5 43 5 4 W X < B % Vol. 43 No. 4
2019 £ 7 1 Chinese Journal of Atmospheric Sciences Jul. 2019

PG, MR G HE, 1R3E, 55 . 2019, JbAT— IR BEME LT FE A DA PR SRR AR A B JHE 5 e YL D SR TR 34 7 2 AR ISR 2R ], KAUREEE, 43(4): 759
772.  Sun Ling, Chen Zhixiong, Xu Yan, et al. 2019. Evolution of lightning radiation sources of a strong squall line over Beijing metropolitan region
and its relation to convection region and surface thermodynamic condition [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 43(4): 759-

772. doi:10.3878/j.issn.1006-9895.1805.18128

IR —RERE LI IE RN RS R E TN H
S} KAt m it A £ 4RIK &R

BE M BB MR RERD ERHFD
DE B AEED

1| R EREE BRSPS AT R KRS SRR SR E Ass8 s, ki 100029
2 R ERRE RS, 65T 100049

3 EA G RAC IR TS HT, 65T 100089

4 AL A GERW e, L5 100176

5 AR B T RER S, T 610225

B E RH2015FEEFAL RN LS HN (BLNET) M INARFIEEA . 2 H8RAEHE. Hill [ sh R
PR BRI 2 A I TR, VEARAAT T 20154 8 H 7 HAbat — KSR FQ LR F2 A [HI B BEAO TN FELARAE ,  FEERTT T
DA FEL 5 0 3 X RN T3 ) 28 2 BT G R o AR AR B AR b DA 22 N 3, R 5 12k [yl A6 A R AT LORE S 2
RGP AR BRI =P B RIEW BRI 2 A INAL I y o RBEXTIR B K AR, B G S X K
MRRRIE A R, A IR 8 TO e AP 1] -20°Cli B J2 v B2, DA P S UE oo P2 A0 1 o, I B B3 22, (HLEL TR LS
HOBAACT 80 I /min. SGSRPY B FEAR G IE, TN HISECMOEIS K, 0°CZ LA E R DL IR M (>40 dBZ) #ARFAH]
BHEK, BTG, S INFIHR R R BIEAE, 532 248 Y/min F 18 Y/min, Gulth (A 5 S IR ELA) ol 90%, 48
SR F B ATTELARR G K X A, S IR B S A A IAE 5~9 km = 2 o S35 B B2k 48 T RE3] 0°CLL R
FORTETE Y, FE AR B 5[] S5 302 2 MK X R . 95% AR IR Fit 2 A AE X R 2R BT 10 km YEFEL Y, BRI = X
MR X . FERGARSEAHG R B, Wi o X5 2 R SHR S BRI B A — B RGBT, MRk K =
X 4 IR BRI . TE RGN IR REMT B, DA IR R X AR 1749t H 7 1 JER s A ZE A0 b T T A
AH 7 SR FE T N

KR ML NHBFESE  EIXREE SR HRsX

XEHE  1006-9895(2019)04-0759-14 HESES P46 XHERFRIRAD A
doi:10.3878/j.issn.1006-9895.1805.18128

Evolution of Lightning Radiation Sources of a Strong Squall Line over
Beijing Metropolitan Region and Its Relation to Convection
Region and Surface Thermodynamic Condition

SUN Ling"*°, CHEN Zhixiong"?, XU Yan', SUN Zhuling', YUAN Shanfeng"?,
WANG Dongfang"?, TIAN Ye"*, XU Wenjing"*®, and QIE Xiushu"?

1 Key Laboratory of Middle Atmosphere and Global Environment Observation, Institute of Atmospheric Physics, Chinese Academy of

WHBEH 2018-02-10; MIZTHARAM 2018-07-25

EREIN s, L, 19834EHAE, 1L, FEENEF RUSEUEBAURIA PR T, E-mail: sunling@mail.iap.ac.cn

BIFEE 7MTE, E-mail: sunzhuling@mail.iap.ac.cn

BETE FERAREFIEETIH 41475002, 41630425, [ HE IR T RRTERI (973110 5IH 2014CB441401

Found by National Natural Science Foundation of China (Grants 41475002, 41630425), National Basic Research Program of China (973 Program,
Grant 2014CB441401)



N T 43 %

Chinese Journal of Atmospheric Sciences

Sciences, Beijing 100029
2 University of Chinese Academy of Sciences, Beijing 100049
3 Institute of Urban Meteorology, China Meteorological Administration, Beijing 100089
4 Beijing Municipal Meteorological Observation Center, Beijing 100176
5 Chengdu University of Information Technology, Chengdu 610225

Abstract Based on the data obtained from the 2015 summer campaign in Beijing area, including the total lightning
location data from Beijing Lightning Network (BLNET), S-band Doppler radar data, ground-based automatic weather
stations observations and radiosonde data, the evolution of lightning activities during a severe squall line process that
occurred over Beijing metropolitan region on 7 August 2015 was analyzed. Its relation to convection region and surface
thermodynamic condition was also discussed. According to radar echoes and lightning occurrence frequency, the whole
squall line process can be divided into three stages (developing, intensifying and weakening), and the intra-cloud (IC)
lightning flashes predominated during all the three stages in general. In the developing stage, several isolated 'y mesoscale
convective cells rapidly developed. With the echo top of the storm cell over Beijing metropolitan region extending to —
20°C level, lightning activities significantly increased, and the lightning radiation sources gradually spread to upper
altitudes, but lightning rate was still less than 80 flashes/min for the whole system. In the intensifying stage, the flash rate
increased rapidly, which was associated with the merging process of the cells. When the squall line formed, the volume of
strong radar echoes (=40 dBZ) increased significantly for both above and below 0°C levels, and the total flash and cloud-
to-ground (CG) flash peaked with rates of 248 flashes/min and 18 flashes/min, respectively. Negative CG flashes
accounted for 90% of the total CG flashes. The lightning radiation sources were mainly detected in the linear convection
area, and the number of radiation sources peaked within the layer of 5-9 km. In the weakening stage, the core of the
squall line dropped below 0°C level and quickly decayed, with the radiation sources obviously sloping backward to the
area of stratiform clouds. About 95% of total flashes occurred within 10 km of the convective line, namely the convection
and transition region. During intensifying and weakening stages, radiation sources reached active period simultaneously
in the convection and stratiform region, while during the weakening stage, radiation sources in the convection region
declined abruptly in the number. Lightning flashes mainly occurred over regions with strong surface equivalent potential
temperature gradient induced by the outflow of convective cold pool and the relatively warm moist airmass from the
plain.

Keywords Squall line, Lightning radiation source, Radar reflectivity, Equivalent potential temperature, Convection
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Fig. 1

(a) 500-hPa geopotential height (black contours, units: gpm), temperature (shadings, units: °C) , and wind vectors (arrows, units: m s™), (b)

850-hPa geopotential height (black contours, units: gpm), specific humidity (shadings, units: g kg™'), and wind vectors (arrows, units: m s™") at 0800

BIT (Beijing time) 7 August 2015
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Fig. 4 Reflectivity (shadings, units: dBZ) and wind (bars, units: m s™') in the squall line and the lightning in 6 minutes at (a) 1630 BJT, (b) 1718
BIT, (c) 1736 BJT on 7 August 2015; lightning within 6 minutes and ground potential equivalent temperature (shadings, units: K) at (d) 1630 BIT, (e)
1718 BJT, (f) 1736 BJT on 7 August 2015. Black dots: IC (intra-cloud lightning); red “+”: PCG flash rate; blue “+”: NCG flash rate. The black lines

in Figs. b and ¢ represent the section lines in Fig. 5a and Fig. 5b, respectively
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Fig. 5 Height-longitude cross sections of radar reflectivity (shadings, units: dBZ) and distributions of lightning radiation sources (black pots) within
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