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Abstract : Beijing Lightning NETwork (BLNET) is a regional full-flash three-
dimensional (3D) location network combining research and business. In 2015, the
BLNET hardware, station network layout and location algorithm were updated and
upgraded to improve the sensitivity of the sensor and improve the computational
efficiency and detection performance. BLNET not only has the functions of intra-cloud
(IC) flash, cloud to ground (CG) flash pulse type identification and current peak
estimation, but also realizes the 3D real-time location of lightning radiation pulse and
the fine location of the channel-resolvable lightning discharge process. The analysis of
the real-time 3D location results of the lightning radiation source pulse during a
thunderstorm on July 7, 2017 shows that a total of 11,902 lightning flashes were
observed during the thunderstorm process. Most of which were dominated by IC flash,
and the CG flash accounted for 28% of the total flash. The positive cloud to ground
(PCG) flash only accounts for 5% of the total CG flash. During the mature period of
the thunderstorm, the maximum lightning frequency is 927 times/6 minutes. By
comparing and analyzing the location of the lightning source and the radar echo at the
corresponding time, it is found that the radiation source is basically concentrated in the
strong echo range. The fine location of a PCG flash indicates that the initial stage shows
a clear pre-breakdown process. The origin of the lightning source is about 5.4 km above
sea level, and then the channel develops upwards. At about 10 km, the channel begins
to follow. Level development. The fine location of a negative cloud to ground (NCG)
flash indicates that the discharge first originates from a height of about 7.1 km, the
channel develops to the south, and some negative pilot branches develop downward.
After about 38 ms, the channel stops developing for a short time. After 17 ms, the

channel begins. The hair is re-energized. The above results show that BLNET can not
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only locate and monitor the 3D real-time lightning activity of the whole thunderstorm
life history, but also realize the fine location of the lightning three-dimensional
discharge channel.

Keywords: Three-dimensional Lightning Location, BLNET, Thunderstorm
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F 2 A S L JEAT [R5 0, 0 A F MBS R A 58 R 5005, AT SEBGS I
FL I T8 i
5 Fr b, Heich R I A 55 ThRE 1 TN L A 3R Gt 2 2 18 [ 52 A Ha e or
I/ (National Lightning Detection Network, NLDN). [ M 20 20 90 FEACF iz
7L, NLDN B4 TH4K T’k (Biagi et al., 2007; Cummins et al., 2006 4;
Jerauld etal.,2005). 534k, A 3 FE & BB 5 4 S0 5 % R R FLE 31 LASA
(Shaoet al.,2006) MEK Y ) ZEUS . LINET(Chronis and Anagnostou, 2003, 2006
Lagouvardos et al., 2009; Betz et al., 2009 ) 5. [& 7ML SALIN BB RS, T
JUHAESR, WML T VF 2075 10 R4 I A B R RSB TE 1) N H B AL R G, P AR
AT EE 2 8t (Lightning Detection and Ranging, LDAR ) (Maier et al., 1995; Poehler
and Lennon, 1979; Lhermitte and Krehbiel, 1979; Uman et al., 1978;) DL =40
(VHF) [NHEE/R &5t (Lightning Mapping Array, LMA) (Hamlin, 2004; Thomas
et al.,, 2004; Krehbiel et al., 2000; Rison et al., 1999) %%,
H T P9 B A 55 D e 1 S DA A R P 0 48 = b 500 1 3 A 7 £ Y
(ADTD). [ 52 i 4 F b A 5 67 9 o El T DA R EL A B AT M R B 2 PO A s, X6 T
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TN RS, I RE NIRRT 24 B =4 ML D) RE AR ST AL N HLE LR o
WK IS (20100 K& F& 1284l LMA A HL VHF $a5E =4k fir RS (LLR),
A DASRAS 5 e o o B DA FR R S U = 4 I s R S BB (Liet al., 2012, 2013).
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Figure 1 The station map of Beijing Lightning Location Network (BLNET) with

terrain height shaded. The different color triangles represent observation stations with

different equipments (red: fast and slow antenna, magnetic antenna and VHF antenna;

black: fast and slow antenna and VHF antenna; yellow: fast and slow antenna and
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Figure 2 The horizontal location error simulated by the Monte Carlo method

after the BLNET upgrade (shaded, unit: km. abscissa: longitude, ordinate: latitude) at
(a)0 km, (b)5 km and (c)10 km altitude. At=0.4pus, and the simulation range is 150

kmx150 km. Black nails represent BLNET stations.
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Figure 3 Block diagram of the BLNET single station
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Figure 6 radar composite reflectivities and vertical cross sections along the
red line during the initial-mature-dissipated stage ( at 20:30, 20:54, 21:24 and 21:48)
superimposed with lightning radiation sources, and black dots represent the radiation

source
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Figure 7 3D channel structure mapping of positive CG 20170707232508.

(a) the

height of the lightning source versus time; (b) the projection of the radiation source in

the North-South direction; (c) the number of radiation sources occurring with height

distribution; (d) projection of the radiation source in the plane; (e) projection of the

radiation source in the East-West direction, where "X" represents the originating

height of the radiation source, and "+" represents the moment of PCG lightning

flashing return stroke
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Figure 9 Superposition of the radiation source of the PCG flash and the radar echo

profile (The red line is the direction of the radar echo profile, the right color bar is the
change of the lightning radiation source over time, and the bottom color bar is the
radar echo intensity)

WE10  Frongs 72017457 H 14 H 18I 3543 2585 ) — Y B [0 ol F 3 [A] f) 5
frgh B, FRSERME TR &, 497, 1k, (AEREN RN, 4175ns, Bl
JE 8T ) 1 T (R 5 T R, TN LR R 2 3 Tms S @ T i 1 1 1k, R [l g R
IA] B S K 24 g Akme 01 2ms Ji 38 18 EBOR, 1156 ST AAPUR T B 17 T KR,
P J B 37 V8 T R T B S P P e [ e g o [ J5 29 90ms i R) Py, 7E4-8km P4
PRI E) %R 2 R AR

2y KA R T 1) = 4 2 o 285 TR 5 TR W R %o L % TR AN BT ) 5
P2 R H, BLNETAM AT AR PR Eb 2 S50 1 v P82 AR i A A3 S M A
A i SRR R R AR I R T LA R LIRS 4 2 B YR DA P R T 5 A R P T AR



339
340

341
342

343

344
345
346
347
348
349
350
351

- . ; . . 7 °
£ 7(3) | ! 72
;10 . L. ] N E
r ' wm O
Ssf % : l 1,E2
= Ve =
< ok B - s 4 Z E
0 50 100 150 200
15 Time (ms) 0 50 100
£ (b) (c)
210 -,
@ . o *
= 5 source
5 : : : : : :
(d) (e)
4r . 1 Y
= “ .\\(“ : ; k..
£, W 1.
p= :
2 4 - o
T ] =
£
s 0r -
o
0
,‘1 =
2+
-3 L L L L L L
0 2 4 6 8 10 5 10 15
West — East (km) Altitude (km)

K10 11N 20170714183525 1) = 4k 4 ¥4 &
Figure 10 Same as Figure 7 but for negative CG 20170714183525

5 LR FITTIL

RSO FEF T 9 BLNET B hAR 5. e A6 ORTERIN RE 45 1047 1
el MM ZR RPN, WIE AR ZEBAT 7 EST R, RN A ] S A
HUN L SE PR g AR ZE AT Vi, FIH BLNET SEif =4 sk, 7t 7
2017 7 3 7 H—IRMCLGS RN N 233840, I 45 & AN I AN EAT 13
E R N s =R A e o, EEGTIRIT

1. T+ )5 1) BLNE &> ebgit 1 #isnil i, BA =N N kbR AR
SRRk b LRI AG S S5 T RE, BLNET IR JE 1 RZF i A B0 I A Hh Ak A B
A ST A FELECE R SN SE A SRR o« XA 2 TR R T TRk 55 e oK



352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377

1717 HLAF B8 7E -3 1 T R R A B P 5 B IR N A T

2 IR YRR L S A Ay s A R = A S A R AT R
XK FRII AL B A L 11902 4k, VAN, 290 BN 72%, A 5
AT 28%, TEHb AL (S M A ) 5%, B 2 R B K TN FBUAIESCA 927 0/6min.
S oF B BT DA) PR ST S ARG 7 BT 221 10 B 8 BT 38, R B ST I A v 7 i
[EIRTE N, R XA DX e i SR U8 v 5 P X S AE 5-9km, o P FL 2 JBE [XC
55 45dBZ. 50dBZ T IK Rl Tl e A AR LF ) — B, 5 50dBZ 5 [ I8¢ THIAR AT
—2E. BLNET AV AT AR A H i & BRI 4R SR 4845 8., FRESAN WS I B 5
(R e A AR, ifg BT DR R SR s S R, RARG =4 Efrfe ),
5@ R KRR E AR R 7454, 1] R R RS RGu AR A H
MTHRZ—,

3 I X Y I b AR — I 7 A FEA 4 5 A I, T b DA ) 2k T SR TR
B S Tt 2 AR, DA AR SRR 1 4 K A B A T 295, Ak, SRS ) LR R,
RPN e FEIE, 7 BRI AR MEEE R R B Z) 10k /i 47, JEIE TR
KPR, MG, SRR N R, SRR B e @, A I ]
o U AR SRS AG TR, 207, Lkm, (HFEFEEN IR RE, Z175ms,
IN AR K 293 Tms 5 BB R 1718, 2 5291 2ms 5 i83E BHOR, Uk ST aEPuE
EE I NRE, BEEBIAETER I 2 0 SO [l T T o 5 A R A8 it
FEIIE AL L5 SRR, BLNET AT L@ I F5 /5 70, WT DASRAS DA H e LT 108 465 44 [ 7
=8

AL T 5 RAEAR KR E R IGHIE T 57705 1) BLNET A A B s =
PE AL FTEENE, (AR T — ST — o )@, edn, B4R BLNET
REAR I 1A BRI i AR AE RIS R P 5 2 R TR ot 2, L o B B R0 91 Rl A a2 )
Ho X PRI SR AW iR, FTHE—20 20l BLNET RgfE, Jmid s £ 1
TNk AR A RS 0 R, K BLNET FIA BRI TG B, SR 58 2 8t (4 1A
HUE LSS, DU 2ITE 2 507 1 TN = 4k e A 4 R



378
379
380

381

382

383

384
385
386
387
388
389
390
391
392
393

394
395
396
397
398

399
400
401
402
403
404
405
406

B R PTE 2 SAEBCE RN EM (BLNET) IR, T e R 22 B

AXER B DRI R ECR B U H 1 50

R P

HAN, 2, wis, % NI IR BOERAD i 37 A BRI [T]. RS

F52,2011,35(4):645-656. Cao Dongjie,Qie Xiushu,Yangjing, et al.Analysis on
characteristics of sub-microsecond electric field change waveforms during the

initial stage of lightning discharge[J].Chinese Journal of Atmosphereic
Science,2011,35(4):645-656.

B, Bl g, ek, SR AR R 4 RE R BN 5] R TR

SHL [T KA FE22,2017,41(5):1027-1036.Fan Yanfeng, Lu Gaopeng, Jiang
Rubin, et al. 2017. Application of low-frequency magnetic sensor for remote
measurement of the initial continuous current in rocket-triggering lightning [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 41 (5): 1027—-1036,
doi:10.3878/j.issn.1006-9895.1702.16248.

XME R E I 8577, S5, — BEXURBL =4 4 I fL e A7 3 4t S FL )0 WL 4

®opoLr] . T HoHL T OfE %% . 2019-01-29  14:27:48,
http://kns.cnki.net/kems/detail/11.2107.tm.20190125.1431.011.html. LIU Hengyi,
DONG Wansheng, CAI Li, LI Liangfu, et al. Initial results of a dual band 3-D
lightning locating system[J]. Proceedings of the CSEE, 2019-01-29 14:27:48,
http://kns.cnki.net/kcms/detail/11.2107.tm.20190125.1431.011.html

25,2075 15,0 B, 252017, 2% my i 1) 2 # A AR L7 A8 A BRI AE AT h X 3t 4]

ol o SRR AE D). SE S HE, 2017, 22 (2): 231-241. Li  Xun, Qie
Xiushu, Liu Kun, et al. 2017. Characteristics of cloud-to-ground lightning return
strokes in Beijing based on high temporal resolution data of fast electric field
change [J]. Climatic and Environmental Research (in Chinese), 22 (2): 231241,
doi: 10.3878/}.1ssn.1006-9585.2016.16007.

T B8 A5, AR T, A AL R IN HLZE S PRI I (BLNET): [ 2% #4) Jif 5 41 20 7€ o 45



407

408
409
410
411

412

413
414
415
416
417
418
419
420

421
422
423
424

425
426

427
428
429

430
431
432
433
434
435
436

BRI KA FRF,2015,39(3):571-582. Wang Yu, Qie Xiushu, Wang Dongfang, et
al. 2015. Beijing Lightning NETwork (BLNET): Configuration and preliminary
results of lightning location [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 39 (3): 571-582.

ERTT, BT, ek, 55 R PRE g ik € ALk AT = NI AR TECR S AR BRI 7T ).
G2, 2009, 67 (1) :165-174. Dongfang,Qie Xiushu,Yuan Tie, et al. An
analysis on the initial stage of intracloud lightning with the location technique of
fast electric field change pulses[J].Acta Meteorologica Sinica,2009.67(1):0165-74

EARTT AT 40,3, 55 AU RTHLIX A DA R I 4 0 A e i S AN () o P 7 B ) 0T
BR [J]. Kk R OB %% ,2019,6,d0i:10.3878/1.issn.1006-9895.1904.19128. Wang
Dongfang,Qie Xiushu,Yuan Shanfeng, et al. Temporal and Spatial Distribution
Characteristics of Lightning in Beijing and Contribution of Thunderstorms with
Different Intensities[J]. Chinese Journal of Atmosphereic Science,2019,6,
doi:10.3878/j.issn.1006-9895.1904.19128.

Betz H D, Schmidt K, Laroche P, et al., LINET—An international lightning detection
network in Europe[J]. Atmospheric Research. 2009, 91: 564-573.

Biagi,C.J.,K.L.Cummins,K.E.Kehoe, et al., National Lightning Detection
Network(NLDN) performance in southern Arizona, Texas,and Oklahoma in 2003-

2004[J]. J. Geophys. Res.,2007,112,d0oil:10.1029/2006JD007341
Cummins, K. L.,J. A. Cramer, C. J.Biagi, et al., The U.S. National Lightning

Detection Network: Post-upgrade status. Preprints, Second Conf. on
Meteorological Applications of Lightning Data, Atlanta, GA, Amer. Meteor.
Soc.,2006,6.1.

Chronis T G, Anagnostou E N., Error analysis for a long-range lightning monitoring
network of ground-based receivers in Europe[J]. Journal of Geophysical Research.,
2003, 108(D24), DOI: 10.1029/2003JD003776.

Chronis T G, Anagnostou E N., Evaluation of a long-range lightning detection network
with receivers in Europe and Africa[J]. IEEE Transactions on Geoscience and
Remote Sensing. 2006, 44(4): 1504-1510.

Fan, X. P., Zhang, Y. J., Zheng, D., et al., A New Method of Three - Dimensional



437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464

Location for Low - frequency Electric Field Detection Array[J]. Journal of
Geophysical Research: Atmospheres, 2018, 123.
https://doi.org/10.1029/2017JD028249.

Krehbiel P. R., Thomas R. J., Rison. W., et al., Lightning mapping observations in
central Oklahoma[J]. EOS, 2000, 21-25

Hamlin TD.The New Mexico Tech Lightning Mapping Array[M]. PhD Thesis,2004

Lagouvardos K, Kotroni V, Betz H D, et al., A comparison of lightning data provided
by ZEUS and LINET networks[J]. Natural Hazards and Earth System Sciences.
2009, 9:1713-1717.

Lu, G., R. Jiang, X. Qie, H. Zhang, Z. Sun, M. Liu, Z. Wang, and K. Liu. Burst of
intracloud current pulses during the initial continuous current of a rocket-triggered
lightning flash[J], Geophys. Res. Lett., 2014,,41, doi: 10.1002/2014GL062127.

Li, Y., G. Zhang, J. Wen, et al., Electrical structure of a Qinghai—Tibet Plateau
thunderstorm based on three-dimensional lightning mapping[J]. Atmos. Res.,
2013, 134, 137-149.

Li Y. J., G. S. Zhang, J. Wen, et al., Spatial and temporal evolution of a multi-cell
thunderstorm charge structure in coastal areas[J]. Chinese Journal of Geophysics
2012, 55(5):498-508.

Lhermitte R, Krehbiel P .Doppler radar and radio observations of thunderstorms[J].
IEEE Transactions on Geoscience Electronics., 1979,17:162-171.

Lu G., Steven A. Cummer, Jingbo Li, et al., Coordinated observations of sprites and in-
cloud lightning flash structure, J. Geophys. Res., Atmos., 2013, 118,
doi:10.1002/jgrd.50459.

Jerauld,J., V. A. Rakov, M. A. Uman, et al., An evaluation of the performance
characteristics of the U.S. National Lightning Detection Network in Florida Using
rocket-triggered lightning[J]. J. Geophys. Res.,
2005,110,doi:10.1029/2005JD005924

Maier L, Lennon C, Britt T, et al., Lightning Detection and Ranging (LDAR) system


https://doi.org/10.1029/2017JD028249

465
466
467
468
469
470

471
472
473
474
475
476
477

478
479
480
481
482
483

484
485

486

487
488

489
490

491
492
493
494

performance analysis, 1995 Int’l Conf. on Cloud Physics, Dallas, Texas. Amer.
Meteorol. Soc.
Poehler H, Lennon C.Lightning Detection and Ranging (LDAR) System Description &
Performance Objectives[J]. NASA Technical Memorandum, 1979, 74106:86
Rison,W.,R.Thomas, P. Krehbiel, T, et al., A GPS-Based Three-Dimensional Lightning
Mapping System: Initial Observations in Central New Mexico[J].Geophys. Res.

Lett., 1999, 26(23):3573-3576.

Sun Zhuling, Xiushu Qie, Mingyuan Liu, et al., Lightning VHF radiation location
system based on short-baseline TDOA technique - Validation in rocket-triggered
lightning[J]. Atmos. Res., 2013, 129-130, 58-66.

Srivastava A., Tian Y, Qie X, Wang D, et al., Performance assessment of Beijing
Lightning Network (BLNET) and Comparison with other lightning location
networks across Beijing[J]. Atmospheric Research,2017,197, 76-83.

Shao X, Stanley M, Regan A, et al., Total Lightning Observations with the New and
Improved Los Alamos Sferic Array (LASA) [J]. Journal of Atmospheric and
Oceanic Technology.,2006, 23(10):1273-1287.

Thomas R, Krehbiel P, Rison W, et al., Accuracy of the lightning mapping array[J]. J.
Geophys. Res.,2004,109:D14207, doi:14210.11029/12004JD004549, 002004

Uman M, Beasley W, Tiller J, et al., An unusual lightning flash at Kennedy Space

Center[J]. Science., 1978, 201:9-16.
Uman, M. A., D. K. McLain, and E. P. Krider, The electromagnetic radiation from a

finite antenna[J]. Am. J. Phys., 1975, 43, 33-38.

Wang Yu,Xiushu Qie,Dongfang Wang, et al., Beijing Lightning Network (BLNET) and
the observation on preliminary breakdown processes[J]. Atmospheric Research,
2016, 171:121-132.

Wu, B., G. Zhang, J. Wen, T. Zhang, et al., Correlation analysis between initial
preliminary breakdown process, the characteristic of radiation pulse, and the
charge structure on the Qinghai-Tibetan Plateau[J]. J. Geophys. Res. Atmos., 2016,
121,12,434-12,459, doi:10.1002/2016JD025281.

Zhang G S, Wang Y H, Qie X S, et al., Using lightning locating system based on time-



495
496

497
498
499

of-arrival technique to study three-dimensional lightning discharge processes[J].

Sci China Earth Sci, 2010, 53:591-602, doi: 10.1007/s11430-009-0116-x.

Zhang H., G. Lu, X. Qie, et al., Locating narrow bipolar events with single-station
measurement of low-frequency magnetic fields[J]. J. Atmos. Sol. Terr. Phy.,

2016,143-144, 88-101.



