K slaelli s, Joli Jhas3y 350 addane
el OB ) Ol g 3 ol s dleler

5 O it b e Olpte 5 Ladlsle
b gl b B glaag S bl
3oy Wap gris 5 ol ol 3505 o s slastaly
.(Mafi-Gholami et al., 2021b) > S dal 4=
e bl 5l a8 col plaaslis 4 by
s K> s plewwl Upgupta et al. (2015)
ol Sl 4 G o8 GUlen adkaie
G N Som b oon r) 03 NS o
Sharma et al. (2015) L. g oddal,l Jags
sl 5 aose o iy U sla el
w8 By il Olas 4 s b K ol
o2t s acl=e 4 Mildrexler et al. (2016) ..
B e s el K gl
S s ol sy VL ey 5 JLSas
R e e
RGO P B w;ﬁ

Jennerjahn et al. Lo g sddell [lasi 5o
ol 5 Sl e Ko 6 il b 3,1(2017)
ca,omyp Wilon @Bl s S5l 30 Sl bl 4
9 CM\ ol o L;{.;.}- 9 Lﬂb cudb}k cLiJJ
STV J 0 - STRE RSP ISR RIS PR
byl Sharma et al. (2017) lLug oul
Sl b ke olide 5ot sl S (6l
Sl s 1 55 05 b (i ) A3
sle b glajlas Ly L"J—Q’? ol
R N T Sl aled (S5 4 e
! » Mafi-Gholami et al. (2021a) .42 fl"d



S den 5 6 L3l sla Sy oelulp (B0 Gl sl sla i Coslus ganail

odas Jidg (1 JS5) ded g Rds 1 Ol el
JSa Glal bsk 655 Gl cnl 5o 1 SR
& Olg e Ol K o Kis 5l 5 das
3 oSS S s b s a8 0L

(Yaghmaei et al., 2009) > 5 o L3158 plly

Yol sl 4 s L OB Okl
a3 YV B adds 4 5 am o WY s cm et shS
0V U agds N yar s 00 5 Jd 50 aads
Statistical ) 31> ;1,8 3,5 Jgb aids Yo 5 a5
Ls 085 ) sls JKr onw sy (Yearbook, 2019

w‘ C,M) )‘ M)J i-\ aS C_,...»:‘ ‘)L’lgﬁ \Weunn

Fhooen B eere
L L

YFAeer

Laal,
T ot o s

ol ol 50 \:§
L

N
OBy il sl S STy 425 A

YFArens

T T
Fhoeee AYeees

A 3y se addate 4 ) IS
Figure 1. Map of the study area

Mafi-Gholami et al., 2019; Mafi-) cul Jae
cleay Jass cpl s (Gholami et al., 2021a,b
O 3l gl o ST5 Gla Ko ol Lol 5
aiB Sl g sy el Canles Sl
Sy ais 5 LAD S mhe jaxls Oluis
A eslinal 5 g Ol g 5o IS lael&iy s,
St 5 Gl sdiS e S el Sl s
O3 Jsb o3 S pprc s slas SO 5 Sloss
S| Larﬁ(_;...\..:)' RELET-S1 WGV, W GV
Lietal,) col gl SIS 528 5l b5y oS

o3y el Sl
SLap s Sl s 3 S sl JS ) g
Slaasie  bls 58 o g Selul K
doss oSl sy Dlen Liles) (gl
2 S5 OI5 L (S p phw ala 5 il
Pellegrini et al., 2009; Ellison, ) ol by J b
ool cpl (20155 Mafi-Gholami et al., 2021b
Slaasiis il Olas Ly, Osp sl &S
sdas0lis Ol Jsb o s Ol Lokl
e O X ES PN A
Sla Saisl 5 a5 4 Sl p o3 (Sl



\O)Lm&s\\b“\i.}/Wywajf;«ls&LLaﬁ 8

Yp);.mazm\,%’gm,@,;&

RGO IS cb)jTJ&_}}:LASJJ))

e eles Olgea 5 AL b/
6[.&0@.:)) BE) .h::v.o wu\}h 9 wuwu" )

Lo B F5 5
Sensitivity assessment

.

Reviewing the related

Ly D94 SRR e S

Choosing a Research Topic

X

sla s
Casl
Sensitivity
Index (SI)

‘ A o 158

land use
« I o815 aks
Forest Density
S e par L
Leaf area index (LAI)
. Wl Sl Sk
Average annual rainfall
« -
Aspect
« Slope
&L&J Sl
‘ Dem
23055 ROy ur“o'if 23 Gails J.§‘> o> dla
Coding and Weighting Integration in GIS Forest Sensitivity Map

Figure 2. Schematic view of the overall research process

b Jseme ladlele 53 Lacsls Asls

Slewlses rfmi Sheslaal b opl by sl 0k
ol 31 pslal (el Sl IS8 Al (5
305 ket a1y cewad SIKL IS abele ol ol
3 (Mohammadi and Khodabandehlou, 2020)
£5 AL ALY cod sl gl Sl 3
s OlSGal sl ol I8 58 Wbl s L5ls ch.ﬂ
sor Sl wble sl eslatal ey ol

=

QM‘OJL&M‘JJG@J»A}JJJ@)JQ‘}&MJ&}

ol:.ﬂj.@..i):df;e-o:j.xm\,\:q\ o ol s

2 SR eadome g sl S jasie 065
oolsabe pslal (6w Sl Il s o) adke
OLI- ETM" 5 TM (slacdimiss & 5A &V (0 Gkt
oslizal bl ¥ Sy o3l s () Jsus) 2/ OLY
ol A eslenal (GEE) il o)l 858 wbls
Lo 5315 i a oyl Sl 858 bl 55 55 5las
(o 5 (Spesdly (owdin) oyl Slemad
wb e Gils g lp el D pea 5 LI 5L

Llods



s 9 6yl gla Sy oubuly (B ol il gl S Colas ganail

I > VRGN - PR YN PRI W R PR S

Table 1. Specifications of used Landsat satellites

Rl Ole o)l sale Dlasiin

Row /Pass Date Satellite specifications
164/38 1984- 2013 Landsat 5 (TM)
164/38 1999- Yet Landsat 7 (ETM™)
164/38 2013- Yet Landsat 8 (OLI)
164/38 2021- Yet Landsat 9 (OLI-2)

Sleslatad b Como s 5 15 5t & gadlakad
Sheslasd 5 GPS 5l eslinal b sy lacils
s 08 sbdle & by psla gl ) 558
McCoy, 2005; Khoi ) L jasein alo wd
.(and Murayama, 2011; Delpasand et al., 2022
2 M essdoms 03Y oo 4 plis Sl e
laga=li 5 Ad asle tasg s, addais
s esgdoe b oy I Conlo 4 by e
NS p b s @ bl 53 a8 L Jlesl 5 w8 S
Sy g s e el

LAD S p mho asls Ol i N a5l
sbaxle 5l S oolsea S, rhe el
O3 el 350 K Sl 3 o)l sen Dl
Pellegrini et al., 2009; Li et al., ) ool a3 S
O3 g sl 3l oS (6, 5bas (2013; Ellison, 2015
Ol Jsb s baascis cows pl Ol Wy,
31 3 gl 5 (5 o] (2l akimsOLES
Mafi-Gholami et al., ) col Ol bl 4 Cons
sskie owlas (2019; Mafi-Gholami et al., 2021a,b
5 el s J3 > e 5o “SJK""T 03 9d>es >
Cad o 5ale Y SIS ol el 5Ll (6
OLI-2/ ETM® s TM lastoees 4 5 A YV (0
Yo Sl ek s «(Gorelick et al., 2017) OLI/
S (sl sl 1SS Wbl 31 eslinad L dlla

r@ﬁéugfbuﬂvgidb;&@gﬁc&wubu

adbie 53 K edsdme OAS Lasde Sl

3> oSS eldmemal pslal S hass s
oslewl b s eslarsl (Landsat Collection 2) <woutd
Sl LSS o Sl ol g sasl 2 glaas 5
Solwluer Sllas LA 5A V0 ol sla
ol 4 Cand A 3V 0 cnd sl 05 S
Coget Ddedidy (G bl e A el
g e gl s o 5 s e ldmonad
sshie mena (Gorelick et al., 2017) s osbel
DSl Il (M essdeee DASGatle Sy
Ol fomd 4 by o ot gl Glej (6
S sl e e 5 ) G ass Jse)
Lodao s sunaib 5 Sl (e by
L bl (SVM) Olgiy o pomdle o5
;31 .(Scholkopf and Smola, 2000; Jensen, 2005)
Sl ol Ol Slapopdile i) s SIS 523
23 Mg 5 Sa S el Glakise L S
OB o g das &) o S L el el
Gualtieri and ) 555 Com Julsdl 5 laas s
Shoanb ¢5 A o8 oS5l .(Cromp, 1998
ol o Bl o laie 1 AT (sl
Glp Wgedankd Yob sl Ol Gl ash
SosS o Sl edkad g badd o L)
Cbais Gl o a eslial laber s Jloz|
(McCoy, 2005) sl Coslin aibs 55 L (5,8



\O)W‘\\ﬂ}sﬁoijw&jfsolc;ALl@ﬁ

oS LS alS iy asls SAVI (¥ dal)
==L MSAVI .(Huete, 1988) (¢ alay,) Sbs i
o)) sl Slol St 1 oS Jiokad alS iy
AL i exls AVI (Qi et al., 1994) (o
aal ) cod S e ls BSE (U akaly) as i
ol et T 5 (A dlal) sl asls ST (Y
(Rikimaru, 1996; Ray et al., 2013) (4 al,)
Pettorellietal., ) iy e Sl KT & Ly
03 XS &y seas (2005; Matsushita et al., 2007
S o 8550 S35 p el S5l S5 Sl
A S35 g5 edd 3ls el sy 3 e s
L K oS5 ads 5 48 Jlesl e (glol sale
R e p el 038 S 5 Sale SS
AS) Lo s2e ((V US) oS wdd Hlex 5 s Lol sy
LS gdsaik (8 uS) oLy L o (7 as) sb (Y
delos G b 51 LT 35 5l sla s UT pieas
Sl eslial Sops s A sl LIS i 5 IS 5
Gl st ooy o) 3 oS3 sla L
S ok eslinal gladil 5l basls opl s &S
o b s n e A i o

.(Matsushita et al., 2007) Lwas o OLiS

Pnir - l:’red .
NDVI = ———=% (1) ialf
l:)nir + Pred ?
KL Prea 5 Ks3 50,8 093l b LL Prir
(Y) kil
2-S(Pnir B Pred)

LAl = ( ) X 3.618 — 0.118

Pnir + C1Pred - Czpblue + LC
9 C1 9 gg_{ j"j’ LC Ll Lf‘ L;d.:k .,\.:L: Poiue

Sl ol BU Sl aS s s 5T slis ol 5 Cy
C1 M@eb%‘fﬁkb)bu&j;TE|@>@'

— 2'S(Pnir - Pred)

Pnir + C1Pred - CZpblue + LC
Ppir = Prea(L + 1)

Pnir + Pred +L

EVI (¥) iyl

SAVI = (&) eyl

o3 5> «(Matsushita et al., 2007) K> cudl
39 5o LT Ol b s slas o 6555l sladla
Wl ol gy Ad awbee ool Js3 LB
Sl ool 2 Sl (e ls Sk S5l
L3 oY US) b gie () US) (S 4kl Hler 3 les
Dintwa ) 4& gdoand (¢ uS) 5L dL;- 5 (Y uS)
(etal., 2019

oS15 L2 Y jasls

son w O S (SIS E e Gy
S eslin S Sles 515 ol alS laastls
il b cons Cotle e 053 Laesls 51 (g3l
SLSSE S, Lo Sl Sl glaeylsale
LSS ekl 5 b 5 Sby (S il
— i baesls pl il Al Celis L LS 5
Oszmad (por ol s 2l ol 6l ol wle Ol 5o
laaxle Sleslizal 5 Lad » e LS i
DAL Olpea S5l il Gl alS
Gartner et al., 2014; ) ol o3 lea.n b 2,

Hansen et al., 2008; Hilker et al., 2015; Jamali
et al., 2014; Kumagai, 2011; Michishita et al.,
2012; O’Connell et al., 2014; Spiekermann et

Skl s (al., 2015; Marston et al., 2017
GRS s e Wole LS i Cands o)l
Rahmani et ) ol Hls, 55 5 (6oL 5 el AT
o3 2l sl AL e el (al, 2011
b slelal Clalie 5o 0LLS cadls
>l L8 el (Boyd et al., 1996) Lledi
Rezaeiand ) ol Lol Ot (69, 5 s el
sl edicy el Wbl (Fatemi, 2022
ol edidle ;i ,ax s NDVD) ge la et ls
Rouse et al., 1973; Binh ) (\ 4kl,) ‘_}_alf e g
Cb”‘ _=>La LAI (et al., 2005; Koh et al., 2006

AL il s 1L g e LBV (Y daly) S,



s 9 6yl gla Sy oubuly (B ol il gl S Colas ganail

53 Smbe b3l 53 g Jalse 51 (S Olsens
Shao et al., ) 35 0 Ol lidipy slaabls
.(2020; Nguyen et al., 2019; Jin et al., 2019
PRI e AL e B0l 5 S
Nguyen and ) 552 e wuw Sl ol
T 5 S5Ses Gble pizes (Liou, 2019
Soole Ll (ALS gy a4 Sl pRiL35E
ol 5> (Nguyen and Liou, 2019) aaes s 5V
03 gdons 53 (B g 16 208 4B 5 s
Loodd oollas guuadl Sl eslinal b Shagsy 5,5
sl Sl 5s SVM) Olnly Jlsnoedle o)
Ghla (Y 89 (55liS () 9 @, s (s
L sduaih (8 4S) Cod olyl 5 (7 aS) S
St yos ) eslimal b sddarg 458 &35 oy s
A plal &) S5 5 e

Yl SuL huge vV esls

e ™ SUob boge gileads gl
SVEN) Al Y Sle (6w 3l s 5 50 adkie
Lelal 4 by e dlale SUL uslie (VYVY
30 adlis 4 SUo5 5 Wl Ol 5 Sk s
bage pslie 5 (Y Jadr) Al eslal gy
3 s A s oKl a sl VL S
S b sgte polie Ols s S5 alasly a5
33 ke el VL S £ s b s AL
53 3 el 3l eslinad L] wsay olSa) a
Ol s TP Sy ald ArcGIS 10.7 )l}élrjj
53 5 46 085 ) Ol g chw > Yl Sk
5 (M) 5L (Y 1S) L sie () US) (oS il e
Sol g L gluaidk (8 X)) oLy s
& 83508 pt 2l g 5 SAOL palie )l
TG P GO T e P L5 W
Eslami-Andargoli et al., ) Sph g Ol b s Clj_'.l

(0) akayl,
MSAVI = (ZPnir +1-— \/(anir "’2' 1)2 - S(Pnir - Pred))
() i
VI = ((Pnir + 1) X (65536 - l:)red) X (Pnir - red))1/3
V) i
P. + Preq) — (Poir + B
BSI = ( SWIR red) ( nir blue) % 100 + 100

(PSWIR + Pred) + (Pnir + Pblue)
USzdsh 35 Ol ib Ll Powe
]
A) dayl,

SI = ((65536 — Ppjye) X (65536 — Pyreen
X (65536 — Proq)) /3

w‘ f"" ﬁlﬂ JJL Pgreen
Lmax - Lmin) x Q (q) jd‘-.")

65536
ks

L=Lmin"'(

sz

7 0ssle Bl > 228 bl Jlade L
Ky (ol Ll s ey e Jlie Q (ol >
Slod T 5o 0t O gl IS sl K
(Rikimaru, 1996) ol S e 5 oo
PUSSl 5 g b 0 51 ¥ asls
e bt ol U 318 5 g 4l Sl estizad U
53 prge w3l eslinal e 5 Ol (g Y
Ul sy sl AeGIS 107 sl ;
e 3 MDA R gh o) e adale ol g
A) 3L (Y AS) Loy () US) oS kb Sl o
Gl S gluadd (B XS) oLy s s (7
S ol gl Jool al e LS 558 sl L
A G a2l ol islie (1580 oy s o
0 L SRSV VU ERPRCIV (PSR K s G |

Shirmohammadi et al., 2016;)

AR
.(Makhdoum, 2002

2 b S N asls

Ole dlatil 5 Job ams 5o LS Jdy /208
5 oS S50 Gl slac s 5 b Julse

R



Jdalgst 5 e U&Jﬁ;— Cl= LY Lﬁf.,b‘)b

\O)W‘\\ﬂ}sﬁoijw&jfsolc;ALl@ﬁ

g_,m.::‘b

2009; Pokhriyal et al., 2020; Wossenyeleh et al.,

oalaul >S40 L;’W”U‘)L B Lg-::i}':w’ 6[.&0&,«4”‘ (’L -y JJJ}-

Table 2. The name of the used synoptic and rain gauge stations

f"““u‘)l’ 9 &':::’}"‘:“"‘ oli.:.wil

Synoptic and rain gauge station

oy a3 S s o8 S
Ghale raeisi Sardasht Lordegan
(0 5S) s $3 50men lsle ol g0 (5,08) aad=Jle
Dasht (Kohgiloeh) Dorahi sadat mahmoodi Mal khalifeh (Felard)
R SR s oslsplel (655 O3 o
Pole zailaei Emamzade abdolah Sarkhon (MiyanKoh)
(st (sole R (500) 5511
Mashme sofli Barbor Aloni (Khanmirza)
S gawisd Loy e syl
Dishmok Maymand Armand olia
Qe S & ol [cad
Saidoon Sine namak Monj bar aftab
L g b &S JS S gas
Shivand Kate siyah Dehno gorgolah

3 4 Ol a5l eslinal LS Gy e
b Sl sla o Li Ol )y i 58 5 s
Carranza-Ortiz et al., 2018;) s3lu o L O
dosles 31 s Hsbate eaay (Kumar et al., 2021
WD gl gl el Gl s 05
IS Gl llkal) el uhuad b (6 )
S O ek dploes o 033 55 b L
Ale s 53 spmse w1 eslanad b e
3055 Sy sbeii sl ArcGIS 107
bgie 5 A5 LaS S 4 s ) boasls
Olpear 4 Jobo o 55 35250 oy olis
1 e o a3 S 1553 gk OF 3 Ll lie
P03 Sl glajaxls 5 S0ke olie :Sls
3ty e 5l i ()¢ ) 4K s
:(Ellison, 2015; Mafi-Gholami et al., 2021b) sl

'Y

Cowbos doy 4 by o slajas s 4 (23059

03 ey e e et li 5l S Sl g L
23 Sl Slae s Solen Jl Conles dsy
Mafi-Gholami et al., ) . ,ls ebde s slaailels
Slaartls 5| Ky a e 035 (20158, 2020a,b
3 S el b Conlis da 4 by e
Al Olaass Sl 8wy DR Jde 5 4
ol Ser sl S e 5 bl
Slp edidlp) Al dnle ol 5 Jlee )l
S Sl dmlpssse 5s mie Ol il
Mafi-Gholami et L. sddplxl lass 4 R
(xS ¢ = s all. (2015b)

oty gy Sl 28 4

Sl (S 335 2L sl sy ool 0o
YooY el slad b 4 Shasn 5,5 oKy,



s 9 6,3l gla Sy oubuly (B ) b el o K ol ganail

Shuail iy b K 8 Sl K egde e
S50 aalzia DL, Q% )\.)j_vJ:...::La e.L.:C)JLE
o)\jALA J.’JL‘QJ S J:.<.:L:A )‘ oslaul La J"ﬁj}i
OLI- ETM+ 9 ™ Lguow A A Vo
AO )LE:J‘ dy98 Comes 4 Odewy LS‘J'.’ 6‘4.&.2-}3
&W}M}J@d)ﬁ&@é&;—bw‘)b
Yot Bl (s b ol Lo 2) do)s 40 Jlexs|
Lodls OJL..::J‘ BEL) )‘ L)':Dw 6[.&&}}& )‘ 6)[.’:“_,
L;Gy}a LQLAL&.L 6‘}" Lo s AO W)‘J—E.A‘\S
el ol sllas gunaib e, Sl Jeols
JK’VS‘J;‘JK*}°>JWJJAM&’WW
o ob‘)jT (Y') J).Jo- BE) Lf’ab‘ u.M..Jaﬁ /6]1)[5)

o

S (1) i

n
:xn le 9 g:,\:.wl.mo- 4.&[.&4 SI fﬂ\.bq.b w‘ L Y

sdi s, Seslll Gl axls 5 SCoa a4 by
o (S Ak S e arld) Coules
Sl 5 Bl i g [ S ki gl ] g

sl (VL S0
350 adlae IS oKiisy Comber lAde a2E
oSy Joed 5 4 UGl eddag sl
ARG 1 el gla el Ole da)
glos Ol Galoams) daly (ol 5o il s
o3l L (Lo o) Loy Lt 51 S S 5 Sl

@b

S SIE AV -y ij\?-

Table 3. Checking accuracy

LS s SIS i S Sipuib w25 Sl
Kappa Overall Accuracy Classifier algorithm
< 03 g l>we
0.887 91.1 Jor e
Forest area
Dty I3 peile $n S
0.905 93.4 O R S oS ;
SVM Forest density
5,1 b 16 2,8
0.918 96.2 P o TS

Land use/land cover

S peolSisl $55 g e 3 S IE )
GlaolKaasl 5l eslinal b Wsg (ol ek glls
G by Al el (Steen s bl sl
Shls laelansl b jsbms slaclKanyl alas 4yl
SV 5 Cate San s dlasle olas s al
o33 3lasl Ollas sy (/A4 L /A ) A
Ad by Gl ek s elail SPSS il 5

ARl 55 Gl Slased sy sl b Cpiaeen

\Y

SHL sesls CokS ) p
0l o] e B e dldplmil s 2
s (s =4l gf/f §AD —gtéi J; C;>
sy 2ope a5 (U85 ) Sy g olSa
s D3ppS s ool Sl 3y
A3 5 e oRl S o e sl
e e adkie slee o0l Sl 5l

J‘)}Ajali cl.<.’:m.:‘\‘\ J\MJM@JL&#\ u:"“)}:’



\o)w‘\\bsﬁoWij@jfsols:uLl@s

13 LS Lnasls S 028 5 S s s ol
Sk gleesls (w8l e 55 nl polis &S
o3l 33 o oot laelany) &S 53 s 350
235 0350l edias0lis o Lls L3 Y b -
Lo gte (g3leald gl a5 Ldg SHLL ki

b S 15 el 5y 40 VL S0

Slaesls ( olislsn o isl58 wj s 50 5 SPSS
@L’b LS Gl 9 L}_:Lnﬂl.\.\.:ﬂ wﬁ.\ﬂ éLﬁcK}Mﬁi‘
Ol (Sb olie w558 02 b e e
-0 Sl S Ol 53 glsbae c)ﬂ.u aS sls
Jbo i 3l Ol a8 Wil o +/00 31 2l (& e

(8 Jsas) el ;.}JJL. slaesls sl @)j: NIy

i e &LAQ <" ”‘ BE ﬁ n)LﬁT —alise ﬂﬁuﬁ W,LE‘ -t J)‘)‘}

Table 4. Comparison of different values of D statistic in selected stations
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