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AR A DL R A AR A AE T A TR 1 i il
b, CRAVF AL, S shas & it f2
PEAT U 772 (Papadopoulos F1 Pavlidou, 2011),
HETC &I L T2 SIERLIES, WIFARSITE,
Prometheus, Nexus#llFlamMap%5 (Cardil %%, 2019),
H:H, FARSITE 2 T Rothermel A5 %1 354 #k k &
FEE R, SR H T K 2 B 5T 2F Ak RS B ok
I FEREA A (Kudlackova %5, 20245 Mitchell %5,
2023; Yoo Ml Song, 2023). [N E A HF5EF
FARSITE #5481 o [ 55 P i ZR Ak o . ol SRk
5% (2012) K¢ FARSITE I F 4 B SRR 57 X
MCRAT R, Gl T AEMR AT Ry 23 ] X [
B EEZE (2017) i ] FARSITE 1 Prometheus 15 11
Hh ] PG AR X AR AR K, S ERAE SR  B FARSITE
F4) e HIE T T R R K 2R AL 2 R
SPRAE BT o FEI B4 (2015) MEEAR 21
LT FARSITE UMK & iR 4T = 4E ] ik

Cell2Fire & Pais % (2021) F 2019 4EJF & 1Y
— BT B AR K TR S AU, BE T FBP A AT
KR EIEHE AR (Carrasco 2, 2019), 5 FARSITE
ANTR RS2, Cell2Fire S 35 T J0 i 25 #4 ) FF A5 40
%, R IFAT 5 2Ok SRR RRUEE 1 23 8] RS a] Y
KR EIERL . Pais % (2021) HH T Cell2Fire il
Prometheus E@MK%E*&T&%% s ﬂ\%ﬁﬁﬁ%‘i?ﬂ%ﬁ
B BB B 5 8 B2 3T, 1T Cell2Five B 48132 FF 1 (2
TP, R T IS G 2 B KB R AR K
{H Cell2Fire 7£ b1 1fE 1] SR DA Je 5 505t B 55 05 11 5
FARSITE A [A], H HHiE Nk %A il Cell2Fire
R0 PN AR AR R B F SR S ], e BT Al e v
] AR 0 AR R (R SR RESR 55 FARSITE
AT .

MRS ST BEADRG B A AN 32 B AS [ B 2 1Y) 5
Wi, 3 2% 52 AN [ B0 0 3 I S A% G5 1Y 3 2
B 0L 5 2 B RO T AL R () 0 LR, AR EAT
R BR & SE AR UL B T 2 AR AL 5% 2 B
BRADLRS ] 388 i 3 R %, 5 BOBTRIRS B 5 AIK
(Papadopoulos I Pavlidou, 2011). i 5 %] 45177
AR R PR AW E R AR EEE, A
R AL R RS BRI L 0 22 5, S B AR AL
IE BRI K R o BRA BIF 9 — M 05 FH 7 Oy
PEAT PRk AR Rk ) vl R Ak . —Fh 2RI
MODIS 5% VITRS &5 T3 B (A5 5 a5/ E by KOs E B
IEKKRIG A IR B (SadE, 2017; Cardil 5%,

2019) ;3 —Fh 002 32 3% ot S 4R 45 52 ik
KIXAF R, W SEBRad AKX B A A A AR X 3 A 177 B
AT K U & e [, ) an R AR R A (2022) fiff
FH VIIRS JCSEHRES A N T H A 128 A e B Wl 3k
KX, ER AL T TR E N S AR X AR
MG, IEBR RN 7 Tk BB R M K S AL A R R
TR A B[R] ZRAR K T T Y T SEPE L AH EL T
FIF IR E A F AR A6 AR, A i & A= 3R] i
ik K DX ) IR A AR 0L R ol A AL % A s TR AR
A, N YRR, bR 2E R AR
1M, AT H AR PR K XA 7k A S bR
JEARG, X LA R SR K TASTADL Y S 20K, PRI
AERFREIA D) . AR KX

T kOB AE RO TSR B AR L U, — e
X ok H B E I HE B BAT (Burned Area Index) #il
NBR (Normalized Burn Ratio) 248 72 TR
it kX (Mpakairi%F, 2020; LiuZ, 2021; Laneve
45, 2024), Hid, NBR TS ILIAMEEBAE B,
M BAT 5 BT P BT 2T AN Be 5 ., IR I BAT
T8 T4 R R 43 v v o HE R TR G R A ek
XAEHEAE BRI, TGk HR B0 RE AT F 2k
Hat kX (Bataineh %%, 2011; Lasaponara #l Tucci,
2019; BEHW %, 2020), Horpy 2 A {7 BB
THE AL HE 2 R B {E % OTSU (Otsu, 1979) Fi
ISODATA (Bezdek, 1980), LAKJsiRi{E 1 Niblack
(Niblack, 1985) Fl1Sauvola (Sauvola # Pietikiiinen,
2000) o {HR, EHA0 OGS A5 (i fE U kX
o AR BRI K X Ai/NEBE . XA K 7 e i
551t K IXARZE AT BN (A 1 B R A R
AHERRAE B A5 T AR = IF e fEwA PR 0 5 ok X,
Cpl) 1z N T K IX R (Hawbaker %8, 2017;
Yuan %5, 2020; Sali%s, 2021).

AR 3T FARSITE 1 Cell2Fire 19 A5 40 25
fif I VIIRS ko585 98 i 8% 0 I B dh , Bl T
2017 NG “5-177 IR MRIZRRAR I RN 2020 4F
POl “5-7" BILARMRAKCORK & FETE AL, R, $ i
— P LT BATGREAR B0 X AR KRG K XA T
WAL I vk o A SCRE G T FARSITE F
Cell2Fire 73 5I{H A (1) #EZe#L4L, (2) VIIRSH
WIHGAEARL, (3) i KX FE WA AR 3 F oy e Xt
Wi KR BN B, R 524538 T A v Y AR A
KR PG TAE RIS
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2.1 WRERER

ARSCHEEL 2020 4EPU I “5-7" Bl ARAR KR A
20174EN5EN “5-177 ISE MRIG AR KA TR,
e, B2ME s, Wik s il E v
FAZARILHIX, HAARRMIE . K4, Y%k
PEFEMA R 2R DA AN R ) CHFRASE, T DATE G- b LY A

PRI B G AT X

Cell2Fire F1 FARSITE X H [ 2R MK T FRAR S350 R -
“5.77 BILARMOKCR AT 2020455 4 7T H 17, K
RFFEEAd, KGO A6 R 28°14'N, 102°14'E,
it KL 600 ha, MRIX 32 EAE G A 2 FE AR
I XIAR; “5-17" ARE MIGRRIRICK KA T 2017 4F
SHI17TH 1B, KREFZE3d, kghosgsiE
49°55'N, 120°51'E, i KTEFLZ) 1.2 J7 ha, #K
X 3= A B S AR Ry RERE AR B

“5 - 77 Bl AR KGRI KX
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Fig. 1 Location of the Liangshan study area
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Fig. 2 Location of the Naji study area
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Table 1 The basic situation of the study area
WX TR SEEREESC PR (km/h) - P E5 T4k km TR HIE R I
I XICHANG 2017 4 10 m 225k Hh 355 76 $04fE
i X 26.2 .57 2.
BIBFEX (56571) 6 85 65 (https ://data—starcloud.pcl.ac.cn/[ 2024-01-311)
T MBI TULIHE 134 15.38 087 GF-1/WFV I B

(50434)
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2.2 EHIREANBIERSHBILE

Cell2Fire Al FARSITE 25 Zl ASHE 4 35 0 |
SR B . X T AHIEEE, FARSITE
il Cell2Fire T ZEAR AU DX 388 f) o R L 3¢ B AR 1) 50
o XFHASTEEIE, FARSITE Fl Cell2Fire 7 2
BR/NEREEE . MREE . K KU, BKE . o EE
i X TR AT EHE , FARSITE Fl Cell2Fire
o 2 AL DX I w] R o A B, (H 35
HETT IR PSR T] . FARSITE (%5 1 7] 498 $y 455 150
A Anderson Fl Scott I] BRYIHEHY | 11if Cell2Fire A FBP
AR AL AR SCH T AR RN 22 T P R AR IX
ABE MR X A IR 255 (BB 4, 2017;
RIFFE 55, 2022), AIPRPIAE BRI B 1Y ] ER )
BRSSPk an 2 2 s . e4h, FARSITE b5
B A W 55 R A AT IR0 R S KRB
Cell2Fire Fl FARSITE (BRI ] 20K 4 350E 7 1 he

F2  HEERAE B R AT A A B A AT i AR
Table 2 Codes and names corresponding to fuel models

for vegetation types in the study area

FARSITE AISA#IRER Cell2Fire A BRI
T B
=z eSS R4 eSSyl
PANEEL /N 9 FM9 880 M-4
WA 20 FM20 32 0-1b
#HIs 21 FM21 32 0-1b
b 31 FM31 32 0-1b
PRI 4 31 FM32 32 0-1b
TR 32 FM32 31 0O-la
(BRLZIN 32 FM33 12 D-2
VAT 18 I 33 FM33 31 0-la
AL 92 NB2 105 Non—fuel
KE 93 NB3 102 Non-fuel
IR 98 NBS 102 Non-fuel
ABKZ 99 NB9 101 Non-fuel

B T 06 A AR LLAE R Y K R
XoF bR K & SE AL 4 SR R RE AE AR B, A
il AT WAL AR AR ST (VIIRS) K i )
TR AL AW 4R AR ok &2 FERAUL AR . VIIRS 125 8] 43
HER A 375 m, A 12 h ol 5 A ) ] N AT LS 4 ek
FE W (Justice 28, 2013), Has[alFIm} a3 3R
T F MODIS %5 HoAth 7% k7= o FRICATR 5 Mt Al
B LU AR AR K I3 TE] VITRS J s B0 an i 3 A 4
AN, B L RRAR T B AR TR 75 R AR AR A AT
HAEEBLY N AT 4, ATRES K3 Pa L v

T3 1 A A R T FR B A s R XA 5, MRk A
HUESIE DR SDQ BTN | BN i S NS =
DAIRE M, ST R FE . il kAT 7E 5 H
8 HAFTE K AR, (E SR i KA A K 7w JE 7 1]
JUF AR KR EAE . IR Ik i 2,
KBGHE, AEKGRICARR I A S5 A 18 HilEf
] A 8 K

,,,,,,,,,,

wlii @

5-8 2:00 ®5-8 14:54

5-9 3:15 ®5-9 14:36

I3 Bl ks, I P 2020-04-04 Sentinel-2/M ST
4.3 2P B MER AR (S A 8 H 29 H A4Sl B
LAY IS TR B Y T A )

Fig. 3 The distribution of hotspots in Liangshan (The base map

is Sentinel-2/MSI true color image synthesized from bands 4,
3 and 2 on April 4, 2020, and the hotspots appearing from

May 8 to 9 are marked with colored circles)
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Fig. 4 The distribution of hotspots in Naji (The base map is
Sentinel-2/MSI true color image synthesized from bands 4,

3 and 2 on July 19, 2016, and the hotspots appearing from
May 17 to 19 are marked with colored circles)
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R3 MRREBBEVNZGERER
Table 3 Basic information of remote sensing monitoring

images in the study area

WFFEIX I H 23 0] 53 B fm
Landsat 7/ETM+  2020-05-08 30
Bl Sentinel-2/MSI  2020-05-09 10
GF-6/WFV 2020-05-10 16
Sentinel-2/MSI 2017-05-18 10
TR W% GF-4/PMS 2017-05-19 50
GF-1/WFV 2017-05-20 16

BATFEEUARE B4 Ml 58 1 S Bt K XN B AR J A
B ARTEET AR BOE KX, HAF RS
XN

BAI = ! (1)

(0.1 = py)" +(0.06 = py)’

Kb, p MIEBEGL R P LGB R, pa NI
LTHNIE B R

2 S F) SR bRk S SERAL I R OR ik
PR 1808 (%) B T vk B W ok DO B3 1
W AR . e 4 Jm) I {H 7% OTSU FTISODATA,
% JE 5 5 (B Niblack F1 Sauvola 76 AR 7 Mz 5
KT BIE, 259 S iR bt E g fnr
1, OTSU FIISODATA J5:%F BAT By B35 1Y [
(&5 AR H AL, (HAE X AN B a3 4
SR SHE 4 %) 3 ok DX AR OO 38 2% 5 A LK T Niblack,
Sauvola J7 %3 — 2075 [ T Jay ¥ IR BEAH Y B 9 XA
WEZE RS, (LR R S5 AT 5200 HE R 3 /N A 15 1
5 {8 1154 45 3% B M AS 40 Niblack . 48 b, ASWFSE 3%
& Niblack 7T HEBIE, IF45G KR MIXEEK
TSR KX, PRI PRI KX,

R -

(a) BAIF R
(a) BAT image

(b) OTSU —fH 1k
(b) OTSU binary

(¢) ISODATA —fEfk
(¢) ISODATA binary

(e) Sauvola —fH1k

(e) Sauvola binary

(d) Niblack —fE 1k
(d) Niblack binary

K5 SR E T ik AR
Fig. 5 The binary results by simple threshold method

P T B T FH B P I K IX 2 i A5 3] 5
Frask Kk X LA /NELBE, 5 BEA) X3 A K ik
PRI AT A5 % 0 A X3, DA B ik Al 5 1 ok
X, A5 FHAR Y ok X2 S o ol A 3 S
B[R] FT AT AT AR VIIRS ST i 7E bAE &
A, JEARYE Niblack BI{E & XA HI, Y
BAIE K F HEBPEGEMAARK X, EEERA
P AR B I AA K X A KA 1k, & EK
DI RIA I SE PRt KX, & 6 R .

24 BERENHRLTIE

R SR8 i A B B B R SRR A
i B PR 2 3 BB L R eSS R RS
B KOR SR AP AR 1R 22 (Benali 4, 2017) ¢
ARSC T 3 RISy X A 5 XK & AE HE AT
AL -

(1) HLLRAL . i T E] 55 B 1 VIIRS 2k

SRR IR AT SRR 22 K KR

(2) VIRS FEHILAE Ak (8 ke 9¢ 3 ] 4R By
VIIRS ¥ 16 16 F1 ) b A A 4025 B mi— > 1) [
VIIRS #5125 515 R AN AT R X3, 1 4 i sF [i)
VIIRS FHAI LA LA 55

(3) 2 Kk X E R IR AL . A R B ) 3k
HUR VIIRS, 3 Ja s I 5540 1) i 4 B Ay ik ok IX 4
LR AL AT ) LR AR o W R Y AR L) ] A
AT FH 2 B, W CVIIRS FAILGR AL 7
PR VIIRS AR LA RS 5 a0 SR 2w A
FOLESF ) R BT 38 SR T Sl O A B o ok
X BEA AR AT RRIX 38 ([R] s 2208 22 i VITRS AR 0145
J), (R R0 VIIRS Wt fb Bl g . Jm &2
H VIIRS BE4PL 25 3 5 3 K IX —FF 3 i AN AT RR X,
L AR R W A R T B . K I ] AR
(RIS IX VITRS B4 0828 Jak W 00 54 4 st [ 4 €] 7
B8 BT/, T AT B ) ) 357 0 4 17 W by B
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(a) 2020-05-08 Landsat7/ETM+%(#
4.3 2B A R AR

(a) Landsat7/ETM+ false color image

(4, 3 and 2 bands) on May 8, 2020

(d) 2017-05-18 Sentinel-2/MSI £ #&
8.4 3B B B
(d) Sentinel-2/MSI false color image
(8, 4 and 3 bands) on May 18, 2017
K6 i PRI (BRI R A i 58 )

Fig. 6 Results of the burned area extraction (With the extraction results highlighted by a white border)

SH8H . SHOH , SHI0H
o 1R ISEE O 3EE 12mF 1sEF 128

VIIRS

VIIRS  VIIRS VIIRS
Landsat7 Sentinel-2 GF-6

7 DL VITRS Bdls A e 0 254 B Ft i )
Fig. 7 The integral timing of VIIRS and remote sensing

monitoring data in Liangshan study area

SH17H . SHI8H SH19H 5H20H
136 U LU 3EE L tomE  12mE T 11t

VIIRS VIIRS VIIRS VIIRS VIIRS
Sentinel-2 GF-4 GF-1

K18 TR M1 VIIRS BHE i o e 0 54l 5 g s ]
Fig. 8 The integral timing of VIIRS and remote sensing

monitoring data in Naji study area

2.5 RIS RWIET &

¥ Cell2Fire Al FARSITE A5 0U% i )33 K X 55
N H AR SE BRIt XX H, I =38 % e
SRR 3 A BAUIE . B DR AR B X 8 3 2%
MR 3 2 X 3l 1 AL SC - (Sgrensen’s coefflclent)
(Legendre il Legendre, 1998) A A A5 48 4% S 4% B

(b) 2020-05-09 Sentinel-2/MSI £ #
DR EEAERZES

(b) Sentinel-2/MSI false color image
(8, 4 and 3 bands) on May 9, 2020

8.4 3B

(e) 2017-05-19 GF-4/PMS £ ¥

BB RS
(e) GF-4/PMS false color image

(4, 3 and 2 bands) on May 19, 2017

432 BA

(¢) 2020-05-10 GF-6/WFV %3

4.3 2 W B B R
(¢) GF-6/WFV false color image
(4, 3 and 2 bands) on May 10, 2020

(f) 2017-05-20 GF-1/WFV ¥z
4.3 2B R AR
(f) GF=1/WFYV false color image
(4, 3 and 2 bands) on May 20, 2017

TP GREE 25, 2017). SC REHIEUHETEE R 0—1,

A S e e AT 1, U AR 25 SR 5 S PR i 1
BAHSE (IRFRFF 45, 2022). SC &yt A=t
Wmr.
2A
5C = 2+ B+ C @

Ao, AHBERUES X IR, BN
AR, C AR XN,
WAL, DASEBRGE KX SEBRAER kX B
i D HEE DL R 3 ok X5 3R A A 2x2 R I JE I
AR ZER (Precision) . 313 (Recall) I FI1
(F1-Score) 3/MA5EEFE bR«

1 DI

.. TP
Precision = TP + FP (3)
TP
feeall = 7p PN @
X 1s1 X
Fl = 2 X Precision X Recall 5)

Precision + Recall

Kb, TPABHIIEMERE, FPRSBIIMRER,
FN Ry ARM AR 28 o R i 5 3 AR 0L 45 S P 40
IEBMER, A IR F I SER L K X g AR
HER, F1 RIS 1] 25 04 JE AE  (H
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3 BER S0
31 AR RALR R

XT Tt L AR MK KA, &9 FET 10 43 51 571
H T LT Cell2Fire F1 FARSITE {ili FAS [R) #5481 J7 16
PRI AE S, B 11 R LS R SCHE, 4
ST AU AE S A [ % KSR EERIFL(E

AR ZE K E , Cell2Fire [ K K & FiE 35 JiF
Lt FARSITE B4R, 78 AH [7] Ay A5 400 B (] Py 4SS 400915 BBl

WK, FECGEIE 2 BIX, J0HAE T kX
H ) LB, 2 IR T I (Cell2Fire £4DAE 2
SC=0.71, F1=0.72, i FARSITE #4245 & SC=0.81,
F1=0.81), & LRRAR JCR AT, ok B2 22 B 85 K
FARSITE B X178 VIIRS ¥ IR ik P A B 2 ok
BEPLXH, (H il TR Ry & E s, 78
3FASLALL T 1k rhASEALIRG B2 15 5 TR 5 511 Cell2Fire,
o e UG B2 BT R I 00 2k KX H ) 4 Ak
Bl (SC=0.90, F1=0.89),

ENN

oy

okt

ok X E TGk VIIRSE AT 4R 1L

HELELL

ik X BRI VIIRSEHIUA1L
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Fig. 9 Simulation process of Liangshan study area by Cell2Fire
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Fig. 10 Simulation process of Liangshan study area by FARSITE
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The SC value of simulation results in Liangshan study area

Table 4 Comparison of confusion matrix metrics of

Liangshan fire simulation results

TR AR ALl v FBLAULRE ] BEFE HmE  F1
5-82.00—5-811:00 0.6 082 0.7
Cell2Fire 5-82.00—5-912:00 088 051  0.65
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Abstract: The utilization of remote sensing data for forest fire spread simulation is predicated on the acquisition of critical information

such as combustibles, topography, and ignition points through remote sensing technology. These data, when integrated with forest fire spread
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models, are pivotal for predicting the trajectory of forest fires and serve as a vital reference for forest fire prevention and emergency
response operations. This study harnesses two fire spread simulation tools, Cell2Fire and FARSITE, to simulate two forest fire events
occurring in the Liangshan of Sichuan and the Naji Forestry Site in Inner Mongolia, comparing the precision of these simulators.

Addressing the challenge of suboptimal accuracy in continuous simulations, the study proposes an innovative reinitialization method
for burned areas. This method is based on the Burned Area Index (BAI) spectral index combined with region-growing approach. The study
compares the simulation precision of FARSITE and Cell2Fire across three methodologies: continuous simulation, VIIRS reinitialization, and
the proposed burned area reinitialization.

In the Liangshan fire simulations, Cell2Fire projected a faster spread of fire compared with FARSITE, although FARSITE consistently
outperformed Cell2Fire in simulation accuracy across all methods. In the simulations for the Naji Forestry Site, FARSITE’s VIIRS
reinitialization and burned area reinitialization methods yielded higher precision than Cell2Fire, but its continuous simulation accuracy
considerably diminished and underperformed relative to Cell2Fire. When comparing the accuracy of the three simulation methods, the SC
values and confusion matrix indicators showed a general agreement, with the higher precision outcomes predominantly emerging from the
burned area reinitialization method applied during the mid to later stages of the fires, with most SC values and F1 scores exceeding 0.8.

The conclusions of this study are as follows (1) The simulation outcomes from FARSITE and Cell2Fire show minor discrepancies, with
FARSITE demonstrating superior accuracy in most scenarios compared with Cell2Fire. (2) Utilizing the BAI and regional growth
methodologies enables the automatic extraction of burned areas. This approach is not only simple and reliable in extracting results but also
saves time and labor costs, making it more suitable for practical applications in forest fire spread simulations. (3) The reinitialization method
for burned areas, which integrates automatically extracted burned areas with VIIRS fire spot data for forest fire spread simulations,
remarkably enhances the mitigation of issues related to insufficient fire spots in the early stages of a fire and the accumulation of errors
during prolonged simulations. The simulation outcomes utilizing this method exhibit the highest accuracy within the simulations conducted
by Cell2Fire and FARSITE, suggesting that the selection of an appropriate simulation approach may be more crucial to improving the
accuracy of simulation results than the choice of a forest fire spread simulator.

Key words: FARSITE, Cell2Fire, VIIRS, forest fire, fire spread simulation, “5-7" Liangshan fire, “5-17” Naji fire
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