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Abstract The spatial and temporal distribution of lightning activity and its relationship with tropical cyclone (TC)
intensity change for 228 TCs over the Northwest Pacific are studied using 10 years (2005-2014) of time series data
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provided by the WWLLN (World-Wide Lightning Location Network ) along with TC position and intensity data from
China Meteorological Administration. The average flash rate shows an oscillatory variation from 2005 to 2014, and TC
flash rate in the summer half year is higher than that in the winter half year. The average flash rate increases in the
morning and decreases obviously in the night with the maximum at 1200 LT (local time) and the minimum at 0600 LT.
TCs exhibit three distinct regions of electrical activity, with higher flash density in both the inner core and outer rainband
and the minimum in the inner rainband. The azimuthal distribution of flash density is asymmetric, and the highest flash
density appears to the south of the TC center. Lightning activity at six TC intensity levels in the inner core is different
from that in the outer rainband when the TC intensity changes. Lightning activity in the inner core is more active than in
the outer rainband, and the highest flash density appears in rapid intensification (RI) cases and average intensity change
(AIC) cases for the inner core and outer rainband, respectively. Lightning for RI cases often occurs in medium intensity
TCs, while rapid weakening (RW) cases are at strong TCs. For RI cases, flash density changes with time are more evident
in the inner core than in the outer rainband and the whole TC region, which indicates that lightning activity in the inner
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core could be a better indicator for short-term RI forecast.

Keywords Tropical cyclones, Spatial and temporal distribution, Tropical cyclone intensity, Intensity change
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Fig. 1

Annual variation of average flash rate within 600 km from the TC (tropical cyclone) center during 2005-2014: (a) Flash rate of all TCs; (b) flash rates

for TCs at different intensity levels. In Fig. a, the left Y-axis represents the average flash rate per TC, the right Y-axis represents the average flash rate per ITP
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B, 1T 2013 F1 2014 4E4E 4 % SuperTY
HAV e =25 mos™ IR AR DX DA HL T B I
B, WY B DA e P A e T LAY B, A
HAGAHE T R

AT B AR A I A FE S B ITP B i)k
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TC 3% —BARILI ITP FEAS R Z, 5 EFEAN
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ARH D, A POEIE SR AL 1%, KGETTES
H 5 Jiang (2012) 1 Zhang et al. (2015) Frfg4hit
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F1 2005~2014 £ TCBE T FA B LR ITP Hibxit
Table 1 Number of ITPs in six TC intensity levels for RW,
AIC, and RI during 2005-2014

ITP %
TD TS STS TY STY SuperTY
RW 0 0 0 5 7 3
AIC 1126 946 560 579 433 240
RI 17 46 58 51 17 2

Bl 7 45T TC Puidisgom., Puidivkss & —m
ETIG, WAZIX . SR XCFT TC 600 km 5207 X 45
PN R P A3 A o DA FL 3 BE R EAT T AR VL A
—fbo MEITRTEUE H, LX) FLE Bl A A1 R
RS TC s kil 24, HICIfEMAN X Ik, TC
PR V559 HIT T 1R DA HL 3 072 55 1 AH RV R PR T 4 i
A— A . 78 TC WX (K 7a), AJiEth
MG ORAT 24 h, NHIEBIRGS, BEAE DI o
AR, N HIES A IR, IR s
R 12 h s, NSRRI K. TC ALK A
AIC Hij, WA% X A HL & B A ALC (IS 1M 9855 »
2 AIC KA, WAZIX N TGS 98, BEGREFR
SE, HAE AIC 4500 24 h )5, PR A LS AR
T . TC SREEPUEIRITHT 24 h, WAZIX N HTE
NIRRT, 2 TC Py 24 h 5, WAZIXHEAR
TEIN R

AR A L3 AR R (] Tb), TC PRk
SR, AT N L FEARAAR DN, A HLE B i
JERGE s TC Posigsmit Birh, AhNyar X A HL %
BEAT RN PO RS S 12 h, U RE R K.
MIRSE KA AIC i 24 h & AIC RAERE, ARy
DX I N FYE B B s s Bl 24 h Y, NS TG
I AL . PRSI FE A BT 24 h N, AR HFIX
DN FELE BEAR /N, I HIE B RF S ss s A PR 59
R, AMMHT XOIEARTCIN R AR, HARGHE
RIS ILRELE W 24 h J5 . BEAUEH L 600 km X35k Py
(Bl 7¢), TC Puadimhss Pidthyom & — AT e
(14 DA P %B5° 1 I o i) (19 738 A DG 2R 5 A0 W i X B AR —
E g8

PLEAr#rar WL, TC PRodgisfam & AIC Ji G, W
FZ X A L ) Bt IS 1) P8 A8 22 S e B, R W N A%
X A FLIE BT TC 5B A8k B — @ R~ 1E
PWAZIX, TC Pt B4 i 5 12 h, [N
K, F—IREH] TC 5o B b A N %
FERBE I, ] BE TR A5 1Y sk B2 DR 45 3R (DeMaria
et al., 2012; Zhang et al., 2015),
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Fig. 7 Average flash density for the (a) inner core, (b) outer rainband, and
(c) within 600 km from the TC center in the 24 h before RI, RW, and AIC
and the 24 h after RI, RW, and AIC
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(1451 . DeMaria et al. (2012) 75 H KTHEEFIZA K
SF3E SRR H R DA PV B AR T D R g
BREARS, s oA Ry 3 2 DRI A AN [ O XU 7K~ ROBE 22 S5t
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N HL 23R o G, “Katrina” (2005). “Rita” (2005)
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2008; Wang et al., 2016), 5:4& TC {4 7 X A L
TSR N R X N HE B 95, a1, “ Chanchu”
(2006). “Sinlaku” (2008) £ GFEIEWIZE, 2010).
AL TC PRI HL A A2 2L . DAL Jr PRl
PRGN XA X B3 T B4, 9 TC
N VGBI = Rl g5 R b5y TC W1, L RZ XX
TESNHNE, NS, LS AL A
TC, HREAR R KRS (% (Abarca et al.,
2011). TC NHZFEETTAL ERIAKIFR 3 A, F 4
%% 850 hPa %% 200 hPa 2 [m)3 358 X T 5 D148 (1) 5% 1
(Wang et al., 2016) ., Stevenson et al. (2016) g,
RIS A HE ) A AL 4G A1 A DX DA F o ) A R A
ML PHILATEERLIX, P34 PREE X B D) AR )y
)45 1) 0 45 77 7] (Chen et al., 2006), {7545 X
N FEAE TC sl Tk sbAh, PEIE AR FrEdhlx
TC #3hJ5 n FE AL IE 2 IEIL 2 W, TC #3))
HI 7 (9 ) B %5 B i 88l iX 5 Corbosiero and
Molinari (2003) 15 H 4510 AR

TC WHZIN HLIE B 5 e i B A2 A 1) 5 & LA
WX 23, X5 Zhangetal. (2015) FTf3i)4sit
—5, A[FME Zhang et al. (2015) f5H, TC 5%
FEROE SRR ET, AKX N SRS T iR RSS, JF H.,
ARG FE — RS TC PLididiamai . A
TIEXE 10 4E (1) TC N HIESI 73 KL, TC PRig
BEGEET, AL N FE S ST BT s, (H— LR
IR A, DX I B S T AR i, I —
HEF o fE gl 12h J5. nIRES TC R
AU 5 I HRBE D FRR R A G RIS, TC PRadisg i
PR AR, AN 5 X N LG SR FERR E , B0 TC
DA FELYE ) B AR 58 EE DR I 5 B AT — 5 I Y, {H



X A B % a1 %

1176 Chinese Journal of Atmospheric Sciences

Vol. 41

ANBEA TR PRI s R PR A SR M S 5 R .

BUST  REHEREUCE MR S 2 AR O E WWLLN [ s 0k
LUK rh [E S5 Rl B I i BT Ui LA B B

Sk (References)

Abarca S F, Corbosiero K L, Vollaro D. 2011. The world wide lightning
location network and convective activity in tropical cyclones [J]. Mon.
Wea. Rev., 139 (1): 175-191, doi:10.1175/2010MWR3383.1.

Black P G, Black R A, Hallett J, et al. 1986. Electrical activity of the
hurricane [C]// 23rd Conference on Radar Meteorology and Conference
on Cloud Physics. Boston: American Meteorological Society, 277-280.

Black R A, Bluestein H B, Black M L. 1994. Unusually strong vertical
motions in a Caribbean hurricane [J]. Mon. Wea. Rev., 122 (12): 2722—
2739, doi:10.1175/1520-0493(1994)122&I1t;2722:USVMIA &gt;2.0.CO;2.

Cecil D J, Zipser E J. 1999. Relationships between tropical cyclone intensity
and satellite-based indicators of inner core convection: 85-GHz
ice-scattering signature and lightning [J]. Mon. Wea. Rev., 127 (1): 103—
123, doi:10.1175/1520-0493(1999)127&I1t;0103:RBTCIA &gt;2.0.CO;2.

Cecil D J, Zipser E J, Nesbitt S W. 2002. Reflectivity, ice scattering, and
lightning characteristics of hurricane eyewalls and rainbands. Part I:
Quantitative description [J]. Mon. Wea. Rev., 130 (4): 769-784,
doi:10.1175/1520-0493(2002)130&1t;0769:RISALC&gt;2.0.CO;2.

Cecil D J, Zipser E J. 2002. Reflectivity, ice scattering, and lightning
characteristics of hurricane eyewalls and rainbands. Part II:
Intercomparison of observations [J]. Mon. Wea. Rev., 130 (4): 785-801,
doi:10.1175/1520-0493(2002)130&It;0785:RISALC&gt;2.0.CO;2.

Chen S S, Knaff J A, Marks F D Jr. 2006. Effects of vertical wind shear and
storm motion on tropical cyclone rainfall asymmetries deduced from TRMM
[J]. Mon. Wea. Rev., 134 (11): 3190-3208, doi:10.1175/ MWR3245.1.

Corbosiero K L, Molinari J. 2002. The effects of vertical wind shear on the
distribution of convection in tropical cyclones [J]. Mon. Wea. Rev., 130
(8): 2110-2123, doi:10.1175/1520-0493(2002)130&It;2110: TEOVWS
&gt;2.0.CO;2.

Corbosiero K L, Molinari J. 2003. The relationship between storm motion,
vertical wind shear, and convective asymmetries in tropical cyclones [J].
J. Atmos. Sci., 60 (2): 366-376, doi:10.1175/1520-0469(2003)060&lIt;
0366: TRBSMV&gt;2.0.CO;2.

DeMaria M, DeMaria R T, Knaff J A, et al. 2012. Tropical cyclone
lightning and rapid intensity change [J]. Mon. Wea. Rev., 140 (6):
1828-1842, doi:10.1175/MWR-D-11-00236.1.

Fierro A O, Shao X M, Hamlin T, et al. 2011. Evolution of eyewall convective
events as indicated by intracloud and cloud-to-ground lightning activity
during the rapid intensification of hurricanes Rita and Katrina [J]. Mon. Wea.
Rev., 139 (5): 1492-1504, doi:10.1175/ 2010MWR3532.1.

Heymsfield G M, Halverson J B, Simpson J, et al. 2001. ER-2 Doppler radar
investigations of the eyewall of hurricane Bonnie during the convection and
moisture experiment-3 [J]. J. Appl. Meteor., 40 (8): 1310-1330,
doi:10.1175/1520-0450(2001)040&I1t;1310:EDRIOT&gt;2.0.CO;2.

Jiang H'Y. 2012. The relationship between tropical cyclone intensity change
and the strength of inner-core convection [J]. Mon. Wea. Rev., 140:

1164-1176, doi:10.1175/MWR-D-11-00134.1.

Kaplan J, DeMaria M. 2003. Large-scale characteristics of rapidly
intensifying tropical cyclones in the North Atlantic basin [J]. Wea.
Forecasting, 18 (6): 1093-1108, doi:10.1175/1520-0434(2003)018&lt;
1093:LCORIT&gt;2.0.CO;2.

Lyons W A, Keen C S. 1994. Observations of lightning in convective supercells
within tropical storms and hurricanes [J]. Mon. Wea. Rev., 122 (8): 1897—
1916, doi:10.1175/1520-0493(1994)122&It;1897:0O0LICS &gt; 2.0. CO;2.

Molinari J, Moore P, Idone V. 1999. Convective structure of hurricanes as
revealed by lightning locations [J]. Mon. Wea. Rev., 127 (4): 520-534,
doi:10.1175/1520-0493(1999)127&I1t;0520:CSOHAR & gt;2.0.CO;2.

T, 25510, XA, 2 2010, PYILK PR 4 XK A HLIS 3
FEIE (0], A ERRE HERERE, 40 (2): 252-260. Pan L X, Qie X S,
Liu D X, et al. 2010. The lightning activities in super typhoons over the
Northwest Pacific [J]. Science China: Earth Sciences, 53 (8): 1241-1248,
doi:10.1007/s11430-010-3034-z.

Pan Lunxiang, Liu Dongxia, Qie Xiushu, et al. 2013. Land-sea contrast in the
lightning diurnal variation as observed by the WWLLN and LIS/OTD data
[J]. Acta Meteor. Sinica, 27 (4): 591-600, doi:10.1007/s13351-013-0408-0.

Pan L X, Qie X S, Wang D F. 2014. Lightning activity and its relation to the
intensity of typhoons over the Northwest Pacific Ocean [J]. Adv. Atmos.
Sci., 31 (3): 581-592, doi:10.1007/s00376-013-3115-y.

Price C, Asfur M, Yair Y. 2009. Maximum hurricane intensity preceded by
increase in lightning frequency [J]. Nature Geoscience, 2 (5): 329-332,
doi:10.1038/ngeo477.

Rakov V A, Uman M A. 2003. Lightning: Physics and Effects [M].
Cambridge, USA: Cambridge University Press, 687pp.

Shu S J, Ming J, Chi P. 2012. Large-scale characteristics and probability of
rapidly intensifying tropical cyclones in the western North Pacific basin
[J]. Wea. Forecasting, 27 (2): 411-423, doi:10.1175/WAF-D-11-00042.1.

Squires K, Businger S. 2008. The morphology of eyewall lightning
outbreaks in two category 5 hurricanes [J]. Mon. Wea. Rev., 136 (5):
1706-1726, doi:10.1175/2007MWR2150.1.

Stevenson S N, Corbosiero K L, Abarca S F. 2016. Lightning in eastern
North Pacific tropical cyclones: A comparison to the North Atlantic [J].
Mon. Wea. Rev., 144 (1): 225-239, doi:10.1175/MWR-D-15-0276.1.

Thomas J N, Solorzano N N, Cummer S A, et al. 2010. Polarity and energetics
of inner core lightning in three intense North Atlantic hurricanes [J]. J.
Geophy. Res., 115 (A3): AOOE15, doi:10.1029/2009JA014777.

Virts K S, Wallace J M, Hutchins M L, et al. 2013. Highlights of a new
ground-based, hourly global lightning climatology [J]. Bull. Amer.
Meteor. Soc., 94 (9): 1381-1391, doi:10.1175/BAMS-D-12-00082.1.

Wang F, Qie X S, Liu D X, et al. 2016. Lightning activity and its
relationship with typhoon intensity and vertical wind shear for super
typhoon Haiyan (1330) [J]. J. Meteor. Res.,, 30 (1): 117-127,
doi:10.1007/s13351-016-4228-x.

Zhang W J, Zhang Y J, Zheng D, et al. 2012. Lightning distribution and
eyewall outbreaks in tropical cyclones during landfall [J]. Mon. Wea.
Rev., 140 (11): 3573-3586, doi:10.1175/MWR-D-11-00347.1.

Zhang W J, Zhang Y J, Zheng D, et al. 2015. Relationship between
lightning activity and tropical cyclone intensity over the Northwest
Pacific [J]. J. Geophys. Res., 120 (9): 4072-4089, doi:10.1002/
2014JD022334.



