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Abstract: Downburst is the most common weather phenomenon of convective storm, and forecasting its in-
itial outbreak is one of the most challenging contents in severe convective storm forecasting. In this paper,
a downburst nowcasting algorithm based on radar and radiosonde observation data was proposed. On the
basis of ground clutter suppression and radial velocity dealiasing of radar base data and processing of
sounding data to obtain 0'C, —20 C and minimum equivalent potential temperature heights, the algorithm
first identifies and tracks storm cells and calculates the hail indexes, then identifies the mid-level radial
convergence characteristics and mesocyclone, making them associated with the identified storm cell. After
that, many radar characteristics of storm cells are extracted. After statistical analysis of downburst and

non-downburst cases, nine radar precursor factors of downburst were selected as the input of fuzzy logic
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method, and the nowcasting equation of downburst was established. The algorithm was tested with a
downburst case which occurred in Jianli of Hubei Province on 1 June 2015, responsible for the “Oriental
Star” cruise ship capsizing. The results show that the algorithm has predicted 8 times in 20:41—21.21 BT
that the storm cell having caused the shipwreck will produce downburst. The first prediction time is 47 mi-
nutes earlier than that of the cruise ship capsizing at 21:28 BT. In addition, the effectiveness of the down-
burst nowcasting algorithm was evaluated by using all thunderstorm gales in Hubei Province from June to
August 2019, The results show that the hit rate of downburst is 86. 4%, and the average forecast time is
39 min. According to the echo pattern, the hit rates of downburst nowcasting for squall line, linear con-
vection and non-linear convection are 93. 2%, 90.5% and 75. 6%, respectively. Actually, the algorithm
module has been integrated into the automatic identification and warning system of classified severe convec-
tive weather developed by Wuhan Institute of Heavy Rain of CMA, and has been put into operation since

2019. The algorithm will be continuously optimized in the forecasting operation application in the future.
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Fig. 1 Flow chart of downburst

nowcasting algorithm
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Table 1 The high and low critical values and weights of the membership function of

the storm cell radar signature for downburst nowcasting
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Fig. 2 Downburst forecast results superimposed on the 0. 5° elevation reflectivity factor
map at 20:35—21:38 BT 1 June 2015 based on Yueyang Radar
(Letters represent the storm predicted to produce downburst; white wind pole does not indicate
the wind direction and speed, but the storm cell to produce downburst; the southern end of
wind pole is the position of MARC centroid, yellow circle is the identified moderate intensity

mesocyclone, and hollow triangle in Fig. 2i is the capsizing point of the passenger ship)
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Fig. 3 Time series of radar characteristics, (a—e) predicted downburst

and (f) severe hail probability of the storm cell triggering the capsizing of

“Oriental Star” Passenger Ship on 1 June 2015
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Fig. 4 Radial velocity at 0.5° elevation observed by Yueyang Radar at
(a) 21:21 BT, (b) 21:27 BT, (¢) 21:32 BT 1 June 2015

(The red ellipses are the radial divergence areas)
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Table 2 Thunderstorm and gale weather cases for assessment
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