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Risk of forest fire occurrence in Inner Mongolia and the impact of its drivers
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Abstract: Forest fire is one of the major disasters that jeopardize the health of forests, and scientific prediction of forest fire
is an important basis for forest fire prevention. In this study, using China’s old and new forest fire policies as the dividing
line, we divided the historical forest fire data of the Inner Mongolia into four periods, modeled the occurrence of forest fires
based on the boosted regression tree ( BRT) model, predicted the occurrence of forest fires, and explained the differences
in the changes of forest fires and fire risks in different periods. The prediction results showed that; (1) the modeling
accuracy area under curve (AUC) for all four periods was greater than 0.94, indicating that the BRT model was able to
predict the occurrence of forest fires in the study area better; (2) The daily difference in temperature, daily minimum
relative humidity, cumulative precipitation in the previous year’s spring control, cumulative precipitation in the previous
year's autumn control, the previous year’s spring control maximum surface temperature elevation, and the distance of the
closest road to the fire point were identified as important drivers affecting the occurrence of forest fires in Inner Mongolia.
(3) Changes in forest fire risk levels before and after the implementation of the old and new Forest Fire Prevention
Regulations were as follows: from 1981 to March 14, 1988, the medium, high, and very high forest fire risk zones were

distributed in the eastern part of Hulunbeier, while from 2009 to 2020 the medium, high, and very high forest fire risk

BEETE . HKARREATH (32060344) 5 P52 A G XBHE I (2022YFSHO077) 5 P52 38 X 5 22 R 15 AR A 3 A SR )
i H (NJYT24042)

Y75 B #B:2023-09-15; P £& Hi AR B H#A :2024-04-30

# W IHAE#H Corresponding author. E-mail ; zhaopengwul2@ 163.com

http ://www.ecologica.cn



5670 xR 44 %

zones were distributed in the southern and central part of Hulunbeier, the southwestern part of Chifeng City, the central
Xilingol League and Hohhot, the southern Ulanqab and Baotou, and the eastern Ordos. The study helps to understand the
drivers of forest fires and the changes in fire risk levels in the Inner Mongolia under the influence of the Forest Fire
Prevention Regulations in different periods, and provides a scientific basis for optimizing forest fire management policies and

forecasting.
Key Words: Inner Mongolia; forest fire policy; fire prediction; drivers; fire risk zoning
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Fig.1 Map of the study area and geographical location
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Fig.2 Number of forest fires and area of forest fires from 1981 to 2020

2 R 7E 4 AR B S8 ZR Ok R B E BRI E R A NN E, K2 sk 2 nTLIE 1988
3 715 HETHI AN KRR Z | KITRAR I SR, 76 5600 B9l BT Z )5 1 00 A Frdcsg . A IA
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2020 SEf/b . HARA R SRR KR S A OB G, A 1981—1988 45 3 H 14 H AR 6.9 44 fm 3|
1988 43 H 15 H—2008 4F i 20.19 i Fl 2009—2020 4FE# 18.13 i, MR AT KK B A R KR
1981—1988 4F- 3 H 14 HWAEAF 1.8 &5 1988 4F 3 H 15 H—2008 4F-[1) 1.69 {1 2009—2020 4-[90.42L ,
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Table 2 Average number of fires and fire area per year in different periods

KGR HE UL i .
i - KPR 3 KT hm?
FURHZE Fires on average occurrence per . . .
. . . Fires on average annual fires fire area
Disaster-causing factors year Number of fires
a b c d a b c d
A K ZE Human factor 61.10 53.40 44.42 51.28 3650435.70 27031.13 1690.36 675235.45
[ 4k K % Natural factor 6.90 20.19 21.33 18.13 127677.91 6322.93 2140.63 27063.83
SR # External intrusion factor 1.80 1.69 0.42 1.35  1155827.70  28888.36 821.66 223982.78

(a)1981—1988 4E 3 H 14 H (45 1 1) (b) 1988 4E 3 A 15 H—2008 4F (£ 2 1) (¢)2009—2020 4F (£ 3 1) (d) 1981—2020 4F
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2.2 ERFPR R FHIE AR 1R

1E Rstudio F FH“ gbm” A3 H 1 “ ebm.simplify” BRECH 5 DYNZRAEAR AT 75 A 3 2R 5, PR3 250
REAUNE B2 T8 B fe i JF e B OR BB IA 7E 5 TR BA B 3 WM UL T A8 & (R 3) . % 4 DEHB %
i 16 MR EAE R AR ICK FEAR ) R 1 ARG B B, 4 /A5 0] BRT BRI OCHES A (R 4) .

x3 @i BRT REEFNIHNBNEEZTE
Table 3 Significant variables for four periods were selected by the BRT model

a b c d

i P EL A BT EL At (Y ERIE At Y ERIE 1
Variable Number of waived ~ Variable Number of waived ~Variable Number of waived ~ Variable Number of waived
Dem 0 Dem 0 Max_tem 0 Dem 0
POP 0 GDP 2 D_set 1 POP 1
Dt_dif 2 POP 0 D_Roa 0 D_set 0
D_set 0 D_set 0 Maxg_tem 1 Min_hum 0
D_rai 0 Max_tem 0 POP 0 Max_tem 0
Min_hum 0 Min_hum 0 Min_hum 1 Dt_dif 0
Max_tem 0 M_pre 1 Dem - 0 D_rai 0
D_Roa 0 Sun 0 D_rai 0 Sun 2
Maxg_tem 0 D_rai 0 NDVI 0 D_Roa 0
Aspect 1 Maxg_tem 0 GDP 0 Aspect 0
NDVI 1 Aspect 0 Di_dif 2 Maxg_tem 1
Y_pre 2 NDVI 1 Sun 0 Y_pre 1
Forest 0 D_Roa 0 M_pre 2 Forest 0
SUN 2 Slope 2 Slope 2 NDVI 1
S_pre 2 Forest 1 Forest 0 MDt_dif 2

Dt_dif 1 YAve_hum 2 SDt_dif 2

%4 BRTEEMXEBMESH
Table 4 Key fitting parameters of BRT model

BHL Parameter a b ¢ d
FHE Family Bernoulli Bernoulli Bernoulli Bernoulli
23] %R Learning rate 0.01 0.01 0.01 0.01
W2 24k Tree complexity 5 5 5 5
A8 T3 8 Bag fraction 0.05 0.05 0.05 0.05
L Number of trees 1450 2900 2300 5350

Family ; R 97 55 , AR5 i 35 E A T, Learning rate s BJVAE— 25 34X A () 4 B8 TR W& 05 1) T 2F 149 8K % ; Tree complexity ; RIA% AR IR
$; Bag fraction ; RIFERE > #8 B TR ; Number of trees : R HR SR -7 0620 25 119 J /DN L0 A

2.3 S5 ] RS R RRAE AR i ) R

M5 el i AP A ] 32 22 R IR A2, O SRt Bt N 2R . AR 172 1 HE P 245
FOHE 3) A, R H B S MR AR 4 I8 A JUE b, KR S A 1P ERE K
RRA A KR A B JCOR e 2 H K R R R JOR A A T B U N R P AT ik
KB, AR S B —LEFRHRAE 4 DI KR S A HAT B2, U0 L — AR By Btk i L —4FFk
B SRR i L R b — AR By e M UL s IR DR 3 P O TEARCAE 4 IS0 8 B A R S R e K R A LA
RO AR DR R T 1T, ND VI A8 DU 3] 32 5 A 0 2 T B A 5 AR AR LA Jim = ) o B A e 38 5 i 7
GG INRTT I, 5 — IR AN GDP ORI F 8 BE 28 52 W0 I N AR T T -4 A IF 39185 8 /s Bk
P8 G ST YN AN EDLG SR £ S li/AS 3 BN D R e i /N i LR RN E R S A I
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B3 ZmMERANREENRNERZHEEZMEHERF (2HA)
Fig.3 Ranking the importance of drivers influencing the occurrence of forest fires ( full sample)
Pre: H 231F%/K ;Sun: | lﬁﬁﬁﬂ'ﬁ;Y_prezﬁ;%ifﬁ%7k ;Maxg_tem: H Femn MR SR NDVIL 3 — AR A B 38 550 Max_tem ; H 5 5 S POP . A1 25
J¥ ;D_Roa: B K U BRI RS ; D_set : B KRR I BRI S 5 D_rai : BE K R R VT BR B R B GDP 1] P4 A= 7 BB Min_hum ; H S/ MERREE ;
De_dif; HSIR42E ; Dem 10K ; Forest : 7K ; Slope : 35 i 3 S_pre; | —4F- 35 Bl RITFEK ; MAveg_tem; H P13 ; Maxg_tem : H $5 5 H1IRS,
1 ; Ave_tem; H V-3 1 ; SAveg_tem ; - —4F B F- 23R <1 ; M_pre : H ZITRE/K s YAve_tem . A3 ; A_pre . E—4F kB 1Rk

x5 AREBIHERESR IS

Table 5 Percentage of different drivers over time

[N & Factor a b ¢ d

S 4 ZE Meteorological factor 46.2% 43.9% 42.3% 53.4%
TR # Infrastructure factor 20.7% 20.0% 22.2% 21.3%
HEBE R Vegetation factor 5.5% 7.9% 9.3% 8.6%
HIE R & Topographical factor 14.3% 19.9% 12.1% 9.3%
NIt 252835 [ 2 Demographic and socioeconomic factor 13.3% 8.2% 14.1% 7.4%

2.4 SRR AL ARG 55

BATHE TEANTHA SERBHE S TINHERR  ROC fZE N AUC HIE KT RIAY cut—off {H (36 6) IT4 1
T 4 ARG ROC #RZEE (E 4) , LAt BRT BEAYAE A R BN RE 1, 255358 BRT #EAI7E 4 AN
[T AUC (EH4K T 0.9406 , FUMAER 2RI KT 87.3% , ZE MR RIZE 4 AR 03004 24 sy, — ek
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A

44 %

P, AUC {5055 1 19<55 2 9<A 3 109,55 3 191 AUC (W75 TG 4R 40

Table 6 Feature sets in the fit of 5 random sample data and full sample data

R 6 5 AMHENEABIERSFERERENS PHRFES

ik

P AL Predictive accuracy of/%

G (hg ] . AUC fH — —
Sample Period " AUC price PSS S iswACiaz S
Cut off Training dataset Test dataset
1 a’b 0.398/0.406 0.870/0.932 86.3/85.9 83.0/86.0
c/d 0.386/0.410 0.951/0.952 91.0/87.3 88.3/88.4
2 a’b 0.500/0.405 0.886/0.934 84.6/88.8 83.3/86.5
c/d 0.421/0.426 0.962/0.956 91.2/89.1 89.6/89.3
3 a/b 0.415/0.382 0.861/0.922 87.1/83.8 82.9/89.4
c/d 0.439/0.460 0.955/0.951 92.2/88.3 88.6/88.3
4 a’b 0.439/0.371 0.887/0.922 87.9/86.7 84.2/84.1
c/d 0.343/0.405 0.970/0.933 91.3/89.2 92.2/85.5
5 a/b 0.374/0.456 0.894/0.934 84.6/89.6 84.2/86.9
c/d 0.421/0.412 0.959/0.933 91.5/87.9 89.4/86.4
AR Sample a/b 0.365/0.390 0.941/0.948 87.8/87.3
c/d 0.307/0.443 0.979/0.955 92.0/88.8

ST (R PR EE B B o N R RBGUE T4 ; AUC . ROC HHZE T 5 A8 bRl LA Y THT FY Area under curve

1.00 -

025}

BB Sensitivity

0.75

025}

1.00

0.75 ¢

0.50

1.00

4 ETF4NTEMHANTEREEN AUC &

1-4% 5k 1-Specificity

Fig.4 AUC values based on the complete data set for 4 different periods
AUC.ROC ik F 5 Ak brflr Bl s AY I AR Area under curve; AUC VERBUE T UL PN 23 28 g 43R ,{Eﬂjﬁ%%ﬁkﬁﬂﬂ
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2.5 FRARKCIR R AR RN S5 4% X 4
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Fig.5 Probability of forest fires in Inner Mongolia
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Fig.6 Map of forest fire risk zones in Inner Mongolia
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Fig.7 Forest fire residuals in Inner Mongolia
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BRI R K b AR AR o MR R A 3 SR AR AR KR I R Az o Zhou 55PN BRI
IR BT BB KT A T —AFRK TR BT 1)~ 247 BRI 5OR 3 2 T B = RUAR 2 A AR DG, 7 fe e
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S HE B R i K TR 2 R BE R
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FEAER—E, I AIFEIE KB, B 2> B RS 3, BRAR A IR A AR B S, DR A 2 e — A
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