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Abstract There are usually intensive electrification and active discharges in severe hailstorms because of strong up-
draft and abundant ice particles and supercooled water content. Although a lot of researchers have analyzed the
lightning activities in hailstorms and many useful results have been achieved, the evolution of lightning activities and
its relations with hail-falling in hailstorms are not quite clear up to now. In order to help to understand the lightning
characteristics in hailstorms and the application of lightning information to the warning of severe convective weather,
the cloud-to-ground (CG) lightning activities of hailstorms occurring in Shandong Province are studied in this paper.
The CG flashes were observed by Shandong Lightning Detection Network (SLLDN), which consists of 10 sensors
covering all over the Shandong Province. Firstly, the characteristics of CG lightning polarity, spatial and temporal
distribution of ten hailstorms are analyzed statistically. The results show that the mean proportion of positive CG
lightning accounting for total CG lightning is 57. 39%, which is much higher than the local climatic normal rate by
13. 48%. The hail-falling is often reported in the region of dense positive CG lightning. Sometimes hailstone appears
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slightly at right flank of the dense CG lightning region. There is a distinct intensive increase in CG flash rate in the

quickly developing period of hail cloud, while the rapid reduction in CG flash rate occurs at the dissipating stage.

The hailstone falling corresponds to an active positive flash period, and the increase of positive CG flash rate is gen-

erally accompanied with a decrease of negative CG flash rate. The peak negative CG flash rate usually occurs 0 to 20

minutes earlier than hailstone falling, but the peak positive CG flash rate usually is late or simultaneous for the oc-

currence of hailstones. When the polarity of CG lightning changes, it often indicates the advent of severe weather

such as hail, strong wind and heavy precipitation. Secondly, using the advantage of TRMM LIS being able to detect

total lightning, i. e. intracloud (IC) and CG lightning, the ratios of IC lightning to CG lightning in hailstorms are

compared with those in common thunderstorms. The analysis discloses that both the ratio of IC to CG lightning and

IC flash density in hailstorms are far bigger than those in the thunderstorms. This is mainly caused by elevated

charge structures associated with strong updrafts. These features are likely useful for hailstorms forecasting. At

last, the reasons of high percentage of positive CG lightning in hailstorms are discussed, and it is speculated that in-

verted tripole charge structure is likely leading to high ratio of positive CG lightning in hailstorms.
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Fig. 1 The distribution of 10 lightning detection stations
(marked with circle) and detection efficiency (isolines) of the

Shandong lightning detection network
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Table 1 Statistical characteristics of the cloud-to-ground (CG) lightning activity of 10 hail events in Shandong Province during

2000 - 2002
R i FEgisheg  BOKEE/cm  BHLIAE/ IR pPop FEKkd /mm  §ERFFEEATE /D R RRSET ]/ min
2000-06-30 W 2 184 73.4 % 38.7 6.5 15
2000-08-20 by 4 46 100% 13.8 2.5 15
2000-10-04 MG 4 359 70.5% 1.1 4 5
2001-06-15 ] 4 1524 82.7% 36.8 7 20
2001-06-19 D 2.5 298 18.1% 65.9 5.5 10
2001-08-23 T 4 686 37.0% 35.9 10 15
2002-05-29 FEM 4.5 241 56.0% 14.2 4 20
2002-06-01 =1 2 1713 36.4% 6.3 5.5 5
2002-07-17 N 5 34 100% 8.0 3 10
2002-07-29 i 2 3146 3.9% 45.3 6 5
S5 823 57.8% 57.3 5.4 12
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Fig. 3 The evolution of CG flash rate per 10 min for the hailstorm occurring on 30 Jun 2000, corresponding rain rate at Shanghe station
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Table 2 Comparison of simultaneous observations from Lightning Imaging Sensor (LIS) and Shandong Lightning Detection Net-

work (SLDN)

H 5 Pt TRMM $ 4t i1] PUHES MR JCHCG) SN Z
2002-05-29 B 20:34:35~20:35:39 25866 127 4 30.8
2002-07-17 2 19:25:26~19:26:55 26629 68 1 67.0
2002-07-19 & 17:33:54~17:35:04 26659 13 2 5.5
2002-07-20 & 16:39:09~16:40:45 26674 113 10 10. 3
2002-07-20 & 18:16:43~18:18:27 26675 72 12 5.0
2002-08-03 & 10:12:21~10:13:45 26888 15 5 2.0
2002-08-05 & 09:57:55~09:59:50 26919 117 35 2.3
2002-08-23 & 01:26:52~01:28:26 27194 81 10 7.1
2002-08-25 & 22:39:52~22:41:27 27239 12 3 3.0
2002-08-26 5 00:17:12~00:18:43 27240 17 4 3.3
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Fig. 2 Spatial distribution of CG lightning and hailfall on 30 Jun 2000 (a) and 20 Aug 2000 (b). “~+” and “—” stand for positive and nega-

tive CG lightning respectively, black triangle for hailfall location
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Fig. 6 Spatial distribution of lightning observed synchronously by TRMM and SLDN for (a) hailstorm during 203435 - 2035:39 LST 29

May 2002, (b) thunderstorm during 095755 - 0959:50 LST 5 Aug 2002



