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Table 1 Quality evaluation of NDVI time—series data

H 15 Sentinel-2 {3 # RMSE R
2022-04-01 NO0400_R061 0.035 0.89
2022-04-06 N0400_R061 0.043 0.87
2022-04-11 NO0400_R061 0.031 0.90
2022-04-16 NO0400_R061 0.049 0.84
2022-04-21 N0400_R061 0.053 0.82
2022-04-26 NO0400_R061 0.037 0.88
2022-05-26 NO0400_R061 0.031 0.91
2022-06-10 N0400_R061 0.036 0.89
2022-06-15 NO0400_R061 0.048 0.86
2022-06-20 NO0400_R061 0.037 0.89
2022-06-25 N0400_R061 0.041 0.88
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Table 2 Comparison of recognition accuracy of hail disaster with different R, ,, threshold values

TR EHIEN T I TET R /hm? BRI T A/ hm? Y4 R 7%/ hm HHXT R 22/%
-0.175 854.42 810.72 43.7 5.39%
-0.4 487.97 810.72 322.75 39.81%
-0.32 620.53 810.72 190.19 23.46%
F5 I
-0.24 678.98 810.72 131.74 16.25%
-0.16 938.25 810.72 127.53 15.73%
-0.08 1172.95 810.72 362.23 44.68%
-0.14 129.34 121.59 7.75 6.37%
-0.35 79.34 121.59 42.25 34.75%
-0.28 90 121.59 31.59 25.98%
FEK
-0.21 100.63 121.59 20.96 17.24%
-0.14 129.34 121.59 7.75 6.37%
-0.07 180.63 121.59 59.04 48.56%
-0.119 1036.36 958.01 78.35 8.18%
-0.3 579.89 958.01 378.12 39.48%
-0.24 769.57 958.01 188.44 19.67%
it

-0.18 1037.81 958.01 79.8 8.33%
-0.12 1035.89 958.01 77.88 8.13%
-0.06 1507.14 958.01 549.13 57.32%
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Fig. 6  Spatial distribution of hail frequency from 2009 to 2022
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Table 3 Accuracy evaluation of remote sensing monitoring of historical hail disaster in experimental area

UREISE B BRCOKER/hm® WA b AHXTER2E% | VKR WAR RCORTERR/hm® WA/’ AR R 2E/%
2016-04-20 112 106.7 111.5 4.54% 2020-04-22 114 137.2 134.7 1.85%
2016-07-10 193 167.9 178.9 6.52% 2020-04-24 116 127.4 134.2 5.39%
2016-08-10 224 40.8 37.9 7.25% 2020-04-24 115 1140.5 1184.3 3.84%
2017-03-18 79 170.9 178.0 4.16% 2020-04-27 119 284.6 301.6 6.00%
2017-06-12 165 331.3 349.2 5.43% 2020-06-03 165 6482.3 6887.4 6.25%
2017-06-15 167 279.2 291.2 4.28% 2020-07-26 209 132.6 123.1 7.13%
2019-04-15 107 1600.0 1705.8 6.61% 2020-08-24 238 406.7 429.8 5.69%
2019-04-15 107 251.4 265.9 5.77% 2020-08-25 239 397.4 414.6 4.33%
2019-07-19 202 1978.8 2158.5 9.08% 2020-10-17 262 2522 261.2 3.56%
2019-08-16 230 105.8 97.5 7.86% 2021-08-18 232 120.2 126.6 5.29%
2019-08-19 233 167.4 172.7 3.20% 2022-03-23 84 331.7 351.8 6.07%
2020-03-04 63 671.3 693.3 3.28% 2022-03-24 85 90.6 84.3 6.91%
2020-03-24 85 240.3 258.6 7.63% 2022-05-26 148 1552.7 1677.5 8.04%
2020-03-24 85 919.0 963.4 4.83% 2022-07-09 185 958.0 1021.7 6.65%
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Fig. 7 Correlation between hail event frequency and altitude
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Fig. 8 Correlation between hail event frequency and slope
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Fig. 9  Correlation between hail event frequency

and fluctuation
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Fig. 10 Statistics of hail disaster area in different terrains

from 2009 to 2022
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Table 4 Classification based on the sensitivity index of

hail disaster
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Fig. 12 Spatial distribution of hail susceptibility index
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Multi—grid remote sensing monitoring method of hail disaster and the
temporal-spatial distribution characteristics in Honghe
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HOU Qiugiang' , RUAN Haiming', GUAN Qunrong'
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2.Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China

Abstract: Hail has occurred frequently and caused significant losses to local agricultural production in Honghe Prefecture, Yunnan
Province, since 1961. Hail disaster distribution data at the county or weather station scale, which are obtained by using a statistical analysis
method, cannot meet the requirements of agricultural hail prevention. Several hail disaster remote sensing monitoring methods, which are
limited by single remote sensing data sources and the characteristics of designing for the global scale, lack applicability in mountainous
areas. To capture the spatial and temporal distribution characteristics of hail and build a hail remote sensing monitoring model at the parcel
level, this study used hail record data from hail suppression operation stations from 2009 to 2022 and conducted research on a multisource
data fusion approach based on Ross Li and STARFM. It then proposed a multilevel grid normalized vegetation index standardization model
and a hail remote sensing monitoring recognition index Rypy; v- The Kneed method was used to extract the trend turning points of Rypy; as
the threshold for extracting hail disaster areas. Then, the phenomenon universality verification method was applied to verify the
effectiveness of the Rypy; \ threshold and evaluate the accuracy of hail monitoring. On the basis of hail survey data from 2009 to 2022, the
maximum relative error is 9.08%, the average error is 5.62%, and the standard deviation is 1.66%. The spatial overlay analysis and spatial
correlation analysis methods were used to quantitative analyzed hail frequency in different disaster-prone environments, such as landform
types, terrain undulations, slopes, and terrain types, at the level of cultivated land plots. The proposed hail disaster risk assessment model
calculates the spatial distribution characteristics of hail risk caused by natural conditions, such as climate, meteorology, terrain, and
topography. Hail disasters in mountainous areas are significantly correlated with altitude and exhibit moderate correlation with slope and
undulation. Hailstones typically move along mountain ranges and valleys, making farmlands along these valleys susceptible to hail disasters.
The advantages of this model are as follows. (1) Parameter adaptation for multilevel grid models is used to improve model adaptability
under 3D climate conditions of mountainous areas, increasing the accuracy of hail monitoring and risk assessment from county scale to
cultivated land plot scale. (2) Spatial correlation quantitative analysis is conducted between the spatial distribution of hail disasters and
terrain, such as altitude, slope, undulation, river valleys, valleys, and ridges at the scale of cultivated land plots. (3) The hail susceptibility
assessment model is constructed at the cultivated land plot scale. Research results contribute to the rational adjustment of the crop planting
structure, the planning and layout of artificial hail control operation points, and the reduction of hail disaster losses.

Key words: hail disaster, hail remote sensing identification index (Rypy; w), hail disasters remote sensing monitoring, temporal and spatial
distribution of hail disasters, Honghe
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