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A review of forest fire simulation research
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[ Abstract] Forest fires pose a serious threat to global ecology and socioeconomics. Therefore, accurate prediction of the spread of
mountain fires can help to develop appropriate fire control plans and reduce the risk of their spread. Currently, many forest fire
models have been developed and are classified into empirical, physical and mathematical models according to the nature of their
construction. In addition, the maturity of computer development has led to the emergence of computer simulation in fire spread
simulation. This paper provides a review of the current state of research on subject—based models, meta-cellular automata and

machine learning methods in forest fire simulation to provide guidance and reference for researchers.

[ Key words] agent—based models; cellular automata; machine learning; forest fire models

0 51 §

HY TS A TN 6 S Y L W] 52 i | R A
R IR SRR o BRARKCRAEAE MR K
SRS E | H S 5E 7 [ A A ORI
HIE AE PR R R e 23 A= SEAR U3 o PRI, A
AU L kP S O A BT E A B K T R
e AT L KA R 1 XU

BRI — A A B FR L 2 St A, TRt
ST A R B bR K S T — TR B AT
5o W VR 283 BT R RRAR AR & S AT A DG 2
BWEFE, BT, V2B R C 80T K R,
R AR A 5T T 43y 22 B B AR ) AR AR R A2
BEAL, 2R BRI L SE T A A LA 3 i K
KAT R, B B AR =X 00 4y BEHE 24 O e 145
HIR LAY . 35 25 Rothermel F2 5 38 15 25 PN 3256

) J) 22 T R R AL AR K L SE ) RS RL A
Py AL 2 45 5 R 1 TR s JOR B SE
Mell 558 N R @I R Bl 1 A5, 5 18 T HRBE W)
VAR SN S =t 110K =2 ra A < 2 iU Ui
I RE T ERAAU I SN KO, ST B Z2 AT
RN T

BRibZAh, B T AALEAR AR, A Tl ok
HIANHEITH AU AR R R R P A EEE
o HEHLG FE A LS AR G A N R A
B AT E L B P FBRL MU SRAT AR S S 30 Kt
XoF BRI 2R GE A AL A U A T T RN PEA

AR SCH S R TE T AL P T AR ST
HE F SIHLRIAILAS 27 ) T A AR AR IR A5 B P O BIE S
HEE , AL L B A3, D ARk ok R AT
LT EAUR DTSR 2%

HEWHE . SONEERBHE LI (20183002) ; $IH KRR E W H ([2020]-41)
EERIMT. 2= #(1996-) , & LW, FERG T 0 . B 2 R GRS H AL 2R (1986-) , 55 i Rl 3z, kA4 S0,
J5 1] AL ) AR e R G A BRN () 2 RRBHY (1987-) , 33 1+, R, A28 0, SE B0 5 05 1) R A8 BUROR B A B

BRESE . MR
Wi B HEA: 2022-04-09

Email ; nsdu@ gzu.edu.cn

PV Y EXREET] o+ 424t 5 & A




514

A, S5 AR ISR 187

1 ETEFEENHRHRARGE

ST BRI Ay A — R K A
FEAR W TR 4 Fh LS B, AR =
R A FERR W TARES . B FIRAT LA F0P4E
H BTG , RS G — ZH R DA A R e

Niazi % N VHE YT —Fh 3% T A5 04 (0 2 bk i
BRI BAIEFNARIN , ZASE AL (0 R 018 o 22 R A
FRGL(VOMAS) Fk 5 KA F8E(FWI) M 45 & 17
Bio AR WA AL AL RS AR FWI 3t
KRN IS BRI T I, SRR 5L
T RARMERL Y VOMAS 55 41E FIHf A 7 %, BR A% fili A
PIEFMEMEL RS 58T BB 3 H 3T
Hi, Chang ' @37 T — /N3 T A AY R AR K K 4 i
BIAL(FFSA) 3R T K FRM & GEAT Ry, IR
THRF LA B FFESA BRI A= pl 5 vk 1 AR
AR K 5 FE RS 0L T i O S B S AL Behzadi 45
AR T — Rl 3 T 5 & - - & (BDD)
AT AR T TTTIA D | e L Bl S 58] b P 2R 5% 2R
g, DA T G B b 30 5 LA 24 X RO R
F12h o AAEHY [ TN 25 SR 5 K T B SRR AR R A T
L, ER R A F 68.2% 25 47,

M T2 T AR AT DL SO A B EAA8 1
FIAT RN DRIk 7 0k B 22 B4 AR AR CK I AL 25
AMEIEATES G, SRR K IEARA T A 5, 4
Minelli 25 A AH -1 e 308 B 7 B 347 1t X 9], g g
— P T AR BRDI PG AR K K Bh A, it
AyBEN T ST A AN - bl A PR R R b
R I FR R 22 Bt 3k ( Wildland — Urban interface,
WUI) fRTEAS . Spies 25 N7V ST il T AAE Y 254
PR R TR R ke £ AR DL e - A PR Y
SRR L, AR XN 2R o ms s Rt 22 A 3], 3
T AR T A B 0 DR S R S L e ik
DS RGMR S5 FaAR I R R

2 ETrRBINHFRRARGIE

JUHE A SPLE IR T v A 2 4R R A Sh LB
e, R — R R sl e R 40, b & R R
L) O i) e R e S R B N R S AN - o
Ji B S AS AR TR B (E L REMS S AR D, O RE
A M M TRAOUL A B2 T K 34T D PR, A
UK RAGHEAT A B T b B B e, 1
FTF U A SHHLAE R | ZRARBEA o — A Bl
() JEE A A T M 2 (] 4> BT AR R A A Sz AR CAR

A, HRS RS R A SRR R A7 1L, AR R 2
FEABIT AR KRS RIT

Alexandridis 22 A8 425 T —FP L T oo A 3h
BLE TN Ly b bR K I AR | 2 T 5 ) KK
LR F RN Z Horh G AT R S R R B X
JRUEIEE , Collin 25 N1V 4y BEAR Y 550 I shHLSE
A, T2 LT A ShAILAS AL AR 4 501 2% 0E T AE
FEPEFN JHARSPE . Ghisu 28 A0 48 —F T8 4h
SR T ST A AL X T KR TR TR
TR LR G I g R R A AR, DA 2k KT
ARSI E T, Jellouli 25 AR H T —Fh LT
JUHE F SIAILA ARAR K K £ A Bl A T A R 25 T
R R B | VO R s B 5, TPA T AR AR R Y
JE 55k M s A ) JF A T AP R — Bk, Rui
A NPV T — I A FR PR K R AR S
T ITH B SIHLAI A MO, 25 R T R RS
D5 BN B 2 [ DG 3R, I LA 428 0 R AR K I 5 HiE
BOEXE A YEAT T 509F, Bhakti 25 A Mg T —
AT I A ShAL I BRAR IR £ IR AL TR
[P A A SR SR X R AR I B AR S

FFIOM A ShALER T ik A O A T F T
FIFRI AR T A BRRAS R E Jad 2 HXT TR R R
GG RN —E N RRE, FL, 07k
S FH TR BN A 17 B AR AR R AT L

3 ETNSRFINHRMRARMGE

ULAEA , i FALER 2 2 AE 2 2 & Fh S50 )
AR MR R A2 22 R0, R C YN T
A% TRk 2 R AR 43R g T30 A e 5, JHE P A 4 R AR
KT ARG,

Sakr 25 A RS 2 R0 S BRI, T K
TR AR AKCRN AR X BE |k Sy A ] R A
B A MR I Bk . 25 SRR, B AR 7 vk 1 T
W g R B J7 TAUR W, Arpaci 25 N 23 )4
FHEG SR [B1H 44 ( BRT) Fl e KA ( MaxEnt ) YL 2
2T T T A B IR BRI Sy A IR AR AR AR
S KT R A X, Bui A P —Fh R
MK 2 ) AR i % TR I T N T M 4% 22
SYAEAL K R/ INVC L 2 [ A5 48 IR A VI 2R 531, IR LA
TR MRAR 2 (R ARGHT FRAARAE Ry SR BRI 5T, 000K 2 3K
5 88.43%, Zhai N @S T —FhIE T AL
(R A1 K A 436 RS D | SFe 51 00 i 3 1 B oK A% 9%
T2 R FH SR £ 1) A 9 4™ HIGHE 23 Sf B P
RY WO e m T EPCR MR E, EH2



188 BOfE

itow oM 5w

ERRES

JZE I 28 0 265 T R AR DX Sk ) I T
i 2 i BP S8k ST AN R] 22 50 22 T] B ASUAEL 5 i
72, Allaire FE N[ 18 ]2 ) T — Bl A 4404 B TR
P2 26 1% 51T L T Ak A ] 25 A8 1 i A B0
i A TAETHA R PR 2 1F R B KR E iy A KK
AL 15 A Bl S LA — 4 EAR IR BE S 8, e i
BEB T AR, XU 43 i) S 1] e LR BE
BLERAR K AT AR5 TT I, 6 7015 23 (] I ] UM b
M FWT R GEAR bRt A 785 70 Mr , FH LA B AR i
R bE T AR

Wt T A 4 B A B AR G (GIS) B K Jig
FeTHLAR A AT 1 I FJ5 ik IE A AR R AR
Mo T T GIS YRR B ALK, X EWRE
TERT R KGR (4 73 W aod e OB 9 Je Z2 BhAS i, X
] SRR A, ML ae o~ BEREAL B2 78
SCREAL B R R B 1R s A T LB A4
AR, A L7 ~T B3 BELEE 0 A B T 5
S HE R Al R I B 25 6] 23 A

4 HERIE

TR BT B R AR IR B e i T4 )
S, ARSCERA T T FRRIALRL JTH A Shil
FIRLAS 27 20 J7 A B KR AT BT S 0 B
BT BRI 2T T AR IR R A
B, HETZH T HRR MK RS SR Z
AN  TCHE I SATLES & W) BRI By 5 3% mT LI
BYRUY KR FEAT Oy A %07 05 B P T 1] B
KPEIEAT g 5 L~ > A H R AR R B KR
Blli L2 A i 5 N, A M TR HEA SOt AL
BRI

S 3k

[1] MELL W, JENKINS M A, GOULD J, et al. A physics—based
approach to modelling grassland fires[ J]. International Journal of
Wildland Fire,2007,16(1) : 1-22.

[2] AGRANAT V, PERMINOV V. Mathematical modeling of

wildland fire initiation and spread [ J]. Environmental Modelling

and Software, 2020,125: 104640.

MUZA A N, QASIM S, AMIR H, et al. Verification & validation

of an agent — based forest fire simulation model [ C ]//In

—
W
[

Proceedings of the 2010 Spring Simulation Multiconference,
Society for Computer Simulation International, San Diego, CA,
USA, 2010: 1-8.

[4] CHANG Y C. An adaptive algorithm for forest fire spread based on
genetic algorithm [ J]. Advanced Materials Research, 2013, 694 -
697 2842-2845.

[5] BEHZADI S, MOUSAVI Z. A novel agent—based model for forest
fire prediction[ J]. Earth Observation and Geomatics Engineering,
2019,3(2): 51-63.

[6] MINELLI A, TONINI M. A multi -level agent—-based model to
assess the forest fire Management in the southern swiss alpine
region[ J]. PeerJ Preprints, 2016,4. e2152v3.

[7] SPIES T A, WHITE E, et al. Using an agent—based model to
examine forest management outcomes in a fire—prone landscape in
oregon, USA[J]. Ecology and Society, 2017,22(1) : 1-54.

[8] ALEXANDRIDIS A, VAKALIS D, SIETTOS C I, et al. A
cellular automata model for forest fire spread prediction; The case
of the wildfire that swept through spetses island in 1990 [ J ].
Applied Mathematics and Computation, 2008,204( 1) : 191-201.

[9] COLLIN A, BERNARDIN D, SERO - GUILLAUME O. A
physical — based cellular automaton model for forest — fire
propagation[ J]. Combustion Science and Technology, 2011,183;
347- 369.

[10]GHISU T, ARCA B, PELLIZZARO G, et al. An improved
cellular automata for wildfire spread [ J ]. Procedia Computer
Science, 2015,51(1) ; 2287-2296.

[ 11 JJELLOULI O, BERNOUSSI A, MAATOUK M, et al. Forest fire
modelling using cellular automata. application to the watershed
Oued Laou( Morocco) [ J]. Mathematical Modelling of Systems,
2016,22(4-6) : 493-507.

[12]RUI X, SHAN H, YU X, et al. Forest fire spread simulation
algorithm based on cellular automata[ J |. Natural Hazards, 2018,
91: 309-319.

[ 13]BHAKTI H D, H IBRAHIM, FRISTELLA F, et al. Fire spread
simulation using cellular automata in forest fire [ J ]. IOP
Conference Series Materials Science and Engineering, 2020, 821
012037.

[14] SAKR G E, ELHAJl I H, MITRI G. Efficient forest fire
occurrence prediction for developing countries using two weather
parameters[ J]. Engineering Applications of Artificial Intelligence,
2011,24(5) : 888-894.

[ 15] ARPACI A, MALOWERSCHNIG B, SASS O, et al. Using multi
variate data mining techniques for estimating fire susceptibility of
Tyrolean forests[ J]. Applied Geography, 2014,53; 258-270.

[16]BUID T, LE V H, HONG N D. GIS-based spatial prediction of
tropical forest fire danger using a new hybrid machine learning
method[ J]. Ecological Informatics, 2018,48; 104-116.

[17]ZHAI C, ZHANG S C, CAO Z D, et al. Learning - based
prediction of wildfire spread with real — time rate of spread
measurement—Science Direct[ J]. Comb —ustion and Flame, 2020,
215 333-341.

[ 18 JALLAIRE F, MALLET V, FILIPPI J B. Emulation of wildland
fire spread simulation using deep learning [ J]. Neural Networks,
2021,141; 184-198.

(191 XY FETHLAR7 I X ZRAR IR AT 3B [ T]. Geit2 50
H, 2016,5(2): 163-171.



