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Differences in the response of different vegetation types to frost event and their

driving forces
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2 Ecology and Nature Conservation Institute, Chinese Academy of Forestry, Beijing 100091, China

Abstract: Extreme climate is gradually increasing and expanding in the context of global climate change. Exploring how
vegetation responds and adapts to extreme climate is crucial for assessing regional vegetation vulnerability and developing
adaptive strategies. Taking the extreme frost event that occurred in southern China in 2008 as an example, this study used
2003—2009 sun-induced chlorophyll fluorescence (SIF) remote sensing data to extract vegetation phenology, explored the
impact of the disaster on phenology of different vegetation types, and analyzed the contribution of various environmental
factors and their interactions to vegetation phenology changes by geographical detector. The results showed that; (1) the
extreme frost event led to the start of growing season (SOS) advanced 2.96 days, the end of growing season ( EOS) delayed
10.47 days, and the length of growing season (LOS) extended 12.79 days. Among all vegetation types, evergreen broadleaf
forest presented the most significant changes in phenology while deciduous broadleaf forest displayed the smallest change.
(2) The spatial heterogeneity of hydrothermal conditions affected the spatial patterns of vegetation phenology changes.. For

example, the phenology change was more pronounced in the southeastern area WHERE hydrothermal CONDITIONS ARE
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SUFFICIENT, while that in the northwest mountainous area showed opposite to the overall change with delayed SOS and
advanced EOS. (3) Precipitation, temperature, relative humidity, soil type, and vegetation type were the main factors
influencing vegetation phenology. Among them, temperature and precipitation had the highest explanatory power for EOS, at
0.6522 and 0.5280 respectively. (4) The interaction results of each factor showed two-factor enhancement or nonlinear
enhancement effects. Among them, the interactions between climate factors were the strongest, followed by the interactions

between climate factors and soil type, vegetation type, and freezing days.

Key Words: extreme frost event; sun-induced chlorophyll fluorescence ; vegetation phenology; geographical detector
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Fig.3 Spatial distribution pattern and frequency of vegetation phenology changes relative to the baseline value in 2008
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Table 2 Ranking the influence of the two-factor interaction on vegetation phenology

L7403 & T2 AR R S 1 HE (7T 6 A2 1)

Phenology Ranking of the influence under the interaction of each factor (top 6 factors)

SOS X1NX2(0.411)>X1NX11(0.394)>X2NX11(0.378)>X2NX4(0.377)>X1NX3(0.369) >X2N X3(0.367)
EOS X2NX3(0.701)>X2NX1(0.691)>X2NX9(0.687)>X2NX13(0.686)>X2NX4(0.681)>X2NX11(0.679)
LOS X1NX2(0.646)>X2NX3(0.639)>X2NX4(0.628)>X2NX11(0.626)>X2NX9(0.624)>X2NX10(0.608)
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Fig.5 Single-factor detection results for different phenological stages in vegetation
#* . P<0.001; ## . P<0.0l; %, P<0.05; ns, P>0.05
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Table 3 Distribution range of the largest vegetation phenology changes due to environmental factors
e SOS EOS LOS
Parameters T Range HI{H Mean T Range ¥J{H Mean T Range HI{H Mean
[#7K Precipitation 99.9—111mm 82.06 78.4—84.1mm 324.57 69—78.4mm 237.23
K Temperature 5.09—7.17C 75.55 5.14—7.17C 338.21 5.14—7.17C 262.65
FAXTIRSE Relative humidity 80.1%—81.8% 82.81 80.1%—81.8%  320.63 80.1%—81.8%  237.84
F- 3 Soil type IR 84.16 oK+ 321.00 oKt 237.71
Ji=k e 3LA Vegetation type H LR R AR 83.29 H SRR AR 327.87 o N AR 243.71
VKR EL Freezing days 1—6d 74.07 1—6d 336.73 1—6d 262.67
*4 DERFSBEEVETSLRNMMSI>EEE
Table 4 Distribution range of minimal vegetation phenological changes due to environmental factors
KT S0S EOS LOS
Parameters & ¥l Range H4{H Mean JE[F Range YJ{H Mean Ji[Fl Range H4{H Mean
[#7K Precipitation 10.7—23.7mm 100.72 10.7—23.7mm 286.41 10.7—23.7mm 185.68
K Temperature -3.34—-1.43C  100.26 -3.34—-1.42C 284.32 -3.34—-1.42°C  184.08
FAXT I Relative humidity 68%—73.4% 98.75 68%—73.4% 286.02 68%—73.4% 187.27
+- 1A Soil type 1 99.91 RS 280.27 RS 180.36
HE WA Vegetation type 75 I il AR 95.93 P i -k 293.30 P i bk 197.37
VKR KEX Freezing days 16—21d 93.56 16—21d 300.99 16—21d 207.43
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Fig.6 Interaction factor detection results for different phenological stages in vegetation
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Fig.7 Factor risk detection results for different phenological periods in vegetation
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