V¥ o (ot otk KT’/L JV) Gab & chw/,y — bW Zllss JIJ' o

NS 858 IS s (50555 0l Ko AR sl el Olgar psle (g3band oL syl s 0l asles

http://girs.iaubushehr.ac.ir : cole uﬂ)ﬂ

19 }l‘:r‘:'
el A

L

i
g9 4 el Gble (g5ldie)s pdle 6,550 Gl i) S amslie i

G B 5 Jelse Jold ol o5 8 e o Slaome Jolse
b rd Zasby (L) a8l Jalse (ot 5 g
3 (S by 5 A 250) mews sl (Ol e
@il 5l alol (sSae sble 5l alol) coleoll Lol
Sl Lad ag (] 5l ol (giyslas sl 5l asl
Ssgad p3 b Gatla eslind b oeslisalsype ladde o3
Cross-) abliza b3l gbe,lel 5 ROC i 3 (AUC)
W rb_g\ (validation

omebe 235 ghls Jue 53 a oS sl LS AUC a2 ls )
SV s gLls (AUC=0.97) bslas Ko Jis dim a 035
ol g (AUC = 0.86) Olaniy Sls 5 cppdle Jdo 4
05 doys N s i dalllees ) se adlets 3 ‘JéJLAJJ.(.?J.M C*’L'
D T sls e GBIS s des Ye spae AteS NS
Jelge a8 sl 0l 25T 6485 S ST Jelge g oo 303
wr3) el else 5 (S ble 51 adlbl) cxluolll
ol zals (5T aile ls b 55 s jaee 28 (o)l ~
Cob 53 Sl glajli, a8 5 ases Kb Ll
S5 e 5 0 it 3 5T ¢ B Rl e il e
Ak ml;ﬁcuﬁj}}wj@mj\du});

2 S WG S e3p b Db o tege 51T aedie
Sl s b alexr Sl b slapinn Sl oLy 5 Jkle

(gt ss Ol g oD Slawl) 35T

25 Sl W25 (G Obdees o 0

T VA2 O SN DS  FRX VL VA U A PR VIV VI NPT T

oS>

2 gl AL S 0 b Bl o S Sl (e ]
GASE @ s bl b GlaptannSl oLy 5 sltle
@b ol b Oler Sisaas 5 S L 08 5o 0yl
55 4 5o il Gbla 53 Sdes b 5 Shes (S35
oS 3 4 ol bl ol L5 oes 4 3 dipy 0
o eep 42l b e Bl Sy e 53 e U
etle 6850 iy 55 3l eslinul LGl 3o ol G
Support ) Oluiiy Jls » wile 5 (Random Forest) skl Ji»
55 4 ole bl (st gs55 4k Y+Y¢ 5 (Vector Machine

el sy Ol Ol 3 gt ss Ol s 53 1y 5T

o5 el Loy (O s o 0 o Obdazns 0 o

5 SliES 0 aSEls ()l wkige pobe LIl ol (il )
Ol OS5l o8y« and CL‘.»

(b G\;.A 5 SouslES s uSLils (g3 Jame owdige ().Lc 05,5 lasils Y
Ql}il O, QS5 oLl

Ol el (@Dl o8l (g 355LES 0 aSLiils gl sl ErrosS Skl ¥

DOI: 10.30495/girs.2022.697864

mymorovati@ardakan.ac.ir : o3 J sie (S S s

¢EA


http://girs.iaubushehr.ac.ir
mailto:mymorovati@ardakan.ac.ir

ij&/’dfk"“w';tb"”;'f/ri f“‘a

AAYF 080T Sle o) esled V0 Al

—dde 35 L5l A bl SPSS Il e 5 53 5 O (gl e
sowe 3 (AUC) Slssed 55 éa.« oslatal b oeslacal 5,50 sla
A el "PRROC" (g Lol a2y 3 R 1581 0 5 53 ROC

S oS sls LI (VYT B YY) 5T o8y Vi o) sl
5303 ssms ke 53 25 g8 SRS 53 Lls e 5 prals8l L,
RS- NIPISTVR L O O W S P I TR
T g ol i gl el el Bl I 555
G oy OEA Ll a8 03 YV Jbe @ by e ol 2
Yool s Yot gladle 5 3550 SO LYo oA Jlo oSl s ol
b 03 B CW1 G Sl S SLIs G 2050 03 L LS
oo eslial s Gaa el Ceeal e Loy LS
(S5 hle 5l ol slaaY (s 5 4 oS sl Ol gilude
23 Sy Jolse G seee Lo e Sl Ll 5 AL gles il
b Sbt b, el s cod g slaeY 5 5T g8
053 Ot 3 (5T aile ghls bl 53 Jelse op Fovanl oS
S sl ol slay K i, b giledde El Loy el
Sln At oS bl s aalllas 30 adleie a1 Ao s 1/
o5t g8 3k sl b bl &S b 535550 Jles o5t &
—t s e Sl 5 (Ao To) LS lsa A 51t
o 3l o 350 g3 Oltiy s edle Jde bl 25 8
FoS oS Jl s caals 3 T pss oS st OIS s il
g8 2k St gLl adlais mhans 51 (Gl YOA04) s s S )
Shls Jde 55 8 a8 5l 0L Jlssas 5 mhaw s 25 o5t
Shls (AUC=0.97) islas Ko Jds Ly 8 035 owlis 233
(AUC = 0.86) Oyl edle Jde 4y s sAYL s
Slaoslel Sl eslinal b ey 3550 e 55 35 L3yl s
it b bl K e oS sl Ol bl L3
6 YL R2=0.765) s o i 5 0 =0875) Sivan
33 lyls (r=0.623 and R = 0.388) Olais i3 oeile Joke
Sl o Sle aly; Gatls llie )y iomed Sp (5 0
ol K Jdue 8 sl ol Gllas gl Sle 5 las
4 ol (5 ne S (sls (MAE = 0.125 ,RMSE = 0.243 )

el (MAE =0.309 s RMSE = 0.392) sl JSKor Jobo

¢4

(e oS Sl @ Wl i b oS0 g Sl b
el @l G5l s bl 51 sl 3 5T g8 1581 L,
Wlos gy 5T g 585 Jouiliy b ablr 28U 08T &8 bl (piman
S bt e el BT g8 dates bl Ul 4
S b o Olgr Sistans 5 S Ay oS 3 0ol 6,513
4 a8 il Gbla 53 Gdes 5 Shes (S5l 5345
5 b ple Dol e Cussdee ax S L ks e g8
S il e 25T gy el bl 51 bl i Lams
H pmen Sl a3ls (555m T S 5 u e 0 Sl
GASsk o iss Sl el L bl shs 3 bl b
53 e s Obyed 53 1y T g8 & ol bl (abe

oled s 1 p31 Ol

g8 4 oolem Gble ldie Jol G 5o lahy, g 3l
G 3 by ol s edle (6585l Jaas s Sl eslinad b T
Support ) Oluiiy Jls » wile 5 (Random Forest) skl Jﬁ»
& Sledb! Cw L eomen LS rb,;.l (Vector Machine
5yl 5 lsil 5 b e LIS el (5]
Colg 55 (MODIS) usle ojlgale pslas 25T LIS cpmen
IS 55 i S S el shse 5 s T gobs ahi Yot
<3 Lol gl s e VOA Sl dde el 5 iyl sl
Ll ley S 55 a5 ceomen .S eslitsl ki Ve 5 i
Gble Olge w4 a1 E 5 VA C 5w (L)) 5 ol
Gl el eslizad 5550 oY Sledbl 5 bl 5T il W66
055 Jler > 5 e bl Al gl ledie ds
T2 I [ PR M R
Jolss sl azmon ol ol Zasby (L) a3l el se
el 0Ll elge 5 (S cughy 5 A E2p) o
ol S ol sl 5l Aol (S bl 5l alsl)
Oy Jae Jolgs aan s ags (aal ol 5l ol (g5,
SRl lame g2 e ¥ a e W S NG 5 (6 pe ) 4t
Sy e Lalse Sledbl culg 53 .43 S 4 ArcGIS 10.8
b 53 235 Slosl s sldde sl esliial 550 LG 4o sas
b bl 3ldde s S 1l AreGIS 10.8 1331 (5
Gl sl 5 R s 5 el b 5T ¢85
olital b ablize gb3,0 A pla] "e1071" 4 "randomForest"

glas Sl (RMSE) las Sl o ke 4y glasybl



djdp"d‘&’}i’ébﬂbl;wy”ﬂ‘}"; 49;‘,

SAVE (80T Sl o) eles 0 Al

S S e ek s SUkr byl falS 5 eses
ShaBli= 5 (6ob5 g 5 ol ads ol 2 o5 gs55 Al
S Jols glaasl sl asls Ak &b Lis 5 Cun) o
2 et @SL glais, OV LS Sl G ol
T S ol g (35T a3l ands ol bls (5ledute
OSSOl e b5 L6l ol 5l eslinal 5 cpions Lo s

Py do g Sladlaie 5 o

S (5T ldte (i ST o e 1S SlS
O Dbl Oly Jls oedle (alas

534S ol Ol Grass opl Sl ol sbaail 1g St 5 Eomy
S ey Sl Culy aibe s J:..J 2RSS el ans 9
Sl @l Rl Jle 53 3550 000 51 e b D3 3050 X
33 SN A 5 JLSis g8 Gl Ly b bl jes oS
4 5ls 0L G ol ) el s il 3 andlne 3 o it
ailie 53 G5 g3y SIS SE Ll cnegs SLl e
5 5T e oo Gl s res @ s aalllas s
sh Gl bl w slons ars (T 3 5l S
S 6 Jalse (3 ool Jule 53 ) 4 a5 L e
2 s bS 2ol sballes o3 iy Cblis 5 ax g (5T g »
Kb Bl cplpls ol (655,58 e Conlis L bl

s (ateys Ol e () Ol uiﬂ SR Sble g3ldia s dle 6,:85L sla sy LS aslis ) s bl o oS0 o Obdess 1428 slaal Al ol 4 Lk

SAVT N0 (anb b 53 i oSl Slla 5 5 535| Stovin




e bl il 3 ndle (5,80l sla i, o)l A lie

Gl Lds glo s (s s 4 ()
Slr sk B b el wadls OF 1) Ol 5 Ol e
Al axdly (e BT 5sn sl s 5 e e
sy &S Sl Los ol gla)sls aas sl O 5l S 5lS
geimn OF G0l o S 3 S35 55
S CRPS POl B R PO [WARSTRN 4 A BEPRR RD BP0
O ke s 5 M6 5 skiSo 55 bl s
ol e 53 Jle gl (F0) Sl 0350w ST LgLnuK;;,-
sddcbli> adlais 53 (5 gm 1 Elgm sl ey p b
ol Lsy & Az 0L IOkl oS S s Sl
03 e Vol 5l el Al g, (ool
08) Gl ooy VWAL Jli 53 5550 A 3lias 4 1Y L

SLas o O A s edd o S Ghle s
Sy ol Colass o) &S (S shy das e Ol 15
2o 8 nl o3 Rl K, edasOlis (655w T
WA Jlo B G Yo WA Il Sl eomy solel ol
woarg L .(V4) das e OLES (g pl 93 Saul 58l (LS £V)
Gbla s @l Ol 3 G ST g5 Bl il
£55 2 NS 6 Jelge pman 5 5T 6585 4 el
ey cpl sl o oYU e Coenl 51 ST
5 S e S) e el e 3 e Dlides
o ol 5T g3y 4 el bl (s3ledde (izees
@ sy 0 (Y OLes 5 sdee ol gl ool
Old 53 sls iz Ol g M (RS A
hb o S hley laedizms gl 5l ditls @3
b b sedd olale e Slhes Db nsal
Opme Sy Giledds Lisy 5 VTAY YT bl
xe &S 3l 0L g3lwdde @Lﬂ L3S ezl TS
VYWY 36 b op it O3 Lls L awls Cogr
ol gla pane s J‘<"' Sl o B 50 tege

g_n.iJ>J )L,Li,a L: Lf""f<“ 4.]4_:\) VA o)l}; )‘ A.Lpb) Lli.wj)

! Forest fires
2 Logistic Regression
0\

VRV

Sloss Conal S diten Ly 5 o) atomnn ST s [0

Sl bS8 5 Slds Gl 5 e g5 cbla- s
My s 0 b S aman (FV 5 £0) Lls (g0 mlr
A 53 Al IS B SAeSIss Dl 5 03]
5 A A8 5 Ll il i s s Sl LS
(7)) As el Ly ol Lkl oo L S 032 e S
b 3w D) rmb o 5 b Slag s BT (IS5 5ba
g5 53 i 5 S 5350 Jle o fen 31 (Ll Lis
a wly s BT g8 G e 51 (F0) el Wl
5 Casby s (SHL LS 5 e else 5 (goks
5l Bl s b s b S 21 (10) sl s ool
Colite o B Ol b slagise T il olsa
Wl i s S 5 s o3k belpe Kl ssa)
S ek s BT o et a5 25T £ 535 Ll
2 Lol Jltle s i 5 LK o Lol Jelss
Jolss 4 s Bl Gy (8 s Dl b
s (S ol 5 LS 2l (SIS 5 Jed Sl godens
G ST oS sl oS gladidae & (YT 5 )0)
(0) 545 o S (G5 pw i dates bl ool Ol
S das o Ol 2 L;jyu':.ﬂ S Yoo 51 iy el
AR B e kS Osdes 10 BTI0 5 o e
G ooers wUle 2als 35 0lal L3 (V) 558 0 s o
ol JJJT;% ng'j.wuiﬂ Al s LAJ(;;— Lg\;@_; 3l LK e
LS slaoyss oo Wl bagspm T ol (FY) cod
Al o S 5 Ligd e LIS 5 sl p S glasl 555
5 s sbe bass s BT SRl s s 18T
sl glacdld Ll (8) cl g LB ki 8
L A Es 5 LK b de el o mS Al e
TS SO P T UV GOV RS -5 S A SRt
L Sl ol S b bt ST o 55 5 IS
OB Sl ol S ) S cledls JLs w

ok Lacs s s 3T g5 & s bl 5 (gl Conlis



VY JLG'.’ (J}‘ AJLQJ/VAA};L; JLA) L;'-:abc\h BLJ t;-’-Llj‘J”. CJ\FW‘ ASUL»})‘,; J"ui;.r.'.u

L O S5 S50 5 Giliuesy ilS 2 Jo (ko5
Silse bl 5 s s Sas o VL Gl dsys /AN
J.:JJ “ J.:.J:Lo LSJ.SDL.’. LSLAL}:’:’}) )"obu.?.m‘ wld aws
yu&JJGMmSJJWMLYLJJW
A3 Ol I8 S0 Lol caman 5 (55T 635 4 ule
Jolse 8 (Jae Ll 5 a5 Lok )l (gladkte
Tl 5 G Siledde Gl Je e s eiS s
(s e sl .x.a\jp-waJthjmem} able
4 oole Gble fpns 5 oLl Goiosd (pl el S G
R g P
edeys Oliw g @?&udﬂfﬂi sla Ssy 5l eslaxal L

AL

L ey g sls

andllas 3, 90 allate 3 puo

05 ey Dl el ol G 53 anllles s 5e adkaie
Srie s Sad 53 pgde)d Sl gl il oo o] Olisl
S5 old Bls oS oS 3,5 Jlk s 53 5 ol Ol
238 e sledy openn Abay, o3 e s
o dled 53 5 OUILT Ol jgd 5 658 S 4 Copr Cua
Ghls adkie ) 358 0 Sgdome o e A3y 9 ke oS
adds YV 5 ax 3 1V Ul s Jsb b oLl e Cuxd e
Sl e ad3s A 5 a3 YT Ul s 50 5 B2
5 Onl 8 slaed 5L (S sedtess Db et () JSE)
s g3 OF S pn 5 0 S15 sbaesS a5l liln S
L B o o o8 3l ehe Ohued oo
Olwl 53 &Bls il On g,y wudda S slaplin e
Slszman Ol Olial 53 @dly Sl il Ol g 5 Ol )
A w gposx s ol Jhls gl el
5SSl (ol el 558 o0 S dome O] Olisl sladlin e
A ey f slml s (de)s (a8 48) o e b
ALY ARPPIZV &L&J)\ R el 0 C;lj o> 58S
b b3 e 1 e WY Jsls OF iyl p 20 5 e

GRs s s dadls anlllas syge adkie o Ji.;—
— T S it S L (T (25 s ke
Lt b e Sl el b 5T (s3leand o 5l Lags e
—dg @L; bl s gl eslanl r}&il Ol <_§L“J<3’.' 3
Shols ailawe 51 ds)s V0 @Ml Ol (53 pmiT s
L s 53 (M) TOLKes 5 pl ool b5 by S
53 erile 650k la s, s Sas bl s s
S G SO s b K 5T sledde 5 ite
om b omdle S0k S glaiy, Sl play b
olitul o xtedin Stz O g S5 5 F (68 paendl 555
Shls badie ol oS s 0L 0BT (gla Lo 5 4 525 .65 e
oodle il o Laesls 4o peme ok 4 Cund SIS 235
IR W PP PO IV Wt P I H = o
2ol Sldl glacdled Loy BLiI oL B vy sla
Glaid 55 5 adlas ol S dxils Ol cpomes WO
— Bl ann g gl p ) Glaes Ll e ol Sl
Sy sl kbl 55 5 G slbl s S gla
03 hles el b S glaes e Sl Sy pde g o
Gda b hashn (YV) COlLn 5 olbrlage (s idos
w s Qs S GG G sl el e s
UGl = b plannl Sl g8 Oule, Bl
e g Sl als plsil G Ll sy 5 Soled e
o el Gble ol Gy Ll S5 dle S0
@ LS elind SS1e e s K (5w
S 5 Jbe oS sl 0L (el sladde CB.J 5 el
S BT i 03 ol R il b
B bl s S Shas YL sdos /AN L
PRCE U PR S CJC USRI P TS
WY Lo Oy S8l Jue (e s 1/408

ALY L Stz O S lS 3 Sl Jde 0 /ACA

1 Model Farsits
2Pham et al

3 Naive Bayes (NB)
4 Decistion Tree
5Mohajane et al

oY



o 3ble gilde Hs il SASsb sy 28wl

() ol S5t 5 0 S SOkl 5 w2dle s sl

aaboie u{‘ c_/.{».:rejb Olﬁ:amé.“ wu\j.h CJLGW‘ U"'Lw\ »

2 oSkl oS e Sl Jdias alpa 5 OF Ll

45°30'0"E 46°40'0"E i :‘.
: . ]
~| N ’
4
3
& z
> =
= =
& Legend 2
~” ~”
(I VL e
B e o
0 25 50 100 150 200
r 4
e ™ e ™ s S— £
45°30"0"E 46°40'0"E 47°50'0"E =

Olnl 3 Ot Ol 53 g 055 Ol g oW Cumdpe N S
Figl. Geographical location Dereshahr city in llam province and Iran

e el 0Lk gbaS 5l il (Sl
s Qbis Sk S F OIS el o 4 Ol
L UlFe e Gatls OB, Sl sl LAl S558
550 oLl dada 5 e (S s @Sl (b Clis

(1)

BT
55 4 ol Gblie s Jol Ga 3o nl 3
s B e N R N T T
aile ) p s Ollid )8 Ol cpioman 5 A8 Silidss
T g3 IS L Jelse bl (g5 T Dl bl
ool Sl £ Ol IS ST le Jele 1Al
15 (Gl 5 ol ( (S5 55m (SIS 5 Jalse)
wlsl 53 O Slaslas L5 5 slee o ed o)lil Jlas 5

oy

03,55 o o S5 ol 033 L3 gdess Ol e

(o sea S el adlaie alS iy ol 4 S 13
den a4 ke OLLS ol e 5 slas sl
ol das e LSS |y sl gl gl g oSy (slas S
Sl s ot oS laland 3 s S
QLS e fees das S5 G el sy
5en S e amn oY p o els oSl ) Il
Sl oSl sdas S5 oS (glazes ;s QLS ol dl
S s e edis adlaie plad ys ekSTy jsoa A
(oSS S S Ul e Gl S Gk S e
Jolo GBSl ssad oplil il oS
G ol e ailie ol 53 e s slea S
A el o Rl Gl 5 Gl Slaei S Lan g
(Slal Bl Jola OsSal nl s L s slad S



VoY JLG..I (d}‘ AJW/FA;};L"’ JLA) dﬁbc\h BL &L:.;‘Jc’. CJLGW‘ ASUL»})‘,; J"ui;.r.'.u

Lgy A <=L ArcGIS 10.8 )‘jﬁ‘r;‘ .19.:;;/4 BLEP ol

el o3 B Y S s sl s sl e

sl blE
(1Y +) s iladas

i—(
lE
%
4]

sl sle blE
(1Y) 3o

Jelse aon a4 bye 2B Llods 25 jathe ) sbe
e X YL J‘“&f Ol L s S am, Sosen o‘\"‘""

sy
(S
)
|

4[ ol gla ke
——{\_-_‘rL..a Ol sla,aze

oot planil ol o Sl g6 Y JSC

Fig 2. Flowchart of the research process

s B pa s Slge opbs Ol a3 55 ol
L GlSns il 5l ol G 0 (Y 5 19
Wd pomed 5 908 (Gols patd Olojle V:0e e lie
Sl ASTER ojlsale nolas 5l ol sl L)l o,
Slp s el g 5 b gl glaeti gl sl
oslizal ArCGIS Si5dle 3 5l 31555 slaw Silweslal

W

S5 g ol s
WS A s g Jls (K3 bl
i IS sk (V) Wil e Sy b 5 alS i
5ol Eel oS ol gl il ol ey (LS
Sn GBSy 5 Shesat osie GBI 8RS
b 3 5 5T Sleo st S 3k G aLS
0 (BY) sls dad gl 5 5 S (1 s (sl

S ns Jolse
035 o ki) b e Jalse Sege Sl S s bl
Copons 1y ok Sligrse Sl dlesl 5 ol &S
Sl sbar s o 13 G0 S ) s b 5 s
Lys C]a“ 3 Cu;)n Jole an ‘&_é\;ﬁ:y“ Sl gt Ols
03 ooy Feddarld (ol e b Gl 5 od
2 SRS e SR e i e (Slids )
Ao led SR rames 5 L Olgee s Los e 51 gl
2 G s b Ao 5 e bele s e o
Bl 5 Ll sl 5 At 5 axdl Sl Ol
Shas Lol alS iy oS s skle 6ok At
Y 57 3500 slate (55T g 85 sl 53 belse cn e
o3le o a3 SMe 3 & i b 3 ols cppman
sl DUl 5 S s sl (BT gladad 5 L s

C,.@:.-.J)IJNJLEL;JT wjz..f B 03 oLl

0t



e bl il 3 ndle (5,80l sla i, o)l A lie

S 3 o3l b sl Gl 5y e SOl gl sl Sl e
JS Gl omdil Sla it 428 (IDW) bl S35 o sSoe
J@o)édbmjg.‘jaA{LﬁfoJJJNW}Jl?Q_‘¢>M\Qm‘

.M;Wé.p‘ai.ﬁ)’\

it Jol 52

o513 ek nd Jalse rege S Sl Jalse
Olge @ ohy A 53 Ol S 5k (4) L) 00 Sla
Sl S bl 5l 5T a8y e 5 odiSsln|
oLl slaas,le b ol S 4 akols ax o wsdS
<l el bl T e By Jlasl st xSGs g ool
bls Sl Jalse Y ol Gaiss 5 (Ye 504 0
oo O Aol SS ble 3l Aol @l Sl sl
Ghle) asle o s Sl e Il 55 s 8 sl sl
o0 ol Amal) el i 5 (5oslas S s 5 S
3 ol ArCGIS i3l e L=s 5,5 (Google Earth 3l
A sl sl sl gy Sl eslizad b Aol aiis

JEEWS Jio Jae

CS3lh Xl 5 Ll sy ST sl K
Lles 303 ad 8 (P 5S 53 ol arm s &Sl i
L oSl i s S5 IS) Sl s Js
25 Sl Glp s wilazal LB 5 Ssla Jds
oedle (55850 slaen) S o 50,0 51 S D S
Sboin wb p Bolal K 5K s e
et ook sl Ol L3 &8 el Sledbl S 5 s
L R el ool 35 4 G rendts
Jie Gl S la bl 5 S o S 5 Gt sl
i S sl e slas 5 Ol s sl (ol K
() s 8 (o oS 5

6 Euclidean Distance
4Random Forest

00

caaleio “’<'.’. BE U’:":T C)ﬁj LQJLJJA‘; o 02 J:JJ e
Q‘J.:.A cw'b-)..ﬂ QJLA (_;LQ‘L:..L 4.1.4»:- )‘ L}.ALS J:w:ﬁ )L::M
BE JUJSJ)UE e >))»J§:>.a>)5 ctw)\}uuﬁ: Cl;
aeoloe 5 55 5l eslinad U alS ni b ol e
\/\ g:,.-w.)\...j Lg‘a)‘},ﬁu ﬁ)u)NDVI L;ALS L):M;-ﬁ u.a;-L.fa
W rl_?u'\ Loy o/NY SUplas s LY eYY/v0/e4 @)Um.
Casby atld axls g 5l S cosb) e 5
TS e cogb, erls 5 (NDWI)'JL ol
ol A eslanad TerrSet i3 o 5 Lams 5 (LSWD
LSWI Lasls 5 (1) £ Lwg LU sl sl NDWI
93 U’l‘ LA uﬁj’“ €AY OQ\)&QA E) jjlij .hwjj J.‘."

RERICIU RO S I A PN e

NDWI = (NIR-SWIR2)/(NIR+SWIR?2)
LSWI = (NIR-SWIR1)/(NIR+SWIR1)

(V) bl
(Y) bl

SWIRL 55 505 0gole glatl NIR Lufy, ol o

r): aU; s J.Af; O}JL‘ SWIRZ}J}‘ oU; C}AJAJ.; O}JL‘

o

ol Jol g
Lols S0 T iy s et sb 4 edddl Lyl
2P G o515 5 G L s i sk a s
V5 Ol (T 5 V1) s e BT Sl 5 Rl
S 50k e o by Dl a5 Sle]
T obed aadkaie a3 e el Gl bl g tegs L
b K 53 ool S s ¢85 05 &S 09) L,
o) s 5005 4 ars Lol coenl Ll
o Slp ol G 5o gdies Ol gd )3 Wbl se
Sledbl wbidlgn slaesls ags gl 51 eddBl ol go 4l
A ealizl Qlal IS Sy st oSl (olod Sl bl s

! Landsat_Product_ID =
"LCO08_L2SP_167037_20220509 20220518 02 T1"
2 Normalized Difference Water Index

3 Land Surface Water Index

4 Gao

5 Xiao et al



VY JLG'.’ (J}‘ AJLQJ/VAA};L; JLA) L;'-:abc\h BLJ t;-’-Llj‘J”. CJ\FW‘ ASUL»})‘,; J"ui;.r.'.u

NN R ST FE P C OV I "e1071"
S atess Olwgd 3 BT gy 53 e (sla i
S o, S0 s (VarlmpPIot) s Coaal Sl gad 2,
Al oslanal gslas

P Olabl Sl 5 ol S 5 s e sl
Silwdde s oL s SLssl AL of zl (sslede
A el odel s 4 Sl @ Olgabl il 58l
e 55 lssed s e Gatls G opl 5s (1)
e 3 Shes aaiie gme T3 Shes aatiie [l sl
R o 2osr de 53 Al Sl romes A eslin
Stmad o5 Jold bl L5l Glaeslel oy ege |
(RMSE) e Slas o kel y o(R?) (s o b o)
25 8 osliel (MAE) U 3las - Silie

@b

(S5 gm T s g8y SVl Ky,

G Yery) dle Yo bbbl 5l eslial b Lol Guiss
o A ol (655 25T g B il slls Gbla (Y2YY
sy OLES Sgboss Ol jed 53 (55w il o 6Vl ¢35
anils sy T g 8 slad 3 e 5 Il g, SC oS
o T g B sl o e s bl () JS08)
el Gim y50 OBA L il oS e3s YOVN L s edd
553 ¥IV 5 ¥EE (5 5 & LYY 5 Y004 Jle s fpimmen
o & b oo G slad o mde b ol 8 G
Jlo (YAYY B YorY) aallas 5,50 sladle o o3 s s
250 52 Ll Yool 5 Yot gladle 55,50 SG LY A
IS b s esldl Gl Gy slaes s eS Sls 5o~

2 Area Under Curve (AUC)
3 Receiver Operating Characteristic (ROC)

gL.g.:.i s Cﬁ..ﬁ:l.a Je
Gl is, e 3G ol Dby il
53 Gy Spie Hsb 4 Nlg e S cl il oS0
Jols sy ol ey JBa Ssee S5 5 shuaib Olles
bl B s &S ol gauand @b: 31 las sazes
Sl )‘ eslaa! l; 5 Sy Sledb| WLA v.:w B Uass
(ilwde (VL )\JSJ 5 S J.nl_,.c sy 55 54 e
s e a1 ghae 55T el Rl S, Sdee
Sl 5 @ b el A Jols dae 0yl
oS Slalls Ol 055 aenS Gl ol (s 2 Sl
SalS sduaib Sdos 5 el slat Olpe LU asl
4.5.:15} aS J}J:da rl}u\ &.l.l} At o )‘ oalazal Ls oS J..:L“
L;ur;{,,ﬁl Sls edgs 5 ) olab Ou Al Al
- 45‘)\ c\).'; wvu" Ls‘j" L;lS u.'::j) cdln-:l;-g )\Jﬁ J:..ZLA
o33 453 il Plew Jo 0T ol Gua & ales

(Y) w5l e

s 2bisl s gl
by Ol (e Julse slaaN ags 51 e
SMBl oled (Gaiod ol 3 s S gl T bl
e a5l LY s (BT sk by
mle blsl Sledbl o dle bwly pl s s S Sl
5T gz Sl g3 Jaes CBlim 5 gl pl 5 b
Sl 3 gseme 3 Ad eslinad sl olpale sl
e Vel aeS ol L blE plesl 5 ), bl G
Ml ol s slowl glalais &y pen 5T b Llg oY
i 5 (s Vo) Jie Gassal sl oY Bli o5 S 55w
Wl psmr (Lopn ¥o) die s L300 Gl s fﬂ
S ladde Cotla 5 Ga5sel Sl o JS 53 Bdd o bslas
oslital abak Vef 31 ladde s LUl gl 5 akis VEIA
Mo p piole s bl (K Jie 3 by e (g3l 2
“randomForest” (glsat 55 4 R I35 s Oy

L Support Vector Machine (SVM)
o1



o 3ble gilde Hs il SASsb sy 28wl

(o3 Y0) die i Slsol sl o3 bLE 5 (Ao V)
5 sl Slp o JS 53 AE s sl S &)y
Shadas @35 bl @l s et YOA 51 adus el
5 Sl bl cambse 1 ol s esliad dai e
35 2 3 emen el sdd L1 (8) IS s Jde SL5))
aile B0 Gble Olye a4k 1V 508 L5 4 b
Glr el eslinad 5y5e glanY Cledbl 5 ol 5T

A ]l g3l als e

[
Bee J«."s, h?‘
. ¥ =12.847x - 44.933
i Foo 4 r=0.54*
- P-value = 0.012
aq ¥
w)
',‘iJ Yos
Yoo

riwdie gl ST b ag
By ot & 5T DS aegers S| sl ek 3
S sl BBl las > CumB e omen 5 sl oyl sale
JS sl pemen 5 lssenl 5 b ale Dbl g
A eslital 3 g edis S I gl 055 Ol gl e L
Alols U bl plesl 5 (5,1 S5 blis Gl 51 g 5 g samme 5
sl glabas &y pm 5T LB ol oY e Ver Sl zeS

JJw JL)}.AT LS‘J" €)Y Ls o)J§ BEREE C)L‘«)Ué‘ Ui‘ A

4FA

*@a).ﬁ QLL»J.@.&_)J(Y'YY UY"V)‘\.’.‘U@& b)‘,.n Lg)LaTa)‘gbkslé)JﬁTﬂM “Jg.:‘
Fig 3. The number of fires during the statistical period under study (2002 to 2022) in Dereshahr city
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Fig 6. Modeling risk of fire using support vector machine model in DereShahr city

47°20'0"E 48°0'0"E
sslai | 1E2 "
z =
5 B
-1 3
: I
Lol
rf_predict
| High : 1
' z
z| "™ Low: 0 =
g- A N 'E
- FoglsS
47°20'0"E 48°0'0"E

J.e,ia)J QL"...«J.@,@)& @b\«aﬁdﬁ.@- dv\.‘)‘ a:L&.‘Lx‘l{JJTCﬁ)Jbﬁ- ngLwdv\.n A% Jg.'l»
Fig 7. Modeling risk of fire using random forest model in DereShahr city

04



VY JLG'.’ (J}‘ AJLQJ/VAA};L; JLA) L;'-:nbc\h BLJ t;-’-lﬁj‘f". CJ\FW‘ ASUL»})‘,: J"ui;.r.'.u

b aalllae 550 ailas a5 Ao £)/14 oS sy s
SOS (pslas JKer e s S Jm s spdo Jobt
Jalas SLSa Sl A 51 i ol Ul Ao ke
Jde ool Colun b OIS (e gs cadlais Cla.d BIARVZA
Je 3 ealg 53 () Jadr 5 Ve JS80) 3 sl [
St S 4 b Comln S Ol o nile
31 (o 4/ Uslee) SLSa YOA/0R Lgs oS 54 55
S de 2 8 J s sl iy | ddlae sl
¢85 3k Sk S b Colis S (ol
3y (hoys VA) s VI Uslee mlee L 25T

( dgdr 5\ K2

T s 2 gy NS
5 DM i s sl oo S 2B 4 3
P#J%J‘u#w%)%ﬁ@w“@u
£55 o) lgia St OIS (Y0 U io £ 55 )
S CINVOG /00 3y Jhat) sl et WIS (/00 5 /YO
Stusias (1 B VO £33y o) sl5 ot s IS
S edle die s s ulal (8 5 A JSS) L S
die 53 8 55 Sl o ni ol oSl 3IS Ol
£V/4) Oty Slsp cwdle 5 (deoys To/Y) bslas (K
Sy gedle e 3 () Jyds 5 Ve K8) sy (Ao

Jb} JAV\SA.; .bﬁja JLU wwbd»% Sl <dl--§v-;

47°2q’0"E 48°I}I‘0"E
& & N

Olady 1oy uiblo K“X z
z Wty “==_E s
= L) (4 =
;_ I{J}\ 3‘:
2 s -

Ll

0 oS ya

I i, R

= IS b
o | . s e :
.= =l
z ; : : : : &
= a

47°20'0"E

48°0'0"E

A 033 Ol g 55 Olidy 152 eble Juko Sl oslinal b 25T 5 585 st WS A JSC
Fig 8. Class risk of fire using support vector machine model in DereShahr city



o 3ble gilde Hs il SASsb sy 28wl

47°20'0"E 48°0'0"E
‘ " = . N
‘59 o J . 4‘\ % z
- z
el
=1 &
& s "‘
~”
Lol

[0 PYVEEN

[ IEER SN .
2| e Z
2 F
2 AL &
<o Lar}
a FoghS

47°200"E 48°0'0"E

S 033 Ol g 53 ol K Jue Sloslizal b 25T g 85 ot (W3S 4 IS
Fig 9. Class risk of fire using random forest model in DereShahr city

(LS 5158) o buwe
-

oS s by oz L yas 3L s s

*Zojbdbwkljég%ﬂéjwﬁb_gu})wb}iaJu\AjswLw‘ju,wTC};}Jb‘.;\Aw%()&A)&w\' Jg.l
Fig 10. Area (hectares) of fire risk classes based on two random forest models and support vector machine in DereShahr
city
a:L&:..A b)‘,.n LgL&dv\.n wl.wlj )ﬁ}- g_,ﬂ.L"ou 6L&w% C_».’-L«M \ Jju\:-

Table 1. The area of different risk classes based on the models used
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Table 2. Assessing the accuracy of the investigated models using fire points based on the fire risk class
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Table 3. The results of evaluating the accuracy of the investigated models in areas with and without fire (control)
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Table 4. Statistical results of evaluating the accuracy of random forest models and support vector machine for
predicting the risk of fire based on the area under the diagram
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Abstract

Fire is one of the most important natural hazards that
has a great impact on the structure and dynamics of
natural ecosystems. Due to Iran's location in the arid and
semi-arid belt of the world, a large number of human-
made and natural fires occur in different regions of the
country every year. Therefore, determining sensitive
areas to fire occurrence plays an important role in fire
management in natural resources. To do so, the current
study aims to identify fire-prone areas in Dere Shahr
city in Ilam province using two machine learning of
random forest (RF) and support vector machine (SVM)
and 2024 fire occurrence points. Environmental factors
were prepared in categories including topographical
factors (altitude, slope direction, slope anlgle), climatic
factors (rainfall, relative humidity, wind, temperature),
biological factors (vegetation and soil moisture) and
man-made factors (distance from residential areas,
distance from road, distance from agricultural land,
distance from river). The model’s accuracy was
evaluated using the area under the curve (AUC) in the
ROC curve and cross-validation statistics.
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Examining the AUC index showed that both models had
good accuracy, although the RF model (AUC = 0.97)
had higher accuracy than the support vector machine
model (AUC = 0.86). According to the results of RF
model, about 60% are in the low-risk class and about
20% are in the high fire risk class. Investigating the
contribution of the factors affecting the occurrence of
fire showed that man-made factors (distance from
residential areas) and climatic factors (temperature)
played a more important role in areas with a history of
fire. Therefore, increasing public culture and reducing
dangerous behaviors in nature can reduce the
occurrence of fire in this area and contribute greatly to
the protection of the environment and preservation of
natural resources.

Extended abstract

Introduction: Fire is one of the most important natural
hazards that has a great impact on the structure and
dynamics of natural ecosystems, including forests and
rangelands. On the other hand, with climate change and
parallel to global warming, the trend of fire occurrence
has increased in many regions of the world. Also, areas
that have no history or potential for fire occurrence
(fire-free areas) are also known as areas prone to fire
occurrence. Due to Iran's location in the dry and
semi-arid belt of the world, a large number of human-
made and natural fires occur in different regions of the
country every year.

Due to the limitations in resources and gards of the
natural resources and environment administration,
information on fire-prone areas can play a significant
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role in fire management and control. For this reason,
this research aims to to determine the fire-prone areas in
Dere-Shahr city in Ilam province useing machine
learning methods.

Materials and methods: In the current research,
modeling of fire-prone areas was done using two
machine learning methods: Random Forest and Support
Vector Machine. Also, by aggregating the fire
occurance points information collected from the Natural
Resources and  Watershed  Management  and
Environmental Protection Organizations, as well as the
fire points of MODIS satellite images. Finally, 2024 fire
occurrence points were determined and used. In total,
1418 points were used to train and build the models and
606 points were used to evaluate the accuracy of the
models.

Also, in both groups of modeling and evaluation points
(train and test data), 1196 and 604 points were selected
as areas with no history of fire, respectively, and
information on the layers used by them was extracted
for the modeling stage. Environmental factors are
divided into four main groups, including topographical
factors (elevation, slope direction, slope angle), climatic
factors (rainfall, relative humidity, wind, temperature),
biological factors (vegetation cover and soil moisture)
and man-made factors (distance from residential areas,
distance from the road, distance from agricultural lands,
distance from river) were prepared.

All environmental factors were prepared as a raster map
with a pixel size of 30 meters by 30 meters in the
environment of ArcGIS 10.8 software. Finally,
information on environmental factors was extracted by
the set of points used for modeling and accuracy
assessment (train and test) in the environment of
ArcGIS 10.8 software. Modeling of fire porn areas was
done using R software and "randomForest" and "e1071"
packages. Cross-validation was done using root mean
square error (RMSE), mean absolute error (MAE),
correlation coefficient (r) and determination coefficient
(R?) and its significance level in SPSS software. The
accuracy of the used models was evaluated using the
area under the curve (AUC) in the ROC curve in R
software in the "PRROC" statistical package.

Results: The annual survey of fire occurence (2002 to
2022) showed that there is a significant increasing trend
in the number of fire occurrences in the Dere-Shahr city
and the number of fire occurrences has increased from
less than 30 cases to more than 500 cases a year.
According to the results, the highest number of recorded
fires was observed in 2016, which is equal to 548 fires,

while 2008 with one fire and 2004 and 2006 with only
two fires had the lowest number of fires in a
year.Examining the relative importance of the layers
used in modeling showed that, the layers of distance
from residential areas, average annual temperature and
elevation were the most important factors in the
occurrence of fire, and layers of slope direction and
surface soil moisture index werethe least important
factors in the areas with a history of fire in Dere-Shahr
city.

The results of random forest modeling showed that
60.63% of the studied area was considered to be among
the low-risk areas for fire occurrence, while the areas
with high risk of fire occurrence were more than 90,000
ha (20%) of studied area. According to the support
vector machine model, only about half of the area was
in the low fire risk class, while less than one percent
(258.59 ha) of the area was high fire risk. Examining the
AUC index showed that both models had good
accuracy, although the random forest model (AUC =
0.97) had higher accuracy than the support vector
machine model (AUC = 0.86).

The evaluation of the accuracy of the two investigated
models using cross-validation statistics also showed that
the random forest model has a higher correlation
coefficient (r = 0.875) and determination coefficient (R?
= (.765) than the support vector machine model (r =
0.623 and R? = 0.388) had more accuracy. Also, the
examination of RMS and MAE showed that the random
forest model (RMSE = 0.243 and MAE = 0.125) has
more valid results than the random forest model (RMSE
=0.392 and MAE = 0.309).

Discussion and conclusion: The findings of this
research incicated that in the last two decades, the trend
of fire occurrence in Dere-Shahr city has increased from
a few cases per year to more than 500 cases per year,
which is in line with the increasing trend in occurrence
of drought and decrease of rainfall.

The results obtained from this research showed that
human factors were the most important factors
influencing the occurrence of fire in the study area,
therefore, for proper fire management and fire
prevention, special attention should be paid to human
factors. Also, due to the second rank of climatic factors
among the factors influencing the occurrence of fire,
more attention and protection is necessary during peak
heat and in more sensitive areas.

Therefore, increasing public culture and reducing
dangerous behaviors in nature can reduce the
occurrence of fire in this area and contribute greatly to
the protection of the environment and preservation of
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natural resources. The findings of this research revealed
the high efficiency of machine learning methods in
modeling natural hazards, including fire. Therefore, it is
recommended to use them by researchers and use their

results by managers and local and regional decision
makers.

Keywords: ecosystem management, fire modeling,
random forest, support vector machine, Ilam province.
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