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Table 1  Atmospheric instability parameters for three different weather processes and their simulation results
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Fig. 1 The stratification characteristics and simulation results for the first weather process

(a. Stratification characteristics (“— « —"

: sounding, “——": dew point, “—

" state curve for air parcel); b. temporal

variations of maximal updraft (W,;,)/ downdraflt(W josn) velocity and maximal cloud height; c. temporal variations of maximal

mass ratios for various hydrometeors and their heights (subscript c: cloud droplet, r; rain droplet, i: ice crystal, g: graupel,

h: hail); d. vertical distribution of charge structure at the 51 minute (“—": positive charge, “— —

" negative charge);

and hereafter, the symbols and subscripts used in a—d are kept the same)
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Fig. 2 Same as Fig. 1 but for the second weather process at the 35th minute
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Fig. 3 Same as Fig. 1 but for the third weather process at the 66th minute
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SIMULATION STUDY ON THE INFLUENCE OF ATMOSPHERIC
STRATIFICATION ON LIGHTNING ACTIVITY

Zheng Dong Zhang Yijun Ma Ming Meng Qing Lu Weitao

Laboratory of Lightning Physics and Protection , Chinese Academy of Meteorological Sciences, Beijing 100081
Abstract

Using a 2D numerical model for the electrification and discharge of axisymmetric thundercloud, three
thunderstorm processes under different atmospheric stratifications in the Beijing region were simulated and
the dynamic and micro-physical processes and their influences on electrification and discharge activity dis-
cussed. The results indicate that updraft velocity and water vapor were the most important factors that in-
fluenced the dynamic and micro-physical processes and lightning activities. The magnitude of the updraft
velocity determined the time when the thunderstorm matured and the intensity of the thunderstorm, and
the stronger updraft was good for the thunderstorm to develop and reach a larger height in a shorter time.
The persistent updraft and sufficient water vapor would prolong the mature stage of thunderstorm and
thereby enhance lightning activity, and were advantageous to continuously produce more hydrometeors of
ice phase which have direct impacts on electrification and discharge in thunderstorm, thus helping the form
of strong charge density in the cloud. Though strong updraft and insufficient water vapor also could form
the higher concentration of hydrometeors of ice phase in some times, but it could hardly be persisted.
Weak updraft and sufficient water vapor easily led to warm cloud process which is disadvantageous to the
form of hydrometeors of ice phase. Updraft and water vapor interact each other, which is controlled by at-
mospheric stratification. Therefore, the favorable stratification conditions for strong lightning activity are
sufficient vapor in the low atmosphere, mezzo humidity in the middle atmosphere, larger instability energy
and a certain obligatory convective inhibition. The calculation of some atmospheric instability parameters
indicate that the convective instability index should be smaller than —10 ‘C (negative means instable), the
convective available potential energy should be larger than 1000 J/kg, the convective inhibition should be
larger than 40 J/kg, the 700 hPa equivalent potential should be larger than 340 K and the relative humidity
in the middle atmosphere (700—400 hPa) should be between 35% —85%.

Key words: Atmospheric instability parameters, Numerical simulation, Hydrometeor, Charge struc-

ture



