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Characteristics of Cloud-to-Ground Lightning Return Strokes in Beijing
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Abstract Return stroke waveform characteristics of 304 positive cloud-to-ground (CG) flashes and 1467 negative CG
flashes observed during five storms in Beijing region were analyzed based on high temporal resolution data of fast
electric field change collected by Beijing Lightning Network (BLNET). Characteristic parameters presented in this work
are: The number of strokes per flash, 10%—90% risetime, falling time, full width at half maxmum (FWHM), interstroke
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interval, peak electric field and the relationship between the interstroke interval and stroke order, etc. The results indicate
that the percentages of single stroke in positive and negative CG flashes were 91.1% and 24.2%, respectively. The
average number of stroke per flash for negative CG flashes was 3.8 and the max stroke number was 20. The arithmetic
means of 10%—90% risetime, falling time, and half-peak width for the 304 first strokes of positive CG flashes were 4.2 ps,
14.5 ps, and 6.2 ps; the corresponding values for the 29 subsequent strokes of positive CG were 3.6 ps, 12.6 ps, and 5.7
us; the corresponding values for the 1467 negative first strokes were 2.4 ps, 23.9 ps, and 5.3 ps, and the corresponding
values for the 4109 negative subsequent strokes were 1.7 ps, 19.5 ps, and 3.4 ps, respectively. In addition, interstroke
intervals of positive and negative CG flashes showed a more or less log-normal distribution and yielded the geometric mean
values of 106 ms and 59 ms. Moreover, the geometric mean interstroke interval for negative CG flashes of particular
multiplicity tended to decrease with the stroke order. Finally, peak electric fields of the 70 positive, 421 negative first, and
789 negative subsequent strokes, when normalized to 100 km, were 11.2 V/m, 7.2 V/m, and 5.0 V/m, respectively. On
average, peak electric field for the first stroke was 1.4 times larger than its subsequent counter part for negative CG flashes.

However, about 23.5% of subsequent return strokes were stronger than the corresponding first stroke.

Keywords Positive CG flashes, Negative CG flashes, Return stroke, Waveform characteristic parameter, Beijing region
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Fig. 4 Falling time distribution of return stroke waveform: (a) Positive CG flashes; (b) negative CG flashes
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1 2 Lk 780 80 53 — 0.1 552 Zhu etal. (2014)
A 2525 80 62 — — — Zhu etal. (2015)
kT 4109 88 59 99 0.4 792 ¥ 5'd
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LV 13 168 117 131 20 406 Sabaetal. (2010)
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Fig. 5 Interstroke interval distribution: (a) Positive CG flashes; (b) negative CG flashes
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negative CG flashes

180
160 ¢

(b)
| NEp/MEIRR
1401 4kl |
120 + }
100 -

80

Bl AN 5

60 r
40 |

" mhhmnmm .

5 10 15 20 25 30
(Bt 4] 404 i L 37/ V m !

El7 (2 IEHN. (b FutbN A4 100 km () 0] di 4T 4R 0648 i35 3 A
Fig. 7 Distribution of the peak electric field normalized to 100 km: (a) Positive CG flashes; (b) negative CG flashes



2 i RS TR (8] 3 H AR AR A A A BRI AL S DX 3 A [P S v AIE

No. 2 LI Xun et al. Characteristics of Cloud-to-Ground Lightning Return Strokes in Beijing Based on High Temporal ... 239
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Table 5 The peak electric fields of positive and negative CG flashes normalized to 100 km in different regions
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Ep/NERs 45l
HARIME LT/ BRI, TP 57/
X A% Vm'! Vm'! 57V m! FEAKL Vm'! Vm' Vm' Uit
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EEEPHEE 112 6.2 — 34 237 3.9 — 22 Masteretal. (1984)
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Fig. 8 The geometric mean of initial stroke peak electric field normalized

to 100 km for different stroke orders

(1) 5 YRR Bl 72 rh 1 b N 1 il 43 A i LA
10.1%~33.6%.

(2) i EHI A 91.1%, PafEld fah A &
24.2%. LR A — R A7 b A e K Rl o BT IA 20
U SR sl 3.8 Wk, [Bleh e 10 YL B
(157 DA B 6.1% o 97 i DA P-4 [l 6 T g B [
R 2N R, A 2.6%(1) [E] (8] B 7E
10 ms LU, 17 43.6%[H 0]k (5] B #% 75 40~100 ms
Z 6], 25 24.9%M Bl d51E] B KT~ 100 ms.,

(3) 1EH A R 9% 10%~90% L Tt i)
AR IME N 4.2 us; SR IA B 2k [ml o gk s [a]
i 10%~90% b i [ (1565 A 20 50k 2.4 ps Fil
1.7 pso SR By v Bl 1) b TR 1) Ll 4k 5 9] o 1)
b2 i 1 NPT o D N E B/ BT il w1 B B 8
DA K ks ) B P B DA It PA] 2 A7t [A) F 30
fi

(4) TEH PN B R Bl T B ] i SRS 44 A
14.5 ps, “VUE(E B ERN AR R 6.2 ps; A By
YR R4 S 8] R BR8] ) SRS I E 43 51 A
23.9 s Al 19.5 ps, VUEAE 5 & IR0 AR 2> 34 5.3
ps Fl 3.4 pso IXPHASSHLs FAA W o) e R 5
(2009) FI53 VESE (2012) (&5 RE N, BHIAR
[F) b DX AN [ o 25 1) [ o R A A7 AE — o IR 22 e Pk
1E SRCHb A Bl ()RR 6 JLART 3448 237 106 ms
F159 ms, Fl Saba et al. (2006, 2010) )45 F g HeiT,
T b PR PR [P 10 o 40 DAy 67 1 DAY £ 4 £

(5) IE A [R5 4] 4 0 H 37— 46 21 100 km
(R EASE A 11.2 Vi, T A7 s A 1 v el o A gk



R H 5O 5 2%
240 Climatic and Environmental Research Vol. 22

Ja [l 3 —4k 2] 100 km (IR 4REAE FE3% 5 3h 7.2
V/m F1 5.0 V/im. b A el 6 i -4
Ak IRl HI K 1.4 %, HERA 4k 5 el o
KFE W, Brd B2l 23.5%. 1IEHIA 1
Py Ve AF PR3 I Y L B b DAL (1)K, 2 B I DA ) b T
L/RENINE e riB: A VN by NP R DN S VAL 9 DD O b
N B4 o

ASSCR FHEE R I RE A 5, Xof b 5T i DX s A ]
R IEEAT T Gevt- 0 A, B T 5 B A A X
B i P i) R =S [l N N N TR e g A = R A
BRI T B A, A B TR v H D TR (1 M
o IWSEBR N ) A S, AR SCES B v] LA 1 1)
7 B I A b R 5 2 B o AH R AN S 9T
R AT 26 ) 75 B — DT, R T B
S R — o A DA R Ik o R i B 8 A X T
Tk 7o N FRLAT S5 A TR NG, LEUNAS R 7R 2 = P e
DA EE A B 2 S, TE A AR B IR DR, BAKOE L R
b DA 5 5 222 SRR T AR AIE 22 S 1 S R 45 LA
FEHH, T M A B R e, ORI AT R EROK
T L i A R R 2 B [ () 2 v AL, T DA BE A7
iy RO BT A AR B TR, TR 2 G .
BLNET 1T~ AJ LA SEHUG A FL R S5 247 (Wang et
al., 2016) A0 H fap Y5 1) B i (G A 45, 2016,
Shy I ] S SR AIE T 4 K E A S )
TAERAWHIRANTFRE

Sk (References)

Wipih, 287595, SKRE, 5. 1999. NSRG40 [0
L LFE2=H), 19 (3): 50-54. Chen Chengpin, QieXiushu, Zhang
Guangshu, et al. 1999. Statistical analysis of lightning ground flash
characteristics [J]. Proceedings of the CSEE (in Chinese), 19 (3): 50-54,
doi: 10.3321/j.issn:0258-8013.1999.03.012.

Cooray V. 1986. A novel method to identify the radiation fields produced by
positive return strokes and their submicrosecond structure [J]. J. Geophys.
Res., 91(D7): 7907-7912, doi: 10.1029/JD091iD07p07907.

Cooray V, Pérez H. 1994. Some features of lightning flashes observed in Sweden
[J]. J. Geophys. Res., 99 (D5): 10683—-10688, doi: 10.1029/ 931D02366.

Cooray V, Fernando M, Gomes C, et al. 2004. The fine structure of positive
lightning return-stroke radiation fields [J]. IEEE transactions on
electromagnetic compatibility, 46 (1): 87-95, doi: 10.1109/TEMC.2004.
823615.

il vk, TR, WA, 4 2012, K42 X Hh A [l ek Aa i I 1k
[J1. H%FH, 40 (4): 656-660. Fang Guangyang, Wang Dongfang, Cao
Dongjie, et al. 2012. Radiation field characteristics of lightning return

strokes in Daxing’an Mountain range [J]. Meteorological Science and

Technology (in Chinese), 40 (4): 656—660, doi: 10.3969/j.issn.1671-
6345.2012.04.025.

Heidler F, Hopf C. 1998. Measurement results of the electric fields in
cloud-to-ground lightning in nearby Munich, Germany [J]. IEEE
Transactions on Electromagnetic Compatibility, 40 (4): 436-443, doi:
10.1109/15.736204.

Hojo J, Ishii M, Kawamura T, et al. 1985. The fine structure in the field
change produced by positive ground strokes [J]. J. Geophys. Res., 90
(D4): 6139-6143, doi: 10.1029/JD090iD04p06139.

Kong X Z, Qie X S, Zhao Y, et al. 2009. Characteristics of negative
lightning flashes presenting multiple-ground terminations on a
millisecond-scale [J]. Atmospheric Research, 91 (2-4): 381-386,
doi:10.1016/j.atmosres.2008. 03.025.

Lin Y T, Uman M A, Tiller J A, et al. 1979. Characterization of lightning
return stroke electric and magnetic fields from simultaneous two-station
measurements [J]. J. Geophys. Res., 84 (C10): 6307-6314, doi: 10.1029/
JC084iC10p06307.

XS, #TIE, V9, 5. 2009. [ HL I AR (IR ] I SORFAE 43 BT B2
FRAGRG) [T]. A%, 35 (3): 49-59. Liu Hengyi, Dong Wansheng,
Wang Tao, et al. 2009. A time-domain analysis on waveform change of
lightning electric field and identification of discharge types [J].
Meteorological Monthly (in Chinese), 35 (3): 49-59.

Master M J, Uman M A, Beasley W, et al. 1984. Lightning induced voltages
on power lines: Experiment [J]. IEEE Transactions on Power Apparatus
and Systems, PAS-103 (9): 2519-2529, doi: 10.1109/TPAS.1984.318406.

Nag A, Rakov V A, Schulz W, et al. 2008. First versus subsequent return-
stroke current and field peaks in negative cloud-to-ground lightning
discharges [J]. J. Geophys. Res., 113 (D19), doi:10.1029/2007JD009729.

A, #EW. 1990, Jbath 22N X NI AE (3], R, 9
(4): 388-394. Qie Xiushu, GuoChangming. 1990. The characteristics of
ground flashes in Beijing and Lanzhou regions [J]. Plateau Meteorology
(in Chinese), 9 (4): 388-394.

AF5H, XA, GRSHE, SF 1998a. TN I T A HLINERE ()]
G244, 56 (3): 312-322. Qie Xiushu, Liu Xinsheng, Zhang Guangshu,
et al. 1998a. Characteristics of lightning discharge to ground in
Zhongchuan area [J]. Acta Meteorologica Sinica (in Chinese), 56 (3):
312-322, doi:10.11676/qxxb1998.027.

A, WEW], SRR, S 1998b. Hu A [alch (MRS 4R T R AE K
EMERL AT [J]. ®R A&, 17(1): 44-54. Qie Xiushu, Guo
Changming, Zhang Cuihua, et al. 1998b. Radiation electric field of return
stroke and attachment process near the ground [J]. Plateau Meteorology
(in Chinese), 17 (1): 44-54.

AT, Ak, EMOo, 55 2001, o P I e R D REAE K e v 4 AT
[J1. "5 %, 20 (4): 395-401. Qie Xiushu, Yu Ye, Wang Huaibin, et al.
2001. Analyese on some features of ground flashes in Chinese inland
plateau [J]. Plateau Meteorology (in Chinese), 20 (4): 395-401, doi:
10.3321/j.issn:1000-0534.2001.04.008.

Qie X S, Wang Z C, Wang D F, et al. 2013. Characteristics of positive
cloud-to-ground lightning in Da Hinggan Ling forest region at relatively
high latitude, northeastern China [J]. J. Geophys. Res., 118 (24):
13393-13404, doi: 10.1002/2013JD020093.

Rakov V A, Uman M A. 1990. Some properties of negative cloud-to-ground



2 i RS TR (8] 3 H AR AR A A A BRI AL S DX 3 A [P S v AIE

No. 2

LI Xun et al. Characteristics of Cloud-to-Ground Lightning Return Strokes in Beijing Based on High Temporal ... 241

lightning flashes versus stroke order [J]. J. Geophys. Res., 95 (D5):
5447-5453, doi: 10.1029/JD095iD05p05447.

Saba M M F, Ballarotti M G, Pinto JrO. 2006. Negative cloud-to-ground
lightning properties from high-speed video observations [J]. J. Geophys.
Res., 111 (D3), doi: 10.1029/2005JD006415.

Saba M M F, Schulz W, Warner T A, et al. 2010. High-speed video
observations of positive lightning flashes to ground [J]. J. Geophys. Res.,
115 (D24), doi: 10.1029/2010JD014330.

Schulz W, Cummins K, Diendorfer G, et al. 2005. Cloud-to-ground lightning
in Austria: A 10-year study using data from a lightning location system [J].
J. Geophys. Res., 110 (D9), doi: 10.1029/2004JD005332.

Schumann C, Saba M M F, Silva R B G D, et al. 2013. Electric fields
changes produced by positives cloud-to-ground lightning flashes [J].
Journal of Atmospheric and Solar-Terrestrial Physics, 92: 3742,
doi:10.1016/j.jastp.2012.09.008.

Tiller J A, Uman M A, Lin Y T, et al. 1976. Electric field statistics for close
lightning return strokes near Gainesville, Florida [J]. J. Geophys. Res.,
81(24): 4430-4434, doi: 10.1029/JC081i024p04430.

FTFE, B, ERTS, %2015 JLRtN LRSI (BLNET): [#42%
MRS HIEE A AR (] KURKE, 39 (3): 571-582. Wang Yu, Qie
Xiushu, Wang Dongfang, et al. 2015. Beijing Lightning NETwork
(BLNET)-part 1: Configuration and preliminary results of lightning
location [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 39
(3): 571-582, doi:10.3878/.issn.1006-9895.1407.14138.

Wang Y, Qie X S, Wang D F, et al. 2016. Beijing lightning network (BLNET)
and the observation on preliminary breakdown processes [J]. Atmospheric
Research, 171: 121-132, doi: 10.1016/j.atmosres.2015.12.012.

Weidman C D, Krider E P. 1978. The fine structure of lightning return
stroke wave forms [J]. J. Geophys. Res., 83 (C12): 6239-6247, doi:
10.1029/JC083iC12p06239.

Weidman C D, Krider E P. 1980. Submicrosecond risetimes in lightning
return-stroke fields [J]. Geophys.Res.Lett., 7 (11): 955-958, doi: 10.1029/
GL007i011p00955.

WEH, A5, F4R77, 45 2016, JbntHhX G A [l RS 1) B
[31. AMESIREIWEST, 21 (3): 247-257. Wu Zhijun, Qie Xiushu, Wang
Dongfang, et al. 2016. Charge transferred by the return stroke of negative
cloud-to-ground lightning in the Beijing region [J]. Climatic and
Environmental Research (in Chinese), 21 (3): 247-257, doi:10.3878/j.
issn.1006-9585.2015.14282.

FRICHK, ZRF5 45, 2003, M [l dg s I 0 1O A R TR -2 R
550 [J]. w5/ %, 22 (3): 252-258. Zhang Qilin, QieXiushu. 2003.
Reconstruction of return stroke radiation field waveforms and
estimation of cloud-to-ground discharges parameters [J]. Plateau
Meteorology (in Chinese), 22 (3): 252-258, doi: 10.3321/j.issn:1000-
0534.2003.03.008.

SRICHR, (S5 45, EVRRK. 2003, w5 5 Bt N Bl fR e SRR 4 B (D]
o [E B HL TR 2R, 23 (9): 94-98. Zhang Qilin, Qie Xiushu, Wang
Huaibin. 2003. Characteristics of the radiation fields from return strokes
in plateau thunderstorms [J]. Proceedings of the CSEE (in Chinese), 23
(9): 94-98, doi: 10.3321/j.issn:0258-8013.2003.09.019.

Zhang Q L, Yang J, Jing X Q, et al. 2012. Propagation effect of a fractal
rough ground boundary on the lightning-radiated vertical electric field [J].
Atmospheric Research, 104-105: 202-208, doi: 10.1016/j.atmosres. 2011.
10.009.

TRARR, MR, ERE, 4. 2011 JbaUBX I E B EAE (1], b
TE BB 244, 26 (3): 53-57. Zhang Weiwei, Tian Yangmeng,
Wang Caixia, et al. 2011. The physical characteristics of lightning flashes
occurred in Beijing [J]. Journal of Beijing Information Science and
Technology University (in Chinese), 26 (3): 53—57, doi: 10.3969/j.issn.
1674-6864.2011.03.011.

SRBH, 5K SCE, FA, AF. 2010, Jb5TH X b RN ] 23 A1 B8 B R AE
[, NS SR, 21 (4): 442-449. Zhang Yang, Zhang Yijun, Meng
Qing, et al. 2010. Temporal distribution and waveform characteristics of
positive cloud-to-ground lightning in Beijing area [J]. Journal of Applied
Meteorological Science (in Chinese), 21 (4): 442449, doi: 10.3969/j.
issn.1001-7313.2010.04.007.

SRSCE, B, TR, A 2013, )7 kDK b AT F i AR 0 O 2 Hoky
TEAMHT (0] WRHEHR, 39 (2): 383-392. Zhang Yijun, Lu Weitao,
Zhang Yang, et al. 2013. Observations of the cloud-to-ground lightning
discharge process and analysis on its characteristic in Guangzhou [J].
High Voltage Engineering (in Chinese), 39 (2): 383-392, doi: 10.3969/j.
issn.1003-6520.2013.02.019.

BBH, kS, HOTRE, S 2004, 755 SIS X T FREEAT A 0 b
[7]. HbERPIFE2EAR, 47 (3): 405-410. Zhao Yang, Zhang Yijun, Dong
Wansheng, et al. 2004. Preliminary analysis of characteristics of lightning
in the Nagqu area of the Qinghai-Xizang Plateau [J]. Chinese Journal of
Geophysics (in Chinese), 47 (3): 405-410, doi: 10.3321/j.issn:0001-5733.
2004.03.006.

BUER, BI85, XARR. 2002, &IEHIK M ARAE (0], @ R4, 21
(3): 296-302. Zhu B Y, Tao S C, Liu Y F. 2002. Characteristics of ground
flashes in Hefei region [J]. Plateau Meteorology (in Chinese), 21 (3):
296-302, doi: 10.3321/j.issn:1000-0534.2002.03.011.

Zhu Y, Rakov V A, Mallick S, et al. 2014. Characterization of negative
cloud-to-ground lightning in Florida: Revisited [C]// Proceedings of 2014
International Conference on Lightning Protection. Shanghai: IEEE,
18301834, doi: 10.1109/ICLP.2014.6973427.

Zhu B Y, Ma M, Xu W W, et al. 2015. Some properties of negative
cloud-to-ground flashes from observations of a local thunderstorm based
on accurate-stroke-count studies [J]. Journal of Atmospheric and

Solar-Terrestrial Physics, 136: 1622, doi: 10.1016/j.jastp.2015.07.007.



