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(BeijingLightning Network) and Surveillance et Alerte Foudre par Interometric Radioelectirque
(SAFIR)-3000, and according to how many lightning flash is generated by thunderstorms, it is
divided into weak thunderstorms (<1,000 times) and strong thunderstorms (>1,000 times
and<10,000 times) and super thunderstorms (>10,000 times), analyzed the spatial and temporal
distribution characteristics of lightning flash in Beijing and the contribution of total thunderstorms
with different intensity levels to lightning flash distribution. The average annual lightning flash
density in Beijing is about 15.4 flash.km>year, and the average is about 1.9 flash.km2.year.The
lightning flash density high value area greater than 8 flash.km=.year? is basically distributed in
the plain area below the elevation of 200 meters above sea level. Different intensity thunderstorms
contribute differently to the total thunderstorm lightning flash. The number of weak thunderstorms
(super thunderstorms) is more (less), while the thunderstorms produce less lightning flash (more).
The lightning flash generated by super thunderstorms and strong thunderstorms accounted for
37% and 56% of the total thunderstorm lightning flash, respectively. Different intensity
thunderstorms have a significant impact on the distribution and daily variation characteristics of
the total lightning flash intensity density of the total thunderstorm. The eastern part of Changping
District, the central and eastern parts of Shunyi District and the main urban area of Beijing are the
three thunderstorm lightning flash densities with a density greater than 12 flash.km-2.year. The
first two high-value centers are greatly affected by strong thunderstorms, while the high-value
centers in the main urban areas are mainly affected by super thunderstorms. The frequent lightning
activities of thunderstorms in the evening are mainly affected by super thunderstorms and strong
thunderstorms. These two types of thunderstorms were active at night, accounting for 69% and
65% of the total lightning flash, respectively, while the weak thunderstorm lightning activity
increased rapidly during the day and greatly affected the lightning activity in the afternoon of the
total thunderstorm. In addition, the difference in lightning conditions varies with different
underlying conditions. The strongest lightning activity in the mountainous area occurs during the
daytime. The lightning activity in the afternoon increases rapidly. The main peak appears at 18:00
in Beijing time, and the strongest lightning activity in the plain occurs at night. The main peak of

the plain (Hawthorn) was delayed by about 1.5 hours (1 hour) than the mountainous area.
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Figure 1 BLNET, the triangle represents the station position (red: fast antenna, slow antenna,
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magnetic antenna and VHF antenna; black: fast antenna, slow antenna and VHF antenna; blue:

fast antenna , slow antenna and magnetic antenna), color scales represent altitude
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Figure 2 The annual average density distribution of total lightning flash of total thunderstorm (a),
super thunderstorm (b), strong thunderstorm (c) and weak thunderstorm (d) . The red line in the

figure is the elevation line of 200 meters above sea level (unit: flashes. km2.year?)
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Table 1 Statistical results of different thunderstorm intensity levels
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Figure 3 The annual average density distribution of cloud to ground (CG) lightning flash of total
thunderstorm (a), super thunderstorm (b), strong thunderstorm (c) and weak thunderstorm (d) (unit:

flashes.km2.year?)
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Figure 4 spatial density distribution of positive cloud to ground (PCG) lightning flash of total
thunderstorm (a), super thunderstorm (b), strong thunderstorm (c) and weak thunderstorm (d) (unit:

flashes.km2.year?)
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Figure 5 Monthly variation of thunderstorm process (a) and lightning frequency (b)
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Figure 7 Spatial distribution of lightning flash at different times (unit: flashes.km2.year?)

AR A5 S A MBS R ASSCR R R AR T 100 K X8 SCNF R, 400 K LA
ERIXIEGE ORI, 100 K~400 K 2Z A XH0E SO ILTE . B 8 45 Y 71X =2RANA T 24
SEAE T A B BRI R DA H AT ) AR AR . AT L, TR A N L N, PR
i IX DA RV 21 ) 1 AR U RN ) 22 BU L XM DXCH JS 2 1.5 /i, B X I 0.5 /N .
L DX PR F A 14 3 A (RN VA 227 HY BILAE P R P it DX A P AR A PR 3 A L LA
by R BUAEGT R . Ll XA R A e H AR R B R B, 7F Jm, iR K PH e B A Y
Thiss, KBRS L R 3 RRZ KR, A5 P AR RS, 1 XX N g Sh R PUA
P, T 18:00 A TIE(E. ABUS, BEERIIZFMFMATEE eI, N HEZRE T
BEo SIIXANE, BIRAJE 07 2 DN S B AE BRI B, (B2 S 3R I [N FL i 3 2 4R
ThAERE b, DS SI R R B 19:30. XK, B LN RIES) T REREAIRSE, N
R B PRARIE R, 9N F G 3l — EAF SR BIR H R R« 45 G ALt Ry = 20 Hr, KE oy
B IEARTT AR PEHR . PUALTE AR BUR R R4, B Ss s o . MGt iai RE, XM
DX AR ORI 2, T 52 SR T BRSO A SR AR R, R A %
B DALV JFHBDCHE 20 R A 58, A7 I 2> 78 rho Lo X5 Fi Bl T AR K HL R S TRIAR K ) i
ML 22 Gt B o 2R A

15



14 35
5 (a) BHHHEE e (b) H1PA A,
T -4

—— U

0

[
10 04
05 02
00

00 0.0
@@d’u@@@c" @@@c" @@@@d’@@@e“@ :F@e“@d’@a”é::?@ d’&’@e”cf’ﬂ’@@b@é’b‘d’ d"d)@

R A il R L R A

j?’—llliﬂ (IN) dtsmia ()

(f) BESNERK

& S &
(R FSHESRR
3 & g e

Bl 8 ANA] T E i SRS N L () A () ( H AR 1K
FEIDPARR: PR ISR L XN D
Figure 8 Dimensional changes of total lightning flash (a) and CG lightning flash (b) under

different underlying conditions (left ordinate: plain; right ordinate: mountain and haw)

4. RATE

R AL A E AN BLNET A1 SAFIR3000 JE A7 M 7 4F3k 423 ER R MIN LB RL, 4
AT 7 ABSCH X R P IR 25 73 ARFAE , R 7R B2 [ AR I HL R 22 D70 85 T 28 (1,000 70
SR (>1,000 XA1<10,000 O AESRE & (>10,000 K0, 8T 1 AN [F) 955 S 7R 0t
WM TR, 3 EILL R SiE:

(1) 52N 2 B e e X R AP FEAL U R B R T, DAVERE. AL hie (Rl st A
R IO F o AN [ 9 55 4 7 28 DN LIS B 45 [A) 0 AT 22 7 B2 o o 2 D) R TG 3 2 B O A
FEMW\ FURM T M, Tk ot 7 5% DN B S S T e IO, B e, Oz T B aIX . ix 3%
B P 5 9 R R 0 R A AR S R Y], IR T A A T B G o

(2) AN i E 45 2% 7 e ) o 7 % 10 DA R e B8 o R DA |2 B2 v b 2 AT SR 2 2
55T B R IR TR BB BLE, (HATTER T AR E] 10900 A L. SRR SRR
R RIREANE] 5%, ANTTHR 1 3790 TN HL o el 7 2 DARIIRH X ool 52 K-8 A 1] O TA) HE
B R A2 0 T R, T TR R T3 AR A T DA U R R R (P AR AR
SCHPZRER) R BT, 59T BT RS AR .

(3) AN i 52 55 2% 7 B ) el 7 2% DN LV 3 H AR A SR 25 Ui B OR ER B AN 95 R A
REERR, R 2T N SR TP e b, 99 S B E NN RS SRR EA R &
T 2RI DA R B 2 S R o TR R iR F RS, A7 JS AR B I T R TR B 52 = AR T R
ANRIREBE I REM , {H LASS B 2 1) ST ik f K o

(4) AFTFREFZAFNEAZNERK, WIXNBEESEEBIEAR, ARG

16



DA PV Bl e, TP I R DA S AR 85, RSN A TG B A TR e o 1L XA S
FEWAE LR QLR 1.5 /NS (1 /NP o FAT7 26406 1L X TA FLIE 3 H AR K, T
YT PR B S IR R Bl H A AR T AR R

AT FE A Ayt PR 3 2 e b S 2 X L ORI (2RSS 555, 19905 fRTHEE A
A, 20055 AHRSE, 20055 FEBIESE, 2009; FRIKSE, 2013) , MMACCAR B4R 2
2 PR I e DX A3 A 1 LA B 0 B 200 KA e 2 SR AE S AR P8, AR LI
(X o X R HIRE DX I T A HE RS RO, 388 TT (00 R 7 S Ao e it B 3 1) M s A i = A T
SO . 7R B T AFES T Fh O 4l A NI i, R PR T g 5 L RIS T B SR AR DL A
AR IR IE A O HHFRY], T 5 A0 i 1 34 22 57 45 5 T8 kot vh RUBE U7
B, GRS ETHE SRR AKIRIERE, DIBOHRR ARG T 0 B K
JeANg R (EHAE, 2008; 1R#MESE, 2018). IRV ALH LR m = fEsi % (CCND KK,
XA RE T s R A R B R R AR AR . BRI, B s R I AT A B AT RE 2 2 B, [
NEBIRT m R R, AAIAIR e NIZANE BB, Orvilleetal (2001) f2ih, 45t
JE SN )5 G A7 B T4~ 3800 R, BRI BE 2 i) /KT F T o0 s s, AT e AR B
ZHIMIA . FAh, bR I RN S S B R E R, iIX, PSR B Rl TR L 3 AR
AN A 5 23 XA R R S A B BRI AT . (LR . PR SR R R 1

AR R Gifi KA %) K & (Surcel %5, 2010; Koo and Hong, 2010; Yin %%, 2011;

=
ey

Lin £, 2011; Yuan %%, 2014; Ronald etal.2017; Xiao %, 2017).

17



S W (References)

Cummins K L, Murphy M J, Bardo E A, et al.1998. A Combined TOA/MDF Technology Upgrade
of the U.S. National Lightning Detection Network[J]. Journal of Geophysical Research
Atmospheres, 103(D8):9035-9044.

Chen M., Y Wang, F Gao,and X Xiao, 2012.Diurnal variations in convective storm activity over
contiguous north China during the warm season based on radar mosaic climatology, J. Geophys.
Res., 117, D20115, doi:10.1029/2012JD018158.

PREAAT, T, HIL, mIE.2012.3% T F 1A 5Ok ADVar Fl =4k 200 — G 2 ik X 2
RIBLERERS) SIHU PRSI . KSR, 2012, 36 (5) 1929-944.

Chen M, Y Wang, X Xiao, et al. 2012. A case simulation analysis on thermodynamical mechanism
of supercell storm development using 3-D cloud model and 4-D variational assimilation on
radar data [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 36 (5): 929-944.

AT, 2% 755 2005 AL ST IX A R RFAERIER )] TR BHE,  33(6):496-500.

He H., and H Li, 2005: Preliminary analysis of lightning characteristics in Beijing (in Chinese).
Meteor. Sci. Tech., 33, 496-500.

Kar S K, Liou Y A, Ha K J. 2009. Aerosol effects on the enhancement of cloud-to-ground
lightning over major urban areas of South Korea[J]. Atmospheric Research, 92(1):80-87.

Koo M and Y. Hong .2010. Diurnal variations of simulated precipitation over East Asia in two
regional climate models, J. Geophys. Res.,115, D05105, doi:10.1029/2009JD012574.

Lal D M, Pawar S D. 2011. Effect of urbanization on lightning over four metropolitan cities of
India[J]. Atmospheric Environment, 45(1):191-196.

Lin, P.-F.,, P.-L. Chang, B. J.-D. Jou, J. W. Wilson, and R. D. Roberts .2011.Warm season afternoon
thunderstorm characteristics under weak synoptic-scale forcing over Taiwan island, Weather
Forecasting, 26(1), 44-60, doi:10.1175/2010WAF2222386.1.

Liu D., X Qie, Y Xiong,and G Feng, 2011:Evolutionof the total lightning activity in a leading-line
and trailing stratiform mesoscale convective system over Beijing. Adv. Atmos. Sci., 28,866-878,
doi:10.1007/s00376-010-0001-8.

PR, RilEE, HAR2e%. 2013 0050 B H 120 X A B G B AR S RRAE ). KSR,
36(2):235-245.

Li J.,H Song. W Xiao et al.,2013: Temporal-spatial characteristics of lightning over Beijing and its
circumjacent regions (in Chinese). Trans. Atmos. Sci., 36, 235-245.

Orville, R.E., Huffines, G., Nielsen-Gammon, J., Zhang, R.,Ely, B., Steiger, S., Phillips, S., Allen,
S., Read, W.,2001.Enhancement of cloud-to-ground lightning over Houston, Texas. Geophysical
Research Letters 28 , 2597-2600.

7, FEM, XIRAE.1990.98 515 24 b X fHh N R AE [J]. 51 RS %,9(4):388-394.

18



Qie X., C Guo, and X Liu, 1990: The characteristics of ground flashes in Beijing and Lanzhou
regions. Plateau Meteorology., 9(4):388-394.

Ronald L. Holle, Martin J. Murphy.2017.Lightning over Three Large Tropical Lakes and the Strait
of Malacca: Exploratory Analyses., MONTHLY WEATHER REVIEW,12(145), 4559-4573,
DOI: 10.1175/MWR-D-17-0010.1.

Surcel, M., M. Berenguer, and |. Zawadzki.2010.The diurnal cycle of precipitation from
continental radar mosaics and numerical weather prediction models. Part I: Methodology and
seasonal comparison, Mon. Weather Rev., 138(8), 30843106, doi:10.1175/2010MWR3125.1.

Srivastava Abhay, Tian Y, Qie X, Wang D, Sun Z, Yuan S, et al.2017. Performance assessment of
Beijing Lightning Network (BLNET) and Comparison with other lightning location networks
across Beijing. Atmospheric Research,197, 76-83.

INARRS, A1 2006 107 5 3 T AR AL R AR B o RUZ 2. R URHE,30 (2): 221-234.
Sun Jisong, Yang Bo. Meso- scale torrential rain affected by topography and the urban
circulation. Chinese Journal o f Atmospheric Sciences(in Chinese), 2008, 32(6): 1352~ 1364
INAkRR, TR, #REE, BRITET.2013. 2 B TR B AL 5 HI 2R RR LA, KRR, 37

(1):137-148.

Sun Jisong, He Na, Guo Rui, et al. 2013. The configuration change and train effect mechanism of
multi-cell storms [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 37 (1): 137-148.

P RHLA, BXHIT 25,1993, 5 v 3 b X TR L ) S0 73 AT [9]. 54k, 51(3):325-332.

Tao Z.,X Zhao.1993.Climatological Analysis of Lightning In Beijing-Tianjin- Hebeidistrict.Acta
Meteorologica Sinica, 51(3):325-332.

Westcott N E. 1995. Summertime Cloud-to-Ground Lightning Activity around Major Midwestern
Urban Areas[J]. Journal of Applied Meteorology, 34(7):1633-1642.

FAE, FhAEFA 2008, P BE FRAE — AL B X SR UK E R S BOAE LUK, 34(3): 16-21.

Wang H.,J Sun.,2008.Effeets of Underlying Surfaee Physieal Proeess on a Severe Hail Event
Occurred in Beijingr Aea.Meteorologigal Monthly, 34(3): 16-21.

T, B F5 A, FARI75.2015. 055 N HLZR A BRI X (BLNET): X 28 44 it 59148 i€ At R [I]. K
S RH#,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.

Wu F, Cui X, Zhang D L, et al.2016.SAFIR-3000 Lightning Statistics over the Beijing
Metropolitan Region during 2005-2007[J]. Journal of Applied Meteorology and Climatology,
55(12):2613-2633.

Shao X, Mark Stanley , Amy Regan , Jeremiah Harlin , Morrie Pongratz And M Ichael S Tock.
2006. Total Lightning Observations with the New and Improved Los Alamos Sferic Array
(LASA). Journal of Atmospheric And Oceanic Technology. Volume 23,1273-1288.

19



H#F.2017.db 5t N R E AL (BLNET O Bk, H B RR B KA BRI 5T BT 19 L 27 A7 18
3. Tian Y. 2017. Upgrading of Beijing Lightining NETwork (BLNET) and Study on Bipolar
Cloud-to-Ground Lightning. Ph. D. dissertation (in Chinese), Institute of Atmospheric Physics,
Chinese Academy of Sciences, 132pp.

I, FiBFR, BRI, . 2013 5 T 55 1A BRI 4E 38 73 AL B A 5t IX — R i Rk
P48 53 XS S L IR b AR 4R, 71 (B): 797-816.

Xiao X.,Y wang.,M Chen., F Gao.,2013.A mechanism analysis of the thermo-dynamical field of a
suddenly intensifying storm from mountains in the Beijing area with the radar data 4Dvar.Acta
Meteorologica Sinica, 71 (5): 797-816.

Xiao X., J Sun, M Chen, X Qie, Y Wang and Z Ying. 2017. The characteristics of weakly forced
mountain-to-plain precipitation systems based on radar observations and high-resolution
reanalysis, J. Geophys. Res. Atmos., 122,doi:10.1002/2016JD025914.

IR FIITES A 5 TR 45 . 2018, — I H AT ARG T I G ) BN 2k A G ) I TG B R E S L 5 3))

J1 9% 5 R AURE,42(6):1393-1406.

Xu Yan, Sun Zhuling, Zhou Yunjun, et al. 2018. Lightning activity of a severe squall line with cell
merging process and its relationships with dynamic fields [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 42 (6): 1393-1406, doi:10.3878/j.issn.1006-9895.1801.17220.

Yin S., W Li, D Chen, H Jeong, and W Guo, 2011.Diurnal variations of summer precipitation in
the Beijing area and the possible effect of topography and urbanization. Adv. Atmos. Sci., 28,
725-734, d0i:10.1007/s00376-010-9240-y.

Yuan W., W Sun, H Chen, and R Yu. 2014.Topographic effects on spatiotemporal variations of
short-duration rainfall events in warm season of central north China. J. Geophys. Res.,
119,11223-11234, d0i:10.1002/2014JD022073.

Yang L., F Tian, A. Smith, and H Hu .2014. Urban signatures in the spatial clustering of summer
heavy rainfall events over the Beijing metropolitan region, J. Geophys. Res. Atmos., 119,
1203-1217, d0i:10.1002/2013JD020762.

Wang Y, X Qie, D Wang, MLiu.2016. Beijing Lightning Network (BLNET): A research and
operational system for comprehensive lightning detection,Atmos. Res. Volume 171, 1 May,
Pages 121-132.

KR, @, BHESE.2005. 0050 S H 8 i X B 2= A& S I SRR T[] B AR
2, 16(5):638-644.

Zheng, D., Q. Meng, W. L{ Y. Zhang, X. Cai, and M. Ma, 2005:Spatial and temporal
characteristics of cloud-to-ground lightning in summer in Beijing and its circumjacent regions

(in Chinese). Chin. J. Appl. Meteor., 16, 638-644.

Zheng, D., Y. J. Zhang, Q. Meng, W. T. Lu, and X. Y.Yi, 2009.Total lightning characteristics and
electric structure evolution in a hailstorm. Acta Meteorolog-ica Sinica, 23(2), 233-249.

JA#3E, KAEE, FMZ.2009. HUEESLHLIX MU N RFAERIGETH ). 9K 5#,24(1):101-105.

20


http://www.dqkxqk.ac.cn/dqkx/dqkx/ch/reader/view_abstract.aspx?flag=1&file_no=20180615&journal_id=dqkx
http://www.dqkxqk.ac.cn/dqkx/dqkx/ch/reader/view_abstract.aspx?flag=1&file_no=20180615&journal_id=dqkx
https://www.sciencedirect.com/science/journal/01698095/171/supp/C

Zhou Y., J Zhang,and L Sun, 2009: Statistic analysis on cloud-to-ground lightning characteristics

over Beijing, Tianjin and Hebei Province. J. Catastrophol., 24, 101-105.

21



