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Abstract

In this paper, ADTD, WWLLN lightning location data, S-band weather radar, surface precipitation
observation data and ERAS5 reanalysis data were used to carry out a detailed case study on an ex-
treme short-term heavy rainfall process in North China on July 29, 2015, and to analyze the tem-
poral and spatial evolution of lightning activity in the heavy rainfall system. By comparing the
strong precipitation-strong lightning and strong precipitation-weak lightning thunderstorm sys-
tems, the possible differences in the formation mechanism of extreme precipitation under the back-
ground of specific electrical activity are preliminarily discussed. The results show that in this spe-
cific weather event, the lightning and strong echo of the southern strong lightning system developed
synchronously, the maximum reflectivity reached 70 dB, the top height of 40 dB strong echo was
stable at 18.5~19.5 km, the center of mass of strong echo entered the mixed phase state electrifica-
tion layer from —10°C to -20°C, the strong updraft supported the effective collision of ice particles,
and the peak value of lightning density reached 7.8 times/100 km2/6 min. Although the weak light-
ning system in the north has a wide range of precipitation and strong echo, it presents a structure
of rear convection area and front stratiform cloud area. After the merging of the cells, the rapid fall
of large-size hydrometeors inhibits the updraft, and the ice crystals are transported to the front
stratiform cloud area, which is spatially separated from the graupel particles in the rear convection
area, resulting in a significant reduction in the effective collision probability of the mixed phase
region, and the non-inductive electrification is difficult to maintain, and finally shows the charac-
teristics of strong precipitation-weak lightning.
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Figure 1. Topography and provincial boundary distribution map of Beijing region
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Figure 2. The comparison of the temporal evolution of lightning frequency between ADTD and WWLLN in the core

area of strong convection on July 29, 2015
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Figure 3. Atemporal distribution of precipitation stations
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Figure 6. The evolution of radar echo and lightning activity of thunderstorm system with strong lightning activity in the south
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Figure 8. Spatial evolution of thunderstorm system with strong lightning activity in the north
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Figure 9. Vertical section of northern weak lightning system

9. LEBSSINEE ARG EERIEE

Jidt— s AN AL R R G S A ZE e, (] 10 45 H T LEAF AR iy SRR R 0 DG
WMESHT . SRR, ERASFRELH, m. LRGBS ERARNE, 2 RRY4ERFE 55~70
dBZ IR X [B], X MFRE T W 35 B 75 b T Wl o J ) 5 PR (9 SR FEAR B o SR, 7ESh B8 5 S sl s
T, P ISR S AR ENERAE . F o N FE R 1 40 ABZ 5 [ 38 T v 7E % Ji% P 3(12~36 min) A& e 4
FFTE 18 km LA A7, SR OIR R 50 T ARSI R, (AR T R A B B (AR R (M MR 7.8
/100 km%6 min); AHS, AEFSS A HL RS 40 dBZ T 7R RT 12 bk A RIZU R RE, TRIEH 19.5 km BEE
£ 155 km ity, SARNHEEZ B REMG] XPE SO E . BURTNTREICIE, & &EIE 16
FRGEH KRLAZR KR DIE T 7 51 R PR 5 57 i 0N, R BELIT T 7 2 UK X (2 FEAT LA

11 44H T 2015 4 7 A 29 H 11:00 UTC HedbHb X o RS R S0 0 B IR 4L A s i 3 R 3 7 B )
M. HE 1) W, X AAELE 2 A0 [ AR, SHRIE SN AR BN G ot oa KR AL T 1)
ST RG R BN RS SRR, S A 0 B T A RGN 2 R 3 X8k, A AR
RO FE. E 110 — P BIR, X RGAEK TS EBABIEMETE - RHE: BOm[E X 4
HIE R G HE, GBI 38 R X AL T RS HT T, FEH R G ATt 7 ) ) ARGy e . VR 11(b)Hh B
T DX 3SR E (4 77 1) BT AR P BRI T L P 11(c)o TGS AR, SR R EAMERGEM, JHHx
SRAGEL 45 dB, HRPIp EAASEPE Skm A4 . RGN LYE BRI ES o, R
BHER B BEIKFFE . 256K Bl o A A B RIS MRE, 2 ARG HA BBRHTm 2R = B REE
S RGUFE, BIXHRX AT G0, EREXALTRER T, S5 ZTE0 . FRE+ 4 di i,

A E 1205, HZRGERINIMMETFER S - J5#%fi(Leading Stratiform, & #% LS A)H R
FEXTR R FMCS) &5 . RIHFVZER = 5040 T RABINFE, s8R0 T RG &M . X — Rk K
N EWELE, RFECRUGERERIEK . 55N ARRIETE B AZ A ERNLH] 75 58 7 B IR IR S
MFESEIE T, R O X KR FE T, AR 2SR 2 Al 354 b R S s VG B, DO AR K KR A%
WABRARLTF . BEJG, BRIz A FF L K B 7= A T S5 3 A BE 5 /) 43 3% (Size Sorting)

DOI: 10.12677/0jns.2026.145065 621 FIAR R


https://doi.org/10.12677/ojns.2026.145065

ERE, EBXH

VERY: R B W 5 B OKARRL 752 5 0 S P ok, T8 B i a0 X o X AR fil % 1
AW LIS 5 7, T LR T FRY KOREAR L1 B K B 420 97 8880 (W ater Loading )Xo Ja] K0 A2 5 2L 51
Mo X A A4 HSORLAE TR IA [ ELAER ALY 40 ABZ R T g SR £ B 5 £ R 2 A% ) 38 L
PG BL T 5 2% (8l P AR AR [ BRI 1 R A B A TR B R e, 3 0 FUTRIRE
Wb AE T [N, RR ki R R EUR . EOONDRL T AE 23 A b E 7 B —— R FUOK R KT X
EIFEPTAME X, Wk UKESE 5 KWL 05 B A MR AZ 0 X o A 2 [ A 6 5 BORHARL
X R Z 78 A2 B UK A - BORDRE 1A R X, ARONLE LA 32 2 8 5 ], A B R gk BN e

PA) B3 2 K K LR
20155E7A29 8 fEALITR ARG X BYNBESHT R
7251 —— ENEG BAD)
: - LBEE (HAR)
70.0 1
g 67.54
Bi'l' 65.0
E 62.54
FIE(' 60.0 1
57.54
55.0 1
21 —o— EWHEG (B
204 - LBE% (FAR)
E 191
{IE 18
}.E\:
~ 174
3
3 164

—o— EEARG GRINE)
—- LBERGE (55iKER)

o
L

IRER

CR / 100 km2 / 6 min)
N

N
L

0 6 12 18 2 30 3 P 48 54 60

RGN L RATE (548
vE: B A python Hf# &

Figure 10. Comparison of key physical parameters of strong and weak lightning systems in the north and south

B 10. FgdLARsESSINR R X RIIES KT LLE

DOI: 10.12677/0jns.2026.145065 622 ESREL 2


https://doi.org/10.12677/ojns.2026.145065

BRE, BXB

(@) (b) )
2015407 H29H 11:06:09 UTC 40.5°N } !
Sl I
+ R -
- &7 BERR |
it 395°N - N
42.0°NH
B
40.5°N 38.5°N \
Y 114.0°E
i
(©) 20154F0792010 11:00:09 UTC T . [ (LY : XRAESG, |2 TERT)
39.0°N 20.0 70
17.5 60
15.0
37.5°N1 125 50§
2 100 0=
i 304%
36.0°N — 75 =
) 112°E 114°E 116;%EF 11ISE  120°E 5.0 201X
Z 8 25 10
0510 15 20 25 30 35 40 45 50 55 60 65 70 00 0
WEAG RATEF (dBZ) 38.15°N 38.26°N 38.80°N
114.30°E 114.67°E 115.40°E
Z BT B AR SR BT bR R IR 25 Xt T ) 15 GS(2016)610 5 [ bRitEHE EIHIE, R EITEE .
Figure 11. Radar echoes and vertical cross-section of the northern weakly-electrified mesoscale convective system
11. BRSSP REINR RGN EE R R EERHT
b 1] —/— == &
2015F7A298 L EBRMEFE/KBINBEI SEBREE
LSBIRG: Xik&ER, BE=EM
[ (a) EEHEEALKE \( (b) MBAHIRE )
20 ,’/\ - MHEBIZD
3 EHEE 9% = . ERTERE
8 et N mem=ST=Soo = C O
( OO O ] X (] s ~_
15 70 f ogg-‘-_p )0 J,oo;},
& ( \ ® o “’ wataFam © C . Y ° o7
| - (VL& ¥~ :gzogj
E 50 o (| ol 0 i e G ) }
- ~ N TS ik e g
10 a0 © P
i = ‘ ©®0o "% RRNTFEEANE
0 { KB g L
e (ijﬂﬁﬁ) i S e B Y3l B
0 ¢ OO OGOG ) (mrs
5' k j / ’,1‘ ; l 0 JJV, -
10 / / / / i
(i) / R BN
0 ,//l /,f/ RN EED
04 E A
E R E AMNEZEK [ Rk — Minkk ] [Qmt Q8 wE) @8 ED  a ;
.S VA J

E: B A H python B A& .

Figure 12. Conceptual model of strong precipitation and weak lightning in northern China on July 29, 2015
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