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Abstract

As a global ecological security concern, the occurrence patterns of forest fires are dually driven by
natural and anthropogenic factors. Hunan Province, a typical subtropical forest region in southern
China, is prone to frequent forest fires. A systematic investigation of their long-term dynamics is
therefore critical for regional disaster prevention and mitigation. Drawing on long-term time-series
data spanning 1999~2020, this study integrates mathematical statistics and GIS-based spatial anal-
ysis (including kernel density estimation) to systematically unravel the spatiotemporal dynamics,
hazard characteristics, and driving mechanisms of forest fires in Hunan Province. The key findings
are as follows: (1) Temporal dynamics: The annual frequency of fires peaked in 2008 and has since
exhibited a statistically significant downward trend. Notably, no major fires have occurred since
2010, reflecting the positive efficacy of fire prevention policies. (2) Spatial patterns: Fires display a
distinct clustered distribution. Kernel density analysis precisely identifies Yongzhou and Chenzhou
in southern Hunan as persistent fire hotspots, whose spatial configurations are highly coupled with
complex terrain and intensive human activities. (3) Driving mechanisms: Fire source analysis ex-
plicitly confirms that anthropogenic factors are the absolute dominant driver (accounting for >99%),
with agricultural burning and ritual burning being the primary fire source types. This study con-
cludes that forest fires in Hunan Province are inherently a “social-ecological” issue deeply shaped
by human behavior. Accordingly, we propose a strategic shift from “passive suppression” to “proac-
tive prevention and precision management”, encompassing targeted fire source control, community
co-governance, and refined risk assessment. These measures aim to provide direct scientific sup-
port for fire risk mitigation and optimal resource allocation in collective forest regions of southern
China.
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Figure 1. The study area
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Figure 2. Pattern of forest fire occurrence in Hunan province from 1999 to 2020
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Figure 3. Kernel density distribution of forest fire in each city and prefecture of Hunan Province
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Table 1. Statistics of forest fire damage and casualties in Hunan province from 1999 to 2020

3 1.1999~2020 FHFEFMAKRZRERRAR GG
RERK BRMA B

K7y TR P HARER g SARGT RO EHAG AR

A bt Akt RAVIE/S Jitk A A A A
1999 3902.26 2231.29 28382.63 588.43 17 7 1 9
2000 5373.48 3422.94 44014.2 1576.42 14 2 2 10
2001 2627.99 1628.73 22975.62 196.5 5 0 1 4
2002 5372.97 3422.97 44014.2 1576.31 14 2 2 10
2003 13595.52 9088.83 168050.14 1703.09 22 2 1 19
2004 23239.71 15852.78 364702 15452.51 32 1 8 23
2005 18868.18 12931.24  309063.85  63043.64 22 3 0 19
2006 7387.59 4988.67 95392.13 7335.34 5 0 2 3
2007 12879.95 8004.39 163016.45 409.45 24 2 2 20
2008 30964.02 17780.99  394975.49 6622.5 52 14 11 27
2009 18080.08 10109.93 248925.25 658.11 20 2 10 8
2010 7955.069 4892.58 80038.42 7210.43 8 0 0 8
2011 5824.33 3605.46 46504.95 299.85 7 2 0 5
2012 8079.33 4652.74 79639.3 526.02 5 1 1 3
2013 5018.77 2824.08 52297.01 199.2 5 4 0 1
2014 3727.93 1935.22 33033.02 182.03 5 0 1 4
2015 533.94 284.67 4369.8 21.28 3 1 1 1
2016 523.59 316.04 3654.2 17 1 0 0 1
2017 2195.5 961.19 9101.29 71.88 5 0 0 5
2018 1525.58 649.06 9120.5 54.34 1 0 0 1
2019 1815.7 864.9 17732.3 40.49 0 0 0 0
2020 627.04 283.6 6048.72 18.13 4 2 1 1
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Figure 4. Proportion of different fire Sources in Hunan Province from 1999 to 2020
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