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Article type: Background and Objectives: Fire is an important disturbance agent in
Full Length Research Paper  forest ecosystems, with significant impacts on vegetation structure, soil
fertility, carbon storage, and non-native plant invasions. Accurate forest
fire risk assessment and spatial zoning are essential for effective fire
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Keywords: method, a widely used MCDA approach, has proven effective for modeling

Boozin and Marakhil environmental hazards, including forest fires. This study aims to generate
protected area, and classify a forest fire risk map using the FR method within a GIS
Forest fire risk, environment.

Frequency ratio (FR),

Geographic information Materials and Methods: The study focused on the Boozin and Marakhil

system (GIS) Protected Area in Iran’s Central Zagros region (Kermanshah province),
selected due to its recurrent fire incidents in recent years. Twelve fire-
influencing factors were identified through expert consultation and
literature review: distance to roads, settlements, and waterways; average
annual precipitation and temperature; forest and rangeland cover density;
land use/land cover; population density; and topographic features (slope,
aspect, elevation). The FR method quantified the relative importance of
each factor class by correlating historical burned areas (2016-2024) with
factor maps. A fire risk zoning map was produced by overlaying digitized
factor layers in ArcGIS and classified into five risk categories (Very Low
to Very High) using Jenks’ natural breaks optimization. Model validation
involved cross-referencing the zoning map with actual fire occurrences
(2016-2024).

Results: The final fire risk map revealed that 78.97% of the protected arca
fell into high-risk (46.81%) and very high-risk (32.16%) zones. Validation




confirmed high model accuracy, with 95.05% of recorded fires occurring in
these high-risk areas (25.39% high-risk, 69.66% very high-risk). The very
high-risk class exhibited the highest relative importance (FR = 2.17),
demonstrating its predictive reliability.

Conclusion: The fire risk zoning map provides a strategic tool for
prioritizing firefighting resources, personnel deployment, and equipment
allocation during fire seasons. By identifying high-risk zones, this study
supports proactive measures to reduce forest degradation. The
methodology demonstrates the value of integrating FR-based MCDA with
GIS for fire risk management, applicable to protected areas globally.

Cite this article: Moradi, Sohrab, Pato, Majid, Ahmadi Sani, Naser, Henareh, Jalal. 2025. Forest fire
risk assessment using a spatial approach and GIS-based frequency ratio (FR) method in the
Boozin and Marakhil protected area. Journal of Wood and Forest Science and Technology,
32 (2), 1-24.

© The Author(s). DOI: 10.22069/jwfst.2025.23752.2118

Publisher: Gorgan University of Agricultural Sciences and Natural Resources



https://doi.org/10.22069/jwfst.2025.23752.2118

TEYY-Y VY ol LLS . y o as
YT VYA £ o5 UL R 9 292 (55918 9 pole S g 4 s .
O b’é@h@%&%

G918 Camd g 9 S0 3 K9y b SR> 5 gw T shas b )y
Jo 0 9 9 )9 ovwnc bl Ao 40 GIS g (o

iﬂ)L'aA P> s‘ﬁd'»l.’»' She! ol gv‘,ﬂi R sm‘_gﬂ,a Ol g

moradi_4@pnu.ac.ir :sbLl, .01 OLg o sply oKils  anb e 5 @3S g 058 Slskil  gms oy 55 )

(o Ol Ol b b 5 g3l iisel 5 Slide S (e s K Slides i (hagk bkl Y
m.pato@aree0.ac.ir :asblbl; o)l e sl «$355LES s il elids olesle

na.ahmadisani@iau.ac.ir :asCll, .0l sl slilge ¢ oDl ST ol 3llge domls dades gl b 5 1E (Ol (g5, 5LaS saSCisls JLiils ¥

(o Ol Ol e b 5 @3l iiel 5 Slide S (Sl s K Slides i (lagh bkl

Jj-henareh@areeo.ac.ir sl .01 ;) e 5l (55,508 oS s il clids ol

e.kas.? Jlae SleMb!
Sl JSor GO lep s a5 Jilse p S 3 S i T i g bl Wl g g

}st°j$}>‘5l>v:’.)”;'.‘Jf“’éwb‘fgm&ﬁ)u’uféﬂi))u{'b\j:@ &)}—&JA\SUQA
OF sy 5 i BT ot G35 oLl A3l auils $lKy alS Glaw S pen
bty o QT Sl JiAlSjL;)'yu,i'Jle LS;«/&::-; 03 6ol 6o S Ceal J.j\y“&

_ . \i~i/~Y’/\0:¢$b_).>é)U
bl 5 oslmedin (G S mandl Gy S5 AL @b sl Jie g e

o o P L N VE 0/ g g
Sl Cod Shas Sl 55wl S Al a8 Gl S SRy 2 Dbl
23 8 Sl ol (g S eenas o gl s Sl sladis 53,08 5 51 S
ol Bda sl (gles 1S 58 (K 53 (65 g i1 der ) aes S bl (3lade
Sl s iy Sl el b 0T iiaig 5 (Ko (3w ST e B g iy S slaesly
sl (GIS) a1 e Sledl wlobis omes s P g
(i Sl a
3 iz s bl adlas
] ) =
s plalis e s 5 Sl 5 alul K (g5 BT g8 p SIS S0 R
WUl Sk Lo 5 sSn bl ) alols wale S ol ol ol 1Y g pazmass
S B GRS e Gy (SIS IR GRS (ST il e la g
5 b LS Ll ladbiag; 5l Aol 5 oL e (cod i) oner

VECE/HONA L pdy )

eLLJLGJS Ql;'...n‘— L;ll.:ﬁ w;b DL C;U J:}j‘j u‘.’.)}" aJMCA.]aLﬂ} aalas Lhufu'})} "f

Joloe as Ol andlaes o aikie Olgeas ol OULL sdaze L;udjygiﬂ S

Glas o Slld s JEss Gk ol I8 0 el Gl Slib s el (e

Yt



L3S Do G Bl 3 S el ik WE L osddant s ke 2 Gl
S Jelse o8y slaasds G 655 b 3mBT st luaig a2 Culg s
o3, @y > Jenks il s Lo Lol sy AICGIS il 5 Lasme 3
Lo Sliner Gb 3l mlt plosl gl i gauaib Glids b oS ) o

Al VTR0V EY (gl alools 55 andllans ;o ailain 3 a3l Gl Gl g s 35T

33 0L L e 5 g eddblis dilae 55 (¢35 25T st cduag olg i tlaasl
YYNT) 5l Lt s (doys $VAY) 5L Sl 4kl s anlllaes, e aileie dsys VAARY oS
Shle i B pass, I Jols @l el 5 e el @5 15 (Ao
S BT Aoss 80700 i BT bt g 425 5 IS (SN
S Wledks 53l (Ao VD 5L s 5 (o s YONFR) 5L s b lib s e
Cobe s botil olg Gliag 428 Vb Como 5 G35 L3l Sk Llg e
tloen 5 Sl il Db 3 (55w T Gble 48 5 555 BT et huag 4B
Lol A Sl ail o5 Al asils walllaes s g adlas 5o Db 51 a ol ool

A3l o Sl 5 R LI YNV el Coeal

ST bl (sl s 2 ke Slagenal 351 )3 (ol (Syiigy 42 16 S aond
S0 s OIS (6,8 l5e 5 CUS el sl ol sssal, simes s
Sa b bl 53 (63amST a5 el slagss s 5T L ablie ol o3 g
Gl bl a2E g Comal aalllas opl 553 WSl e sl IS o GBI L5
5 Gty DLl Glaly 53 LIS e & ssad ater b Sse ST et sduag s

sph a3ly fhe ekl 53 (S 58 3 Sl Sl e dd st sl J S

9y 5 S0 0, Sasy L iz i T Sl sl O F ) Pl o )lin 0l SU (goenT cizme el el g0l e ol
SRz sz 55l g pale slojiagh 4SS e g i e blis ddlaie 15 GIS e Sl o
A-YF (V) YY
DOI: 10.22069/jwfst.2025.23752.2118

Sy © 5T b a5 65,5liS psle oSty 1,5k



https://doi.org/10.22069/jwfst.2025.23752.2118

Ol Se 9 (63150 Ol [ oo 309, b JKia (59w i1 s 2L,

o Lal 25 300 4 Ol e WOl alex 3l & el 0
Wi a4 (V) 0K 5 i Ko s S
Ll STl sl b K 555l et
02 Sl S P s Sleakde e
03 kel Ol pedled (ks pw L5LAJ<;>_-
Gl Ko i T e i g allles
e 5 i1 i S L il e
E555 00 S slafele G s Coenl b 055
O PG e L B PP JU
Shr 35 Gl S sk plal 5 ek
oSk sl ble 5l S e Slib 05y 4l
Sopm ST o luag ik Lyl A eslinl
KRR A S P I A S
Glurg 4 (V) kel 5 i (V)
S5 s S el b R it b
5 b lezr Ol 53 05LE g5 81 - Sl 5 s
S sls ol Lol iass TR YT R
5 Sl e dhe Gl et s Sl S
O a8l s ed) S5
AY/AY 5 AO/NT 5 doys YONY 5 VA/HY 3 s
D,w& 3 e L@Lij % W VI AP WM ES R W
A olib s ol s Jbws il Olul -l
53 oS A, S o 3 S35l ket b sl
Shakol 5 S gy bl 6 Jlss Ol
5 S LOY) Lo Ceal it s el
btz la by awlie 4 (T074) O
s a3 G 5 et Jilos ] b
o edacblis K 55 (gpm T e sauag
S ey bl b ka5 MTR) Folike
RIS PYUE B PSRN K S KPR
5 b ol b o sT la sduag 5l Jols
Sk aab =y o4 Job glaals ganail

4- Melghat tiger reserve (MTR)

Ao

Ak 3l 5 Sl Sl ledidy (655 5T
Sy Sl 5 feilowe SIS Sege s
) ssoe sled 4 Ol 53 b mle Sop
Ll o LS Sl 5 g5 S b (g5 55T
() sl wals ool b K 0 Slep s
() AL g Sle ool 1 e
s S Ll 5 baS 4S5l Jhals
0,3 ((0) St o 55 (8) (ol b 5 st el
Sy AL Gl S pms 5 (V) U8 5lep s 00 S
S5l (V)

v OST L ablas  Jol ol 5l S
b 15 Gl Gl 5 il o ati
33 szyﬁf Szl 5 g Jla-| &S 5L et
Ol st Ol s Olyn B sl g coal i Ll
e Slalor il y ) 53 L@ A) sls j2alS | o
3 Ol e bl sa 2 (GIS) REes
A L g s ke L shue 335 sl
Gladle 53 (0 O O 0) S e & (g5 g 5T
Sl iy 3l eslial b Ko (5w T st ]
» e (MCDA) o jlmoir S S o Joloss
Gl ol (iledde Lilar Sl Sl
Kbl 5 olmakin (g, Saanal 2oy <S5 (V)
S B 4 Gl S S ablas ol
Tl s Sray O AT Gl (65T
5 ool sladas S 3 S (FR)
5388 Sl ol (g8 el ko sla s,
35 G ST daml Jass Sl blie (g3led e
00 NVE) 5yls les 28 :leSJi;;,-

At ey el e gla el

plowil Sl oo gy Sl eslizad L Ryl

1- Geographic information system
2- Multi-criteria decision analysis
3- Frequency ratio



YEoE (Y o)lawd PV 2,90 (o 9 gn (559U g pole (sl yiagsy 4y puis

N I I I Y
2 EL Gl b i S o ST s
5osl o, g eskS YT s LS YYVYE
A3 ekl S Olawl 5 OBGL w8 (5 meulS Y
s S dike Olgea WWYE JL s &S syl
adeis 4 VYVA JLe s § 5o ill,s
Ghls el (1Y) el al ol s bl
5 ol pshea & Ll (S5 sl
Sopbr slaelans 5 AL laelSiy s, IS
bt sd b blis bl Ol sieay o gl o bl
ol aes wedicblis bl (7)) Wy
SRS s Bl @l Gl b S
S SV Ly 0 slad & b e g 55
Sblie 1) 0Ll 5l (osls i Sopl @ a5 b K0
o Sy pde (Y0) wB S s Sisans 5 S
Sl 5 S sl b 5 LS ol
)Lgm.gbiv,@.aJL;L:}uﬁjJﬁb@aMciu}
Ll (3L Sl 1 5 $o5 2
Wl il Jalge s edle ol 0L s
84_5 ($sleS ol anw s gbdf;;- Y f\b sl
9 rﬂb\ s ccdde Olal 6l Ol s
sdaze (Lo g g (V) s
Shle Cu 55 sl gles 28 &y pmn (TR YA)
Ssosba sl edd o Sy sl K 5l s
Slately b ks bl o Seee S 3moST
@bl (gl s Sdasls Ll 5 Ddeeli S
) cal Ol 815 sy 4>b s elal
iy M Bls il 53 55 (S5 BT s
Lol oSl (ALS g ol b e s
sty ol el Gl el sl s
TE R ST S P IPCO WES OV,
VL st Ol L bl lubd s saicbls
Sp Sl 2RI o0 (it g

RCIU BP S PU-+ RV IPRPRNP SN GV PO P

4 ol plie gladis, ol s oS A
(YoY)) Oes 5 Ll (VA) wsls olis KuK
Ao gble SLls gl p Sl 2 cans Joe
53 ST K 680 ssk S 3 sl
e L3S eslial Y14 B Yee) ey el
25 ghe s ROO) swscslys e Sis
oslaal oo 3 Shese oL55l ¢l (AUC) v
VY Sleas il s fele Shs gews i A
Slas oy b3 A 8L Loe/AN G
ey oS sls ol c;l:.; Bl Ol ) wbe sl
Gbla 5l a2i g lp ot Jde o Gl p S
S 555 sk S 53 M 5T dais
a4 (YY) OLKes 5 sue .(V4) 55 Sl
Xl b sla iy b IR 5 5mp5T Sl a2
(o 2 e Gl S (il s Ll
B e i S P | V| GG P2 V2
Ltu;,\ g cown Julge 31 Rasn b s
Jb i el (cusby wule sid Jb i el
sk, el (A s Ssls e
bl 3l dols b e o dos ( SWL 31 S s
G belse Olyea balsss, 5 baeslr (5 S
Cis s eslial (g5 T Lasl ¢85 »
Sheslial b sladte aul 5l Jol= glaasss
Jols Sy g 5 i sliel Glaesls s pers
@l A ey e cla.ﬂ L oedeScal s
AUC = /AL L Sl cas (35 a8 sls LS
J s bl o 1 lie o SV
(10) 3,51 cws 4 AUC = AYA L 51 ealedes
St s Bk Sl e S sl S

Y/E i by (Y0) Wledd oSl Ol L5iS
M GKa O 0/0) Ol pl Gl 31 Ao s
5 g e 3 Sl b as s
abie (YY) Y) ol e el 4 S el



010 9 (63150 Olenw | e 3,809, b UK (Giomw i1 b (25!

ST st w51 G £ O waS 5
Sl e s opis sddcblis aikie A3l
sos Lie 5 Cl i Csbe ang ol
dilae cpl () IS2) el Gl S o b S1L
oy sl B3l 5 28l LS B
Sl KL s (Capreolus capreolus) S ;i
» o .ol (Panther pardus saxicolor)
sl el eSS oS O
Slosgs = (Capra aegagrus) 5
b Ol e (6,8 08y (Ursus arctos)
(Gypaetus barbatus) \wa 5 (Aquila chrysaetos)
Sz S 5 eS| e $5 93 opippr AL s
S e a3 OF 55 Sl pkan 5V

Ko s s ki Bl adlas alS L3y
S Sad 5 e Sy 5 el W ) oy
e gls O I oKy 5y el 0l | ailate )
S8 3 K550 S5 ol o o) S i
(Quercus brantii Lindl) Jl 1 Ll 5
«s (Quercus infectoria G. Olivier) s, ;b
Pistacia ) C s (Pistacia atlantica Desf.)
Amygdalus orientalis ) olal (khinjuk Stocks
{(Acer monspessulanum L.) oSS (Ml
sl 5 (Celtis caucasica Willd.) ollasls
Al e aa S

JoB 0 9 oy 90 el Cblas adlue
Boozin and Marakhil Protected Area
582000 592000 602000

Legend
Dolaal, utE

Fire Patches
: P R
=5 Boozin & Marakhi
g b i

N

s
0 15 3 6 9

3871000

Kilometer

...................................................................................................

St 3ap 53 fie Jelse plalid (Ss0bue
Slr e sl 3 S 0T gy bt sduag
ST e 5 6 Ry 5 Sie syl <l
G iy 3l ol i s (M) o
Sl albole glacakl 5l Se e b Sl
2 Sopeil st E e s QU A
Bl de e 5 i edicbli= ail sl K
el 0 olizal Sl sl sl slisle S Olil s
DMl 5 mite Gl LS SReon ol @B
o3liial 3590 (535 iST 5l EU Jasws o bl
olasl glaay o alS oMl opl 3,8 3
it 4 il Gbla s & olezrl

55 Al KaS anw g slaasl 5 gl

g, 9 dlge
Ghle Sl o caalllansygo mhav 1 fa gl azkais
9 U’i)}’ ol bla-  adks BEl U""J§b Ji.;—
le.ﬁdjja L.)'d ;4_5_]4_.,4 k)"‘ &:».w‘ bt.\:uk.&)s g)t.w( ‘-;:J.Q
SN o A ST ML P X -h U S W P S
Yo vo' tA" 5% 0d' VT LUl s a5 e
M:JUGAJ))A abs Colew ool sl C;b JLQ..Z
AL e 2o kS AL L ol Of Jases 5 s Y14AY
YOEV plisl i) 2 VY04 il plis)| Sole

612000

: % Iran
»
= “H '\_‘_ i
3\# ;_,_,:‘1‘.\,‘1 ——

A0V Y sladle dols 5 edias gu C}h—a}&}f}éﬁjﬁ eddcbli> adlie Cond go - JSS

Figure 1. The location of the Boozin and Marakhil protected area and burned areas between 2016-2024.
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Figure 2. Map of classes of distance from the road (A) and distance from the settlements (B).
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Figure 5. Map of elevation classes (I), slope (J), aspect (K), and distance from rivers (L).
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Table 1. The relative importance of each class of factors affecting fire risk using the frequency ratio method.

JPRRCIN| (1) bk ol () sl Clns b Jole
Relative importance  Class area (%)  Area of fire patches (%) Class Factor
1.01 32.05 32.38 0 - 1000
1.71 23.63 40.52 1000 - 2000
1.13 20.63 23.36 2000 - 3000 () oolr Sl bt
0.25 14.93 3.73 3000 - 4000 Distance to roads
0 8.76 0 > 4000
1.04 19.68 20.44 0 - 1000
1.67 29.44 49.25 1000 - 2000
0.52 27.4 14.12 2000 - 3000 () 5ot Gl Sl st
0.64 176 11.25 3000 - 4000 Distance to settlements (m)
0.84 5.88 4.95 > 4000
1.69 26.81 45.28 534 - 647 (o) bl SoL Lo g2
0.75 73.19 54.72 647 - 801 Average annual precipitation (mm)
1.75 21.60 12.37 17.6 - 18.17
0.86 45.46 53.04 18.17 - 18.78 ()8 5l 53) Wl (slas Lo g2
0.86 20.77 24.08 18.78 - 19.38 Average annual temperature (°C)
1.16 12.17 10.51 19.38 -19.99
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