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A Numerical Study of the Charge Structure in Thunderstorm in
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Abstract Due to Nagqu’s unique geographical situation, dominated by large plateaus, valleys and basins which av-
erage altitudes are 4 =5 km MSL, the thundercloud activity in the Qinghai-Xizang Plateau is particular. The charac-
teristics of soundings in two thunderstorm days in Nagqu are analyzed. As the altitude of Nagqu is about 4. 5 km
MSL, the average surface temperature is 15. 7°C , which is lower than Chinese inland plateau and littoral. The thick-
ness between 0°C and —20°C levels is about 2. 93 km. The average heights of cloud-base and top are 5. 7 km and
12. 2 km MSL, respectively. On the average, CAPE (convective available potential energy) is critical instability (0
- 1000 J/kg). The mean relative humidities in the middle and upper levels are 62. 1% and 43. 5%, respectively. The
high humidity and dynamic force can provide the favorable conditions for the formation of line storms or MCSs.
The characteristics of charge structure in thunderstorm of Nagqu are analyzed by using the three-dimensional
dynamic-electrification coupled model. This model only includes inductive and non-inductive charging mechanisms.
Two thunderstorms are simulated. The result shows that the charge region under the temperature reversal is limit-
ed, because the surface temperature is lower in Nagqu. The mean duration of solid particles in strong updraft is lon-
ger than in weak updraft. Collision probability between big and small particles is increased in strong updraft, so it is
easy to form tripole charge structure. The centers of specific water content of big and small particles are separated
early in weak updraft. The small particle in the upper layer and big particle in the lower layer hardly take part in
charge activity, so main positive charge region and LPCC (lower positive charge center) is small. On the average,

LPCC is located in downdraft, while main positive charge region is located in updraft. Main negative charge region is
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distributed about zero vertical velocity. It is easy to form several alternate negative and positive charge layers in

strong updraft.

Key words Qinghai-Xizang Plateau, thundercloud, charge structure, model simulation
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Fig. 1 The evolution of surface electric field (E) for two thunderstorms in 2003: (a) 26 Jul; (b) 13 Aug
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Table 1 The parameters of atmospheric stratification for thunderstorm days in Nagqu
Z%¥ Parameter 26 Jul 13 Aug
Xt gELE & Convective condensation level / km 1. 14 1.25
= Ti Cloud top height / km 6. 87 8. 50
= J5& Cloud depth / km 5.73 7.25
Hu A IR R Surface temperature / °C 15.0 16. 3
XAk fiE CAPE / T » kg ™! 306 1052
—10°CJZ —10°C Height /km 7. 40 7.62
S ETHER K ATEEE The max instability / °C 2.00 5.98
0°CH—20C)2EE 2 Altitude difference between 0°C and —20°C / km 3.08 2.78
th 2 FHNHE B Mean relative humidity of middle layer/ % 70.7 53.5
R HAEE Mean relative humidity of upper layer/ % 62.0 25.0
=R HBH it Charge polarity of cloud base 1F Positive 1E Positive
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Note: The height that is not accounted for in this paper is relative height.
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Fig. 2 The evolution of height () and density (nC/m?®) of different polarity charge regions along the cross section of x =z at y=18 km:

(a) 26 Jul; (b) 13 Aug. Open circle: positive charge region; solid circle: negative charge region; circle area corresponds with density value
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Table 2 The distribution of charge density of thunderstorm at 36 min on 26 Jul

Max charge density (nC/m?)/height (km)

HL A X 35K

Vertical charge range/km

KPR i 1 R/
Hydrometeor Height range/km

27 Cloud water 2.0~11.0

VKL Hail 0.0~7.0 —0.12 /2.8

#F Graupel 0.0~9.0 —0.55 /2.8

VK Cloud ice 6.0~11.0 /

—0. 0006 /8.0, 0.0005 / 3.8

2.0~10.0, 2.0~7.0
0.0~4.0

1.0~4.5

/

®3 8A1BHERZ 36 min HEKBYHFHBRETEESH
Table 3 The distribution of charge density of thunderstorm at 36 min on 13 Aug

TK AL F

Hydrometeor

12

Height range/km

o K HLART 2 B /e
Max charge density (nC/m?)/height (km)

FEL A DX 35K

Vertical charge range/km

27 Cloud water 0~11.0
VK% Hail 0~8.0
#1 Graupel 0~10.0
VK Cloud ice 3.5~11.8

—2.0/5.0,1.0/6.4
0.05/2.3, —0.6 /3.5
1.8/4.5, —1.2 /6.2

—0.7/8.0,0.5/8.8

0~7.5, 4.2~11.0
0~3.0, 3.0~6.0
0~9.0, 4.0~11.2

5.5~9.5, 7.8~11.5
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