WA 50l VO oyl et 0599 s srmb banmo Wl pbolis Jidghy oole alomo
WAA/ VY o cdl y fu,b
WANNYIYe il ols 6 ,593L b
WAR/ Y/ allio by g ,b
152 - VAA olxivo
(293 oks) dlio

M 359590 axdlian) Calu )0 Jowo 30 00liint b ST (5 jludanis (i
(0 i (3l yg (10 pd

Y . . Yoo Vs .
GO & y0gaS ¢ Sy plgdyl M 48,
ko)l Basre ol ( JKi cwdige g pale 05,5 Loliul )
o)l Basre olBiils (i po 09,5 ¢ Losils Y
ks, Bize olKisls (JSiz cwdige g pole 09,5 Ldils ¥

ouS

Ao &ilyo 30 ol e (2 30 9 (SKa SLpsusnsST 5 (5 ke 30 U2 (Ao ranb Olblke 3l (S Gl 4 (GgmisT
oS 5 Azl L g g i1 (il 09 o0 W ptuwsS (il 2 00y ST &1 yomio 0l 5 s b W g59mid 5ud sl (yliw! (o]
S14ig0i AP 31050 50 paeidcruSiiinn (ylims poed €19 pad $M (§5gm T ol (31 S 995 9 Sis (SiS g Olg0 ( 21gp 3 O byl
S)g0 €S a wyle (T (0L Sl AT (SIS are8 9 (S g lge ilep g ol Lulpd aslllo (pl o Cawl 031s &5 (G390
Sl 530 & 5T agea iy gloj g oo oudline (5T (1 les bummo Jolds (5T (b yiun g )18 0018 . )5 51,8 Judowi g &y
rSilee o dummlio Coluyl Juo b T (giluand s b Aol ol Job 50 el (5591 @o (G2 gl ali) (i1 lawzo
4 3lwdnnd 391 piiun ablion AT LI 5 g (ygmdygm o gl o0liinl b ouid aiS g alilaie (5l (6 3lwdnnd Cono polio
bl cnl j0 (T by I a8 @,o libl slocalled 1) wid waliv g )Wl )00 (WT (b yuns (Sl @bls 43 ok
JLdy @80 w )y W95 () (ol Bud Ll oullid (s Joe (] 50 o ol 50 @S0 wledlbl 09 Jds s 00,5 (5 S gl
3 G2 bl SUyhs Oldas 1 gpSols b Jao! Slaladl 59y ol piwls 9 o 51 6350b jolite 4 sl (5gmiT
e T ol o g SST HLd, b a5 conl Gy Uil Gl (SOl 5 (5 g0l wien 435 (2l 2 09O ol arlinn Loyl o

el g a5 Ly (T (il o (25 50 1 godS 5 5lg

Email: roghayeh.jahdi@uma.ac.ir Email: --@----- (Ugimo 005 83) (G4 4, =F



\Y"\‘\}ibﬁe*ba)wtﬁojjétwk@@\jbuudiﬁj};d&dgm \We

doddo

oy Ol BT el oz ol 53 Con b 5 (ornb lapiansS] sl o Glasiags 5l (S ]
05 5l g o1 Glabl b e gloan jo csdy Slami co 58 Gy 4 4z g b o5 )5 glamlidie )0 Ysens
35 @ b b samisl lai a5l ogdice (et 35250 Gasloyw plo i 5 lisilr 5 QlalS dyiludl Sl
b oo Yo F g S £F) JUs,y o VoIV Jlo datin o b 4025 YA) lgy ;o YooV Jlo jo b assls
S s) aea By ol 5l sledise (g, 00 b 4naS AY) G el Liadls cdUl s YoVA Jle g (s, O
alo 3 (glm 5 Sl Lulps s & b gmitsl lyz 5o by il Yaame (V4 VA (o) Sen 5 5lSTy Y- -4
g S (g Slge obj @ead (ol Wb Ay 9 Sl (oo Cugh; e LS L ok )l 4z e
sob o aS |, 15T e e bl oS 5 ol (Voo d () g olog) ol (05 ot aiile) (Bl S e g
"o i Lo e T 4 e 5w ST el (S 558 5 (g oole dgn 5 O cdie ol IS
o by OliSpreal 5 Gy Slibl o pope (BT (raldl 5 Sl yieym (251 Shblre (el jsliie 4y 055
S 53 (gob5 slacsigmont (Ve o (ohiSen 5 alasl ¥4 GulSyg) el (69,0 (§59misT sl e
TV L0 5 S0 ol o0 sy e o 4y 5 Jelo 5 43325 550 LIl 5 1SS WS o] oomiie
5iolS sla ol )giss 5 bog s Ligsel 1o ysiS l 5o ol Caws 4y gloaisgel (Y1 (), Son 5 °g0g0

(Yo F 6,3 S) wisged oS (5T e (sioal il 4 5 gy dde Lo 82> (slibsl Sllas & a3
PYPRS SHIL) LI PR WP LES u,.fl dxwg g ,L8, 0 ol g ol byls Coonl gwyp a4 ol Oldlae o
A ST AR F VRN I SAL RNV IR RS TEPIC U SRR SIICE, SERRARYEY
SaeolisS glem 5 ol bulpd b lape iy (51 (58 5 18, Sloi Ge (6 pd et (VWA ) Som
5 o) wilioe 25T Lame alge 5 it 45 Cal (O] 4253 o ugh; b g 5 Sy ale )
(ool 090 g jlade (( Sid alex I Sasjlie Jelee 5l ol Lolul st 5l sl s s 31 .(VAF ),
Godnie Slalllae (Y +Y (LlKon 5 ' Sskige) Wil se 03,0 ) 0d) i ge ools Cornd g (S g oole L
Sllogi b 6t & e hiliae (g oz ) Ol alides Gblie )0 (onldl Ol s a5 o0ls ol
Skl (Glins) jo st xezd (Sl bolyen (glsn 5 of aad slaslas; jo (aal8l 5 len 5 O 2ty
Jolis %5 wn £ydga (Ve 0V ooyl 5 galsUl) 0 aalys o So lads 3 LS slagse 5 Yok 5 5,5
5 &S A e () Sjge 4 A5 (S2le Son) (o) slacdld g 65,0laS (LSl i pab b,

1 Viegas

2 Vacchiano

3 Alexander

4 Ager

5 Dowdy

6 Mccaffrey

7 Flannigan & Wotton
8 Coen & Schroeder
9 Trigo

10 Lozano

11 Pyne

12 Mouillot

13 Alcamo



VY e byl Jobe Sl eslizal b 25T (giluacs gy

0y i gw o3le Co o O 5 b Kz g b ljass o s liale b Lol (S oole il
PRCHFE RN RVCI [ INPSURCH JUUFT SUN DOV IS CE I O P I COUSINRPRTCHN L) WCHI DU JUNP P FCINOON 1 IS
7 Y . . = s . s N P Y
gl Ve o ¥ ol Sen g gl ) b walss LS glsel 5 ayad slask (oy9 Ll p8 50 og 4 dasjgm ST wud
5ol j0 atsdS slaans Job 40 (gjgm ] codlad a5 ol ylis govmie Slalllas (Ve oV o], Ken o
G 0 (YooY o e g gl ¥ e o F o Som 5 olag ¥+ o ¥ T ulgl) ol aily al3dl o sble
<l g ol lulys a8 wilesls T Sloy yo el wols 7, e iz bl ;o a5 jLaxxls o s gm i1
sl elamb golasdl Lyl 5 conll olynss ST lag,bin 4y amgr b T 5 ool Olpoe @l o
5 iz bl o cdbgls b (glad o glaplas il Jold) 5y slabl slapsd oedai 5 (350l jshite (o
bl 5 hals (s Sy laghy, (o Ryt 3 g (ST GhrS 5 518, o 5 S50 9550 50 (e
S g )5, S0 g anllae i pl 5l el (5959 Wl il 5 sanedlst pelan U1 sl e
5 oolital b wlgise 3omiisT Job o osill clalinsl 5 Sllee dedy, o)l 5 lidS slacsjpm il
5 VYY) oy, (T 568, (it (o desd Joo (olol 5 a5 eyl cons 4y (13T (g3lostnds sl
Lo Jas ol Gobol ool (25T lad 0l gy (Vo F Y 08 000 0 b)) USS e e i S
Ol alize ble o soaxio Sldllas ;o a5 4l daswgy ouso SYLI o Ag;g"Lw)lé u,.fl v sleacs
'Y AR ) = a 1 .

9 Lo Vel (o )en g gz Voo (e g (65550 VeV (e 5 5,1 cl oulds oz Ll
Qilgs oo el S g Sloj Latrine Jow S Colu )b aS ‘5'.[.?51 BIEARR R WX IR OCIN SR R APRA N L OV
S al) T T 2T ks, 5l s sl udo 5 a5

9\\~&:,,o;“¢) Ol s iogi 10 pie (L9050 i gw oole Lyl il g Blasiine gel> ciog g 385 Sledlbl
ool (ommb )L a0 Cledbl el (VARY (] e WQ)me)) ol L6l ot 9 OAVY ) S
S972 35 15l S sl g (1 J8) (il se slaasl p sgape (sl isS S 5 g (o1l g £9) (S gu
Slgo £95 g e Lanis gl (slos,inS Gl B @S sy Jsb o (Ve 00 oo Sen 5 L) el

Y o VY NF . .
Yoo ‘Q‘)li"@j Jﬁw Yoo sd‘)&wj Q.:Sf\"'v wﬂyjs)wo) ol 0l 'el?u‘ (=g

1 Castellnou
2 Brown

3 Pausas

4 Riano

® Salis

6 Richards

7 Finney

8 FARSITE
9 Arca

10 Duguy

11 Jahdi

12 Sa

13 Deeming
14 Reinhardt
15 Tian

16 Dimitrakopoulos
17 Keane



\Y"\‘\}ibﬁe*ba)wtﬁojjétwk@@\jbuudiﬁj};d&dgm WYY

Slagisn bug 5 4l anng iSgm osle cuf it Glagunail aizmes (V00 F ol lSen 5 a3
b j5aS 504 o o (VoY ()hKon 5 Ladsl) Canl ooty ooliiul oz pl o jo JKom Ca e Cilises
Slallas po a8 a5 ol Glegoge iz (25T Sy 5,18, L bl o (LS gy clasie Jlod 5 4520
s (25T Slgly8 4z STV V0 (ol Ken 5 gugz) Consl a3 )18 azgi 090 5588 Jlod SeSiz 0 og
Jods 3o S5 Glelfiz I a8 Jeo)l gl o laisjam il & Gl Grdya] 5 Do 5 cadiais s
Jie plyte a) Suop bl o a5 azsl o 4 (131,68, Jolowi 5 a5 5 Sy ()] Sl 58
Ol yo 5T ellad (Aalidl 4 yomie Wlgi oo a8 oaldl i BT Lo 0 g wmo 0 &) (S 58 slo S0
39 Ol Jad )3 0008 (6 5805 (o2l (625 Dl ol jlade (pizen Sl (65955 wod S|
sl I35 51 (g 55m T olg (g9, ablaie cnl 55 (55,5LS slacdlad 35 pas

o) 998 g0 sl (131 e Co Ll b slogy, 5l sola 585 b Ysene (59m il Sl sloo g0
39 )5 JpaS 5l ey 4 g il gl Wlg po (T slaaled Ol o alogey ez 50 (VY (ol S
2l e sl By Gkl g SRS Camdy ol 0 09d Sn g ok Dad b e e il 4 e
8 oy Sl g pose (il Glaps gesl Laas 5 Olow g slasl 4 lpae ol AT e cenl gl
30 G| Sz 050 @alidS gla Jlu (b )0 ai g mhaw g G, OlhEs slasd Jlel @ azgi bl axg
O AYAF oloye 0 aS ol G b (gigm i S adlas cpl 5o el (g s B olo,3) oo jlo s )| !
W3S IR (enp 3590 S804 wiligw 1) ddlaie @ilhe ) S e oga> p0 g 0lo &) edimSide Gle el
5ol bulpd (isge olge BT Sl g 4z 5 (G118, 5 (35S gy (O ol addllas ol Lol Sl
sl sk 4 9w 5l el 5 3 sl o) SleMbl adgs (Y 5 023l 2 (Bl Sns 5 alse
Glabl (1538 (i jslate 4y ol oyt gl 25T 5E8) gl el )y gt Sl el (25T L ablis sl g,
sl ot Sl (J Glaissam il S 5 05l laisism i Sl el Sl 5 Jlo b oy
o 9 g oole Copae S slacdld Lo 5w sl (Wl sla e 5l eslaul nl  egdle
43,50 (nl Grizeed el (55,0 iz g 5 O slag i Co g laiuaise y0 b > slibl glaas, S
S dacdlad ol (g 5 (g 03le Ly e sladlad b ogdlly (slasjgm il (golaidl slavsly (s
S e

Ubuf:g) 9 oosls

axdlbo asilaio — I

Lo Coln b S 5 ol (5,5 ol 31 (sloglind Sostone 55 olal o Jlad 5 Bl s ol
30 eiiSin Gl el 5o dasdllas pl () S Gl HelST S aeye V) 00 50 e yiegS e e VA

1 Sandberg
2 Fernandes
3 Ottmar



ANy e oyl Jote 3l eslizal b (25T (g5luand ow )y »

Cosl 00 pll s s 51 YL e VWEY Lo i el )| b o(Jled YAYO® 5 3,5 FAYR®) o) oyl

oad pasie S g p )5 ol 5 Cobye 5 0 Slagbime; b 3w osbye e adlaie o 81 .(V JSC8)
PowyaalF sl ar o Ve o -FF aiin g anS Ol a0 hug (WYAY ) ,Kar 5 so00) el
ol 535 (60 Gole j0 i A )0 FA 5 VY sgus j0 dahate o s Cusb el 5 e g cregs slools
OhlSes 5 (o2,8) Cul ool @95 Gl 9 b 50 i g Sehee Fre dgae o AVl (5L Lawgie
mole ;0 g i 10,9,8 0,90 ;0 (SN S polae b g S Liad Jlo Jus )l liwl 0 VYT JLs .(VWAA
Oll US™ 50 55 g adlae aslaie 10 YO °C Lo ancinn .ol onis ol 3L zud Lo, old o g 1 wlo )b slo
ol &yl polie g ol (6 phmed] HLad (B,L ot Comdg L AYAT Jlo ole oloye 40 I9a g Ol .od ovalice

(YYAQ ‘\‘)TJQ 9 (5"’95”0) Og dlwgn Oygo 4 slale .la.wj...a )‘ U

axdlao adbaio 3l U5 slos 9 CamBgo 1) U

5 S5skiS (o2l b @ pslme da iyl 95ueS 5 lgn (Siis 4 4z b s pped ol 50 Lo Sz 5 @l (555m 85T
Sl 00 i oo g ol slasinie 4 azgi b cel (35S b 0 485 050 glablinl s 5 Sl
Olsre 4y 0,98l g alls G938 (Sl s e el Jawlsl Cold ols B laslsl Sl el (b 005
I ol gz 05 g0 Dguine Coghpe 8y (g 4 5 Sl &k 5 (S ST Sl Jad) «SLiS 590

el 4l e BLY sgam ] Ceps (1Kl g 009 (pgi> s dilate [0 YL

1Tavosi & Delara



\Y"\‘\}ibﬁe*ba)wtﬁojjétwk@@\jbuudiﬁj};d&dgm \V¥

@l ooyl sl o g0 B oole > 5 VAT Jlo jo andS slagsgwois! gl bl jaasTy, v s 5o
bl g ide JS ol bl g (o)) lisl 5058wl § ol solbie JS ojlol Jlel bl ) sl o0
bl 5l igbl (ol (63550 5 )0 wbieSie Gl ped olen & 55 5 JBs lapli el Jolds Jos)|
2 b sleac,e 5l gylie (i5ge 5 0L 55amtT Es8s wals Jluse g eogr $35miT pln 50 ]
e i S35 o i 3 st e i 5o Bl ealllae 4t | S5 3 el o 3blie ol
3 oduzmn Bl Fae b gladlaie 0 AYAY 0o YO &b o flojad o il Glpst ahds Qs b ol
5 (LS ADYP) ool disgu oo ol Lo Jold adlais ol ccewl ool ools lis (g0 YO- o gla)l
ooy 0 g ashie Lol Lol 65,5 lgie 4 xipe b b LS VYAYD (IS Cang b ol Gl osgama

sl 0 1dly (05 peai g Adglly sl 90
oy ahali sl o8y (Lo oyl B> Skl slag e Sl oad 331 Dbl 13 5 B> 815 8 bl 2
ashis oy i3n 50 (IVAF 0o YO j0 oo Aiee Celu o) b (il g5 3l dalllas 5,50 (655 ]
slabl lops (g3 it (pl jo oad bl 5, slabl glacodled b LLs)l jo 0 ¢ls,ad 3y SliwssS
5 e ol 5T s 85 e 3 S S o 5T e & e ol 53 e 3 3575 o
Sy e 4 az g b og ol ol Sad Ll oS g 055 on g ol ssmlie o5 alads lasb b 5 sl ed
Ol SST D50 4 ol ey ol odaline 5oL (sleo by it g )5 ks ol Bk 5 (b E ]
JESH g )ls per LT L a5 09 ol 5T ol calads cpl 40 0l 00,5 Coghs 1) ol (25T canl (S a5 8L
Fyod Lidy 0aiSTy slaolSlm g o5 o515 L ale ibg b gble ,o (5T as lawl jo ab waus (LS
Gl O S E 5 sy o510 Jfiale alaie 4y b 5l om0 T Az 45 Gloj g o5 (T oS
s ol bl i o b oren 5o il giony Jlse b 5T (ol 4 5, Anmss g 8 5 iy
Voo el po olS @0 4y (25T 0d aBsie (0], 4z 50 5 0k ey (RIS (i Cusho; GalRD) (oo
T ol be g Gl Sl aa cuss celo iz o oS b 4 45 o b e el Ll ) les

P RS A P PR PSR

$99,9 oslo -l

Jolss (5, 0018 050 oo (gut0g )T (oSS DleMbol g (6 iy 00ld s g 4 Col, B Juw (559,5 sle el )b
Oy )y LSL““"“" JJ[S 0‘9& O ) L_s\.\.uoa)f u,u.wy CL’ ) ‘5.»..09.;» oolo u.u > LM s&l&i)‘ 6me
oSS Dbl e 4y Wil o U Slasein 5wl Cgz ol e g omd Cagb, (Dl ax e s
olie b (o098) (BT ng loasd | (pmej el (o098, Joe cgli)] 4l 0y jolaie 4 39D (gaiatus
0350me |5 bglas adhi 0 s 098, Jao (pl 5l 5 dilaie S g ool slaaid ael Cawd 4 v e YD
anlllas ddlaie .Cowl ool &)l )V JSKS 48 39290 sloanlpl g Wool> ol e 4 ool alSgu ddlate | axlllas 5,40

1GPS
2 DEM



VO e byl Jobe Sl eslizal b 25T (giluacs gy

sl (3 So05 owlidlsn sloosls 1.l oals &dly byo mhaw 31 (g0 Yebde UVFe e ola ) asls po
5 9 byo v 51 e VOPY gl jo b Kie Spgiw owlillsr oKiiy)) asllas adhaie 4y owlidlse
ol ools aalllas pl jo o ooliiwl Jow lp (699,5 00ls ylgie 4 ((V JSb) anllas ddlais 51 (6 ioghS A alold
s Suash, (az)0) ol gz (a5l i) ol Cas iy aeS 5 dinden Ol az e (S el g g
e Quee o Free o Viee e glacell (0) 59, SO0 el &S L cle (dwe)0) (SUpl Gliae 5 (0o)0)
(ol pedle ol AT o] cpl 5 OV /YN BAYAF/CF/VO o, 5l (Yheee g VAo e VDo e Yo
oz ooy bl b olie JS o,lol SIAYAT/BIVD b 50 ool &Bly (6imisT b bas pe Sledlbl aon

A (5591

g o0le ol Al A -
5 o151 BB slolsale slai sl eslinl b (a5 by wlasie 5 mjs (T 3708 giluand jslie o
oS ol il Uoes ailaie olS idgy b angd ol GLbl 5 25T Lae 45 Syzge ool,) (idsy sloadiis
Poa bulbosadilais ;o Je e glacas ams oo JoSis 1) pdSie Glanped ool dad &5l
Sy90 50 Sg>ge slasd wlul el Stipa hohenackeriana Artemisia austriacaArtemisia fragrans
8 olr 33 0 b Juine il da e il Dol 4o lins ailais ol AL idgy ST,
BYO: (o s Sk aels g o3g sl hlsl g (linse Jgad )0 yiien b S 5 ke Lall )0 (g, Jad
e e SYsb g 0w by &5 il 5o S SllKir (Sl Slelis )] o s )ls HlE el it e e B
U el pie yladhee B0 B ¥ 5 aldle (Sl g wiliee Glix SB g S Ll (Joies
Sk P iy Do ] G 55 (S5l Abels 4 il 53 Sl @ e e & 5lgsS Juls 35 g o
]
bl LS ide azi olul  aslllas ddlate (Y240 (5 0 5 OlSul) 25T L8, s oole slogas
ojlgple pgad jlosliiul b 55 9 (VAV) 4525 glgsul 5 &l delonr glojle bawgs ond 4y (Jos)|
Yo ) ooliiad b g ol (owiid grseal 8 gomdiels Y VFAY &b s ghem ST 5 L A T eesad
lied (5 G035 Saae (§ 5 Nged (B 5 (Bolal )10 paiged (bg; 4 Glowe SIS Jol>) (e Codly abais
Ll o g JeSeo F0¥ sgam 0 swlendl slas ad sl (ol ow (o2 @bl ir Slaise alle 4
VYAV Cang b o] BlLbI 5 o0isais gus dasmo Jols) anllas ddlaie CSLSa5 sdtd & yllsi gaisains 5l ool
“il s el Slas sunails pi 5Tl b plosl 1 eols sy 5 (1 ool b 3loli 4 (e
masis 0 glass o - e e St gu ool i T Ay B sw cole b gblie S (gl oals o jllai guy
JrsS 95250 (LS jide andi jleslainl L (VY (IS Cono) sandab ) Coro ol colaiul g5 50 5 4l

1 Scott & Burgan
2 Landsat
3 GCS (Geographic Coordinate System)



\Y"\‘\}ibﬁe*ba)wtﬁojjétwk@@\jbuudiﬁj};d&dgm \\%4

o goidiab ) oolitul b itSgw osle cilize sloces o i gw ookle Jb opmend oel (Y USE) ah
SaS LYo 00 (5, g Gl 15,8, xS gw oole slaow chiogs b Glhae il 092y Cowad
el b g 51 g Sz Lelid )5 1ils 5 Sl 5 (BLS gy 4l (S ge 0ole slaos I ala e
g oole slaJoe & ogzge (BLS (ids Slacad ganakl (it 5l lolsele nigal 6 pay
b oS g 00le b Jobts ol ooliiul (15118, 95510 sl o5 (8 gm olo slet )l ol plawl A5T LS,
Oyge 4 AT Jo sy, (hg) oolol p (550w ol fis Bos g 00d) (S gw oole )b (SAS (559w oole
(VY () 5 (042) Al s Spesd

Sr9re g 03l SlaJas den gl 3l Joan g lalale la )y alne (glp oS idg gl sk
Q4 il oo e oty cwl sl sundgy Gl ZU L a5 cal e mdaw I B as s Jels o]
Y aYV-0:70) Y V-V ) add flee 4 lads ol gl &1 (=) e ) soy0 sled;,l L (V-F) wlab
Dol (Ve oY (i) 9gdme (i A4 L+ dlabs (lyic 4 yho gy sl (M) e o) F 5 (V-A-7)
Sl g 0yl Gikdy U w0 (RaskS V)l Loyl Jolsd jo By g alalss 59, <S> b (e Gliley
AOTAY (GLSen 5 saz) 28 Jod Al b (oad9e 4l @ \u*"dis? Sl e o ol Jolo 5 0

Jwe gl pdl-o

e Toem o alales slics 1 g cilisee slaJoe 51 il (V- + F o ond) Caluyls 25T 5 ied oo 4o Joke
SR T Sl ) b 2T OAVY (e s b (35T sl ablianns sladoe poogdle culu)ls
5T ,L8, laesilodnd 5o 55 (VoY Sigud) i gmoole Cusb, o (VAYF T D) (labais 25T Jo
S ygr 9 Sl Y AAY ‘?Qﬁ*“r“") o lailinl cisguwesls sl Jaw 5l eolaiwl 4l 5 allels (] 0uS oo ool
o518y g (g (B gwodle s Bos o giFguwodle [ alex ) (B gwolge Glasuine ciog gl (Y40
3,90 (699,9 oY .ol colaiul £ls a8 3Dy ol L8, g idu ileand sl colu )b Joe anlllas ol 4o
ol Oy 4 ol agi (g 0ol 5 2lse 5 Ol kbl (B Sns Jeld Jos (nl jo silednd L
a4 oliws 5 adlas dihie e Sledbl cupae slp "t oldhas Sledbl able 5l .l ¥ Sl
A ety Ve Y den SIS SIS ojlail ol eolain] Juw syl sl ks 8,50 (59959

(e (g 39 9 B Sl xeb qlie o)lol lagi ouds and (gamisT U3yl 5l eslial L
Seslanl Lo zlgenl jasin ey jo (S Casdse g 3l ol bla ol disgu zohaw o)b,0 Sledbl

1 ArcGIS

2 BEHAVE

3 van Wagner

4 Albini

5 Nelson

6 Anderson

7 ASCII

8 GIS, ArcGIS 10.4.1, ESRI Inc.



A% e byl Jobe Sl eslizal b 25T (giluacs gy

O adell sliws, (SUoP (0 oud At gw ashie o8 G (iSu o Gl ddad Coadee (Ol oyl
A 00

(i1 sy ooy loasds Jolis (T )18, (s sla bl 5 (15T Lams (6,555 U wsjloand plxil L
Oy ey g 0ol samlive 23T lae s 4 Slosl 5ol g (bS5 g aled Job o 25T b3 G
& lwdds GL"%_;'.’9)-"> g odd o155 (V1 el o 35> slabl alais) u...«j L= G]Lo.,...' oY u...:] A
A dlie o0l onalie 350 b oy Gloj 5 (5T ,9uS bghs) glaado Yo Sbej pl5 jo 5]

Jsene ssb 4 cgiludnds sl p Bogugp dloml g MLt (asets an] 3" Ojs0 0 1) (gmal S (Y2 - 1) (28
S B,k 5l ST o gl oS andllas ol jo sl 00,5 iy yas Y aBly 5T LS, loalie b awglie 4o
osle Jae 5o LS o ,giS ) a8 codd S5 a4 aY b plol i gwosle by Jow sl | Jhass slba, 55T
@ byl cnl Gizmen (V00 ¢ ol 5 S S )05 cos S 45T )13, (59, 5 w3 i |) (B9
O Gz b a4 cond (glwdnd Slendas Jlesl gl (e oolo b pwlis IS mglad ) oolaul oSl 5,1
38 e bawd 89lcis 4 gl g el B gwosle Jaw aite b pel)ly ol s oo |y cadosalin sl
@ e¥0 g o0 hawd gl b ismesls slaces iy (b S 25 (Jle Gl S9de0 ©po GBS £
Sl oS oy 55bise ply 50 Y s il 51 oolital b 5 asn (2805 ozl 5 chai b i
diojls i gwosle sla e lp el ol s a5 Lxi] 5o salgs Laas Lol (sl 50 o
Sl Joe 1wl oazd pll ol olS idgy Ll by jaie 4 Cl gloo S Sllas 5 o 5ol
B ol 5 lS F ol g Jele ol pess ey addllas ddlaie jo eadobsl o laslinl  gisguosle
(S ibwdds 0 ool samlive ol 8,9l i Jdo @ e i e ool sl Juw 0y50 ;0 LS 0l eop
A ool als chal 4y bows eS8

Sz laassly

Slp Ll 5l eolaiul 5 aslllas ddlaie b coslite iBgu oole sloJan slodids aws iogh cpl ;0,5 ulul
maisges 42Ul Ghee w3l 5 (T 31 @ azgi b oo @ile 5 badSiz o (9mtST GoeS (s3leaeds
5 B oSy sl yo b @il o ile (Rig 5l (Silise (5T laumme po LS (b (o] SLb 5 eas
2 Jb o w0 e GlolSlz jo il S cass s (Y USS) wes o &l bely Lm0 SO
oole Jao V¥ o asdllas aihate olS ibg Slasin .l asbl glazis o zble o ol sidu St olelo
Jeuz) ol gl Jaw (Y20 5,90 9 ) o lastil u“-‘" S8, B g oole sla Juw 5l eolainl b pis g
o dile 23T el s gwesle s wlal 5 i gwosle slaJow (5 I3l o Joe cpl jo (Y S €
ol ool GLIY S o dalate ilig gl g B g oobe o Juw 5l IS sle cenl e

1 Adjustment factors
2 Akyurek & Tasel



\Y"\‘\}ibﬁe*ba)wtﬁojjétwk@@\jbuudiﬁj};d&dgm \VA

adlio )0 352 g0 (i g 00l G Gl (A @ b (Yeod) 5F 590 9 ISl Qu.tT Yy (SS g 00l G oo 29395 1) Joua

aslllas
WK @!4.,, wLi T'JM uu] JL8, s gu oobe b wLi w
(bse) Gt (g
¥ Yar  NBL REREREY
VYT OYYY.Y  NB3 55l ) °°L‘i o
VY Ay NB9 el ool S
JFAA VAASA GRI St oalil oaiST, 5 obisS cale
\£¥5  YIYNY  GR2 St el oS b il ,
.o Yav.s  GR4 S5 b8l Lagia L L cile S
YAL  8--0%  GR7 St il sl b L il
VoY AYEAY  GS1 St ol o L L azts o —ile il
ASF WAV GS2 St o8l basgte )l L azeis o —cile laziz,o
VoAV AYaYS SHI St il o5 L asis
Ne¥ ARy SH2 St el Lgie L a0
Yo\ ASF  SH5 St oaldl sl L L s sy
NRERER SH7 St waldl ol o b b s o
Y amYs  TUL S elBl o5 L slazis o e ity b olyan 250 TS
Voo ATATO e
olab sox>
¥0.-Y  OVAFAY e
JAFY YFA-24 hiis o ile
RALEERITIRY ez o
LY AT Eran

YFV 15,90 (g 00le (90




VA e oyl Jote 3l eslizal b (25T (g5luand ow )y »

Al adlaio jo WT Jolo (SS gw o0lo gldcas ald Y ISh

Caxdy g odbolll B gwosle sl oo b glas ¥ JSK5) ouls (goimadS B gw oole b L
GlaJoe ol 4ii Oy 4y somaib oLl Slodbl Glle Luse ;o Tsazme o 35 guslge sdionlive
Folo B gwoole oi b B gwosle sla Jow Jgam pl elal 5 (Y K0 6} Jaa) b s B guwoole
g (g0 Aol (\cﬁ&;) =09 (\“G‘u*“) lazes o ‘(Yu"“gs?) lazes o - Ale ‘(\)Tas?) Shle asle 3l
o)lailinl i gwesls sbdJus 5l (o Slasin b asdlas 5,90 bl )0 S5 gwdlge salodnlive Slastiv
03,5 sbm! B gwosls sl o Ll o g0l Cdgpn ST ol el ails (g0l Hlews alid subol]

1 GR (Grass)

2 GS (Grass-Shrub)

3 SH (Shrub)

4 TU (Timber-Understory)



\r\i}igcraa)uuﬁ.}a)}buﬁJﬂ:mﬁ)\k\&u&)}f&d?u YA+

asdlle ki gy g 9 S5 g colo Jo (gldvainds (¥ JSCi

) el s i e Bl (St 1 (552 s 5T ez Sl lye 5 o IS 33 smle ol blos
AT by 5 b8, sleaiss 4 3oy Ll Jge Copie g lagipm i s 1alS » fge s9dS Jelse
ol oals plxl jelate cpl 4 3 ol gy AST

Ll o8ly 15T b alin (sl (ordams (25T (g3luands ol b Jow (sl (5999 00ld a3l am iz ol 5o
b g (S50 g szt o lazis o le (ile aallhs adbie )3 (iPgw oole Lol glaces b
POl by 4 azg L) e 855w 0ole sloJas asuine loj y0 il 0550 ComBge dr 5T (e,
() 05 guaaids alws dw 4 Wil o a5 IS job 4y 0l 0, JIST Lo (S s b (Li5T dae
cwlis Jao Wb o)lgan a5 dixja . S gwesle (Vg o1 L8, slaJoe (F coledas g o al,l (63g,9 ool
G S 3 5 S ] st a1y 5T Sl S i sla e ol Sl (o i Ll 05 b
ol 1y eo)lad o5z ol Cugzr g ey i ISl el ol gz 5 0k e s (S g o0le Joe 4 Aty 15T
Joe Claseie o¢d ools i Wlgh oo a5 (5wl )l L el ool (6 T oslail cwlidlse olSiius! o eyl )l
A bl adlllas ddaie dore B g oole slo Juw g (giluancs mls b Gillas o ol .ol 85 gu 00l
5T GyeS Gloy bk 5 il s wad waled Job (S E55 o ooy 5T )18, o s>
adol b auslae L (0 5 ¥ sl o) sl canay ol Juw 5l eolainl b anisds sl gilwans 51 Jol>
Al Sgp Elopad Do il ol gilwans ol p3Y A wl cdalive (5T sael Cews 4 ledbl b (g 3luas



A e oyl Jote 3l eslizal b (25T (g5luand ow )y »

(b Syl poier Jodo ) ile 83 gw oole Jaw slp (35S 5 Joows sloyeiSB s b 5l sse o0l
(F JSCo) ael s sas g jlwands (151 ol ae i g o plal

o (6 jlwancs ULJT Oy Sy bglas o (5ilwancd g 00l oudlice 0ul A g gk (3l | alatls Comdgo F S
(S g oolo GSLQ’«J"\'“ 9 (‘5|4.b'.£§.> Yo alold)

2 6lp oS 0 oSl LIS 55 5 g gy 5l oolital b ot g aibie Ty (s5ludnnd Cono
0l digu rhaw 7AYol Canss JLSa VIVYY ool (olodd ool aBguw mhw S 00l ey (/AT g0
VAR Loy Lol (F S8 Jlyean) w0505 oadiaisgns v plyie & o giloaeed )3 (o & (o8l
b sl ool sy 3,91 505 5, O/F) sl 00l 3591 s oads (g5lwdcds 00l diS g mhaw | LS
ol 5o sl odpesy adlllae aihate By 5 Jlod jpe a4 Ly T A cgileand sl o ogzs ol
5T Jao Cllas o S e olpl ab siletend oly 55T L el Lol 5T S gy
Lyt s ond sl lalllas s 1 o0al sy gl b duaslio 10 o Jod L anlllao adlate s ond oslir
wibel (el VAT (S g el ol AYAY (o San 5 (5g) ol 03 i 535S @y g b S
1y ol 51 oy il oo Lo (25T (g3lusans sloJon o5 sl (559,50 iS5 ol 4 x5 (VTR0 () Sen
G Slabl 5 e po 50550 o3l (Bly a5 (s 3Rl il el (3T (giluand (g, S )|
@ Wlgoe 251 o, 5l S 5T Cur g 258 0)bye Sledlbl 4y (pliws 4z ST 0gd ek glads e

ST SeS By slibl (98 anng )3 (Slhee lapsd 5 Ol
339yt Consl 00 95108 o8 (S o it 5 95T st 0adAIS g o I oo @l el
s B, slabl glacodlad 15 il salin g 0g Al 050 i3l xS Sle sble o gjluas
5 TBLalSIT lallas b azests ol sl 0y S 02l o 08,5 6Ssle Gblio ol yo LT b yied

1 Sorensen
2 Kappa
3 Alcasena



\Y"\‘\}ibﬁe*ba)wtﬁojjétwk@@\jbuudiﬁj};d&dgm \AY

3 0l g lwad (15T 8,50 oS g 8,91 pten oyl Cbllas (Y410) o Kee g el 55 9 (Y010) )5
oole sla Jow 5 (i oole Cusb; 8,90 ;0 Sledbl Hogs B80! o 4y wilgi oo 28l U1 b i
slabl o,l,0 (SL ledbl 5 ((owbaslgn ofw! 5 23T asd alols Lo a) lsa 5 & ools ibaie 5 gus
Rad Ol g gile 2l Gibe b gble 0 pgad 4 ol el fasd le)esl wll S B>
ile i3y oole slaJae 3,138 o 1 (mejpm Slow Sl plogise 5o (BT Gh g £ 5 G5, oSSy
Sl lio glaoly een sl (8T Glnoe sl egas & (2o5 il Sigmiss S B plo & S
bl o 50 Al g lp (558 Cud il oS Culio alS iig 5l eolatwl aile o g jgm 2T o o
B >_u.‘> .5.“; ools J..\.A ).».A‘)l) ML..M} » U"‘)" 09>L€ o] (oo ‘L}u.s] uu,,w.& $ C).' u,«.bls 6‘).3 GM)A 9 ;Li..}/ >
A8 oo ST T o5leJoe

b 3o, slabl o a5 (S s bals 5 colu )b boswl cass a5 (0 JS5) oy 75 g alads Job glaaids
W ol was b 5] b a0l VY cele o i1 g0 5l am Sl dw ogad 4 w0y axlse
Fooymas ol lid mls ol ) p0ad (gilwand Ui b S Sy S bols a5 Sy wo)ls A,SL
Slgs o 3550 2l g1 mde o] 5y F 5 g el 0095 0L 5 ad b Yl 25T o 23T o mud cuse dibs
a5 aad o Hlas o alad Job andl bl 05zge olsr g ol sols LB eSs B gw sole slacs JJo 4
Dais byl 5l ae Slele ;0 aSI L 00,5 0y zu )08 4 e O attine o5 S b ol jo 5] aSs
Ui 45 ab o blie s aled Jobo iy (ola sy 0 ity aaled Jsb (e Cosh, 2005 5 LS
ol ool 8,5l ge YO U Y o el lawgie b aS wud Lasuie ogul slaazis s g lacale L alS
(B39 3l ep) Wilazd 5 )18 (a0 ) G o ol g 0L Gy aS ool ) sablie o alel Job sl b)) o i



\AY e oyl Jote 3l eslizal b (25T (g5luand ow )y »

Elopad @Dy ST o (5Lt T s s g aleds Job (b yiS &5 o) oo SBALE B S

ol 03,5 a2, Sl a4 142 55 G351 a5 050 55 G 55 0 (538 e ol Ll 45 ol
5 ol )b slacusgame Jds 4 ol adl jiol38l cody sblie o 10 M MIn® gled;)l a4 b mns &5

2l o 891 S Wil ga b S E 5 laghyl iy (SIS ny lls e 15T sy il
Sl ns k4 )k, i cal ol Jdo sl oads pasiie (151518, j0 GLSU yeeis So b (25T (ol US 0
ol (IS ey ax ST 0,85 suais 1) cods 1ol Cugdr il 0g5 L aS ol il sl o ddlain jog SliwnsS g
2l o G, 0l slacglis 4y ax g ol odle il Gl jse 4 (e 0l Sl gy o23le L
o8l 0 45 g o b il e S (sl (shs alllan 3,90 5T o g o 5 el
oo o )Ll (g59m 23T 5,155 50 adis blug g lapud slows o,b,0 Sledbl § (25T 4 o 2uiSTy oyl caBge o4
(] LS F g, bl glacdled ais sl 5 > slabl Glles )0 oSy (o5lwancs cplply wg
358 ot 0 8)ly (53lwand (sl (69955 Olsie 4 el cal AT Jds 4 038 e 1 2T L8, g S
olge g (selw) Lawgio S g gloj wlidie b slaol el Cawsy (o) 00gumme ;0 o9 4 oulbdisgu o
b Sy ot e 0 0y ebie [0 i mets Sl Glp Gy, LB o (SKen s 25 gw
45 25 o0 zge 3550 (| WIS go (5T sla piie slag s jo ST by 5 Mes a5 0g el (SIS



\Y"\‘\}ibﬁe*ba)wtﬁojjétwk@@\jbuudiﬁj};d&dgm \A¥

Ot st LU 058 055l n ke (( Ysb Gl sladias 1o 5 g gblie ;o (15T i iS lagie £y
S5y 3 Dwste 7S E5 St Ol & el nl il 25T (3 S E5s T Cep ol
2 OIS 9l G i e 59 3k slacua Gl il poodle 3l ey 0l lawgie e
S5 5T) s gn IS |y 5T sy S8 b gl 13 5T S8 0 51 28 550 0ol L g iline g
ol all owilendl slas (g lade b asllas ddlais ;o ools #) sl JLd) 5 Sbsy carog (Y00 (Jul g
> bl pie 0929 b ogd pdy Sl alidS Uil dols e e g JlS (g5lwsl a8 el Lo ol 4 390
o £l pad DLy ol dol> &ly 4 o y8 gl SO 4 e asllas oyl (Ui eSS A48 g (699, 0old
5 edlos Vo o8 L San 5 Semsl S Ve F LSan 5 USL szl Sldlas le g asillas oyl mlo ol
lso 5 ol slaal)l 5 igw oole Jow (VoA o) Ke2 g g5LSTy Y18 (o)) am g gilig) VY ()] e
i) 0 DMl 950eS &y azgi b aiten (13T ,18) slaJan ula Lo gl ol )y 5l Cgz 5 e o il
ooy 5o lojlsale pglal I B gw oole slaJow s )9iS &l g K> 0 B gw cole sl
Oidgy slaid ags glp b SIS SIS o3Il b gloylsale pglar 5l eolatul yizes el dy Sl
"ol sledae o plgiiee (25T iloand gladas 5l 0gdge (S g 03l 5530 ools 4wz se (2L
Sl s ISz Glp oo i3 5m 00l oo (e lp s Gl gt adlllae b 4338 (555w
2 ol EF (el Sl 4 az g b AT o )lys Sledlbl cosal 4y addllas (pl 5o 13,5 ooliul HeiS
By slabl slag,s (15T s Candg o)l Sledlbl o 28ly sla s jgm il Job 1o .o o)Ll gjlwans Jsb
=ojlail cosalice Wb il Job jo adhate jo glse g Of Ll 55 5 atein by SO0 bl slacasdss
Wl oo o28ly Glacissg b slae sl L3, sl Jow 5 ads Dledbl i oolaiwl b ogd cuilool ¢ (5,5

Dgd 0 IS

&5 A

(S (g Slga 392y anati 3 g Gl )0 S g a3 lgr g ST L o)l bl (ol aes @l
blys oz g bojhazs o b layliale lomen Gble 10 oy 4 (3blo cpl )0 oduzmy S5 055 b ol e
2 (O3ST 5 Lo yS (55 gms 00le) (i g e sladilge ol oy Slowm (2l 50 G151 ) sl (osllae
28 ) 5 e g Slpe «Sew b b Sligy (KB ge oole Jiw 4 odel)d algy Dy @ Lulyd
el @ 5ge oole yaS lacush; Wjsmse 5 oud SiS Sy & (BT (B Jsb o a5 WS e
"l Slasiie Koo 5l aiS o Jlis |y (SIS g 55 ol a5 ol slajs 5 ibie S Sgg Condg
el S 59mil 4 Cons bl il sy

Olis (89,9 ool Caualad pae Lo w1y ool slas Jlake ol (o atidS slag g is] Juloo g 4y
Jelos g 0525 p aslhas (ol 00,15 058 el laCadgaze iz a4zl bl b ae (55 cnlple aes

* Schoennagel



\AD e byl Jobe Sl eslizal b 25T (giluacs gy

G5 ol G o ls o Ll caanl ol o b LméquiJ—l L dad e a5 Gloauzy SlpuadlSe S0 u.,a—l s,
el g gly il Cow 5 S bl ol skt 4 pee jlaw 4535 (5gmil ol S o)

ool 131 iy glaoligy 51 T S50 g 5 B2y Slabl (slag i 6
osle ol 5k b 3blie jo ogas 4 (555wt 5l (L5U lacenl (1l b (6,55l (sl oo s0leiiay 50l
oolo b rals Jolis Wl oo B2, Sl pw g St Jad 40 (o515 e slaces anle) Jlesl solel  is-gus
5 oblix Jyol 4z b (Jleiol o> £955 5l Gy 003 S5 5 532925 39m0ST G20k 3D (255
E3Ene samaslsl gl mte blie ololid 4 5L 5,55, cnl il glye 5 US> (glapisesS] 5l Cules
Sl Sl (W1 (S g )8, Gladae 5l el Glazg B dlins ol @ azg bl asT o paa
ogdle 09l oolitnl Sty 2ol slacelad 5 (251 Co e G4l 4 ST (gilepreal wul Bl oles
ol 53 51 8 o slaty )l (85 s o b el Bblie sunaglsl sl Wlgioe bz g, nl inl
L cnl sl sete (o) Slog (Saed Slacasgazme b (id g Jlaiml b (25T 058l L3, gt sST
Sl lyie 4 (5T 2508 g )8 slaatdi g bt Sl wlels o bl 5 a5l oSy
Slopss (2T Gl 0gd o plol (55w ool 5 (T o pae glacdld oLl 5 s aeln lp g9l
hie Lulyd e 3T giledse Gasb 5l T upae 5 SRS Gl Gl slaes egas 4 pS e
O & bgiye ohig ar 385 (6995 leosls agd el addllas (pl A5 s Koo ) e it g
4 gl 55 Gry Slibl slocdled glgl 5 (555w il Dol 385 o ol e 4y waibte lm 5 ol 5 2LS
5y 1 sl Gl jghie & @l Gl GRS @ peizes g sl e AT iledse e @l
Sl Jad I B3 Jlidl oslel (g osle Jb 2ol glacadled S byl Gk Sl oks & o) Slles

D9 o sleiing (25T 555 2lor 5 o Ll s sy BT Sb5l 55 g B>

P gy

&l

B8y ile 4t AYAD (D g (thaas (syhar (> 2l el ol @l ol e colgS (wiS grane (calel (sl
Coles olidos (S sl jo st glo (5,5 K> (69,90 aslllas) Arcfuels asl,y ;o FlamMap sl Jow sl eolaul b a5l
AV O E ) e s bl e bl

b oree slaao s 59 (S35 5T BT it AVAY S0 5T o Ll Sl oS0l 15 Bl hommo il 53
Ol colsed (il Gy Lume Sleiagh o Gioles (5 oylow i slo JKix 168,50 anlllas) FARSITE Jow 5l eoliul



\Y"\‘\}ibﬁe*ba)wtﬁojjétwk@@\jbuudiﬁj};d&dgm \V.Y4

Aallae) it ks, Jow 5l eslial b JSoo (T (s ot ITAY olael aumg crol e cCdio iagyo b, (s>
Fra-fy- (9o ‘Qlﬂl Ji.p ale (Ji.bL.m —QS)S.LA Jio 169,90

ol ks, S O 9 e oliie jo B g 00le o 4l 4 VAT oleiel g rol o Cho g ) (s
SYVO Y (K> g ooz 59l g pole Slptoghy dslilad (JSolw - g K> 169,90 axdllas) FARSITE 3l colaiwl b ol
Y-y

35S 5 10 5Bul g &5lhe LdSon ylojler ¢ owiige 185 .|l AL ibgy 4 AYAY 9iS (gl nsul g ailie dedSis lojle
Ol srmds mle sbods,e 2LS laces AYAY g sie alyy il )8 candie (g LS soiw) wozme L8 (pl> (2 S
Y2 F ol condls . ool

SVYFF L enS uliiler lesle ms - sale alme ols ) il lsn 5 T anargy AYAR LT 508 5 & ool
e

FARSITE Joo oS 4 (S piansST 10 (659w ] oS (g5l ancd o in IYAA L o0 5ldgm 5 0 ppdas «jgr0emme
https://doi.org/10.22067/ge0.v0i0.74588Y) A « |ae &l bl g L3l s (oM sl sl K 65,90 daslllas)

16950 axlllas) leaisd au0 )l 04 |).?l Gu...!a @L',o slojen golaidl - LSCL‘“’I g_J‘).:l ngli)‘)l Avay é.Lo ROV PR JUON | XN

FEV-YAC () VY (0 iy (sode & s (JBd3 liw oim Juodd] jusel 059>
Ager, AA., Barros, AM.G., Day, M.A., Preisler, H.K., Spies, T.A., Bolte, J. (2018). Analyzing fine-scale spatiotemporal
drivers of wildfire in a forest landscape model. Ecological Modelling, 384: 87-102

Albini, F.A. (1976). Estimating wildfire behavior and effects. Gen. Tech. Rep. INT-30.0gden, UT: U.S. Department of
Agriculture, Forest Service, Intermountain Forest and Range Experiment Station. 92 p.

Alcamo, J., Moreno, J.M., Novaky, B., Bindi, M., Corobov, R., Devoy, R.J.N., Giannakopoulos, C., Martin, E., Olesen, J.E.,
Shvidenko, A. (2007). Europe. In: Climate Change, 2007: Impacts, Adaptation and Vulnerability, Contribution of Working
Group Il to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, edited by: Parry ML, Canziani
OF, Palutikof JP, van der Linden PJ, Hanson CE, Cambridge University Press, Cambridge, 541-580.

Alcasena, F.J., Salis, M., Ager, A.A., Arca, B., Molina, D., Spano, D. (2015). Assessing landscape scale wildfire exposure for
highly valued resources in a Mediterranean area. Environmental Management. 55: 1200-1216.

Akyiirek, Z., Tasel, E. (2005). Wildfire simulation modeling using remote sensing and GIS integration for Maramaris-
Cetibeli wildfire, Turkey. New Strategies for European Remote Sensing, @di.) © 2005 Millpress, Rotterdam, ISBN 90

5966 003 X.

Alexander, M.E., Thomas, D.A. (2003). Wildland fire behavior case studies and analyses: other examples, methods, reporting
standards, and some practical advice, Fire Management Today, 63, 4, 4-12.

Arca, B., Duce, P., Laconi, M., Pellizzaro, G., Salis, M., Spano, D. (2007). Evaluation of FARSITE simulator in
Mediterranean maquis. International Journal of Wildland Fire, 16: 563-572.

Brown, J.T., Hall, L.B., Westerling, L.A. (2004). The impact of twenty-first century climate change on wildland fire danger

in the Western United States: An application perspective. Climate Change, 62: 365-388.

Butler, B.W., Bartlette, R.A., Bradshaw, L.S., Cohen, J.D., Andrews, P.L., Putnam, T., Mangan, R.J. (1998). Fire Behavior
Associated with the 1994 South Canyon Fire on Storm King Mountain, Colorado, USDA Forest Service, Rocky Mountain
Research Station. Research Paper RMRS-RP-9, 82 p.

Castellnou, M., Kraus, D., Miralles, M. (2010). Prescribed Burning and Suppression Fire Techniques: from Fuel to
Landscape Management. In Montiel C and Kraus D (ed.), Best Practices of Fire Use-Prescribed Burning and Suppression
Fire Programs in Selected Case-Study Regions in Europe.

Coen, J.L., Schroeder, W. (2013). Use of spatially refined satellite remote sensing fire detection data to initialize and evaluate
coupled weather-wildfire growth model simulations. Geophysical Research Letters, 40: 5536-5541.

Deeming, J.E., Burgan, R.E., Cohen, J.D. (1977). The National Fire Danger Rating System. General Technical Report INT-
39. Ogden, UT: U.S. Department of Agriculture, Forest Service, International Forest and Range Experiment Station. 63 pp.
Dimitrakopoulos, A.P. (2002). Mediterranean fuel models and potential fire behavior in Greece. International Journal of
Wildland Fire, 11: 127-130.

Dowdy, A.J., Ye, H., Pepler, A., Thatcher, M., Osbrough, SL., Evans, J.P., Virgilio, G.D. McCarthy N. (2019). Future
changes in extreme weather and pyroconvection risk factors for Australian wildfires. Scientific Reports, 9: 10073.



VAV e byl Jobe Sl eslizal b 25T (giluacs gy

Duguy, B., Alloza, J.A., Roder, A., Vallejo, R., Pastor, F. (2007). Modelling the effects of landscape fuel treatments on fire
growth and behaviour in a Mediterranean landscape (eastern Spain). International Journal of Wildland Fire, 16: 619-632.
Fernandes, P., Luz, A., Loureiro, C., Godinho-Ferreira, P., Botelho, H. (2006). Fuel modelling and fire hazard assessment
based on data from the Portuguese National Forest Inventory. V International Conference on Forest Fire Research D. X.
Viegas (Ed.).

Finney, M.A. (2003). Calculation of fire spread rates across random landscapes. International Journal of Wildland Fire, 12:
167-174.

Finney, M.A. (2004). FARSITE: Fire Area Simulator-model development and evaluation. Research Paper RMRS-RP-4
Revised. Ogden, UT: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station. 47 pp

Flannigan, M.D. (2011). Weather, climate and wildland fires. International Conference on Fire Behaviour and Risk, Alghero,
Italy, 4-6 October 2011

Flannigan, M.D., Wotton, B.M. (2001). Climate, weather and area burned. In: Johnson EA, Miyanishi K (ed) Forest Fires -
Behaviour and Ecological Effects. Academic Press, San Diego, CA, pp 335-357

Jahdi, R., Salis, M., Darvishsefat, A.A., Alcasena, F., Etemad, V., Mostafavi, M.A., Munoz Lozano, O., Spano, D. (2015a).
Calibration of FARSITE simulator in northern Iranian forests. Natural Hazards and Earth System Science, 15: 443-459.
Keane, R.E., Burgan, R., van Wagtendonk, J. (2001). Mapping wildland fuels for fire management across multiple scales:
integrating remote sensing, GIS, and biophysical modeling. International Journal of Wildland Fire, 10: 301-319.

Krawchuk, M.A., Cumming, S.G., Flannigan, M.D., Wein, R.W. (2006). Biotic and abiotic regulation of lightning fire
initiation in the mixedwood boreal forest, Ecology, 87: 458—468.

Legendre, P., Legendre, L. (1998). Numerical Ecology. 2nd edn. (Elsevier: Amsterdam),

Lozano, O.M., Salis, M., Ager, A.A., Arca, B., Alcasena, F.J., Monteiro, A.T., Finney, M.A., Giudice, L.D., Scoccimarro, E.
Spano, D. (2016). Assessing Climate Change Impacts on Wildfire Exposure in Mediterranean Areas. Risk analysis 37 (10):
1898-1916.

Mccaffrey, S.M. (2004). Thinking of Wildfire as a Natural Hazard. Society and Natural Resources, 17(6): 509-516.

Mouillot, F., Rambal, S., Joffre, R. (2002). Simulating climate change impacts on fire frequency and vegetation dynamics in
a Mediterranean-type ecosystem. Global Change Biology, 8: 423-437.

Nelson, R.M. (2000). Prediction of diurnal change in 10-h fuel sticks moisture content. Canadian Journal of Forest Research,
30, 1071-1087.

Ottmar, R.D., Sandberg, D.V., Riccardi, C.L., Prichard, S.J. (2007). An overview of the fuel characteristic classification
system—quantifying, classifying, and creating fuel beds for resource planning. Canadian Journal of Forest Research, 37:
2383-2393.

Pausas, J.G. (2004). Changes in fire and climate in the Eastern Iberian Peninsula (Mediterranean Basin). Climate Change, 63:
337-350.

Pyne, S.J., Andrews, P.L., Laven, R.D. (1996). Introduction to Wildland Fire. 2nd Ed. John Wiley and Sons, New York.

Riano, D., Moreno-Ruiz, J.A., Isidoro, D., Ustin, S.L. (2007). Global spatial patterns and temporal trends of the burned area
between 1981 and 2000 using NOAA-NASA Pathfinder. Global Change Biology, 13: 40-50.

Richards, G.D. (1990). An elliptical growth model of forest fire fronts and its numerical solution. International Journal for
Numerical Methods in Engineering, 30: 1163-1179.

Rothermel, R.C. (1972). A mathematical model for predicting fire spread in wildland fuels. USDA For. Serv. Res. Paper
INT-115.40 pp

Rothermel, R.C. (1993). Mann Gulch fire: a race that couldn’t be won, Gen. Tech. Rep. INT-142. Ogden, UT: USDA Forest
Service, Intermountain Forest, and Range Experiment Station.

Salis, M., Ager, A.A., Alcasena, F., Arca, B., Finney, M., Pellizzaro, G., Spano, D. (2015). Analyzing seasonal patterns of
wildfire exposure factors in Sardinia, Italy. Environmental Monitoring and Assessment, 187:4175.

Salis, M., Arca, B., Ager, A.A., Fais, C., Bacciu, V., Duce, P., Spano, D. (2012). Extreme wildfire spread and behavior: case
studies from North Sardinia, Italy. Geophysical Research Abstracts, Vol. 14, 10052 p. ISSN 1607-7962.

Sandberg, D.V., Ottmar, R.D, Cushon, G.H. (2001). Characterizing fuels in the 21st Century. International Journal of
Wildland Fire, 10: 381-387.

S4, A.C.L., Benali, A., Fernandes, P.M., Pinto, R.M.S., Trigo, R.M. Salis, M., Russo, R., Jerez, S., Soares, P.M.M.,

Schroeder, W., Pereira, J.M.C. (2017). Evaluating fire growth simulations using satellite active fire data. Remote Sensing of
Environment, 190: 302-317.



\Y"\‘\}ibﬁe*ba)wtﬁojjétwk@@\jbuudiﬁj};d&dgm \AA

Schoennagel, T., Veblen, T.T., Romme, W.H. (2004). The interaction of fire, fuels, and climate across Rocky mountain
forests, Bioscience, 54: 661-676.

Tavosi, T., Delara, G. (2010). Climate Classification of Ardabil Province. Nivar, Journal of Meteorological Organization, 12,
34, 47-52.

Tian, H., Liu, M., Zhang, C., Ren, W., Chen, G., Xu, X., Lu, C. (2005). DLEM-The Dynamic Land Ecosystem Model, User
Manual. The EDGE Laboratory, Auburn University, Auburn, AL.

Trigo, R.M., Sousa, P.M., Pereira, M.G., Rasilla, D., Gouveia, C.M. (2013). Modeling wildfire activity in lberia with
different atmospheric circulation weather types. International Journal of Climatology, 36 (7): 2761-2778.

Vacchiano, V., Foderi, C., Berretti, R., Marchi, E., Motta, E. (2018). Modeling anthropogenic and natural fire ignitions in an
inner-alpine valley. Nat. Hazards Earth Syst. Sci., 18: 935-948.

van Wagner, C.E. (1993). Prediction of crown fire behavior in two stands of jack pine. Canadian Journal of Forest Research,
23, 442-449.

Viegas, D.X. (2009). Recent forest fire-related accidents in Europe, JRC-IES European Commission Joint Research Centre
Institute for Environment and Sustainability.

Viegas, D.X., Abrantes, T., Palheiro, P., Santo, F.E., Viegas, M.T., Silva, J., Pessanha, L. (2006). Fire weather during the
2003, 2004, and 2005 fire seasons in Portugal. V International Conference on Forest Fire Research, Coimbra, Portugal,
November 2006.

Viegas, D.X., Ribeiro, L.M., Viegas, M.T., Pita, L.P., Rossa, C. (2009). Impacts of fire on society: Extreme fire propagation
issues, Pages 97-110 in Earth observation of wildland fires in the Mediterranean ecosystem, Chuvieco E. (Ed.), Springer-
Verlag Berlin Heidelberg, German.



Journal of Natural Environmental Hazards, Vol.09, Issue 25, Autumn 2020

Research Article

Survey of wildfire ssimulation using FARSITE model (case study:
Y eylagh Gasre Dagh, M eshgin Shahr M unicipality)

Roghayeh Jahdi®’, Ardavan Ghorbani? Kiomars Sefidi®

1* Assistant Professor of Forest Sciences, Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili,
Ardabil, Iran
2. Associate Professor of Rangeland Sciences, Faculty of Agriculture and Natural Resources, University of Mohaghegh
Ardabili, Ardabil, Iran.
3. Associate Professor of Forest Sciences, Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili,
Ardabil, Iran.

Received03-1C-201¢ Final Revised:1C-03-202( Accepted05-05-202(

Abgtract

Wildfire as a natural hazard is a major problem for forest and rangeland ecosystems of the world. In the Semi-
Steppe Rangelands of Ardabil Province, severe wildfires can account for the adverse impacts on the ecosystems.
These fires are the result of the combination of weather conditions, dry fuels, and topography effects. The
Ghasre Dagh Yeylagh fire is an example of a severe wildfire that occurred with extreme environmental
conditions, which was ignited on August 16, 2015, in the Meshgin Shahr municipality. In this study, weather
conditions, fuels, and topography factors that strongly affected the fire will be accurately analyzed. The fire
spread and behavior data including the observed final fire perimeter and fire arrival to the northern border of the
fire perimeter (firefighting point) collected during the event will be also compared with the results of fire
simulation obtained by FARSITE model. The average simulation accuracy for the burned area, as measured by
the Sorensen coefficient and Cohen Kappa Coefficient was 0.84. Simulation overestimation of flanking fire
spread areas was expected and observed, since suppression activities that contained the fire spread were not
considered in the model, due to the lake of this information. The main goal of this paper is to thoroughly study
the behavior of a recent fire, to learn from it, and lessen the potential mistakes or hazardous fire-fighting
operations in similar environmental conditions. Furthermore, a crucial point is to teach the fire crews not to be
threatened by severe or abrupt fire behavior under extreme environmental conditions.

Keywords: Rangelands, Semi-Steppe, Wildfire, Behavior, Analysis.
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