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Abstract

Based on systematically collated historical literature, this study reconstructed the time series of
low temperature disasters in Hainan Island from 1507 to 2000, and combined with the ENSO index
and multi-source reanalysis data, analyzed from three levels: evolution trend, climate background
and spatial response. The results show that low temperature disasters in the region are significantly
staged and regional. 1644~1911 and 1949~2000 are two high-incidence periods, with a total of 49
disasters, accounting for 68% of the total. Disasters are mainly concentrated in January, and after
1949, they extend to December and February, forming a double outbreak period in January and
February. The north is a high-frequency area for long-term low temperature disasters. Since mod-
ern times, the number of disasters in the west and central regions has increased to 12 and 13 re-
spectively. Disasters mostly occur in the cold phase of ENSO, and disasters are more concentrated
after 1940. There are differences in the response of reanalysis data to disasters. 20CRv3 and ERA-
20C can better reflect the cold anomaly characteristics of low temperature disasters, with correla-
tion coefficients of -0.36 and -0.40, respectively, and ERA-20CM has a weak response. The anomaly
map of typical disaster years shows that the higher the disaster level, the greater the temperature
anomaly. The cold center area extends from the northern hills to the central and southern parts,
and the temperature anomaly ranges from -2°C to —7°C. Baisha is the area with the most significant
cooling and the most concentrated cold center. The overall pattern shows that the local concentra-
tion gradually develops into a larger coverage spatial pattern, reflecting the response and spatial
heterogeneity of Hainan Island to extreme low temperature events.
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Table 1. Table of low temperature intensity levels and corresponding disasters in ancient Chinese literature
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Table 2. Low temperature condition indicator table
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Table 3. Casualty indices
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Table 4. Crop damage assessment index table
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Table 5. Indicator table for aquatic product losses
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Table 6. Vegetation loss condition indicator table
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Table 7. Classification table of low temperature disaster severity for typical years
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Figure 1. The total number of low temperature disasters in Hainan Island during different historical periods (1507~2000)
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Figure 2. Monthly distribution characteristics of low temperature disasters in Hainan Island during different historical periods
(1507~2000)
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Figure 3. Changes in the spatial distribution of cold weather disasters over Hainan Island across different historical periods
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Figure 4. Distribution of historical low temperature disasters in Hainan Island during different periods, (a) mild disasters, (b)
moderate disasters, (c) severe disasters, and (d) extreme disasters
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Figure 5. Time series of ENSO index and low temperature events in Hainan Island during 1870~2000
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Figure 6. Relationship between January minimum temperature anomalies in Hainan and January-specific low temperature
disaster years based on four reanalysis datasets during 1950~2000
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Figure 7. Relationship between January minimum temperature anomalies in Hainan and low temperature disaster years (any
month) based on four reanalysis datasets during 1950~2000
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Figure 8. Temperature anomaly maps for January cold-disaster periods in typical years relative to the multi-year mean in
Hainan
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