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Summary

Lightning is one of the distinct characteristics of thunderstorms. This phenomenon is the
most important natural hazards for the power stations, the airline industry, wind farms,
forestry management and public due to the high current and temperature at lightning
channels. Lightning activity usually occurs 10 to 20 minutes earlier than precipitation and
s0 is needed for the skill of short-term forecasts.

In this research, to study some of dynamical and microphysical properties of intra-cloud
electric field and lightning, the Mesoscale WRF model was used for ssimulation of two
thunderstorm events (on 15 and 17 April 2012) with different CAPE in Tehran area. It is
noteworthy that these case studies have been chosen according to data taken from the
Iranian Meteorological Organization (IRIMO) and Lightning Imaging Sensor (LIS).
Simulations were conducted using the WRF model initiated by FNL data and are
provided in 1 degree space and 6-hour time resolution. Each of the simulations was
performed for 36 hours and the first 12 hours of simulation were considered as the spin-
up time. It uses one-way nesting for 3 meshes of 27-, 9- and 3-km horizontal grid
spacings. Thirty-five vertical levels with a maximum height of 50 hPa were used for all
domains. Then, the charge separation scheme was coded based on Saunders et al. (1991)
relations. Then, the intensity of the intra-cloud electric field was calculated using outputs
of the WRF model simulations and Saunders's scheme for two selected case studies.
Comparison of the intensity of the intra-cloud electric field and threshold electric field,
resulted the time of occurrence of intro-cloud lightning. Also, the effect of maximum
values of graupel and ice mixing ratios and maximum values of vertica velocity on
charge separation was investigated. To verify the results, output of LPlI index was
compared to LIS data. Vertical profiles of graupel and ice mixing ratios showed the
presence of graupelsin the lower levels compared to ice crystals. Also, vertical profile of
the charge transferred per collision showed that the maximum values of that is consistent
with the presence level of graupels. Moreover, time series of above mentioned parameters
showed that the increase of vertical velocity lead to not only the increase of the graupel
mixing ratio but also the increase of charge transferred per collision. The results aso
showed that the time of lightning occurrence well matched with the occurrence time of
maximum values of the above mentioned parameters. The LPI index well predicted the
time evolution of lightning activity in the study area despite of a relative inability to
predict the likely area of lightning activity. Comparison between two case studies showed
that the presence of updraft core between the core of graupels and ice crystals had more
influence on charge transferred and intro-cloud lightning activity. Analysis of charge
polarization also showed that the co-existence of graupel and ice crystal was necessary for
charge separation. It also showed that the dominant structure of the electric charges were
mainly bipolar, and this kind of polarization resulted in the occurrence of intro-cloud
lightning based on previous researches.

Keywords: Lightning, Graupel, Ice crystal, vertical velocity, WRF model, LPI.
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