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ABSTRACT

Article type: Forest fires, whether triggered by natural causes or human activities, are
Research Article regarded as one of the most serious environmental disasters. Accordingly,
understanding the dynamic behavior of forest fires and delineating fire
hazard zones are essential components of fire management aimed at
reducing fire incidence and minimizing forest degradation. This study
seeks to identify and map potential forest fire hazard zones in the Lordegan
region using the Fuzzy Weighted Linear Combination (FWLC) method in
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conjunction with the Analytic Network Process (ANP). To achieve this
objective, a set of influential factors—including topographic, vegetation,
anthropogenic, and climatic variables—for the years 2000 and 2014 were
incorporated into the analysis. These variables served as input layers for
the modeling process. In the fuzzification phase, the input maps were
weighted using the ANP method, and the forest fire hazard map was
subsequently generated through the FWLC technique. Additionally, to
assess temporal variations in the contributing factors, change detection
maps were produced for the 14-year study period. The findings indicated
that proximity to residential areas and roads, maximum daily temperature,
and the GVMI (Global Vegetation Moisture Index) were the most
influential variables according to the ANP weighting results. The
predictive models exhibited strong performance, as indicated by an ROC
(Receiver Operating Characteristic) value exceeding 0.7. Therefore, the
proposed integrated model provides a robust decision-support tool for
future forest fire management strategies. The final output—a predictive fire
hazard map—offers critical support for the management and conservation
of the Zagros forest ecosystems. This map facilitates the identification of
high-risk zones, enabling proactive fire prevention, timely firefighting
responses, and optimized resource allocation.
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Extended Abstract

Introduction

Wildfires are among the most significant
natural disturbances in forest ecosystems,
profoundly impacting their structure, function,
and regenerative processes. In various regions
around the world, fire plays a dual role—as
both a destructive force and a natural
ecological regulator. In Iran, the threat of
wildfires has become increasingly pronounced
in recent decades, especially in the ecologically
sensitive and socioeconomically vital Zagros
forests. According to official records, over
20,000 hectares of forested land in Iran were
impacted by wildfires in 2021 (1400 in the
Iranian calendar), the majority of which
occurred in the Zagros region. Historically, the
primary ignition sources were natural,
including lightning, high surface temperatures,
coal-rich soils, and hot, dry winds. These
natural factors occasionally triggered fires in
localized areas. However, the increasing
influence of human activities on fire incidence
has become more evident in recent years.
Activities such as slash-and-burn agriculture,
uncontrolled campfires, and infrastructure
development by farmers, herders, and tourists
have significantly elevated the likelihood of
forest ignition, both intentional and
unintentional. Moreover, climate change has
exacerbated both the frequency and intensity of
wildfires in the region. Rising temperatures,
prolonged dry seasons, decreasing humidity,
and intensified hot winds have collectively
heightened fire susceptibility in the Zagros
mountain range. These changes have altered
the fire regime by creating drier fuel beds and
increasing the flammability —of  forest
vegetation. The consequences of forest fires in
the Zagros region are severe and multifaceted.
Beyond the immediate destruction of
vegetation and biomass, wildfires contribute to
long-term ecological degradation by
accelerating soil erosion, disrupting
hydrological cycles, and reducing biodiversity.
In some areas, recurrent wildfires have led to
the replacement of native tree species with less
valuable or invasive vegetation types, thereby
weakening the ecological integrity of the
landscape. Given these threats, there is an
urgent need to adopt proactive management
strategies that focus not only on suppressing
wildfires but also on anticipating and reducing
their occurrence. Predictive modeling is one of
the most effective approaches in this context,
enabling the spatial identification of fire-prone
zones and aiding in the prioritization of

preventive measures. In response to this, the
present study was conducted to model fire risk
in the Lordegan region of the Zagros forests
using the Fuzzy Weighted Linear Combination
(FWLC) approach. This  methodology
integrates expert knowledge with spatial data
and fuzzy logic to generate a comprehensive
fire susceptibility map.

Methodology

To develop the fire risk model, various data
sources were integrated, including
meteorological records, topographic features,
vegetation characteristics, and anthropogenic
factors. Climate-related variables, including
temperature and humidity, were sourced from
regional meteorological stations. Spatial data
layers, including slope, aspect, distance from
roads and settlements, and vegetation indices,
were derived from existing Geographic
Information System (GIS) databases.The
Analytical Network Process (ANP) was
employed to determine the relative importance
of each factor influencing fire risk. ANP is a
multi-criteria decision-making method that
accounts for interdependencies between criteria
and sub-criteria. Using Super Decisions
software, experts in forestry and natural
resource management conducted pairwise
comparisons of the criteria based on their
perceived influence on fire occurrence. Each
criterion was scored on a scale from 1 to 9,
reflecting its relative significance. The resulting
supermatrix was normalized and raised to its
limiting powers to produce the final weights,
capturing the long-term influence of each factor
within the network. Due to the inherent
uncertainty and fuzziness of environmental
data, fuzzy logic was incorporated into the
modeling  process. Various membership
functions, including triangular, trapezoidal,
Gaussian, bell-shaped, and sigmoidal, were
employed to fuzzify the input variables. Each
membership function was defined using control
points (a, b, ¢, d), which delineated the degree
of membership of each pixel within the data
layer. These functions enabled the gradual and
continuous  classification of data, more
accurately reflecting the complex nature of
forest fire susceptibility.

Fuzzification of spatial layers was performed
using Idrisi Selva software. Subsequently, the
weighted overlay was performed using the
Weighted Linear Combination (WLC) method.
WLC is widely used in spatial decision-making
due to its ability to integrate multiple criteria
while accounting for their relative weights. In
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this process, each fuzzy data layer was
multiplied by its corresponding ANP-derived
weight, and the layers were summed to
generate a composite fire risk index. The final
output was a continuous surface representing
fire susceptibility across the study area.

Results and Discussion

The fire risk maps generated for 2000 and 2014
revealed  spatial  patterns  consistently
identifying high-risk zones, particularly in the
western and southern aspects of the landscape.
These areas were characterized by steeper
slopes, greater sun exposure, and lower
humidity levels—all factors that increase the
likelihood of fire ignition and spread. Among
the factors considered, proximity to roads and
residential areas, maximum daily temperature,
and the Global Vegetation Moisture Index
(GVMI) were assigned the highest weights.
These results highlight the critical role of both
climatic and anthropogenic factors in shaping
fire  susceptibility. The influence of
infrastructure and human presence underscores
the importance of incorporating land-use
planning and public awareness into fire
management strategies. To validate the model,
a set of actual fire occurrence points, collected
via GPS over the past 15 years, was used. The
Area Under the Curve (AUC) of the Receiver
Operating Characteristic (ROC) curve was
calculated to assess the model's accuracy. The
model achieved a success rate of 0.83 using the
training dataset and a prediction rate of 0.79
with the validation dataset, indicating a high
degree of reliability. These values confirm the
effectiveness of the FWLC approach in
capturing the spatial variability and complexity
of fire risk in the Zagros region. The
integration of fuzzy logic and ANP provides a
flexible and robust framework for modeling
environmental risks. Unlike binary or
deterministic models, this approach
accommodates uncertainty and facilitates
gradual transitions between risk levels. As

such, it is particularly well-suited to
heterogeneous landscapes, such as the Zagros
forests, where fire dynamics are influenced by
a combination of natural and human factors.

Conclusion

The findings of this study highlight the
effectiveness of the FWLC model in predicting
forest fire risk with considerable accuracy and
spatial precision. This approach effectively
integrates expert knowledge, fuzzy
classification, and multi-criteria analysis to
generate a nuanced risk map. The resulting
output can serve as a decision-support tool for
forest managers, aiding in the prioritization of
fire prevention efforts, the allocation of
firefighting resources, and the planning of risk-
sensitive infrastructure. By identifying high-
risk zones in advance, managers can implement
preventive measures, including controlled
burns, community education, fuel load
reduction, and the establishment of early
warning systems. Given the increasing threat
posed by climate change and human expansion,
such tools are indispensable for maintaining the
ecological integrity and resilience of fire-prone
regions like the Zagros forests.

Funding
There is no funding support.

Authors’ Contribution

Authors  contributed  equally to  the
conceptualization and writing of the article. All
of the authors approved thecontent of the
manuscript and agreed on all aspects of the
work declaration of competing interest none.

Conflict of Interest
Authors declared no conflict of interest.

Acknowledgments
We are grateful to all the scientific consultants
of this paper.



o sl gy,
¥ o s

YAFA-FATY 2850 55 b

i (i ()
Lad LS i ol aloxo N/

Journal Homepage: gps.gu.ac.ir m%—‘/m

SBUig 5 3 okl b S (539w Yl s 3luune

S8 g S S 5 g SlaSul Julod wisT

o . . X L s Yo, . Y ‘ =.
(DO 39 3R ¢ @WW‘ d))“ﬁ&“" ‘_A’a‘sw‘dlﬁc ‘SMB)&

negarhamedi1l982@gmail.com :aslbL], .l cylale caid iy (6)9ld g (simio (JuoST OMuass sl (g0 il cwdigs 09,5 =)

aliesmaeily@hotmail.com :aslLl, . o)l pl ¢ ylale caid iy (659ld 5 (simino (JoaST Muuands oKl (g I il  owdins 09,5 =Y

faramarzi.hassan@yah00.com :asbll, . |l ()95 ¢ o yde Cayi o8I ¢ by pole 5 (rub mlio oasliily -V

@95 9 Uhjeel «lisind (lojle (il il b @l g (55)9liS (90l § Sl S pe ¢ @lio Clidiod iy (Jgtume 0wy —F

s.shabani@areeo.ac.ir :asbll, ol pl (5,5 «s5,9li8

OS5 559k gy g Ubjgel wlinins lajle (ludS il (b @lio 5 (55,5l SBjgel 5 Sl 50 (ol plie Clidios isu —0

bpnu2020@gmail.com :acbll, . -l

s Alis Loyl
o1530) sl clacolld b g b Jolge 1 p a5t 5 Mg JSis (gjmyis] talio 93
g3 Al

51 g By S50 agyenlil 23,5 Cogmme oaBly ) baes dxnlh S Wil e il
89 U (5] Cupe e Slaasiz (S (SR (g tS] jlas 3blie il 4

bl > & ,6

.x.J)s sl yogy 5l eslal b 80 s s (sl s d)?“’u“T Jemiliy gl bl VFe¥/+Y/VY
2 P Sl als shio pty Al B iy b oS5 g Sl s RSB
ol g Sl Jelge ¢ alS by slapadls «(BS g Jelse Jed I (gjgwts] s
Fom Sas Qbal Jae slagagyy olysa 5 agd YOF 5 Verr o Jlo 4 bgyye VEF/oV/) 5
Ot 45 4l > 33,5 a8 536 iy b S 5 by ookl b (sigmil s VA
olge ol 5 4o (] gl 0,5 4l Wl N Jloj o3l 5o (gjgmstal 1 5o Jelse
. L NP . . Cie . ol e (S B3y
2 w23l b 5B Sy bt Sy Jo B picren lodh olaid] 05 4 P,
dl g /Yl i oo (g)lde b Jo gt ¢l 3l S ol g owyp boxie b
Sy plgieds Sl b JSix (559w s Bblie (duihn 4l B ) 35 ) wwa;
SR o e . sl
235 5158 03lauelyyge (0 ST (> lapiiwsST Cupte (i Sl S gt

Sl slagng) jloslitl b JSi (gl s gilu e (VF+F) gy (shudme 5 dums (lind m ecsjpol8 e lislond I (sals 25 Un!
FV-0A (V) V0 lsd Ll ivlo] dlxo . 555 Si9 Jas oS 5 g (slaSud Julos

http://doi.org/10.30488/gps.2025.460466.3748

s olSls lylis : il sy © @'


http://doi.org/10.30488/gps.2025.460466.3748
https://doi.org/10.30488/gps.2025.478128.3779
https://doi.org/10.30488/gps.2025.478128.3779
https://gps.gu.ac.ir/?lang=fa
https://orcid.org/0000-0002-9735-9516
https://orcid.org/0009-0002-3883-7474
https://orcid.org/0000-0002-1410-3356
https://orcid.org/0000-0002-5463-5613
https://orcid.org/0000-0003-3751-0285

EVRTTY
S5l ok 4 spdliohe Ohls (o dapiuws! » @l Sl | S glisa et
oS Sl slisl o ladasMe BB 585 ¢ gjow il 5l Jols (claldS o8 w5 (Eskandari et al, 2020)
5 pmmwgS| Gl jlleds  SeSeal joba Wl o Syp ashie (gjew ] (Arnett et al, 2015) >,
g 3l o D oo LB (Sjow ] 303 (cgm jl (Orumaa et al, 2022) xS’ o Jles |y e (slgmgol
0395 S ) w3 g 2w ((igm il E989 b (KUmar et al, 2022) 5,5 oxge p Jin (lapiuwwsST oS )5
>Nl Glaghy g (B9 Slles (il b b cusl s g)cnlil A8 (o il onilasdly ()3 CupdeS g aidl ytals
g9 bi> & (op sadisS b )8 plsl g ol sz | xS ole cose (3505 jgais olyen 4y il
i polis g Cashy «sipwiil | o (Baheri et al, 2017) sg0 SaS jLaid 90 dilaio 1> (5505 g (st
25U cov olS i g by 1 WS e i Sdedil 5 GaeolisS slaoyes D aliSE b olyen 4 S
o 03558 Jolye b il coas (Bazgir et al, 2020) sp5 o s (s> ol & S ialiyd 5 w55
5 w095 o Goloy 83 o3l wdg Sl (S slaaY i 0xij Jlse 5 i) o Cash) dsmgc]
3 oslital wiajls il 5Shes g 58y COLs 11 cusl Laspe (b damgi g ph sile Gl Jalse cpizen
b s iy S S5

kbl SleMbl Blols b ) (gjloJdo b olan (jgw il s ot e 50 (s3axte Olisios 58T
SRl Stse (oS5 Jae Sl siledre sSsS @) SR Caa e g byl el w5 050
cilly b1y Jae e85 5 oalizl a3 [Six slacsipmtsl g8y imotn 0 olatdy Jby oedle g Bola
9 Siomwuisl gy Yeoor i b ol Ken o Walw .(Bhadoria et al, 2021) xly <15, 4oy AF 4 V- Jolre
ras 4Sud g jlojlgen oyt o (Aulal (gme)S) (Bolad S Jold pudle (6350k gy aw 635,84
wlituly;go Jao du o gVl oty o)Ll (e g aihyy i cla IS (5o T nita 4 (Gres x5O
5 oslizl b ) Kan 5 Lugl (Saha et al, 2023) 1los,S S5 +/AYD |) Gras (£ySol o aSed Jdo Cd>
i) Sl e 0asls e e ot Alake s ld Gabel s o b S Ut
syl (Annisa et al, 2015) x>,S sl (cpenl Jambi kol > (ciew il g K pbicawl
§ond G phaw (slod g len slod ¢ ST ond Jloy (adls ¢ alS (ide ond Jloy Lasls Jold sslizuls)ge
oo ool 4 iy oS NDWI 5 NDVI & oy ol ols g TM5 o) oo glaosly
5 Sield bl Syl dr > o g lon (gled culps Sl VL gl (Stuen olps 5 00,8 IS (5 g
Sk slasipmiil gy Gl ool (B b 4 edicdye (g 5Sike by, Sl edlil L (WYAY) ) Sen
Bblie > (ly ola jein pas Sygo 3 (Gigwotil Colus saoy Fr ol @l azsby s o
DMl & (g ytd (gl Copde p 50 Jelge 5 (S0 0 (51 cizmen b it |y Jlas il Iyl
Al g (il s slaasly B L3 (gigm il s liee b e sladitis

bg il 5y bd waS5 ute) b ol Bl g bl ledbl wilobo 5 o35l tom (SlaSiSS j ealizl

1. Weighted Linear Combination (WLC)

2. Analytical Hierarchy Process (AHP)

3. Normalized Difference Vegetation Index (NDVI)
4. Normalized Difference Water Index (NDWI)


https://gisgeography.com/ndvi-normalized-difference-vegetation-index/
https://en.wikipedia.org/wiki/Normalized_difference_water_index

¥y e SR gy 5 oLl b JKa g3w i Jad g5lwdme [ ol Se g (guels

O 518 Jelo ] b ol walyd 1) JSir (gigmois] e claatds ang oSl (gl oo 2l
25 2y lings il 5 polie o blite (Siudly 5 sar Sblil Slgicee (oo aluis 515 slacylls Lis
Sy Sl b Ks (Si pBY (09l 9 <oy (Habibi et al, 2020; Rezaei et al, 2020) »,.%,
Shgrge > lbs)lal jop ol (Slodls & ) 5 ol JolS5 o 8T 5 3] Slstis ) (g1
sla S 53 igwiil geby (Rl @ g bl oad dnaly p JSix (5lojl Sie e JeeS g ok
@ Aoy bl Jayss oYL cuenl 5l sble QT Sy supse gladoly (pol 5 daie bl  slolid oy
o3l digoj ;> S .85 )8 adllas 3y90 D) b sad D (w315 sla K (gjom T cliie (pl Coonl
@l 5 g Sliios () Gl oS 53 gl Jhd At ars ¢y 3B Blie Uiy
i oil s 4l ang B b 58 e Sis (b S Bkl ot G 11 el 48,55 050

sl 03 1a] s 15 el S 5

adlhe 290 D395

Ol cpl iz )3 & Cunl ()l g Jbroyler Gl blie I (S 1S YFAPAY Coluo b (53] (i oo
oSl sl K aisgy asl )0 xBly 5 009 LS VAV v+ by ol (K slrds o g ol 00diz8lg
g yio o OV AVlo o)L oS Sle 453 V0 Oy dsy :S0ke (gl ddlaie pl bl o bl Lle 465 L
iz 5 Jlowoylez ol (o5l 5 rb wlio JS ool L] Bl Adbige L) paw I e Ve glis)|
PV o oloyd 5 WAY Jlo olodldpo (sba s> 4 (lef oo B0 i o )0 02l LSLQLS}WL):ST alos ;|
Dby HiSe pais dialals (g SliwdsS 4 ds gl b S ged o)Ll 1 eils )0 WAV sledldye g o)) sla S
A Gy deab 13,5 o S5 d g bgly sy I UE &S JSis g aipe

400000 450000 500000
N
Laial %
8 i e, 8
anlllas 5 o dilaia g Ol g
3 (a8 g
b Ol gt 5 0 "
35 4
R
[=3 o (=]
o o
S S
] e -
e TR
I = T
[=4 (=3
8 8
3 3
< <
3 3
1:600,000
0 10 20 40 60 80
- Ki

400000 450000 500000

ol 5 Jowlog ol ) (o pe )3 @ly aalllas 390 atlais ) JSS

1. Analytic Network Process (ANP)



ol JETY

Yoo /N clagb 5 A g 0 cundd ghloale polas Jold 3ains ol 55 eadosliel cledbl 5 ool
ML X NE/-ANY X o[-0 clogg,b 4 bosyo (MODO2HKM) Lupslo (clojlsmle yyslas ¥+ VE/A/NA
5 YNE g Yoon ol rtochl 5 S59sledS «Setpi sloolSiun] (uliilpn ol b 5l o
il oo ailate (LS g 9 Sl )S9295 souldl (Sl Jelge SleMbl lod¥ (yizren

o9 b g )9dS Sl g5 g U o erdplol wliios jl eslatul b «(sipm il las p S50 Jelge (alulid jolaien;
5l alols alds (Bazgir et al, 2020) wo )5 ags Jlaidyge SleMbl slaaY w@alllas 3y50 ddlaio Gluogas &
ale glojlo 5 odelcwssay SleMbl i solizul |y clanlyl cloaSes jl dold 5 SeSume 3blie I alols wols
ool b oli)) gy Jao ) ealisl L Ly pdaws 51 glis) 5 Ca end (sladiii 5 )5S ()5l 5 b
lon aljg, (clod yiSTas Jolis lislon (cbolSiun) ;1 onig] Sl (oylol sloosls (¥ US3) 135,5 as VYO«
(7 JS5) 2ilige 635 log b (slagy, s 5 el & Sloale (Sl gseme SIS ls s G
J S Gl Jgeme Sz S 9y 2 005 (b Jgene SomyS gy ) edlitul b (olll (slaaids
Dgdie &3S Jai > asiie o)Ll Gjg o Cudse 5 Aol cusyy @ty S o 5 090 SleelSi]
9 (NDVI) osis Jboy 2LS iig esls aiss .(Chen et al, 2023) s0i aieS oo ol a8 laigSay
PY o) Lulgy g uwdle g Cawdd gl jleslatwl b cuip 4 (GVMI) LS ids e cusb) (edls aid
(Lietal, 2022) (¥ JS5) sol s 4 ENVI l3ila

_ (NIR-RED)
NDVI = (NIR+RED) (V) s
GUMI = (NIR + 0.1) — (SWIR + 0.02) (¥) aka)

~ (NIR + 0.1) + (SWIR + 0.02)
9 30,8 L 039050 1> 0 uSxie H5 RED (0055 50,890l cads )5 oud uSxio jo8 (NIR Lajlg, opl > &S
Sl oo 0ligS 50,8 e0le Cads 1D b uSaio H98 SWIR



e B g, 3 o3l b UK gjemw i i gilwlae [ ol Kok 5 gols

3510000

3480000

3450000

3480000 3510000

3450000

440000 460000 480000 500000 520000 440000 460000 480000 500000 520000
1 1
N =4 =] =3
L8 g K
E 2 b
o P o
18 g g
2 2 re
3 X 3
e o =3
06 r 06 = 96 sv £ g E
3N @@ sECBAW 3 2 o e g
o8 e 9@ s @@ nw 0 5 10 20Kilmeters Kowio 0 5 10 20 Kilometers
T T T T T
440000 460000 480000 500000 520000 440000 460000 480000 500000 520000
(<) (<)
440000 460000 480000 500000 520000 440000 460000 480000 500000 520000
1 1 1 5
N (=] o =3
e b= e =3
v ~ SR £
! — g B b
o =3 o
< g g \* LS
$ - 2 2 3
e ‘\ . & By ©
\\ 5
(%) 5> gelaws 31 £l 3 (50) 03l 31 akold
e High : 3765 | "W | e = High : 32601 g
y | =3
& " o == re
Low: 0 T 3 - E 3 g0 g*:
0 5 10  20Kilometers 0 5 10  20Kilometers
T T T T T
440000 460000 480000 500000 520000 440000 460000 480000 500000 520000
() (<)
440000 460000 480000 500000 520000
g g
=3 =3
1 o
wn wn
© “©
g g
7 E
~ Led
s (o) (SgSume Bbls 3l aliold e
=3 & =3
2 High : 10436 -
g [ PR g
? ] i
Low: 0 0 5 10 20 Kilometers
T T T T {8
440000 460000 480000 500000 520000

()

(&) s blin J Aol () 3l 31 ol (0] > s 311 o) s ) e ol 485 Y JSud



IF ¥ 5l oF bylows VD bygd (Lad LSl 2 i bl dlomo \id
440000 460000 480000 500000 520000 440000 460000 480000 500000 520000
h A A ) A
=3 =4 (=3 =3
=3 =3 =3 A =]
8. £ ELA. - S
8 £ 3 4 3
:
.
[ R
]
g%&%
N
s 2 o . % R °
g L8 8 | e 18
o o s - b4
g 3 g *,,- s
NDVI ests GVM| 5L
S High : +1 b= igh:: =]
§_ . g _§ g o High: 1 g
- re
2 Low: 2 27 g
3 ow: -1 a - = Low: -1 3
0 5 10 20 Kilometers 0 5 10 20 Kilometers
T T T T T
440000 460000 480000 500000 520000 440000 460000 480000 500000 520000
(<) (<)
440000 460000 480000 500000 520000 440000 460000 480000 500000 520000
o =) =3 =3
g I g g L &
s E g 5
2 2 3 3
=3 =3
g g g | S
oS- = @ 3
=3 ] et 3
I 3 © ©
()5 Silw axy0) Los yisTas (0 skeo) S5k
=3 i . =3 g g
g High : 32 S S | High : 674 ol B
3 Low : 18 3 * Low : 246 i
0 5 10 20 Kilometers 0 5 10 20 Kilometers
T T T T T
T T T T T
ation . 280000 _— - 440000 460000 480000 500000 520000
(<) (<)

440I000 460]000

480.000

500'000 520000
1

o N o
=3 o
=3 =3
S - - re
= = =
wn 0
-« 2 b
o =
=3 =3
=4 -
oA re
= @
-+ =
bl ©
SLsb slajg, Slaxi
=3 =
=3 =3
24 High : 10 S
w 0
3 =
~ “
-Low:6 0 5 10 20 Kilometers
T T T T T
440000 460000 480000 500000 520000

()

Sl o) wlale S0k gsemme (o) Isn aljsy cles ,15ho (o) GVMI Lasls () NDVI gla asls s ¥ JSu5

(&) 635 b b slajy,

b by scambge ol (Si900iT Culy adds o ¥ oSS ) 00553 belse 1 Sypm yy 0gMe

3 aanl ool 1 (G581 22 B Jolge sancagly) Ca doodls (gyglaen l uy (F JS2) 15 425 GPS
a1y a3 ol gy cpl ) 0,5 oolizel Super decisions bl SaS a4 (glaSus Juloo anld 5,
o3l el AUV Jole o 4y 5 plosl Sllie c(grnbs lio Glolid S Sl 5 ol g2 5 03,5 Layo o s



2% e SR gy 5 oLl b JKa g3w i Jad g5lwdme [ ol Se g (guels

il pgw 9d Jolbs 2lSly & Sloj U gjee mpile jgw polie (ol iile) ly & b cales ) 45
ol gy polie ddl )3 038 asetio e 3 poli | Spm Gtasily s 256, pl b g 1y o
d95 4 x5 b (Saaty, 1996) 2,5 )5 eolitulyge (23 )iy e B oS Iay (olad b g Jloy oloa>
238 39 Scualad pas g Jelos g o)l ()6 Bhie 35,84 b (b Jelss (i (S gy
2> (St ] g )l8 el g alpo) & gl @l iy g GJB lbassae S o o)y lafilw
&y 9de JolS ol il cuslie Cogiae @l iy b do ainyge porie sl (556 degerme o iy
Bl el oS (IG5 (s «(laBijed (e Cogude @b Jold Biod ) odlitulyjge 2)lll Cygie

(0 JsU5) (Porebski, 2022) 54 (inlS

440000 460000 480000 500000 520|000
1 N 1 1

3500000
1
T
3500000

3480000
1
T
3480000

3460000
1
T
3460000

=
S adb

:I S35 (e TT T 1T
. b 0 5 10 20 Kilometers
Bl s

T T T T T
440000 460000 480000 500000 520000

adlllas 3y90 dadlate )3 (gjgm il Casdly asds JF JSUS

[:E' b, @/\ @ /h\
©) CE>

a_~

ahb,c @ b,c,d b [ =

o

(F) o218 (0) (ol 31 (5) JlgaSiem (¥) (oosS (V) slajod (1) (it Cugits il O JSud



9 4B)S paside Cyguas e S abili b (g3 Bhite (By) )3 )5 (e Cugide @y ylged 59y D 5C D
Oig o ldrisi selva l58ls 5 51 eolatw! b Wadids (g5logil 5l g cplplo ((WWAY o)) Kon g glyis (So) lod
&ly > Ubay ol WS Sig Lt S gy 4 (siledde 4 plaEl (laSis Julos a1 by, L e jlas (o2
aY 3 skee 2 (59 (305 @ Bk il sy onl 2 Gl o)lime w251 S 5> ghe sl I (S
(V) alasly SLAT 4035 52 Jlade Gog) cnl 53 il o Cawd 4 (G925 Jas o 4 da] (oS ger 5 o] (536
.(Nurdiana & Risdiyanto, 2015) >4 o duwl>xe
Ai=Z,-“==113Wj*Xij (V) alal,
sy asl anah 1) Al Jlade (i o gl 35 (o) cnl ) sl ] jline (558 4l 5y 2T eSSy S
Nurdiana & Risdiyanto, 2015) 34 . bl Jlosy) a5

Cigwois] cumdly aid diwly ol 55 b edlitwl otie ) pdaw (el 5l e orwyliel o colys
st sl g ang (ad3S Jlo V0 adhis od (jew ] bl 4 bgye) GPS L by bls ;I g
Jle &S cul ol oS ols v ) paw (a3l 08 awlie (gigw il Cusdly adE b (g5gm il
als ol yuito VB /0 o o] 0jl g Wl w093 |y diusly pie il lise 4> B odelcanday
WS oo o Ty Jde g By IVl i polde Jg amd o LS |y Jae g Bolas cdly +/0 ] (ooae lade
.(de Santana et al, 2021)

sl
baid guolis | SO o s o)l GGl Cas (839)5 badd agg I dm ol Baisg
JAdrisi b 4 u;o9§) sy Jlswl L 9 3 d.Ly.o SaS W ‘Lg)’L»JA.o S Oﬂ‘)gt.g AW d}ba)l.ﬁt’.\ul
5 Copae &l g5 polol cul p () o) Wb pbl (3 Cysie plg S L bbads gjles ikl Clles
Fom () Jo2) 18 pasie Jole jo cly (56 (hay 4 dtwgy (lajlae (gilodliilin] coe ailil sl
20l YOO b - aiels b () gy agiom il p phe delys 5l Sipm sl S b 5 (glod il

(Y 95 sl )



F4 e S g,y 51 03] b s giemw il s gilwdse [ o], Kok g sl

VY Jlo o 58 g @ layel)l (sl .Y Jgaer

VAP Jls Jpx8 bl Yoo Jlo JyuS bl

q c b a d c b a 2= b USs copas gy Foe Jale
. D AL . S A Y At b3 loa ailjg, (slod yiShis Sl
ava oAy - . F¥ A . shals s ele 4 ailale  SG)b gaeome
Y- \ . . A sl 38 b G5 lgb b gl oluws
Yoo N . R 41 S a5l Ghs alS ig by Ol jasls
Y L2 S A\ Aoy ol Sl GVMI asls
YEe o N DV YR AL ¥ oo SlSS; OIS
072 S R /R - aals s elisl
o Y- ) oY v oo SISS; b
VFYS A D A r - aals A SoSume gblis 5 alolé

R als SMsSs; ol ;1 alols




IF+F 5l oF B lod VO bygd Lad LSl 2 wglaid.bu

B

31°30'0"N 31°48'0"N

31°12°0"N

31°30'0"N 31°48'0"N

31°12°0"N

50°20'0"E 50°40'0°E 51°0'0"E 51°20'0"E Z Z  50°20'0"E 50°40'0"E 51°0'0"E 51°20'0"E
o =3
E @
F ¥
- b
™ ]
£ £
° °
8 2
= A |y
e
z Z |y von: s
~ &~ 4
0510 20 30 b g 0510 20 30
- Lm0 “¥—mmer- = = |- Low:0 “_7—_Kuome|g"
50°20'0°E 50°40'0"E 51°0'0"E 51°20°0"E 50°20'07E 50°40°0"E 51°0'0"E 51°20°0"E
(1) (<)
50°200"E 50°40'0°E 51°0'0"E 51°200"E Z z 50°20'0"E 50°40'0"E 51°0'0"E 51°20'0"E
=] =3
e @
¥ ¥
= 2
z z
E, f
° s
g
A A
fliyl N "-.‘ :
P High : 255 £ z P High : 255
| ~ a
06510 20 30 40 g g 0510 20 3040
M Low:0 - — —— Kilometers ) =, |- Low:0 - — e Kilometers
50°20'0°E 50°40'0"E 51°0'0"E 51°20°0"E 50°20'07E 50°40°0"E 51°0'0"E 51°200"E
(<) (<)
Z 50°20°0"E 50°40'0%E 51°0'0"E 51°20'0"E Z
) °
b ; #
= f & B =
- 'r. \
z z
f f
e 14
2 ‘ 8
$ y
2w ’ =
z 2 z
£ | High : 255 £
8 N
N - 0 6 10 -
= |- Low:0 Kllometers =
50°20'07E 50°40'0"E 51°0'0"E 51°20'0"E

31°30'0"N 31°48'0"N

31°12°0"N

(&) sSun 3l 51 el () 3l 51 el ) Ly s 51 i) ) i (i) it g 536 sloatis 5 JSb

50°20'0"E 50°40'0"E 51°0'0"E 51°20'0"E

NDVI

T High : 255

: 0510 20 30 40 °
- Low:0, - — w— Kilometers
50°20'0°E 50°40'0"E 51°0'0°E 51°20'0"E

31°30'0"N 31°48°0"N

31°12'0"N

(

[

)

Z  50°200°E 50°40'0°E 51°0'0°E 51°20'0"E
=
5
-
=
o™
z
f
o
=]
I
=
™
GVMI
E - High : 255
8
b
5 |- Low:0 °-;5-!“— —
50°20'0°E 50°40'0"E 51°0'0°E 51°20'0"E

(<)

31°30'0"N 31°48°0"N

31°12'0"N

31°30'0"N 31°48°0"N

31°12'0"N

31°30'0"N 31°48°0"N

31°12'0"N



)} dlfo‘_,é” )" sl U S 6}9""0:‘3‘ ,.b.s d)lwd.\a / Q‘,&«h 9 L;..\al;
Z  50°200°E 50°40'0°E 51°0'0°E 51°200"E 2 Z  50°200°E 50°40'0°E 51°0'0°E 51°200°E Z
5 5 ) )
2 % 3 2 ¥ g
: b b 3
A 1 g S P
£ = z z

: 3
2 s ° e
: s :
-l ) = T =
(WP (¥ o
Z [ High : 255 £ £ -mn:uz z
s N 5 s g g
& o a ~
g 0510 20 30 40 b g 0510 20 30" 40 g
5 |- Low:140 - — — Hilometers = | — Low::0 - — e Kilometers =
50°20'07E 50°40°0"E 51°0'0°E 51°20°0"E 50°20'0°E 50°40'0"E 51°0'0°E 51°20'0"E
(<) (=)

Z  50°200°E 50°40'0°E 51°0'0°E 51°20'0°E

5 )

-} =

i i ®

) | pA

z z

) 5

:

= |l o

il by

= L : F

E P kg : 255 £

& h

g 06510 20 30 40 b

T Low: 142 e Kilometers =

50°20'0°E 50°40°0"E 51°0'0°E 51°20°0"E

()
Sl () alale (Sl geme (o) g aljs) clos ,STas (o) GVMI Lasls () NDVI asls o6 claacs ¥ JS

(&) 035 el b sl

2 Fse Jelos &S (aasae (LBl Sl g glasid Llod g, il sl b o gjlb slaadd ars I
(Y Jgi2) €855 58 oalizalsypn Jae 3 led 0 g s s (e ile Toleg W (83 05 gt
GVMI sl 5 lgn aljg, cslod ST osls 5 gSome gblte j1 Alols a8 oy Lt (ghSd ubos by, ol
P9y S8 & (551 laadh Jhme 2 Gy el e sl olaitlagd 4 ples Je )3 1) G e
g Voo oo ) adlllao )50 dilato (jou il s oo 4 g ondpleal IdIiST 38l 5 )5 (59 (o oS 5
(N JS5) del Cawd 0 Yo F

SIS o w18 g, 5l sdelcansay JSin (55wl 50 slajline 0jg Y Jgoe

oo asle ogfsetrnite | Jenlgis™ L E e ol
-I¥¥o -Jova <JRFY SsSae blie 5l alols
LY.a <IYYA JJENY odl> 5l alols
SANE DA <y lgn il3g, slod jShas 1 Sikeo
-/-20 o[-y NAdrs GVMI asls
ofevy R -I5¥V NDVI esls
-[5Y o[+¥0 Jbee s
o[o5Y [Ny Y. VPN
R R N7 b)yd oo 1 gl
RYRRE o[y AVAS so o 4 ailiale S5l gg0000
AN AR <Y 835 g b slajg, olaws




VO g Ve lalo o SSE 4 (gl Sy ity Glib > dib b paw 10 Y Jaaa

gy il
Sbj o hegie oS oS S

somdee Jl
YY/A0  YAIYY  YA/OY V+/YA Yooo
VY FANY YANE l/eY YoAF

ool p b et Abdigg i ja )0 SSE 4 VNF g Verr Gl > (Gigwptsl Sy i
Sy b b 4 5 0 4wl Yoro Jlo &) Connd hans e ) basgio 5 o8 o8 (b dibods o > dmaiily

(Y Jsis) ol saibaslsl ol

440000 460000 480000 500000 520000 440000 460000 480000 500000 520000
=3 =3 =3 A o
g g 8 8
S - S S+ ., & o
o by by ¢ o
~ - © M ©
=3 =, o o r =3
=3 V) ¥ \ =3 o |4 =3
=3 L Ly »e =3 S | =3
h ; ; L ore R re
3| e : E |2 3 b
S L,
. oo Jlw po ST Sunny
YAf Jlo yo Wl Sy % Yoo Jlo yo M9 5]
[N [ e
. - g 8 . - g
T 3 B 2 Lk ra
g - : g E . - e g
B 0 5 10 20 Kilometers I - 0 5 10  20Kilometers
T T T T T
440000 460000 480000 500000 520000 440000 460000 480000 500000 520000
(<) ()

YoAY g ¥eer Jlo adlllas 3590 dilaio (6w il fas adis A JSWO

Jelse s s ddrisi )18l S8 4 (IS ol 2 Jlse J o pn b il g )y
Ored 5 b w5 5 Gy 0 NDVI (adls sy de ol 5 008 408 ismitsl 2 S
b & oy ) lod e o USB) ol ooop, adllas 3yg0 dihain oy Jlad 5 Jled > GVMI Lasls
Jbo 5l 55 a5 gk b slajgy sl )5 cud adlate oz g Jled )3 (Bl jlde il 9 Bl lalS
(A JS) ool aily (g pSodts GRl8l YAF LY.

5 Sigel slodls L cbge 55 disly cpl 5> 3 bl (e o e (3Ll el b gl (oxi sl
2l & Gngtn 9 Culbee £ il ol 1 .c8)S )18 D5l 3)9e (e lisl glaosls b n e &5
ipeotl S opty 3 G5B Gis b ceS Jbe o cB Soly o al cuns 4y (VA <JAY
(Ve Js) sloe 055 s S



31°30'0"N 31°48'0"N

31°12'0°N

oy e EB g, 5 03wl b JRia (559w T Jad gilwdae [ o) Ke g gels

50°20'0"E 50°40'0"E 51°0'0°E 51°20'0"E § § 50°20'0"E 50°40'0"E 51°0'0"E 51°20'0"E =: z 50°20'0"E 50°40'0"E 51°0'0"E 51°20'0"E =:
: 3 18 % — 1%
DA D \ b
5 & 5 R %; H
z z z =z z
s 2 e = 2
s 3 2 = 2
e S e 8 2
a & R | \ t b
oty g o [ '
N By % 9K
P High : 255 ? T % z =z z =z ) z
ig! % et e 5 o 5 & P High : 10 i E
% Tis o8 58 . ]
N 0510 20 30 40 by - . 0510 20 30 40 - . 0510 20 30 40 -
B LoW 255 e Kilometers Bow | w0 e s Kilometers 5 OR | Low:s = m— m—Kilometers b
50°200°E  50°40°0°E 51°0'0°E 51°20'0"E 50°200°E  50°40°0°E 51°0'0°E 51°20'0"E 50°20'0"E  50°40'0"E 51°0'0°F 51°20'0"E
(<) (<) ()
.Z 50°20'0"E 50°40'0"E 51°0'0"E 51°20'0"E =Z & S50°20'07°E S0°40'07E S51°0'07E 51°20'0"E &
s ) ) )
: — : — 1%
E ) A ! g
E * ] ] * ]
g £ £ 4
s ° s ]
: . | E
5 | z 5 [ua ]
S sl il sy
| T 19 z Z | Hiah a8 z
~ ™ = )
g 0510 20 30° 40 b g 0510 20 3040 g
B | b owiass 0810 20 30w H | S Rl L A MR
50°20'0"E 50°40'0"E 51°0'0"E 51°20'0"E S0°20'07E 50°40°0"E S51°0'07E 51°20°0"E

(w) (<)
Sy 2 () lale (S,b ggamme () loa liey slod yiShas o) GVMI Laslis () NDVI (asles Jalse s aiis A JSud
(&) 5 g L

1.0 - T Ty Ty T 1.0 -
0.9 | om0 R 1 0.9} u
08 ................. - 0.8 = =
(1 1 | PORRNRE R <0 DO TORURNRN: SUUUUUD: IOPUTOR SOy - 1 0 b i
0.6 1 i S R SRNRRN (RN RS NSNS S S
> 5 0.6 :D
2 >
2 0.5 B g BB |- arsadisumememntamsseiomamn Susreusms b Seames]
= (=,
& &

o
>
i
o
I

T

o
W

e

W

T

(T S S T ——— T Tl L WE BalFn e g i G E il
» : 5 x : 1 p ¥ i : :
: : : : : AUC = 0.833 : 1 AUC = 0.791
0.1; s el : - : . 0.1 [P rotesuiondinenmlsne i . sesckovene]
b : : : : : : : : ‘ : :
0.0 L L L L L L L L L 0.0 ] I i i i i i i i
00 01 02 03 04 05 06 07 08 09 1.0 00 01 02 03 04 05 06 07 08 09 1.0
1 - Specificity 1 - Specificity

(<) (<)

(noin E5) (mmlisl g (Cudbge & 5) Ghjgel sloosld ulol i olialjgo Jao <> Y ¢ JSWS

(Zheng et al, 2022) 5> (50b; e Copmal SR il Sl xSy 9 paeis Glp b3 Gugie

s oy oS Amd o L YN g Voee o Jlo )3 (558 G5y e S 5 by, ) eslanday o (s
& oS ) J) oS slady) gl o) ol oas Bl adllas 390 dibain g g 03 5 (g Aeis Gblis
266 S0l a5 ol (olaisl 35 4y 1) (39 oyt g1ASd Jlos 3g) 10 GYMI [aslis & cal oyl el s

g Vorr adls 0 NDVI adls 5 (alS jids 4dd )y b Sjamoil p (2L (ids cusb,



JSE) YA B ¥eee ol o NDVI asls clpis 4l and e bis |y (alS idsy ialS Lg, Y)F
Bl (k) s ddlate ) g 03l (U5 adlate [ 50 )3 (0390 B g 5y g 3y 3 ) Slyes o yide (P
dhols sboml b &S g psboas 0alidl 3lasl b S andls )3 Sidgy Slysd (p pr W83 0 LS 2158 (ppiomen ol
2 Oher 5 o3l 5 e 5 15 ) Sen g SV 980 atlS Sl Gl Jl (SR> andls @ cond
silige 0y 5 6Vl gt gdy Jloinl I dafSix 4l (alS by & 635 515 298 lillas
.(Bullock et al, 2020; Zhao et al, 2021; Rodman et al, 2022)

Gl gSao Gblio g o3l 5l a8 Aol 1> (Giomi il ity ol Gedd )3 el Cunddy Al 4y Cylis |
o3> 4 S5 sblio 5 il o JKin (55w jop o Jole 95 cpl cute 13l 0aiiS lo s ol wowl o3kid)
ko dilaie )3 il Ol 4y 295 oS 038l GliST (gt (Sigm0 T ¢ a0 gt 5 4y GgSano S50
Kolanek ) 35 lsan ol 5,06 b aej o1l ) oh)San 5 ylalage 5 o )San 5 S3YsS clalllas .ol o
.etal, 2022; Mohajane et al, 2021

Olyess 4l w3 o ol Al VY Sloj ojl 3 |y (alS by (J93 X9, s GVMI a3l aids oo
b ams o ol dilaie 5,5 53 0390 b g (b Jlob 5 Jlab 50 |y Slyest i (5 JS3) GVMI ol
Cely g bl ials > arys Gl L QLS 2 sgse Ol e (S (i 5 LS Shig S 4 g
odliiuldyge B2y £989 (b 0> s4S (ele plyisa ]y padls cal plgs e 1 sl ol IS ) G2 o
9 (25> Caa &S A o il dibale cud g Aol Cua Ald )y Jales (Halofsky et al, 2020) sl
2l jainyge ailaie S st 2 P50 5 mre el 3l pliened Cg g 0 Yl b dg
ool 038 BT yf g g o e > SewuT pptin @l Coa Jele I oas ol 4iE
Baltaci et ) cul juie o] )3 (gjomotsl Jliol g ditun 5Sis 0l 495 C8lp s 4 s lacae
e b &8 3y )8 el Sl s ekl Gl cjem il o 5 oS Lible iy mes (al, 2020
R S o 3 5 (g Slge Cagloy GalS sl hlia ) 3 s e Caghy S8l sl (o S
(Schwartz et al, 2015) cusl 003,35 (gjqmw i1 (o yinS sl baalyps yas onld g dlge o]

YAF U Yerr oo oS dad o lis Gloj ol 90 o 0 Led wiSTas sladaids o Wodld wyy g aslllas
allas 3)90 dilaio 0)8 das > Oyl e plie cppin bl ool gl @Bl BB Ol a2
JUo 3 bod pSlas lpels Add (o) ol Bl 2l Lo (50Le dilaio (508 4 )8 5 C8 o L g 0ad S pete
Ol y0d (25 03950 4D &S Wdd o L daled (& JSW) Wle s Wb Iy sdelcamsay =l 58 YV g Ve
Laseia oy ol 5o sl iy JSi sjmiis] g58y OISl cblin plo @ Cand 5V (glod g9 b (05
s (Anandaram et al, 2023) cuol 63,8 bl ol5ms 556 by Jlo o) slagsjgw it slss (il 55 lod el b
.(Sadat Razavi et al, 2022) a»> o L |y 32> £3589 50 bod e L5 o)) Ko 5 (s98 ) Sl Cliuios

s oS 3oy mde M5 [, VAR B Yo o Sl e GBI Gk slaodls g o Lo
DYA by dilaie cogix g 5550 g cxio ke PVE L dilaie Jlod 53 by s YoOF 5 Voo eaJlo 5 LS,k ol
Sim0ts] g5by Joisl 5 Gl 55 oS 5 SB Cushy olize bl GRIF B 53 ool ety 8 & yiacloe
Gy 2 ol eawse ials sdmy s Su)b olys adi wyp (Meng et al. 2023) wb o yials
O L alaly o ohen g lge i il Gble ol )3 SiemoBl S plie Gl g b



o0 e SR gy 5 oLl b JKa g3w i Jad g5lwdme [ ol Se g (guels

(Holden et al, 2018) sas o L cislaos asdlas pl cloaidl b (gjomw i3] 989 Lials > S

L sbrjgy slaws (ol sy adids llas cawl atsly (o158 VAP U Yeer Jlo 5l ya0 lagh b (slajg, slass
259 W S LYY Jlo g Jlod 53 5oy 7 JBlas g gz 53 jgy Ve p8la LV eee Jlo 5 ()05 (gl
Sy angi b sl gillas .l 0 ploie (B0 bioyeud Jlad 53 59, V0 JBlus g dalaie Cgin g )ye
Gl «Sigmtl ©AS ol Co g oo 1B 4 Colie L g allale gir g 0 0 Sbgb (slajy, Sk
o5 3 3k Jole o8 05,8 ol 355 s 13 55 g 5 sl S35 s B 58 |y Jele ol i
Jellouli & ) 395 o yiins 55 (Siomwiis] oAb ol cepw Gl L g atil 38 (giaw il s g gg
.(Bernoussi, 2022

3B S s Sy Jte (B Slgi 5 03l slagipm il guls b awlis olul p 3l oLis laasily
Sloyo il 1) o515 Gl S ) (Gigwitl ot Caa Jao ol ] I a5 cul a8 (VL B
Gl 3blis 53 s it sl ss5ie Jio o8 ool a3l L5 55 (W) lSen 5 glas (S adlas
)5 b cou in 1) s 4 eles Ll (wlis)S 15 5 a5 | cpape elss 45 and o 015 S paencs
b «SsS ol b s o i | Jols aoi (g p ol By e 18 aliie )0 Cuedl lea b crd o

Al e 9290 lachb o (6 iy SUSE )18

S 35 o

£y S S g laSud Jlos slagtg) Bl p (e (n98 (5 P (Sl 209y S gk ol
390 adllas | Jols gl ol oadail)) o STy slaSin 5> ST S uobe 9 iledse ¢l 58
g sy gble lulid 3 (oliin Jie oglle 5Sles 5 <> saimdplis (B3 lupd S
(S5l s giloue sl b > I (sla Sazm (8,5 i o b Jae ol (gt g8y ot
bt gleald e Jids 1) bl (ol 55 jsba cul wtuly (Sldl 5 calll (e ol dlaxj]
oy gblie lolid b b am3 s S5 S5 58 orenss 5 oo Sl 3 8ol (g5l Jde ] Loy odBAdgs
slbl (gly (gyaly  Wlg o asd cpl aiS |l jedin Ghgoas 1) Y pte g &l Siie ol
A8 ool g0 Slies g Sl lie disky panass g glad y 3blie ) 3 bl jS1pe ] (5> Bgeds
lopluugST Lain 5 oSS (g 8] 5 20 Dlud JialS Caa ) oo o Glmed ol comizmen LS
ol Lagye slaglejlo 295 0 oty wsslcuwnst @l 4 g b dsde Cguoe o)Slj dilaie (xb
P @l g el Gl plgsa Jao ol ) e glaglojle 5 50 (g)bisel 5 b mlie ool
5 538> lmodls (3938 b Jse oyl dmwg 51 slaimgn 0 S edlatul 393 )5 g M cla o) yaeby
) 4 Dlgioe pol ol 9o Slanty il Gble ulo > Gl 3,8 sy Grizmen g i oyl
S S S (59wl Bl e 0 ol 208 aiels (3558 5 Jae el CollE g <8

b ol
35 Jo ol 51y



OER93 3 (I S g3 oo

P WY
0 Wlie gl Ll g Sisi b alay 53 xblio LT gt 45 515 o oMl B iy g

S g gl
Slpje den uzmen (o) il (e 4B piny ()5ld 5 sixio (eSS OMeasS oLl soine 5 3l acoles I Abugin
Ml o Jos 4y ;S5 g a5 ol pbool ) Vlie cutS oLl a8 Slise ohgd wsiluy ()b bo ay imgd cpl plosl y> oS

&be

5 S S Shy 2 il dely (IYRY) gacme digati) g taebld (S o3lj g fesj (2l Dgmme Sk

A=Y (10) A ol sla K> olidmgs o) il —6y3y ailaie Lol ISin sl S slaws
doi: https://doi.org/10.52547/ifej.8.15.81

5 @ basS iS5 gigmiil Saedtl Sl (WYAF) Lo (Sblyg 5 Dlyre «olyd dled wdd w5 yml
kb (ohujle pliel (S5 Gl IS ig0y90 adllas) Gy slaSia 3 Wl b Sl s
doi: https://doi.org/10.29252/ifej 5.9.37  YV—¥F () &« y/u/ sl [Ki>

Sy A5 ad > 38 iy it S5 gy biOTAY) e (ilye g fnle (i Lt o)) (S
> 5 2 00958 5 pole slosing i () Qb (udd s (gl S 16390 adlllas) [Six (g5 851
https://doi: 20.1001.1.23222077.1394.22.3.2.8 .0V-Y4 () IV

el i p st St slad cuaS wyp (IVAR) L alaias duw ¢ B8 DBl falsdeste ¢ 008 fllie ¢

YOS YYQ (YO) )+ lss  lsliis ilo] aloo . o) ya5 3Ll Ao 690 &iges ANP S5 55,1 5|
https://doi:10.30488/gps.2020.91910
Pl il do)lSs Cupte > (b Copte GRS L Jils g b)) (RY) e (bl 55 g fpte (SLo,
A= WA (V) ) lad  lilis islo] aleo ANP Jao 5l oslital b jlyus e M
https://doi:10.30488/gps.2020.110899
9y 2 el oy old 885 il (W) sige ¢ B g o shan canlysy fhuome o (w550l

SAYY (Y) 1O o JSon 5 oz (o9l8 5 pole slosingyy GIS oo 13 S o Sk (sl (g5
doi: https://doi.org/10.22069/JWFST.2018.14655.1729

References

Anandaram, H., Nagalakshmi, M., Cosio Borda, R. F., Kiruthika, K., & Yogadinesh, S. (2023).
Forest fire management using machine learning techniques. Measurement: Sensors, 25,
100659. https://doi.org/10.1016/j.measen.2022.100659

Annisa, N., & ldung, R. (2015). Indicator determination of forest and land fires vulnerability
using Landsat-5 TM data (case study: Jambi Province). The 1st International Symposium on
LAPAN-IPB Satellite for Food Security and Environmental Monitoring. Procedia
Environmental Sciences, 24, 141-151.doi: https://doi.org/10.1016/j.proenv.2015.03.019

Arnett, S., Coopsa, N., Danielsb, V., & Fallsca., V. (2015). Department Detecting Forest
damage after a low-severity fire using remotesensing at multiple scales. International

Journal of Applied Earth Observation and Geoinformation. 35, 239-246.doi:
https://doi.org/10.1016/j.jag.2014.09.013

Baheri, H., Ghodskhah Daryaei, M., & Pourbabaei, H. (2017). Long — Term Effect of Fire on
Woody Species Composition and their Natural Regeneration in Hyrcanian Forests, (Case Study:


https://ifej.sanru.ac.ir/article-1-291-fa.html
https://ifej.sanru.ac.ir/article-1-291-fa.html
http://dx.doi.org/10.52547/ifej.8.15.81
https://ifej.sanru.ac.ir/search.php?sid=1&slc_lang=fa&author=%D8%A8%D8%A7%D9%87%D8%B1%DB%8C
https://ifej.sanru.ac.ir/search.php?sid=1&slc_lang=fa&author=%D8%A8%D8%A7%D9%87%D8%B1%DB%8C
https://ifej.sanru.ac.ir/search.php?sid=1&slc_lang=fa&author=%D9%82%D8%AF%D8%B3+%D8%AE%D9%88%D8%A7%D9%87+%D8%AF%D8%B1%DB%8C%D8%A7%DB%8C%DB%8C
https://ifej.sanru.ac.ir/search.php?sid=1&slc_lang=fa&author=%D9%BE%D9%88%D8%B1%D8%A8%D8%A7%D8%A8%D8%A7%D8%A6%DB%8C
https://ifej.sanru.ac.ir/article-1-167-fa.html
https://ifej.sanru.ac.ir/article-1-167-fa.html
http://dx.doi.org/10.29252/ifej.5.9.37
https://sid.ir/fa/journal/SearchPaper.aspx?writer=206473
https://sid.ir/fa/journal/SearchPaper.aspx?writer=56178
https://sid.ir/fa/journal/SearchPaper.aspx?writer=23727
https://sid.ir/fa/journal/ViewPaper.aspx?ID=244497
https://sid.ir/fa/journal/ViewPaper.aspx?ID=244497
https://sid.ir/fa/journal/ViewPaper.aspx?ID=244497
https://dor.isc.ac/dor/20.1001.1.23222077.1394.22.3.2.8
https://doi:10.30488/gps.2020.91910
https://doi:10.30488/gps.2020.110899
https://sid.ir/fa/journal/SearchPaper.aspx?writer=202063
https://sid.ir/fa/journal/SearchPaper.aspx?writer=493
https://sid.ir/fa/journal/SearchPaper.aspx?writer=4779
https://sid.ir/fa/journal/SearchPaper.aspx?writer=4779
https://sid.ir/fa/journal/SearchPaper.aspx?writer=109871
https://sid.ir/fa/journal/ViewPaper.aspx?ID=540482
https://sid.ir/fa/journal/ViewPaper.aspx?ID=540482
https://sid.ir/fa/journal/ViewPaper.aspx?ID=540482
https://sid.ir/fa/journal/JournalList.aspx?ID=4045
https://doi.org/10.22069/JWFST.2018.14655.1729
https://doi.org/10.1016/j.measen.2022.100659
https://doi.org/10.1016/j.proenv.2015.03.019
http://dx.doi.org/10.1016/j.jag.2014.09.013

oy e SR gy 5 oLl b JKa g3w i Jad g5lwdme [ ol Se g (guels

Lesakouti Forest of Tonekabon, Mazandaran Province). Ecology of Iranian Forests. 5 (9), 37-
46. doi: https://doi.org/10.29252/ifej.5.9.37 [ In Persian]
Baltaci, B., Yildirim, F., & Yangini, O. (2020). Effect of Slope on the Analysis of Forest Fire

Risk. Hacettepe Journal of Biology and Chemistry, 48(4), 373-379.doi:
https://doi.org/10.15671/hjbc.753080

Bazgir, M., Riahi, Z., Valizadeh Kakhaki, F., & Rostaminia, M. (2020). Fire Impacts on soil
physical and chemical properties of oak forest in Badreh region- Ilam province. Ecology of
Iranian Forests, 8 (15), 81-92 doi: https://doi.org/10.52547/ifej.8.15.81 [In Persian].

Beygi Heidarlou, H., Banj Shafiei, A., Erfanian, M., (2015). Evaluating the Fuzzy Weighted

Linear Combination Method in Forest Fire Risk Mapping (Case study: Sardasht Forests, West

Azerbaijan Province, IRAN). Journal of Wood and Forest Science and Technology, 22, 29-51

https://doi: 20.1001.1.23222077.1394.22.3.2.8 [ In Persian].

Bhadoria, R. S., Pandey, M. K., & Kundu, P. (2021). RVFR: Random vector forest regression
model for integrated & enhanced approach in forest fires predictions. Ecological Informatics,
66, 101471.doi: https://doi.org/10.1016/j.ecoinf.2021.101471

Bullock, E. L., Woodcock, C. E., Souza, C., & Olofsson, P. (2020). Satellite-based estimates
reveal widespread forest degradation in the Amazon. Global Change Biology, 26, 2956—
2969.doi: https://doi.org/10.1111/gch.15029

Chen, F., Zhu, G., Wang, X., Yao, B., Guo, W., Xu, T., Peng, M., & Cheng, D. (2023).
Optimization of the impeller of sand-ejecting fire extinguisher based on CFD-DEM

simulations and Kriging model. Advanced Powder Technology, 34 (1), 103898. doi:
https://doi.org/10.1016/j.apt.2022.103898

de Santana, R. O., Delgado, R. C., & Schiavetti, A. (2021). Modeling susceptibility to forest
fires in the Central Corridor of the Atlantic Forest using the frequency ratio method. Journal
of Environmental Management, 296, 113343.doi: https://doi.org/10.1016/j.jenvman.2021.113343

Eskandari, S., Pourghasemi, H. R., & Tiefenbacher, J. P. (2020). Relations of land cover,
topography, and climate to fire occurrence in natural regions of Iran: Applying new data
mining techniques for modeling and mapping fire danger. Forest Ecology and Management,
473, 118338.doi: https://doi.org/10.1016/j.foreco.2020.118338

Faramarzi, H., Hosseini, S. M., Porghasemi, H. R. & Ferenghi, M. (2018). Evaluation of the

role of Asian highway on Golestan National Park fire in GIS environment. Forest and Wood

Science and Technology Research, 25 (3), 33-48 doi: https:/doi.org/10.22069/JWFST.2018.14655.1729 [In

Persian].

Habibi, A., Ghadami, M. J., & Hedayatnezhad kashi, S. M. (2020). Measuring the quality urban

environment with emphasis on the social space through techniqgue ANP, case study:

Neighborhood Darabad Tehran. Geographical Planning of Space, 10 (35), 239-256.

https://doi:10.30488/gps.2020.91910 [In Persian].

Halofsky, J. E., Peterson, D. L., & Harvey, B. J. (2020). Changing wildfire, changing forests:
the effects of climate change on fire regimes and vegetation in the Pacific Northwest, USA.
Fire Ecology, 16, 4.doi: https://doi.org/10.1186/542408-019-0062-8

Holden, Z. A., Swanson, A., Luce, C. H., & Affleck, D. (2018). Decreasing fire season
precipitation increased recent western US forest wildfire activity. Proceedings of the
National Academy of Sciences of the United States of America, 115 (36), E8349-E8357.

doi: https://doi.org/10.1073/pnas.180231611

Jellouli, O., & Bernoussi, A. S. (2022). The impact of dynamic wind flow behavior on forest
fire spread using cellular automata: Application to the watershed BOUKHALEF (Morocco).
Ecological Modelling, 468, 109938.doi: https://doi.org/10.1016/j.ecolmoadel.2022.109938

Kolanek, A., Szymanowski, M., & Raczyk, A. (2021). Human Activity Affects Forest Fires:
The Impact of Anthropogenic Factors on the Density of Forest Fires in Poland. Forests, 12
(6), 728.doi: https://doi.org/10.3390/f12060728

Kumar, G., Kumar, A., Saikia, P., Roy, P. S., & Khan, M. L. (2022). Ecological impacts of
forest fire on composition and structure of tropical deciduous forests of central India. Physics
and Chemistry of the Earth, Parts A/B/C, 128, 103240.doi: https://doi.org/10.1016/j.pce.2022.103240

Li, Y., Chen, R., He, B., & Veraverbeke, S. (2022). Forest foliage fuel load estimation from


http://dx.doi.org/10.29252/ifej.5.9.37
https://www.researchgate.net/profile/Ugur-Baltaci
https://www.researchgate.net/journal/Hacettepe-Journal-of-Biology-and-Chemistry-1303-5002
http://dx.doi.org/10.15671/hjbc.753080
http://dx.doi.org/10.52547/ifej.8.15.81
https://dor.isc.ac/dor/20.1001.1.23222077.1394.22.3.2.8
https://doi.org/10.1016/j.ecoinf.2021.101471
https://doi.org/10.1111/gcb.15029
https://doi.org/10.1016/j.apt.2022.103898
https://doi.org/10.1016/j.jenvman.2021.113343
https://doi.org/10.1016/j.foreco.2020.118338
https://doi.org/10.22069/JWFST.2018.14655.1729
https://doi:10.30488/gps.2020.91910
https://fireecology.springeropen.com/articles/10.1186/s42408-019-0062-8#auth-Jessica_E_-Halofsky
https://fireecology.springeropen.com/
https://doi.org/10.1186/s42408-019-0062-8
Holden
https://www.pnas.org/doi/10.1073/pnas.1802316115#con2
 Luce
https://www.pnas.org/doi/10.1073/pnas.1802316115#con9
https://doi.org/10.1073/pnas.1802316115
https://doi.org/10.1016/j.ecolmodel.2022.109938
https://sciprofiles.com/profile/837724
https://doi.org/10.3390/f12060728
https://doi.org/10.1016/j.pce.2022.103240

multi-sensor spatiotemporal features. International Journal of Applied Earth Observation
and Geoinformation, 115, 103101.doi: https://doi.org/10.1016/j.jag.2022.103101
Meng, Q., Huai, Y., You, J., & Nie, X. (2023). Visualization of 3D forest fire spread based on

the coupling of multiple weather factors. Computers & Graphics, 110, 58-68. doi:
https://doi.org/10.1016/j.cag.2022.12.002

Mohajane, M., Costache, R., Karimi, F., Pham, Q. B., Essahlaoui, A., Nguyen, H., Laneve, G.,
& Oudija, F. (2021). Application of remote sensing and machine learning algorithms for

forest fire mapping in a Mediterranean area. Ecological Indicators, 129, 107869.doi:
https://doi.org/10.1016/j.ecolind.2021.107869

Nurdiana, A., & Risdiyanto, I. (2015). Indicator Determination of Forest and Land Fires
Vulnerability Using Landsat-5 TM Data (Case Study: Jambi Province). Procedia
Environmental Sciences, 24, 141-151.doi: https://doi.org/10.1016/j.proenv.2015.03.019

Orumaa, A., Agan, A., Anslan, S., Drenkhan, T., Drenkhan, R., Kauer, K., Koster, K,
Tedersoo, L., & Metslaid, M. (2022). Long-term effects of forest fires on fungal community
and soil properties along a hemiboreal Scots pine forest fire chronosequence. Science of The
Total Environment, 851 (1), 15817 3.https://doi.org/10.1016/j.scitotenv.2022.158173

Porebski, S. (2022). Evaluation of fuzzy membership functions for linguistic rule-based
classifier focused on explainability, interpretability and reliability. Expert Systems with
Applications, 199, 117116.doi: https://doi.org/10.1016/j.eswa.2022.117116

Rezaei, M. & Zangi AbADI, A. (2020). Evaluation and Analysis of the Role of Urban

Management Actors in the Integrated Management of the Historical Texture of Shiraz

Metropolis using the ANP Model. Geographical Planning of Space, 10(36), 179-196.

https://doi:10.30488/gps.2020.110899 [In Persian].

Rodman, K. C., Crouse, J. E., Donager, J. J., Huffman, D. W., & Sanchez Meador, A. J. (2022).
Patterns and drivers of recent land cover change on two trailing-edge forest landscapes.
Forest Ecology and Management, 521, 120449. doi: https://doi.org/10.1016/j.foreco.2022.120449

Saaty, T. (1996). Decision making with dependence and feedback: the analytic network process:

the organization and prioritization of complexity (1st ed.). Pittsburgh PA: RWS Publications.
doi: https://doi.org/10.1007/978-1-4614-7279-7

Sadat Razavi, A. H., Shafiepour Motlagh, M., Noorpoor, A., & Ehsani, A. H. (2022). Modelling

the Effect of Temperature Increments on Wildfires. Pollution, 8 (1), 193-2009.
doi: https://doi.org/ 10.22059/POLL.2021.327346.1139

Saha, S., Bera, B., Shit, P. K., Bhattacharjee, S., & Sengupta, N. (2023). Prediction of forest fire
susceptibility applying machine and deep learning algorithms for conservation priorities of

forest resources. Remote Sensing Applications: Society and Environment, 29, 100917.
doi: https://doi.org/10.1016/j.rsase.2022.100917

Schwartz, M. W., Butt, N., Dolanc, C. R., Holguin, A., Moritz, M. A., North, M. P., Safford, H.
D., Stephenson, N. L., Thorne, J. H., & van Mantgem, P. J. (2015). Increasing elevation of

fire in the Sierra Nevada and implications for forest change. Ecosphere, 6 (7), 1-10.
doi: https://doi.org/10.1890/ES15-00003.1

Zhao, Z., Li, W., Ciais, P., Santoro, M., Cartus, O., Peng, S., Yin, Y., Yue, C., Yang, H., Yu, L.,
Zhu, L., & Wang, J. (2021). Fire enhances forest degradation within forest edge zones in
Africa. Nature Geoscience, 14, 479-483.doi: https://doi.org/10.1038/s41561-021-00763-8

Zheng, S., Gao, P., Wang, W., & Zou, X. (2022). A Highly Accurate Forest Fire Prediction
Model Based on an Improved Dynamic Convolutional Neural Network. Applied Sciences, 12
(6721), 1-15. doi: https://doi.org/10.3390/app12136721


https://doi.org/10.1016/j.jag.2022.103101
https://doi.org/10.1016/j.cag.2022.12.002
https://doi.org/10.1016/j.ecolind.2021.107869
https://doi.org/10.1016/j.proenv.2015.03.019
https://doi.org/10.1016/j.scitotenv.2022.158173
https://doi.org/10.1016/j.eswa.2022.117116
https://doi:10.30488/gps.2020.110899
https://doi.org/10.1016/j.foreco.2022.120449
https://doi.org/10.1007/978-1-4614-7279-7
https://doi.org/10.22059/poll.2021.327346.1139
https://doi.org/10.1016/j.rsase.2022.100917
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Schwartz%2C+Mark+W
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Butt%2C+Nathalie
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Dolanc%2C+Christopher+R
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Holguin%2C+Andrew
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Moritz%2C+Max+A
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=North%2C+Malcolm+P
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Safford%2C+Hugh+D
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Stephenson%2C+Nathan+L
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Thorne%2C+James+H
https://esajournals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=van+Mantgem%2C+Phillip+J
https://doi.org/10.1890/ES15-00003.1
https://doi.org/10.1038/s41561-021-00763-8
https://doi.org/10.3390/app12136721

