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of tornadoes in the circulations of Typhoon YAGI and RUMBIA
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Abstract The weakened low of Typhoon YAGI and RUMBIA crossed Shandong Province on 14 and 19
August 2018. The surrounding circulation produced multiple tornadoes and brought about serious
economic losses. Based on the data of Doppler weather radar, conventional observations, weather
conditions, and disaster investigation, the environmental physical variations and structural characteristics
of intensity of tornado storms are analyzed, and the signatures of microscale cyclonic vortices that induced
and did not induce tornadoes are compared. The results show that the northeast quadrant of two weakened
low-pressure circulations is the key area for the occurrence of tornadoes. The low-level high humidity,
strong low-level vertical wind shear, and large storm relative helicity are key physical quantities.
Tornadoes are accompanied by microscale cyclonic vortices with AV larger than 20.0 m - s, which

occur mainly below 2. 0 km, but not all such low-level microscale cyclonic vortices can induce tornadoes.

With AV larger than 20.0 m - s™' as the threshold, the hit rate of tornado recognition is high, the
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accuracy of tornado recognition is 31. 8%, the false alarm rate is 67. 4%, and the missing alarm rate is

6.7%. About 35. 7% of the tornadoes are unable to be identified in advance, and half of the tornadoes

have almost no early warning time.
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Fig.1 Location of tornadoes (a. Typhoon YAGI, b. Typhoon RUMBIA; ¢ for location of low pressure center, j for location of

tornadoes, circled number for serial number of tornadoes listed in Table 1 and Table 2)
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Table 1  Information of tornadoes from Typhoon YAGI (2018)

Aa=2 I i) Hh st L EF %49 BEARAE 05 i, BE RS w/ik

1 13 H22:30 AT A LB EE AR AR A 117. 81°E,34. 21°N 0~1 57°,160 km B
2 13 H23:15 A JLE K IR I B E TR 117. 44°E,34. 52°N 0~1 50°,153 km B
3 14 H00:25 AP T e T IR AN R AT 117. 62°E ,34. 48°N 0~1 60°,155 km FeEirete]
3 14 H 00:30 L IR Sk AR LA TR 117. 60°E,34. 50°N 0~1 60°,155 km T e 4 3
4 14 H09:45  BEANIBEY TR HRER - 119.44°E,37. 03°N 0~1 65°,290 km A

5 14 H 10:30 SN T ARAR R 7 120. 12°E,37. 38°N 0~1 68°,365 km W

6 14 H 10:40 BRI X IR AR 119. 08°E,37. 88°N 0~1 52°,308 km b

7 14 H12:10 HRA LM 117. 50°E,37. 25°N 1~2 40°,125 km 7

8 14 H13:10 TN T PR P B - A 117. 40°E,37. 53°N 0~1 35°,114 km FIE

9 14 [ 13:20  FIEEERSTHOEAN TR B Ik 118. 44°E,37. 68°N 0~1 55°,190 km W
10 14 H 13:50 IRz H it B A DR 117.36°F,37. 67°N 0~1 32°,99 km I VA
11 14 H 14:00 T F XS 6 i T P FE A 118.47°E,37. 86°N 0 55°,183 km AT
12 14 H 14,45 B EL 7K 35 BRI Th ookt 117.77°E,37. 51°N 0~1 54°,110 km AT

x2 AX“ELEIT”(1818) EEER
Table 2 Information of tornadoes from Typhoon RUMBIA (2018)

T Fisk i) Hhpsi L EF %2 BEARE OO0, B R T
1 18 H 18:45 A T A L X X AR ke 117. 02°F,34. 36°N 1~2 55°,290 km ki
2 18 H 19:46 RN = B RUR 7 3 A 116. 65°E,34. 68°N 1~2 46° ,286 km D
3 19 H19:36 e 75 T VAT 2 [X 3% S A 8 B AT 118.56°E,35.30°N  2~3 76°,222 km TN VA

M A AR A T T MR E R e s 3)  fdE K 454,850 hPa 15 500 hPa i 2= (AT) , ¥b
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1.2 REYEE JiBE (SRH) , %3 A &4 02 BE ( CAPE ) X 3L 1 il i

G AR R SR RIS (R ®(CIN) HaTHEESS =% (LCL) ,0~ 6 km 1 0~2 km
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Table 3  Environmental parameter

e & A AR LA BRI K $5%k( =32 C),
BARI AT( <23 °C)  BJRMIR)ZE, KM SRH( >
270 m* - 7)) BAKAY LCL( =950 hPa) , 35 A9
EREERIAE,0~2 km 5 Wsr>10 m - s,
CAPE {54F 1 200~1 700 J - kg™ 22 j], & KUk 55
ERICERBR CAPE (HIFA KR . £ 3 PG T
2005 4F 7 H 30 H %G EE F3 gt Jp """ F1 2016 4
TR BT EF4 G00p ' o I i H 23 3l IR B S 8, 7
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IR AR X XU BB
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(355 (m* -s™?)  hPa (J-kg'h) 0~2km 0~6km (g-kg™)
20180813  20( M) 32720  3.2/-3.4 292 989 1 746/0 10.2 17.4 19.1/13.4/6.5
- 203/76
20180814 08(&E L)  42/23 -2.4/-0.6 276 970 0 11.9 20.6 19.1/17.3/5.5
1 230*
260/10
20180818  O8(#:M)  38/21 -0.7/-0.6 449 966 | s30- 11.3 23.9 18.0/16.3/5.5
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Fig.2 Box plot of tornado storms (a. DBZM, units; dBz; b. C=VIL, units: kg * m™>; ¢. HT, units; km;d. TOP, units; km; the

lower quartile is 10%, the upper quartile is 90% )
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Fig.3 Product of Weifang radar at 09:46 on 14 (a. 0.5° elevation, V26; b. 0.5° elevation, R19; c. 1.5° elevation, V26;
d. VCS) and Linyi radar at 19:35 on 19 (e. 3.4° elevation, V26; f. 1.5° elevation, R19; g. 1.5° elevation, V26;
h. VCS) August 2018
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Fig.4 Box plot of maximum radial velocity difference AV (a; units;: m - s') and its height H (b; units; km) from the bottom of

tornado storms
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