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Temporal and spatial evolution of forest fire risk and classification of fire risk

levels in wildland-urban interface areas
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Beijing Jiulong Mountain National Long-term Scientific Research Base of Warm Temperate Forests, Experimental Center of Forestry in North China, Chinese

Academy of Forestry, Beijing 102300, China

Abstract: The wildland-urban interface (WUI) is characterized by dense human activities and high fire risk. It is crucial to
assess forest fire risk systematically, analyzing its temporal and spatial changes for the protection of the ecological
environment and the promotion of sustainable social and economic development in this area. We conducted an evaluation of
the forest fire risk index in 2004, 2009, 2014, and 2019 using the analytic hierarchy process. The evaluation utilized data
on relevant factors influencing forest fire risk in Jiulong Mountains Forest Farm, situated in the suburbs of Beijing. The
changing trends and spatial clustering of the forest fire risk index were explored through Theil-Sen Median trend analysis,
global Moran's [ index, and local Moran’s I index analysis methods. To validate the categorization of forest fire levels, we
conducted an analysis using historical fire incidents and the Geodetector model. The results showed that: (1) The overall

aggregation characteristics of the fire risk index within Jiulong Mountains Forest Farm exhibit significant variability.
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Specifically, 61.58% of the area did not show a significant increase, 5.62% of the area experienced a slight increase, and
32.80% of the area did not exhibit a significant reduction or slightly decreased. (2) The forest fire risk index demonstrated
positively spatial correlation, with high-value aggregation area distributed in the low-altitude eastern regions, where the
forest fire risk is high. During the study period, the area of high-value aggregation decreased by 4.89%. In contrast, low-
value aggregation area are distributed in the high-altitude western regions, where the forest fire risk is low, and the area
decreased by 2.19%. (3) Forest fire risk zoning results indicated that the high-risk area in Jiulong Mountains Forest Farm
had the smallest proportion, primarily located in the central region. However, due to human activities, the coverage of high-
risk areas has expanded. (4) The validation results of zoning rationality indicate that the spatial differentiation of forest fire
risk levels in the study area was good, displaying a high level of consistency with the actual distribution of fire points. This
study effectively captures the temporal and spatial changes in forest fire risk in the study area, laying a data foundation for
fire prevention facility layout planning, increasing intensity of fire risk management, and the enhancement of emergency
response capabilities. It is advisable for management authorities to boost fire prevention awareness, thereby maximizing the
ecological benefits of Jiulong Mountains and ensuring the safety of life and property for the people in the surrounding

regions.
Key Words: forest fire risk index; spatial correlation; temporal and spatial trend; fire risk zoning; rational assessment
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Fig.1 Location map of the study area and historical fire distribution
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Table 1 The weight and ranking table of the forest fire risk factors
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Fig.3 Correlation between forest fire risk index in different periods
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Table 4 Table of spatial clustering distributions

R 25 [B) 42 T X35k 5 Lt The proportion of spatial agglomeration area/%

Rank 2004 4 2009 4 2014 4 2019 4
A3 Not significant 59.19 60.99 70.85 65.20
{Fi-fm High-high 19.10 13.64 17.55 14.21
fi&-i Low-high 0 0.56 1.07 1.07
A Low-low 21.71 24.81 10.53 19.52
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Table 5 Fire hazard class distribution table
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BB (2.6 <FFR<4.2) 540.70 34.97 641.84 41.52 506.65 32.77 619.20 40.05
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2.4 FRARKES X KA B P4

JUIE AR FRAAR B X R 25 SHKE E R 78% , Ui BH U LU ZR AR SR DX K1) &85 R 5 55 s 2R K e XLIG: X ek 7
X o7 6] 5 P 14 25 () FEAS O — 20, XRS5 SR8 A B ARSI 10 5 228 A0 R MK X R 25 5 ¢ (B
L, s LT 3 22 4 2RI B X R (£ 6) .
3 itig
3.1 WU ZRR K8 Aot 23 28 4k K A A

TR ILARIZIT 15 4EFRARCK BT BOE T 17.59% , DI B30k 3 | 23 [a) 748 5 R TH i 15.38%, 1%

http ; //www.ecologica.cn



&t
H

6240 la SRS Eire 44 %

K AR BARK et I Ak i I K

Bl 5 AR RN XL

Fig.5 Forest fire risk zoning at different times
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