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Abstract

Tornado is one of the most destructive natural disasters, often causing severe damages where it
passes. The extent of the damage caused by tornadoes is significant, while the related statistical
data are few. This paper presents a statistical analysis of the temporal-spatial characteristics of
648 tornadoes occurred in China from 2003 to 2019, based on the descriptions related to torna-
does recorded in Yearbook of Meteorological Disasters in China. The impacts of tornadoes on
buildings, trees, crops and casualties are also discussed. A comprehensive evaluation of tornado
disaster is conducted using the entropy-weighing method. The results show that the tornadoes of-
ten occur in the southeast coast, northeast plain, and the plateau areas in China. They occur most
frequently in summer, between 2 and 4 pm. A total of 282,349 buildings were damaged by torna-
does, and 86,263 buildings were collapsed. And the number of buildings damaged in the eastern
part of China is greater than that in the west. After the tornado passes, the failure modes of trees
mainly include four types: uprooting, trunk breaking, trunk tilting and branch breaking. The
number of trees damaged by tornadoes was 2,390,457 from 2003 to 2019, with severely damaged
ones occurring in Sichuan, Henan, and Jiangsu provinces. The areas of crops which were affected,
caused disaster and demolished are 1296920.8, 337,529, and 233,010 hectares, respectively.
From 2003 to 2019, a total of 20,033,080 people were affected by tornadoes, among which 388
people were died and 7485 people were injured. Using the entropy-weighing method, a compre-
hensive evaluation model was established for the evaluation of tornado disaster. The results indi-
cate that tornado disasters in East China, South China, and Northeast China are the most severely
damaged areas. The research findings have certain reference significance for the establishment of
a tornado database in China and disaster prevention and mitigation efforts.
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Table 1. Statistical table of the number of tornadoes with different intensity scales in China from 2003 to 2019
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Figure 1. Spatial distribution of tornadoes with different intensity scales in China from 2003 to 2019
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Figure 2. A statistical map of the frequency of tornadoes with different intensities in various provinces of China from 2003 to 2019
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Figure 3. The frequency change diagram of tornadoes in the whole China and some provinces from 2003 to 2019
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Figure 4. Variation diagram of occurrence frequency of tornadoes in each month from 2003 to 2019
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Figure 5. Statistical graph of occurrence frequency of tornadoes in different time periods from 2003 to 2019
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(a)
Figure 6. Examples of damaged buildings after tornadoes: (a) Generally damaged (2020.5.18, Weifang, Shandong); (b)
Seriously damaged (2017.8.21, Nenjiang, Heilongjiang); (c) Collapsed (2021.5.14, Caidian, Wuhan)
6. ZENLZERRNYZINERZEM: () —ARIRIF(20205.18, LFKHT); (b) mEHRIF(2017.8.21, BE
THGT); (c) fE1i§(2021.5.14, RiXEME)

Figure 7. Examples of damaged buildings of different structure types after tornadoes: (a) Damage of brick-concrete house
(2018.8.13, Jinghai, Tianjin); (b) Damage of reinforced concrete building (2021.8.25, Huludao, Liaoning); (c) Damage of
steel structure facilities (2022.7.4, Huangpu, Guangdong); (d) Damage of wooden house (2023.2.26, Oklahoma, USA)

E 7. BEREERTEISEHEBRZFYWIFZES]: (2) BREHWREMIF(2018.8.13, KiEFHE); (b) WENRE
THEBREIR(2021.8.25, ILTEHAE); () MEMNIKTEREIR(2022.7.4, ["HREM); (d) KREHERRKIF(2023.2.26,
EEHRNED)
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Figure 8. The distribution map of the number of damaged buildings after tornadoes (2003~2019)
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(© (d)
Figure 9. Examples of damaged types of trees after tornadoes: (a) Uprooted trees (2020.6.12, Yangzhou,
Jiangsu); (b) Broken trees (2023.8.4, Tongliao, Inner Mongolia); (c) Tilted trunks (2021.5.14, Caidian,
Wuhan); (d) Trees with broken branches (2020.7.6, Chongming, Shanghai)
9. BRERKERWAZRARZES]: (a) ERIKRIE(2020.6.12, TFHEFM); (b) EREHTET
(2023.8.4, NEHIEIT); (c) HIFMHIHH(2021.5.14, FIXEM); (d) BFITHT(2020.7.6, L35ERR)
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Figure 10. The distribution map of the number of damaged trees after tornadoes (2003~2019)
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Figure 11. Examples of damaged crops after tornadoes: (a) Root uprooted crops; (b) Stem lodging crops
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Table 2. Statistical table of relevant information on the top three areas of crop disaster, disaster and crop failure after torna-

does from2003 to 2019
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Figure 12. Distribution map of crop damage after tornadoes (2003~2019)
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Figure 13. Distribution map of casualties after tornadoes (2003~2019)
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