[ Downloaded from ifej.sanru.ac.ir on 2025-10-24 ]

Wy VoY s g 5l /7Y ojles /emal Jlo ol sla S slidps:

.08

J,u&au;f,,uffgmmh "‘:M&B)J 4.“3-0" I
ST U Jlowd w515 s 15 H3lai g oy W g jow il ,Ld, g5lw e
S g dgo a1

Y = Y .o N ] & .
Pt (Ko OB 9 " (2l Tl ol )8 a0 Saol S Lows!
Ol gl cpog) olEutily ( oambs golie 8IS (g lulSin 09,5 (g MMIKix 15)) ouslih, IS s gal 42l -
(a.banjshafiei@urmia.ac.ir : Jggue ok 5) ¢yl ! cdrog)l crog )l 01Kl ¢ ruslo molio 54K ¢ 4)lAISs 05,5 bl =¥
Bl cBguilyy oKl ¢ JKin wdine g (owlid JSKin 0.8l ¢ gino (sla g 350310l 5 JKin Sy pdo (5305400 ( JSKin (awidige 05,5 (5 K> (5S> Y
ilo
«9)

VENNWNYE Bl ol VO AN il s oyl
WY B VY. asio

b gunno 808>

gf“""o aslaio L_gu FEIN) o] u,v&o d):.b)...uu 9 699‘“ .\l?‘o o> 9 EP N d)b) b)].b‘d) \.a:J&> d)w‘}ul IR W) 9 u»)M.S ;)LB) HE-KV 9 Aoddo
stbwww‘ | iy 9 Ol Copde Gl (IR il Glaidy g6 ) (g dlge > (b)) canl dtanly @il g (S1S9295 (ieen
Sl 53 Cubdpw Gl el )3 Jlod (w51 Sl Sz B2 S8 9 (B gw dlga £ g e s GlgR cnl Baa Cul pre i Jleio]
a6 20> sl 2 (o003 5 o) (pnyge bl Il & G o lioped 3] Sosigmuil ol 4 295 b s hg, g 19
Wle (3w dlge Sluoguad (6,803l gl (myeyie S sladigaiaskad 5 (iagh cpl jd b pladl (050l g ogul i «S5) UK calises iy
Dibigy gU g Chgw Jdo glds)l ciga i sloadd jl eslazwl L FARSITE ¢ FlamMap sl sla Jas I oolatwl b ddlaio g3 53 3 (g50m i
A5 plo!

2 sbocSy (Bogw wz prpbe paen Cwl giyeyie 13 SIS YR uppge (JKia (8l 3 S G g e o (i gl sbadly
dlwm)bwbm 5 odnliie 0gul b gy gl b (MKin poly )0 5 atel Voo g Ve Bgw woe o i WM duwle 09l (ISis 51
S5 9 09«)‘ Lw L)’““’?’ CL la L;li,o dol | l) L;u9]o) dly}u )IJ..QA u:)..w.u 09.;‘ Wy Cb l) LAS& u@l)l sly ulm) ).; U‘>9“’ .)|94 L;u9]o)
d\n.la.uo )J o.la‘w.)du d.‘?ly w)w ..\wl; Ml.} L9")> @3]5 L)u)ms o.)9.).>u b u@;y‘_};ls 0319; pwuly JJ.A 90092 L?\jb dbxo.m dbl.} /AY‘ duf
236 (e pd g (Solai b oad ]S LSW) Sigeuisl g5 cle (SR (B gw dlge slaShy 2 ogMe o (i aaidl oyl :dr‘;“’.‘:ﬁ
or @ bgpe agings 5l (6l )3 9 e o pte (9wl L oj)ke )3 Bl e ol ol S50 ST (518 g )8 cuslio (5ludnd
2,5 51,8 edlaiwldyge S ladoye Copie 5 cblis g (g5gm s b,

[ DOR: 20.1001.1.24237140.1402.11.21.11.7 ]

[ DOI: 10.61186/ife}.11.21.120 ]

O (3758 5 g e B3l (31 185 (il (JSi (gismis] is ST (s Waelg

Jolss 51 231 oo g a8 5 5T gblie 4 litiod IS
OUS Coamdg cpl (A) ded 5> (DS g g48y 500
Copde Sl owlal Sl @ 1l ooyl maw > am e
g B3lo (2bgy (ST Senny (T lidpgr ()
oy by )i lagipm il Jel pals (S
ey Jb 3 (Siamw il &S o&im opl 392 L (¥F) 295
Oleime silodnd b 6 xS mroal Gl bl G ol
oo 2 by b a4 (Bl &Sl ppe Gogie sl
{7F) ol jliayse Slles dow ol saled (by2us
Sz Jdday s ‘_s,wb Shdoye » as)le 4yl
SleMb| o|9|)é' P> ol by 8aS e slanil s
S jeba _L@e" Soglaer 9 ad (5)lgdd 35 9 Slidyge
2 Sigoiil 89 o xS GUle (b sl 00l o)
o)L Copde calio dpaly 355 L S L)
laablopy p (ogllol slagl 5 Bl bS5
sl lew p gl Gl (Y8) cal awshy JSs
b K> 2lS Sy g le (alS Jidey Sy
(V) ol
SS9 p)5 laJuad ) agjow il i olpl »
S0 s I i olpl Sl (Y) ey . F

doddo

oiedpeS I S glysar giemisl sy ojgyel
by (Y0) 2980 485 Jlas > (JRi> (31 5> eyl
G5 Olea S ek VWU S AVl (1S5l
(W) el (098) nlple 5 (15) Glals (S ol >
e J Gl b b Lite b Sy (Ggm ST
O 5 9y Jlediy b glaaiblupy oy Jelse
3l (2LS by (il g jlate had g i )0 (oljus
Slos 4 wloohs ol ok bl slaiimgg (F)
sl 23l gpSade (3 3l gladlo > (g5l
old aBgw aAVlo Colue uibyly 9 (1SShe 45 (g gbay
ol 133l g 008 ks g BB jobay (loj Jgb )
(FA) Cool adly

il doajl wzn 50 (Sigmotil > 93b5 Jelss
Gl o & 55 Jlo (F) g (ad Sis 5 (Sl
S gde gl oy cage IR S ale jidg
S 3 T ol wsipmtil By cle S Bk
oSl (blslg g g5liS (ool dmg b g gble
Loy (oxf 5 obheb iR ljyglis) Jsi
wlobopgy ol (g2 el b g palls ¢ JSi> £95 ¢ 8lue


http://dx.doi.org/10.61186/ifej.11.21.120
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.21.11.7
https://ifej.sanru.ac.ir/article-1-482-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-10-24 ]

[ DOR: 20.1001.1.24237140.1402.11.21.11.7 ]

[ DOI: 10.61186/ife}.11.21.120 ]

A

Slosw 22y (olide )3 9lme Lae 4y dagi (9 9 Jiuwo
lasjgmwoisl Slyice Jro ool (V) w30 pl] (yenjp
Colex b <lbl ¢ ials (gl d)ﬁ)“ux 9 il yskaieds 1)
(YA) a8 lwaws (B cuple glaopal,
sawlio lp g cli 431.9’1.,» o) sl g
5 g B3l jled 3l dm g 15 6T Dlie ey (slosws
Bl s SSny Shls gbeesy lls gy
W55 o8l ks Qb)) &l S o Sl (39
sl cancudsl g il Copte sl Mie SleMb
[FF) 535 o S las

OPS 9 08 (ilodie dej )3 (obj lagais
0ddplol Lon by 5 calisee 2Kisg, balyd o il
P iges sisds (FOSSXSSYSEIVIANG) ol
&ilwans FlamMap Juae 5l eslawl b 251 )k, imgs
Globs, 5 odlitel b dgvge Chgw Jio glyl o A5
Sy 815 e Sle leodly g (6y99l o
g o gl (sloaids I Jae ol > i1 513y (gilodnd
5 il ) g s pledl b edlitul cer
&S ol lis Gimed cpl yo sdddwobre (1 jlas a3l
e deajl (I oBepdd Gl (Sn s
sl Dl il pln ol slepgicun)
Shoaws 1 edlatel L s ik 0 (FY) Adws
P ey Kis o aidgw ool i aia FARSITE
ot e glaieeoil By 5 b s JSal
oyl jaonis > (gly S g o3lo i &S Db i s .ad
b ud cp ol eed Job sl b oSS
G 2)S Wl g sl 3 LS jlasl e 5 ]
e (58 £ e B)ljle (lp (S5 gw oo
Iy ieS il sl (S i (sl (g o3le Jaa g
Jlodend dinej )3 baguyn y9aS J3I 55 (FF) 3,5 )]
P ohad Ggw dlge p g odgcum) g (i1 513
Ly 3 ol Snl 293500 o o815 S ddlato
sl 51 )8 ) (b8 Sl o S5 sl S
D8 gy Jite pl b padanlye (SeSe g o
Ghlie jl (Jlod (o515 5> oy (liw el b
5 Sigwl 589 b 5l Sl s Jaine > g ere
dlge & drgi g 29500 slodd 4 (i Slardoye oS
Alga e (ypn 8)bp> (iagk g e 0SSO
ol plosl dilate (pl sl SR (gjgw il )18 5 (Bgu
Sl el gyl g oy ©y9p2 sl ool
a5 3 cqpinl 5wl 03,8 fkizmgd lyl 5l dilato oyl
o1 iy giledae b abs ol 29500 (om0 9yt
03¢y (Bly (S35 T (DS (Silodend B2k I S
Sl 3 (des pé g (Bolal b oad S g (sies)
P bl oot Db gy Jlod oSy 53 uddp
iwad Gl 205 3805 Jlgw 93 4 02,5 (m SiRg% ()
e glagidy gl (Bew dlge w2 Ll )
el s o slo S

2 Blad g gdes lagjgmw il s g L8, LT =Y

P> (S (b g (2 @l b oK pre CalyS Lol
VEY il 5 e 1YY o)t fomail o ol sl S5z (lidpss

NS s 5 a8l o Slis] lye g oS> )3 (gjgmst0]
obodsd slodls oL u*’l*" S o S Iy b s
5 ESa J5n ¥ ¥YY Lo o ki (GFW) JSis les
it (V) 005 oy dasbs ) ISin )
olyor ST (g ddlate )3 ohag 5 (lpl laSix
h oS G25l b e cnl ojlgen coye elos 03 L
2 Sigoil 2gdn Wl (58 o Sl g A8 (0 205
oERgR oolel g (WV) Canl oS ol g 051 sla s
Wlo Ve Gloj )90 S (b (1) ghlSer 5 Ppre (S
Oliw e > Jod oSl (IR 251 ks 00-
Rt S B S

2l 3 (G dlge @ g e3g5Cuunj sadygly
98989 b ojile 3 (b glie (lpae ol il (ST
o) 09l jlae Cogw pa> el oo oy 1S
O 298 ) (g Sl g g (b > Slgie &5,
R g dlge g polis ig g g S I WS
b oyl SasS (9w dlge )35 oo b Ll (3] s
55 oS b aeluS, (time-leg) e b sy
35 Sloj pdb g b L slacdgu I g (o
g o gy (lgime jgw oo (wislo Ve g V1)
Spg s (Vo) e) I o b Glysl (92 Jo5 0 3
9 W) gin Cagby SiS (B gu dlge &) Cund 0
4 o o8 a8 b slacdgw (V) Sjguie ol
Plojg ainde Ui (iSly Sy (lppgl Ol
9 a\,,lsl J>|),o P ok L bl IXWIE SN s gw O:{‘
) e il g il aem 95

29l 35 2590 Glasby) 9 0393 el 4 5L
Gl 48,5)1,3 o g0 Ciliee wlio g naghy 53 )5
@l 0 35 et )8 ety (2L (BVY)
dge Chgw 07 5 0y (o5 Syl e (IS
29 (02,0 b o)) (LS by pdg2ee Lailyd bl
dge 0355 ; (e ! Wl ojlul ganddls ull
Bge Cupde (lp Giliphe S @ble )y (4w
Iy adate 59w dlge JolS' (39290 |nj conl (gj5uyiS]
IR sxSeilibyse 1y Glinl B slge 9 a0 3y
oy g OBl GhpS g OMb Gaple 4 B aed e
(Fe) 8 S8 MR boiig eyl > sipmts]
bl (i1 58y Jeily L 005 (B9 dlge (53l 08
ol GhyS b wap (Syn 4 o1 B, 7)o
Bb) (Bl Judgy Jold ae Llpd 4 5 5 ol
S Ismgl g () 5 Can cpd) (B g8 g0
(OF) Cowl azuslg

sy FlamMap sile L5_».!...>m sl Jie g bayldls
FlamMap .slosds sl (il (o mu8 5 kb, (o5l o
OB 1) Jibiga o 9 4t A jloand S (04Y)
b sl (s 5 518, el Clasuie dwlw lp
PR Jm oli».:iﬁ) L. uol;& U)K.o sosly B odlazl
Sly » il lgagol 5 (BS99 ((Bgw odle g Ll
J5bdy aads ya L;l)g I u“" Hy Slawbre jlwdd Og.‘


http://dx.doi.org/10.61186/ifej.11.21.120
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.21.11.7
https://ifej.sanru.ac.ir/article-1-482-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-10-24 ]

[ DOR: 20.1001.1.24237140.1402.11.21.11.7 ]

[ DOI: 10.61186/if€j.11.21.120 ]

i (St a5 (ks 5l ol S5 0 S Lo

MY B ge wre  aST L Jlad o515 oS ) (Bolas 5 oas 58 clocsigm il U8y ol Joe

() JS) s el ks
Sl el yia oo VYF dilaie £V 5l 0k
4 IYEY-AY) Al ¥vo0)50 S5 0 Lo Jilas 5 j5STas
doss o ddbaio w8l .l D5 Olw Ao £ 9 VY iy
Al YO bl g oW Jages ol p Q) conl Lol ye
YY/E coye oSl il wlidlgn o)ls] (VWFO-VF--)
oy SVIE g pll csd el sed 4> okl o)
S doyd A) Ll ol s Ce g g Cuows (gl ool
P elbhas b cunsy cwl Jld 3o (b S
2 3k Td oS,k o Jo & 5 g ol s
Srgoar sl ond (o (alS by £55 col 40l ol
Gl g B e g o b)) S
Sl Il )3 (o ) g (BB (BLS LS
g5 dw (I GbasS o pete sl )08 0 (ol
5 (Q. libani) Jo.¢y (Quercus infectoria) jgsle bsb
ool oSSl Jud 5l sy ple 4 (Q. brantii) gy
53 5 131 ccomgS ol S ¢ gy sy (5 ]
9 x5 Olwd il K> (oSl g Sidg s
sl bl s I 5k <Slyeds By g 28 Jlod

% Studyarea

*  Major cities

Primary roads
Secondary roads

Tertiary roads

River
) sardasht border

Elevation
s High: 2683

Sl LSy (Bly 32> b anlie

g, g dlge
w990 Gblo

pdyye Bblie CBl g 3 ol il lp
5O ywaa b oyvao stbJLw d)y»uﬁ‘ )l.ol Glp@‘ )| o
Bble Shue slopwyp 4 dvg b g Clddpw liw o
Ov yide g L ogul deg =V oy VeV ey U
KW) PIJS‘ (.L.o)) ;’—V’ ua.w)y Cl) l) b9a)| —Y‘ 9 Juo).) \c._
9 018) (g dge w5 039iCumnj s3ygly g U
52 sacnl 31255 ileand 1) Ll ) (g il Gh S
v’ Uy Llihas Job L) e dilae
@ (Jos ¥ YA il o 5 By0
9 LS YVY/AY Colue b oS Lids gU b dilaie lgie
5 5y YN YA il Jsb L) "o jeses”
ey (Jes vfw{ Wis” bl o
WLM Ls 09.\:] 9 09.».:| L.;..uu L)Z}.w’) cLs 9.) ‘.; d‘dﬁ.‘aj.a
S 9 VOO (gaw il claaS) b s e HlSa YOS/YY

8 Zagros Forests
West Azerbaijan Province

00905 9 M gladilate 4 bgsjo i ia G g Cunly Cuons )l S5 p5lial) () 3550 sladilate oLl Cubge -V JSS

Figure 1. Geographical location of study areas (The photos on the right and left sides are from Google Earth and
depict the Nalas and Shiomere areas, respectively)
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Table 1. Standard forest fuel models (56) of study areas

(3w 83lo £g5 1S

Fuel type code

55w 03l 5 (S
Characteristics of the type of fuel load

oddodnlie u"‘)‘ Y
Observed land cover

NB1

NB3

GR1

TL4

GR4

TU1

u»ﬂ Je> d‘).g B8U b gw a3l
Insufficient wildland fuel to carry wildland fire.
b oo 5SS (59w S yd lalyd )
Maintained in nonburnable condition.
ol odds | sy Yleas! g 4545 woligS e
S e i gt S £
Grass is short, patchy, and possibly heavily grazed. Spread rate
moderate; flame length low.

ol I‘S )]aﬁ La sl L dlmd&i JaLZ x]a‘.u}ln )Lg

oS aled Job ol Ll ¢
Moderate load, includes small diameter downed logs. Spread rate low;
flame length low.

cyie +[5 393> bawgio 1) oSl yie ld dtgy e
Db ded Jobo Y oy jLizil &5
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Table 2. Variance analysis of different quantitative and fuel variables in various forest types
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Coefficient of variation Mean squared df Characteristic
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Maximum vegetation height (m)
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Average vegetation height (m)
0.26 1327 0.04 2 (o) (2L iy glis)) Sl
Minimum vegetation height (m)
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1-hr fuel load (kg)
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Litter load (kg)
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Figure 2. Average quantitative and qualitative J)arameters in studied regions with varying percentages of veggtatlon
(g VDF: very dense forest, MDF: moderately dense forest, and OP: open Forest) gfa Average fuel load (kg.m?), b:

Average vegetatlon height (m) c: Average fuel tlme lag (kg m©), d: Average tof al fuel load (kg.m?), e: Average litter
depth (cm.m?), f: Average litter load (kg. m
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Table 3. Average (+ Std. Error) vegetation features of trees in the studied areas with various vegetation percentages

(%) a5 gl (5) &b glis)) (30) 3 glis)) (o) b kb (stoslo) Aol b S5 g5
Trunk height (m) Crown height (m) Tree height (m) Crown diameter (m) DBH (cm) Forest type
1.47+0.04 2.86°+0.24 4.32°+0.27 4.72°£0.09 19.53* + 1.28 D;?;'s‘e
1.77 £0.16 3.7+0.33 5.47%+0.38 3.76°+0.15 16.34" + 1.30 °?’jl b
Relatively dense
1.72+0.08 2.28°+0.12 4.00°+0.13 3.17°+0.09 14.3° £0.72 S
Sparse
1.66 + 0.06 2.79+0.14 4.46 £0.15 3.75+0.20 16.28 + 0.64 ol

L oo i o pd A0 Jleis ! mdaw (0 1) (6 )b gime glds (ilisen By
Different letters show a significant difference at the 95% confidence level
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Table 4. The average ( Std. Error) percentage of moisture content (MC) of fuel layers, litter and the entire study

areas
Voo gk gl wielo Ve b (dlgne S g slyore shob) e 8 g lyoe S g5
(Mo ) wislos Juoyd) (Mo ) wisls (Mo pd) S puisY (Ao ) Forest type
100-hr MC (%) 10-hr MC (%) 1-hr MC (%) Litter MC (%) Total MC (%)
5.10 +1.40 522 +£1.62 4,37 +£0.26 7.25 +2.06 6.74 £ 2,57 °9°j
Dense
3.23+£0.28 4.73 £0.62 4.25+0.31 3.69 £ 0.49 5.51+0.58 °’i’jl Gy
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- 3.16 £0.25 4.09+1.35 3.16 £ 0.36 4.02+0.33 S&
Sparse
4,17 £0.52 4.25 +0.47 4.25+0.43 4.44 +0.64 571+1.21 Total
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Table 5. Pearson correlation between the studied factors
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Dependent variables
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gl gyl gme pae ™ o )> AD lisebsl paw ;0 I xe Cglis T o yd AR lisebsl paw 5> > xe glis T
LD 5 Y oo LV g S o TFL 0k Sy g gl iLF cicbo Vo v g (FL100 sl Vo Cogw oo FLI0 cisho S Cégw poe FLL '
Slgire 10)> :10NMMC% ¢ dislo S (B g e Sugb) (slgizee Mo pd «S Y ok, (glaime doyd (LMCY% ok, (slgixe Mo yd MCU S s Gas
cdielo Vo (Bgw dlge ugby

** and * Significant differences at 99% and 95% confidence levels, respectively, ns: non significant difference.

FL1: 1-hr fuel load, FL10: 10-hr fuel load, FL100: 100-hr fuel load, LF: Live foliage, TFL: Total fuel load, LV: Litter load, LD: Litter depth, MC%:
Moisture Content (%), LMC%: Litter MC (%) ,1hrMC% :1-hr MC (%) ,10hrMC% :10-hr MC (%).
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Figure 3. Input layers for modeling fire behavior and spread in the studied areas (Right: Nalas, Left: Shiomere)
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Table 6. The area (in hectare and percentage) of fire behavior simulation classified maps using the FlamMap model
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Figure 4. Fire behavior characteristics map in Nalas (right) and Shiomere (left)
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Figure 5. Characteristics maps of FARSITE fire spread in Nalas region
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Extended Abstract

Introduction and Objective: The behavior, spread, and intensity of forest fires are heavily
influenced by the type and volume of fuels in a natural region, as well as topography and
climate. Assessing the volume of fuels in different forest canopies is very important for crisis

management and the prevention of possible fires. The purpose of this study is to determine the

amount and type of fuels and fire behavior of Iranian Northern Zagros forests in Sardasht
County in different forest densities.

Material and Methods: Therefore, according to the statistics of recent fires in Sardasht, the
study areas (Nalas and Shiomereh) were selected based on the percentage of forest vegetation

cover (open, relatively dense, and dense). In this study, one square meter samples were used to
measure the properties of fuels such as average vegetation height, 1-, 10-, and 100-hr time-lag
fuels, total fuel volume, and litter volume and depth. Study of fire behavior and spread in two
areas was performed using FlamMap and FARSITE fire models using slope, aspect, elevation,
fuel model, and canopy cover maps.

Results: The results showed that the total fuel volume in the studied forest areas is 3.9 kg/m?.
Also, the maximum 1-hr fuel volume was calculated in dense forest (Shiomereh). The highest

fuel volumes of 10-, and 100-hr time-lag fuels were observed in forest areas with relatively
dense canopy (Shiomereh). The calculation of the fuel moisture content percentage (FMC%)

also showed that forest areas with dense canopy have the highest amount of FMC% among
forest lands with relatively dense (Shiomereh) and open (Nalas) canopy. Also, comparison of
the real fire spot and the simulated fire spread map in the Nalas region with unintentional fire
(with open canopy) with a kappa coefficient of 0.83 was highly consistent and the model was
able to have a significant agreement with the actual extent of fire spread. The agreement
coefficient in the Shiomereh region with a dense and relatively dense canopy cover due to a
deliberate and controlled fire showed a 0.05 agreement.

Conclusion: These findings showed that in addition to the characteristics of the forest fuels, the
cause of the fire (intentional and controlled or accidental and unintentional) is also effective in
simulating the behavior and spread of fire. The results of this study can be used in firefighting,

crisis management, and many studies related to the study of fire behavior and management of
forest areas.

Keywords: Forest fire, Fire behaviour simulation, Fuel load, Fire spread rate
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