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Abstract: [Objective] This paper aims to select and validate suitable forest fire prediction models for the
study area, identify key driving factors of fire occurrence, and map fire risk zoning, then providing scientific
basis and decision support for forest fire prevention and management. [Method] Using historical fire data
from 1981 to 2020 and integrating multi-source data (meteorological conditions, topography, vegetation,
human activities, and socio-economic factors), the applicability of four machine learning methods in
predicting forest fires in the Daxing’an Mountains of Inner Mongolia of northern China was compared.
Based on the significant factors influencing fire occurrence, maps of fire occurrence probability and fire risk
zoning were generated. [Result] (1) The boosted regression tree model (BRT) showed an area under the
curve (AUC) value of 0.967, and the random forest model (RF) achieved an AUC of 0.947, both
demonstrating excellent predictive performance. The predictive accuracy of the Logistic regression model
(LR) and the Gompit regression model (GR) was slightly lower than former two models, but still met the
basic predictive requirements for the study area, with AUC values of 0.852 and 0.851, respectively.
(2) Meteorological factors, such as diurnal temperature range and daily minimum relative humidity, were the
dominant factors influencing forest fires in the Daxing’an Mountains of Inner Mongolia. Elevation also
ranked high in the relative importance of driving factors. Human activities and socio-economic factors, such
as distance to roads, distance to fire lookout towers, and per capita GDP, also had some influence on fire
occurrence. (3) Large areas of medium to high fire risk were present in the eastern and southeastern parts of
the Daxing’an Mountains of Inner Mongolia, while the northern China-Russia border and the southwestern
China-Mongolia border also exhibited elevated fire risk. Factors such as average temperature and average
surface temperature during fire prevention period in autumn of previous year influenced forest fire
occurrences in the following year. [Conclusion] Among the four models compared, the BRT was identified
as the most suitable one for predicting forest fire occurrence in the Daxing’an Mountains of Inner Mongolia.
Meteorological factors and eclevation significantly influence fire occurrence, while human activities and
socio-economic factors also have a certain impact on the occurrence of fires. The high and medium fire risk
areas are primarily concentrated in the eastern and southeastern parts of the study area, with some fire risks
presenting in the northern and southwestern regions.

Key words: Daxing’an Mountains; model comparison; probability of forest fires; driving factors of forest

fires; fire risk zoning
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Tab. 1 Abbreviation of variables and their units

ES A fi'5 LA
Factor Variable Abbreviation Unit
H*F34)5 I Average daily temperature Temp C
H % =il Maximum daily temperature Max_temp C
Kl H %22 Daily temperature range Temp_diff C
H 58 Daily average relative humidity Hum %
H &/ MHXHEE Daily minimum relative humidity Minhum %
H ¥R 5 E Daily average surface temperature G_temp C
H #% i Hi 2 5L Daily maximum surface temperature Maxg_temp C
H#JP% 7K & Daily mean precipitation Prec mm
H3JX# Daily mean wind speed Win m/s
F #8454 Sunshine hours Sun h
H #4533 Monthly mean temperature Meantemp C
H ¥JF%7K & Monthly mean precipitation Meanprec mm
H #4 H B %7 Monthly mean sunshine hours Meansun h
;—}iigical factor H 8 Z Monthly mean humidity Meanhum %
H ¥ Monthly mean surface temperature Mg_temp <
HZBj KA S Average temperature during spring fire season TempSpr C
HZj KA TR Average humidity during spring fire season HumSpr %
P SRS B
Average surface temperature during spring fire season G_tempSpr «
FHZBj KA FF7K 2 Average precipitation during spring fire season PrecSpr mm
%%ﬂjjk%%@ EHGENEAT _ . SunSpr b
Average sunshine hours during spring fire season
FKZEB5 K IAF- < Average temperature during fall fire season TempAut C
KT KT B R _ G tempAut o
Average surface temperature during fall fire season -
FKEZERG KT Average humidity during fall fire season HumAut %
FZW k72 FEsK B Average precipitation during fall fire season PrecAut mm
ﬂé%%ﬁﬁ%#ﬂﬂﬂﬁﬂﬁﬁi. SunAut h
Average sunshine hours during fall fire season
5 #5305 B AU R B9 Distance to the nearest settlement Dis_res km
IS5k S 5 Il 16 B (1 8E 25 Distance to the nearest road Dis_road km
Human factor 55 55l Bk B (1 BE 25 Distance to the nearest railroad Dis_rail km
5B B B34 ¥ 25 Distance to the nearest watchtower Dis_watch km
R HEHZRTY Vegetation type Vegetation type
Vegetation status VA — 1L A #4540 Normalized difference vegetation index NDVI
. ik Altitude Dem m
%li%)};i)gl;;;hic information IR Aspect Aspect
Y Slope Slope °
et 2
R %) GDP GDP per capita GDP e
Socio-economic factor VT Population density Pop ;;ls(gjﬂ(mz

1 HZ KN KA 48 KRR AT —4ER 5 « Note: spring and fall fire season weather factors refer to data from the year prior to the fire.
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Tab.2 Comparison of prediction accuracy and fit of four models

SRS
Fek pm I S AUCH Prediction accuracy
Sample Model Optimal critical value AUC value e i TR Ky e
Training data set Test data set
LR 0.378 0.855 0.776 0.842
FEARL GR 0.307 0.847 0.772 0.839
Sample 1 RF 0.338 0.949 0.874 0.876
BRT 0.426 0.959 0.895 0.897
LR 0.318 0.854 0.758 0.854
R 352 .84 771 852
BeA G 0.35 0.849 0.77 0.85
Sample 2 RF 0.320 0.943 0.867 0.894
BRT 0.431 0.969 0.904 0.921
LR 0.345 0.843 0.760 0.863
v R 31 . . .
BEA G 0.313 0.850 0.758 0.837
Sample 3 RF 0.320 0.943 0.867 0.876
BRT 0.358 0.970 0.901 0911
LR 0.361 0.856 0.770 0.857
Bedd GR 0.347 0.857 0.774 0.841
Sample 4 RF 0.292 0.946 0.867 0.892
BRT 0.405 0.967 0.903 0.905
LR 0.346 0.858 0.773 0.872
e GR 0.350 0.855 0.777 0.857
Sample 5 RF 0.300 0.939 0.866 0.887
BRT 0.388 0.969 0.900 0.900
LR 0.388 0.852 0.755
PR GR 0.400 0.851 0.769
Full samples RF 0.281 0.947 0.863
BRT 0.349 0.967 0.899
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KA 125 SR RK Z= I KU1 35 4 2 3R P 350 K
KEMEGREL W, EHEERRE, BRX—H
F A4 4 PO B R T AR 2 —, H
HEFPEE AT, 2 WM HhO0r ko AUt B AT B [ 5
Mo BbAh, N %5 FE AT N5 GDP 1E & 15 8 rh i oy
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