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Abstract: Forest fires directly destroy forest resources, change the structure and function of forests, affect local and even
global climate conditions and threaten human life and property. And forest fire will be more frequent in the context of global
warming, so the study of forest fire prediction/forecast is vital. We obtained the daily forest fire data from the Thermal
Anomalies/Fire Daily L3 product (MOD14A1) of Moderate-resolution Imaging Spectroradiometer ( MODIS) and analyzed
the spatial and temporal distribution characteristics in Southwest China during 2001—2018. The random forests algorithm
was adopted to construct the dry and wet season’s forest fire prediction models with full consideration of driving factors
( contained meteorological elements, topography, fuel and vegetation). Then, we identified the main driving factors of forest
fire occurrences through simulation in dry and wet seasons in Southwest China. The following major conclusions were drawn ;
(1) The forest fires were mainly concentrated in the most regions of Yunnan Province, southwestern Sichuan Province and
southern Guizhou Province, and showed a significant agglomeration distribution. The forest fires mostly occurred in the dry
season accounting for 96.5% of the total forest fires. The number of annual forest fires showed a staggered transformation
with a significant increase trend during 2001—2014 and non-significant decrease trend after 2014. (2) The developed
random forests algorithm-based forest fire prediction model archived good performances. The accuracy of the model in the
training period were between 82.94%—83.99% and 85.12%—90.31%, and the Area Under Curve ( AUC) values were
between 0.908—0.914 and 0.922—0.965, respectively; the accuracy of the model in the testing period were 79.73% and
83.27% , and the AUC values were 0.886 and 0.855, respectively. (3) The elevation was the most important limiting factor
to forest fire occurrences for both dry and wet seasons in Southwest China. The forest fires were concentrated in the mid-
altitude areas, while they were less likely to occur in the low and high altitude areas, which was most likely related to
human activities. The meteorological conditions on the day of fire occurrences were the second important driving factors to
forest fires in dry season, while the fuel moisture and temperature conditions were the second important driving factors to
forest fires in wet season. The Fire Weather Index (FWI) system had good applicability in the Southwest China and had a
significant impact on the occurrence of forest fires in both the wet and dry seasons, therefore it was necessary to consider the

FWI system index in forest fire prediction/forecast in the region.

Key Words: forest fire prediction model; random forests algorithm; driving factors; Fire Weather Index system;

Southwest China
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Fig.1 Location and vegetation distribution of Southwest China
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TSR U 1 234 KU 2R 07 L B, s S A s M1 L st i D 2t S JEUR I B B A A A DX s 22 3k
AR LKA T AW 7 R, i W02 KL B 7 9 e R ) 3T b 7 AR S S A A W A 2 RS,
6 g DL b S g i e VA, IR o I Y P R L X 2 A S A R 2= b T S 50X el e e 28 78 =
B EAT AT 2 BRI ARZY 50.72 x 10*km® , FRAKEE 35 K2 45.09% , R ME U A 44.32 x 10°m™*
JEFR A TR IRIRARIX, ]It 2 T AR K R & i X 22—, 2004—2018 4F 74 1 1l X R A ko LR ik 3.21
10°km™ > AR RV K, DX I8 AR PR DL 8 T s P MR Pk
1.2 B
1.2.1 MRACEHE

2001—2018 4FEMK & i ok A 3 FM 2K 4R AR MODIS H 1km ¥ B 5 %/ & L3 90 5
(MOD14A1, https://ladsweb.modaps.eosdis.nasa.gov/ ) , ZEE C 912 38 H T B AR K iF g 28 i
R 2B T8 — A 18 AT {7 B A5 (80 < P BE < 100) M Ry — Uk 9 s A 2000 330 AT s ik 2 ¢ R BRI v £
Shy ik G — 2 SRy A K 1R A B A R TR AL B 2 R B R — S KR LA K RS R TR
2PN Guo ™ EERY T EEXT MOD14AT BCHR ML R AR . (1) i v 8 T {5 B =80 M s A R LS Al (2) A
- M AR P PR BT 55 T 00 K RS R 5 (3) K [ s it 2 s T T B < 1d HLPE 2 < Tkm S50 KASUH
KR — UK I R, AR BA 5 7t B AR K A S5 B . S IEM MOD14AT ST AT 581, 7 vh R 2%
Bt 32 S 5 0T 1 BR T 58 3R B T 2014—2018 4E 11 Landsat 8 OLI ‘K 5 804 ( http ; //satsee. radi. ac. cn ; 8080/
index.html) , Z4H A 7 L AL B S 5 2014—2018 4F MOD14A1 $cdiAE X, & 2 & 3 7R Landsat 8 OLI fE
RO EN T Z2 10 K, 3 PR S i 1 HLA B R 0 45 8] 20 3R (30m ) BT B, 159 2 kst 000 A7 A8 1 e 4k X —
B, BRI ATUAWY A, IAH MOD14A1 K SUBE BN T, o T A9, I 3806 B 25 LR AL
Fi IR 11 1) A X R

Landsat 8 OLI MOD14A1

& 2 2014—2018 £ Landsat 8 OLI 5 MOD14A1 # X = 8] 5> 75
Fig.2 Spatial distribution of Landsat 8 OLI and MOD14A1 forest fires during 2014—2018
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SEBTRER. TRMM [R/K SRR 5 5637 , e g il O DN A8 30 i k4, ot S A v s, 9 2 B 1
IKSCRIAEAZARERIISE . BT CMFD 23 [ 43R40 (0.1°) , T BUA AL A2 5 4% I ol = AR AE AE A B 22 5
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I i >Rk FH 25 8] 43 5% 30m 4= BREC & FE Y ( ASTER GDEM V003, https ; //search. earthdata. nasa.
gov/) o T HB AR BCE SR F 25 0] 23 B 30m 423K #7575 814iE ( GlobeLand30, https://www.webmap.cn/) .
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Fig.3 Annual changes of Landsat 8§ OLI and MOD14A1 forest
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Table 1 Monthly altitude gradient of meteorological elements
Ay Ik £ i A i [& 7K ‘ Lb i
Vonth Temperature/ Precipitation/  Specific humidity/ || Temperature/ Precipitation/ Specific humidity/
(°C/100m) (mm/100m)  ( (kg/kg)/100m) (°C/100m) (mm/100m) ( (kg/kg)/100m)
1 -0. 46 -0. 42 -0.001 7 -0.5 -1.86 -0.003
2 -0.44 -0.4 -0.001 8 -0.51 -1.59 -0.003
3 -0.46 -0.49 -0.001 9 -0.48 -1.47 -0.003
4 -0.49 -1.16 -0.002 10 -0.48 -1.06 -0.002
5 -0.48 -1.98 -0.002 11 -0.51 -1.01 -0.002
6 -0.47 -1.51 -0.002 12 -0.49 -0.46 -0.001
x2 BERIETF
Table 2 Potential driving factors
i A A 1% Hf R
Types of variables Names of variables Code Unit Note
S 4 Meteorology IEFSIR TEMP C
TR RGH WIND m/s
H Rk & PREC mm
IE AR RH %
ARRY Fuel i/ TT BRI R FFMC JA7E)Z 0—2cm ATRYIREE R
R DMC HBEH) 5—10em AT AP BER L
R DC B 10—20em TTEAYIIT RSSO
KATHHEEL WUy 5 S IST TevT SR ECE S 1) A
Fire behavior index AR SRR R BUI FHT EGERRBE Y TR i
KRRSIEH FWI P KR BE (1 R B
H ™5 44 DSR H 7 AE K IR
HJE Topography 273 ELEVATION m
e SLOPE (°)
a] ASPECT ()
HiBE Vegetation g3 VEGETATION S AN TR bR b 1) 2 48K 28 531
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1.3 BEALARARGEE
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AR 53 5 AR G TE W — 0 o 258, AR 98 TR SO 15 R 2B 2 — AN TR R — 43 2 [l BV T A
DRI PEERAE R RBGHT 326

2 £R

2.1 PRKESZS AR RRAE

2001—2018 4FEPU g HbLIX PRk 2k Az 10088 W, 4FE N i i AR B8] (Bl 4) , 2k T 128,18 4R [ 2k A K
K 9735 WK, b MK B 96.5% , Hoh 3 A Rk & AR B UBGA B iR Y 2446 UK, 5 AR KRR B 24.25% 5
MBI R A YR AD | A MR CEIREL 3.5% , Forfr 7 R R A BB U, o 28 TR A AR KRR
B 0.28% ,

2001—2018 4F 5 1 1l [XAF A S % A2 OB BRI B 1R 28 AL A AF (18] 4) ,2001—2014 4T J2: 74 B Ml XAk K 5
KB H R E TS (P E=0.015) , kA Mok 8833 WKk, di Mok BB 87.56% ., Horf 2010 4F A
2014 AF MK R KA, 2 AR R AR K 2476 YR, (AR ICEIR B 24.54% I 4 AT R B T T EAA K
A RBURE TR, 2014 4F UG PRICR B RBUE FAVER DS, RN B 5 TR H (P H=0.096) .
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Fig.4 Annual and intra—annual variations of forest fires during 2001—2018
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ZE[8) I M1 778k (Ripley's K pRER) X o [ P4 R b XA K 22 [8] 50 A1 JRiadb AT 5 ARl 70 A, 45 R R K L
MY KT K AT | v AR DX TR] LA B AR AR 2 DX TR] , W12 X B 2001—2018 4FEpf k25 [a] b 52 AR IR 73 Al
AL, R A A B 25 10 DX e ELAR K i KRS DX 7 TR 20 X (181 6)

5 2001—2018 FH N E 51
Fig.5 Spatial distribution of forest fires during 2001—2018
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Fig.6 Five-year sliding space analysis of forest fires during 2001—2018
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2018 4F) , I LRI 43 544 B 60% F1 40% (1) LB FE A2 5 YR A0 20 5 R 90 A A g 57 v (RS 780 O 1 4 7740 it b
VEFE 5 v (AR bt B 3 W B DA A B Bl R T 2 ST 8 B AR R DA A e A TR ASEARY | 356 3 (2016—
2018 4F ) WY B A I PPN AL ARIYERE . BERL T S B8 i (ntree ) 1A UCHITRE I 326 BRUY 1) 722 82 8K (mtry ) PR
BB HH A ntree BUH 2000, X} T+ 22 miry 435 HUE 4 3,

Wz 3 fs , VIZRI 2 v e A R HER ZRAL T 82.94%—83.99% 2 [H] , AUC fEAL T 0.908—0.914 2 [d] ;i
Zos o B AR VERF AL T 85.129%—90.31% 22 1] , AUC {EAL T 0.922—0.965 Z ], A e £ i 11,10 3K
A A AR R R T TR ZAR AR A I 2k T A AL E R 6l 79.73% , AUC {H>H
0.886 ; 1 Z= Ak K THLMAS TR Y Affi 38 g 83.27% , AUC B K 0.855, /> Fie 4 754 5 JH vl (v A 751 266 30— 350 HL v
B, STEIZ KSR T AR B G S SBR[ 09 0 A5 Sy AR TR R A H, HER A — a2
FREEHR 7, AN SCHE T AL AR AR T ) S P R K TS T8 7 A 91 RS AL rPols B 65 v, Rk T Ry P VY i b DX bR
K T AR,

x3 RERIY

Table 3 Performances of the models

Bt 4y KA T2 Dry season 2% Wet season

Data segmentation Sample YRR AUC ViRTES AUC

Y15 Training period B 1 83.41% 0.91 89.97% 0.953
FEAR 2 83.99% 0.914 85.12% 0.922
FEAR 3 82.94% 0.908 85.49% 0.926
FEAR 4 83.72% 0.91 90.31% 0.965
FEAR 5 83.53% 0.914 86.51% 0.932

DRI Testing period 79.73% 0.886 83.27% 0.855

AUC: £k T T AL Area under curve

2.3 MKERS b

AR SCIETF FEHLARMASRLXS P4 R b X T B2k SRSl PR - A T E B HE T DA B Mk & AR i = 2R Sl A
T (B 7) 2 P A 1 BR 5 SR Sl R - S R R AR R S R (B 8) .

TR FE R K A TR AR e Vg A 357 2 i B ) R ) PR, 3 3 IRV RO AR Ok & A B B R
TR 1000—1800m J2& T ZE bR K & A HE S B e 19 X3, TR 4K 1000—1600m 208 2R bR ok i A M 248 e e 1) DX B, T
HARG PG B I K R AR R AR

XFT T ZRCKORUE, S IE RN T 0°C B A AEE R /N 5 T 0°C 5, MR R A 5 2 PR 38 in
FE T BE IR K G IIAR IR A R 30 5 I e 1 B 3 RRNHIR FE /N T 209% I, AR K & AR R 3w , KT 20%
R, Ak A MG T B 5 UGN T 4my/s IR B AR R R BN, KT 4my/s B AR CK R A 3R G K, KT
Sm/s BER K & AR A 2 AR AR E o A/ Nl BRYTR EE RS (FFMC) 5245 ( DC) A2 )8 )28 B2 5 ( DMC) Xt
FZhRk KA IR R, 24 FFMC . DC A DMC KT 70,100 Fi1 5 Z )5, Mok B AR MR 2880, DC F1 DMC K
T 400 F1 100 JE ARk & AR B — e FREE TR, LA H ™ B AE 9 (DSR) KK RFEE(FWI) KW b & 4k
TR (IST) X SLHEARXS T 2R KA —E 500, FWI DSR K IST 5hk ok &R AERER L BLIE ARG, H 2 H 9% T
10,2010 ZEA7 MK K A SRR B IR

X PR ZEAR IO UL, 2 IE /N T 13C B ARk R AE RN, & F 13°C 5, Mok & AR BER <R T =
SIS T s AR /N T 40% B AR CK Az BE AR, I BE ARG BE B I ini e R R, FWI R
FRPR I AR h X ZbR ok & AR 7 A —E 2R, 24 DC . DMC ,BUI ,FWI DSR ISI 435I/ T 400,100,120 ,
27,10 Fl 7 BEMRKCR AR 5 4 F8 AR E S IEAHDCOC R |, Z IR MR R AR 5R B B K HARFEAE XS UE ; FFMC /)
T 80 B, MR R AR IR, Z )5 B (E R3S R, MK R AR B o
2.4 RokCEAE R TEAL

R LKA G (1 8 2R & A RS R 43 53 %V e L DX 388 2R & AR MR A T T, P FH e L
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Fig.7 Importance ranking for driving factors of forest fires in dry and wet seasons
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Table 4 Forest fire risk distribution
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Fig.8 The partial dependence relationships between forest fire probability and driving factors in dry and wet seasons
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Fig.9 Forest fire risk distribution in dry and wet seasons
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Fig.10 Comparison of dry season, wet season and year-round forest fire prediction models
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Fig.12 Elevation-distribution characteristics of precipitation, forest fires, population and GDP in dry and wet seasons
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