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Abstract A detailed analysis of the two tornado processes on 17 and 19 July 2010 in Henan was made by using a new genera-
tion of Doppler radar data. the conventional observations data. the NECP reanalysis data and other information. The results were
as follows: (1)the weather background of the tornado occurrence: the two tornadoes occurred during a process of regional torrential and
severe torrential rains in Henan, which were impacted by the southwestern flow in the subtropical high edge, the strong divergence are-
as north of the Tibetan high ridge and on the right rear of the entrance areas of the upper jet stream with the vortex, shear line and jet
stream existing in the middle and lower levels. Tornadoes occurred in the southeast quadrant of meso-f cyclones on the ground, about 50
km from the cyclone center. (2) The environment field characteristics of the tornadoes covered: the convective available potential energy
greater than 1000 J/kg, unstable atmospheric stratification, the K index greater than 36 C, the SWEAT index of the occurrence of
strong tornadoes being about 400, the vertical wind shear for 0 — 1. 5 km being up to 15 m/s, and a very low lifting condensation level
that was from 0 to 300 m. (3) The analyzed results of the radar echo and characteristical parameters: two tornadoes both occurred in
the B-meso scale spiral rainbands on the southeast side of the vortex with the intensity of the echo band of about 50 dBz and the top
from 9 to 12 km, and the tornado was produced by a mini-supercell that was in the center of the echo, with a significantly weak echo
upward flow zone in the vertical profile and the interface zone between the rear flank downdraft and updraft is a key area which is prone
to tornadoes. The y-mesoscale cyclone series experinced a evolution process related to three dimensional correlated shear, mesocyclone,
tornado vortex signature as shown in the velocity profiles. The mesocyclone occurred earlier about 0. 5—1 h than the tornado, which
made sense to estimating and warning tornado. The analyses of the mesocyclones (M) and the parameters of tornado vortex signature
(TVS) show that. the height of mesocyclone and the bottom of TVS both were lower than 1 km with the height of the bottom of TVS
being the same as or slightly lower than that of mesoclyclone: The height of the bottom of the F2 level tornado was <Z 0.5 km, the
height of the top of TVS was generally from 2 to 4 km, the height of the top of mesocyclone was generally from 2 to 3 km; and from
the maximum shear value, the maximum shear value of mesocyclone was generally (1.0—4.0) X 10 %s™ !, the maximum shear value of
TVS was generally (2.0—5.0) X10 ?s™ ', the average height of the maximum shear appearred from 0. 8 to 0. 9 km, and the maximum
shear height of the F2 level tornado was generally 0.5 km. On the comparison of the F1 and F2 tornadoes, the height of the character-

istical bottom and top of the F2 tornado were both lower than that of the F1 tornado, and the maximum shear value of the F2 tornado
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was double than the F1 with the large shear in the lower level able likely to cause severe tornado disasters. According to the characteris-
tics of the mesocyclone and the TVS, the thinking of warning the tornado in the regional torrential rainfall is illustrated. Finally. the
reason of the tornadoes occurred during the regional torrential rainfall was discussed.

Key words Meso-§ scale spiral rainband, Mesocyclone, Mini-supercell, TVS, Tornado early warning
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Fig. 1

Time (BT Beijing Time) and location (red circle) of the two tornadoes occurrence
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Fig.2 Comprehensive analysis graphs on 17 and 19 July 2010
(a. comprehensive analysis graph for the high—altitude at 08:00 BT 17 July 2010, b. comprehensive analysis graph for the
high—altitude at 08:00 BT 19 July 2010, c. comprehensive analysis graph for the ground at 17.00 BT 17 July 2010,
d. comprehensive analysis graph for the ground at 05.:00 BT 19 July 2010;
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Fig. 3

(a) Temporal variations of the wind direction and speed at the Xiayi station at 14:00 BT to 24.00 BT 17 July 2010,

(b) Temporal variations of the pressure and distribution at the Xiayi station at 14:00 BT to 24.00 BT 17 July 2010,
(¢) Temporal variations of the wind direction and speed at the Xuchang station at 00:00 BT to 09:00 BT 19 July 2010,

and (d) Temporal variations of the pressure and distribution at the Xuchang station at 14:00 BT to 20:00 BT 19 July 2010
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Fig. 4 Radar products from the Shangqiu station at 17:50 BT 17 July 2010

(a. 1.5 ° reflectivity factor product R19, b. reflectivity profile,

c. vertical wind profile, d. 1.5 °average radial velocity V27)
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(a) Mesocyclone (circle) and TVS (blue upside down triangle) from the Shangqiu

radar from 17:02 to 18:56 BT 17 July 2010,and (b) Mesocyclone (circle) and TVS
(blue upside down triangle) from the Zhengzhou radar from 04:50 to 05:51 BT 19 July 2010
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Table 2 The characteristics of mesocyclone in the two tornadoes
ER:] I 8] 1D J5 i/ BEES (°/km) B 1a) /Y] ) B A% (km) FRAEG /T B (k) SRR U028 /93 3 (102 s~ 1 /km)

17.32 N7 159 / 52 5.0/ 4.4 0.6 /3.0 12 /1.4

17.38 N7 154 / 49 6.3/5.1 0.5/2.9 22 /1.4

17.44 N7 149 / 48 7.5/ 4.3 0.5/2.7 45 / 2.1

17.50 N7 144 / 45 4.0/ 3.7 0.5/2.0 26 /0.5

7517 7:56 N7 139 / 46 10.5/ 4.9 0.5/2.9 25/ 0.5
18:02 00 130 / 40 3.3/4.0 0.4/2.5 31/1.8

18.08 00 131 / 49 5.0/ 4.3 0.5/2.2 10/ 1.4

18.38 N5 124 / 59 3.3/3.6 0.7/2.8 19 /1.7

18.44 N5 120 / 61 2.5/3.6 0.7/1.8 47 /1.8
""""""""""""""" vy T 5.2 /4.2 0.5/2.5 26 /1.4

5.27 14 163 / 66 6.5/ 4.5 0.8/4.8 12 /0.8

5:33 14 158 / 62 6.3/4.9 1.9 /2.8 8/1.9

7 H 19 5:39 14 153 / 66 2.5/4.0 2.0/4.2 12 /3.1
5:45 14 150 / 71 3.3/3.7 0.9/2.2 12 /2.2
"""""""""""""" vy 4.7 /4.3 1.4 /3.5 11/2.0
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Table 3 The characteristics of TVS in the two tornadoes
H B i D ﬁ{ﬁ/ﬁﬁ%’ I RO BE 25 / 1o BE FRIER B J /0 e i FORY AR/
(°/km) (m/s/km) (km) (km) (1078 s~ 1 /km)

17:32 N7 160 / 50 31/0.5 2.3 <0.5/2.9 37 /0.5
17.38 N7 155 / 48 30 /0.5 2.3 <0.5/2.8 36/0.5
17.44 N7 149 / 50 36 /2.1 2.3 <0.5/2.8 45 /2.1
17.50 N7 145 / 44 48 / 0.5 2.2 <0.5/2.6 63 /0.5
7A17H 17:.56 N7 140 / 42 37 /0.5 2.1 <0.4/2.6 49 /0.5
18.02 00 133 / 42 47 / 0.5 2.0 <0.5/2.5 66 /0.5
18.14 00 119 / 39 40 / 0.4 1.9 <0.4/2.3 58 /0.4
18:.38 N5 125 / 59 33/1.7 3.0 <0.7/3.7 33/1.7
18:.44 N5 121 / 61 51 /1.7 2.1 <0.7/2.8 49 /1.7
""""""""""""" vy 39 /0.9 2.2 <0.5/3.0 48 /0.9
5.27 14 163 / 63 27 /0.8 3.4 <0.8/4.8 24 /0.8
5.33 14 159 / 67 29 /0.8 3.4 <0.8/4.2 26 /0.8
7H19H 5:39 14 154 / 67 27 /0.8 4.3 <0.8/5.2 24 /0.8
5.:45 14 151 / 72 27 /0.9 2.3 <0.9/3.3 22/0.9
""""""""""""" vy o 27/0.8 3.3 <0.8/4.3 24 /0.8
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Fig. 7 The average radial velocity V25 at (a) 0.5°, (b) 1.5%, (¢) 2.4° and
(d) the cross section of the velocity along the white line in Fig. 7(b) at 17.50 BT
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Table 4 Some parameters calculated based on the soundings at the Fuyang and

Xuzhou stations at 14:00 and 20:00 BT 17 July 2010
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Fig. 8

850 hPa specific humidity at (a) 14:00 BT 17 July and (b) 02:00 BT 19 July 2010 (g/kg)
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Fig.9 Cross sections of the radial velocity (a; ,b,) and the reflectivity factor (a; ,b;)

along the connections of the positive and negative pair in the mesocyclone

(tangential) at 17:44 BT 17 (a; ,a,) and 05:33 BT 19 (b, ,b,)
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