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98° E) by comparing the lightning detection data from the World-Wide Lightning Location Network (WWLLN) and
observations from the Imager of Sprites and Upper Atmospheric Lightning (ISUAL) instrument aboard the FORMOSAT-2

satellite during 2004-2015. It was found that most of the location accuracy of ISUAL was sound after analysis of 17 samples,
and the deviations from WWLLN were << 50 km. It was consistent with the results obtained in North America and its

vicinity. Based on these results, the authors analyzed the characteristics of the parent lightning strokes of the sprites combined

with the cloud-top brightness temperature data from the FY 2 satellite. The authors found that sprites over the southern

Tibetan Plateau formed not only from mesoscale convective systems, but also from smaller-scale convective systems.
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o E KA BE S R G F M (Transient
Luminous Events, TLEs) s& &4 T8 & = P )2
LA R a]JZE (50~95 km) ) —Fh K R IR K
JeF: (BLF K, 2006; Qie et al., 2009) . H1T-H
53X R RIS B VIR T 516 7 & E 1)
]2 R . MRIE GRS R AE AN R AR TS A B Y
ANJAL, Pasko (2003) HURE A LT H i 2 R AU
R IA AP (1D BOR T K270 km )5 5
(Pasko et al., 2002), HH LB 2 PR 1] T K J I 4L
ks R (red sprite) (Sentman et al., 1995); (2)
N BRI, KA TACHL I Z 85~95 km i [, /K
Py AT LI £ 200~600 km [)35 R R (Emissio
of Light and Very Low Frequency perturbatios due to
Electromagnetic Pulse Sources, Elves) (Boeck et al.,
1992; Fukunishi et al.,1996) ; (3) 3# J¥ A% #5148,
2979100 km s, KSR H B K 2D E 40~ 50 km,
H1 2 = AR A bk J i B TR (blue jet)
(Westcott et al., 1995); (4) H5RZIH B = THE
— H A E] L) 70~90 km FI T E,  FH 2z T A HEL S
JEPGE A R R B BRI (gigantic jet) (Pasko
etal, 2002). i, A G2 ERA 5 WIN R &
JZRATHHRILGE I R Ltk R o 40K R H Franz
et al. (1990) A H SO F&AR ML & X & Ah 3 1% 3]
(Cummer et al., 2006) .

AR KB I A I, 20 ks R I B vl ik L
BIRHEGA, RREEmt A L2 B L=, 0K
RARYE RO GALE VLR TEAS I 22 53 0] AR 73 N JLFRAS
FAISE, HA BUEFDIR (Wescott et al., 1998) Al
A% NOIR (Sentman et al., 1995) & NH W, [F:
BTk R R, HAaAEitzE R IFA
WE, RAETHS A e VR 20 sy Ml
ks R B A — AN R R R, T 73 X

HEBEMEE. Boh, YA (Matsudo et al.,
2007) HER (Suetal., 2002) ZE4T (4% R A1y
R (EEBSE, 2015, A2 HILETIE %
FRIRZL RS R (Lyons, 1994) .

ZL AR R I GAE THE St #8 A Bl U 2 e
3% (Boccippio et al., 1995; Neubert et al., 2001; Su et
al., 2002; Soula et al., 2009), 5t A] DABE ARy — A
ERVER HRILR . 7E HATTF R, 44
KZ AL RE R IERAE R = #5078 AR
(Cummer and Lyons, 2005; Williams et al., 2007) ,
3T DR SRR, (Rt d 2 L7
AT — 7€ LEZR Y ZL kS Ry SO 1 DA e A 77 A
(Luetal,2017). fEEMA, BLEKE (2006) XfH
5 J2 TR PR IR IR AR AT 5 1 R EAT T VRN A THI 1)
Bl A7iEsE (2008) F1EEMSE (2015) W47
SIHT T 2007 A 1L AR VI X N 2013 AR AR DL HIX
AONGRIMR: RUFZAIRETE (2005 FH=4E
TR PR A7 B AU I M AR T 2L R R I R A
Luetal. (2017) Zr#7 7 2004~2015 4[] 46 35 1 [X
ML RS R ARG, FIESE 1 3E [ R 20 (ks
RERE F VL h REX R R4 T Sato et al.
(2015) DU I A 4= 3R DA H AT 2T €0 R 0 & 150 H
(Global Lightning and Sprite Measurements mission,
GLIMS) Hr 3R 45 [0k 08 Wl 2488 70 B 1 40 (ks R
f 4 BRI ATRFAIE o

IR RS RAEM TG N AT 58 C & AR
Z&, AESEXS T T Rk e i X 4Ttk R I 9T A0
SR, T e R DA Dy N I 2R A R R
(PIX K, P35 AE 4000 m LA b, XA AN A F
TG BN 52 B HE S AR AR T 7 780 e S 3
[X 35 [N HL %5 8 2.6 flashes km™',  NZETT 73 Afi
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R, BN EEAERE S, REFEWRD: m&lR
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AAE4~9 H, HINHEES) O A =T 2R
B CEZRAREE, 2017; FHBIESE, 2016), HFGkH)
by P28 R ASE A5 1200 X ) DA L B B /N T e
][] 2 P2 FLAth s X

HAr, DEOIRCAEEY, HEieE R LR
I LAUR AL NS R AT, Chouetal. (2016) 7E47
Hr2014 44 H 27 H 7 5 = I w10 sk B 5 )
BRI, R AN R FA I MR X
WA LK R FAFRYIC %, 1 Sato et al. (2015)
BT H A SIS AR A BRI L S 2L ks ROWL I i e 1)
(Global Lightning and Sprite Measurements on
Japanese Experiment Module, JEM-GLIMS) H] 43 #t
3 W] 75 580 e L P R 3R AR D B AL UK R D%
H T 7 e Jil e e L XL O R, T S AR
A, B DR R, T DA A MBI A T ALt
R A, BRI, 75 R X — BT R
2T I SE 96 2 AR L B . AEASTHE T,
A VLt 5 v S X 21t R R R R T R
Ry A5 R 3 1 B A A AR AR — 1), 3R AR
T 7 5 R Hh X (22°~30°N, 86°~98°E),
RFCZ X IRLL G R 7341 LA & B TR B 28
SN, A BN T e B XL R R R IR
—NERE TR

Sk RIS KL, St# (Sprite halo) I
G i N v R R AR R R s AT S
KI5 ROCIER, BB sk 3 5 7 18 K
PR GES K, FREE [ HOGRE — R, RS
AT PERELL RS RFAT, JemBLR A7 4= Al
MBI ERER . Luetal. (2018) fi24i ISUAL ¥
ELEALSIB DI ) Hr R B, ZHOCRILR vl
JeEdEAr, HEZ RN RTG R V2 bk
P77 R 9 55 A B2 % A 8 i R 2 (K R ) S A
PR] oy L R e A A I 1) ROBE e, RRE ™ A w1
R AR SCHGAE S VYR 73 A 2855 7k v S b X D' 2 IR
LU (ESPOEARGER T PR RS W

2 WNF0ELHE

G5 L =5 PR (FORMOSAT-2) ## 1
i KA B 244X (Imager of Sprites and Upper
Atmospheric Lightnings, ISUAL) & % H % il H
AT IR B B AEE (R =5 R 2004 4F
TG AR, 2015 L&D - HIM T Ko ilkid

bR = iy & L\ [ R - R o 2 i
CCD Bifg A% FH TR AE 6 STk ik B 718 &
(R 7NIEIE LT SRAEAN R 2 B B AR A
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890 km ¥ K BH [F] 25 3B 21T, 1M ISUAL #Y & 1) 7R
FRIRR A8 36 AT I T . ISUAL H 5 7 TAE &R 35
HAE IR GHEZEHE S e ) B RA Bk R
FUEETHRERWIE LA, WS AE gay
W, ER R T OB E RN E,
H LA 15 km (Smith et al., 2005) 1E N = T &
FEs AnSRBHATE BAAT WL, WAL R R F 4K
AT 85~90 km W FE . B fa N\ Tz B A G A
FRIFXTAFARREAT LA, 45 Rtk R e hr
(1] ~F 35 f #2 /N T 2 15 % 55 (Chen et al., 2008;
Chern et al., 2015) . ISUAL [ 5E A0k FE 5 0 F 1 K
AR A EEEN KRR, FRRUR LT 50
km/pixel, | A R3k 7 DX IR 30 7 6 42 AT B0 IE 3R
B, XohF BRI K 2% 2800 km LA 15544, ISUAL 1]
L 5 A7 S EEAR T 0.5° (Chen, 2004). ISUAL £
TR 28 4= EEAE 756K o B H X AT R () 0300 e ] A2
g, FERTAK A b 4T ks RIS T v SR X 43
i LA MR B R, BORIE G AR IR FT

A A I AE A T A BRI E AL (World
Wide Lightning Location Network, WWLLN) ]}
kL T A ISUAL &5 SRk 47 %t . WWLLN &
H 50 2 Al i 20 B IR ELAR AT A Y, Ao i T
MR K% . BT WWLLN 088 AS R 45 1A B 1)
WEAEAE IR, L FLERW 2= AR PR RS FEE A R Ak 3
K (Hutchins et al., 2012), Kb AL FLE SN
CETPERMEN T ERR N RMAH. RE W,
WWLLN ZERHE 8 — & FE R F e N E 28 8 A 1 K Ak
7B AIE o
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Table 1
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2004-2015
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TAERI 12 4E 18], ISUAL S #5400 25 00 21 (0 41 ¢
KRt EF R, RAETHEREENI G
WRENEFEAHE, UDAXEEHGEES
WWLLN FrUCAC i 4, Hrh a5 7 24 TLEs I
ZHFHF LG, R2AH T EANFHEEAE

2

B/ o

B 145 T 20 ks RAE B DX 0 A 1 0L
HT T D FRL T 3 20 A1 F) 43 B A 5G4 BLRZ ISUAL R
AP (ISUAL £R I 25 U 52 5 22 5 Wi 45
K, REEERIBBEAT WM 48 T =5 TE R

A, Wy A, I £ R Y 24
50°S~50°N, HAKZHh [X ISUAL 2 i fty S 0 B (7]
BEREHTHELEHX (Chen et al., 2008) ),
B ISUAL W 21 (1) 407 F B 1) 21tk R 32 B0 A5
T RIGHEWM LI, R TH XA TR
90 e A b Xt R ] 4T ek R A A G — AN KA
X, A 2004 4 F] 2015 = B 5] HOULM ) 20 0k R F
fE24 0 (CH3RAEMACEMNER), Hims
WWLLN ZERL T ILEC A 17 I (£ 71%)
K2R,

K2 2004~2015F ISUALFIWWLLNiERMAETH S FBEBX 24 XA BB REHHREREGER
Table 2 Time and location information of 24 sprite events recorded by ISUAL and WWLLN (World Wide Lightning
Location Network) over the southern Qinghai-Tibet Plateau during 2004-2015

ISUAL WWLLN
H i i 8] CUTC) g kS i 8] (UTC) a4iE ZE SEAL R F2/km

200644 A 8 H 16:46:42.379 23.86°N 94.01°E / / /

200645 A 31 H 16:48:25.907 24.20°N 91.89°E / / /

20074F4 H 6 H 16:52:28.714 23.52°N 91.80°E / / /

200744 H 8 H 16:52:58.841 24.76°N 92.73°E / / /

200744 H 24 H 16:54:38.033 23.85°N 92.72°E  16:54:37.994090 243711°N 92.4320°E 64.8887
20084E5 7 18 H 16:54:31.585 23.54°N 9228°E  16:54:31.765067 23.1460°N 91.9538°E 55.0228
2008429 H 20 H 16:49:15.055 24.68°N 9227°E  16:49:15.021263 24.9828°N 92.8638°E 68.7236
20094E4 17 H 16:35:55.248 26.55°N 90.81°E  16:35:55.211157 26.7018°N 90.9829°E 24.0856
200946 H 6 H 16:31:52.897 25.44°N 93.41°E  16:31:52.856565 25.7535°N 93.5905°E 39.2727
20104E3 A 31 H 16:36:54.776 24.81°N 9426°E  16:36:54.740887 25.0804°N 94.2714°E 30.0843
20104E3 A 31 H 16:38:24.342 24.85°N 94.79°E  16:38:24.266981 25.1087°N 94.3432°E 53.4294
20104£4 H 10 H 16:37:50.969 24.89°N 92.70°E / / /

20104E4 A 17 H 16:39:02.722 25.71°N 92.68°E  16:39:02.684968 25.9668°N 92.5735°E 30.4744
201143 26 H 16:50:47.647 27.20°N 90.08°E / / /

20114E4 A 10H 16:49:12.557 27.93°N 93.27°E / / /

201145 H1H 16:49:00.239 26.62°N 90.48°E  16:49:02.358183 26.6745°N 90.0364°E 44.4944
20134E3 A 21 H 16:41:13.743 27.01°N 92.79°E  16:41:13.743796 27.2775°N 92.8838°E 31.1542
20134E8 H 18 H 16:41:57.152 25.22°N 90.45°E  16:41:57.123593 25.4789°N 90.0040°E 53.2589
20134E8 5 22 H 16:42:01.384 25.09°N 92.56°E  16:42:01.355292 25.4567°N 92.8001°E 47.3789
20134E10 2 H 16:44:15.178 23.33°N 92.02°E  16:44:15.158931 23.6459°N 91.7213°E 46.4878
20144E3 19 H 16:48:31.242 25.40°N 93.46°E  16:48:31.208110 25.5920°N 93.7396°E 35.2549
201444 A 8 H 16:50:01.674 25.06°N 92.84°E  16:50:01.612082 25.1381°N 92.3427°E 50.8153
20144E8 H 23 H 16:54:46.708 29.06°N 89.32°E  16:54:46.677815 24.7565°N 88.8450°E 480.7623
201546 H21H 16:51:27.350 26.38°N 9498°E  16:51:27.316517 26.7367°N 95.2112°E 45.8400

T 77 RGN, BRI BRI ORE R K.
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Fig. 1 Distribution of sprites (red x) and halos (blue O) observed by ISUAL around China during 2004-2015. The dashed yellow box represents the

southern Tibetan Plateau
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REARER 258 07 A7 B W FE 2008 50 km. Bk A ¢
WWLLN 7 12 1 X % 21 8 R B A HL PRI 2% A
SENLRE S5 5 Huang et al. (2018) X il ZRHh X
— YR A g R RIE XTI R G A 4
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o5 H IR 17 451 000 5 SR 1 LA e 1) % 6745 IR AT A
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Y BRI E (temperature of black body, B =
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45°E~165°E) (Yangetal., 2015), HHFy2Cc P2
(CREFF2008412 H23 H) BN =5 AT K
S I B R AF 2 SRR B R B AR 1 PR . FE R
fill %P AEDS 5 WWLLN i F UG B 0 21 (4 R
017 B F AR RSN S, B WWLLN id 3R 40
i REAT ARG — /NI PRI DX S TR FL Y 30 1)
B, FH DB RGZ R T (ks R T E R B I KR
JeoyAu, BRG] ARIZ I S 1) 2= TS I B AT B
e T e A HE Tfe UL T 7 20 0k R BRAAC TR B RS
3. EREREEMRF4AIeERNTRER

ERIFE

PR LL2008 £ 5 H 18 H 1615 544y (HpfE
FEF, FIED ISUAL WM B ) — IR 21tk R 4
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KA B %

98 Chinese Journal of Atmospheric Sciences

44 %
Vol. 44

N FHA 20, E3bRARFY2C T2 T 200845 H
18 H 17 B H) 2= s i, W4l ks R kAT 16
W 5453 /A, ZFWIAELE 6 7 i 1a] 22, DRk e
PG RABAFEANR 22 . W LAUR DAL ks R BHATE
FHAM AR, HRERK, HRaUEEDT
100 km, H0L=TSEIRET-80°C, J& T 3L )
REEXR ARG KR KAEMERAMT =i
BRAE 0. g5 F LUK, WWLLN #
PR 20 ks R BRI TR B RSG5 = T2 iR
B es h s BV A, T DAL s i 2
(R TR B R AL . 7E 1761, phkar
rs RIFHAE ZFT S ELER K, LH 1341 (4
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al., 1995; Lyons, 1994) .
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EERFFLE
K 4a 4 20154F 6 H 21 H 158 51 43 & 17 1 51
4> WWLLN 7 5 i /= J5 B 728 b [X P i 5% 31 A FL =
f, F4bsEH FY2G T2 T2 H 17 B WM AS 20 /1
= Ui HE, Atk R EAET 168 51 77 k&
i, B —EMIRZE . UIARHE NG, %K
FF AT B BB U 2 ) A X, RRAAE

500 ¢
(b) %
g 400
==
S 300
2
S 200
S
S 100!
= x
— L
0 x X x "fo’c‘x .
x
-100 ‘ : :
-100  -70 40  -10 20

88°E

90°E  92°E  94°E  96°E Longtitudial offset /km

K2 2004~2015 45 5m B IBIX ZLER R 10 (a) ISUALBEREL (A) 5 WWLLN %R (O) EfLigs RaTtbLl & (b) ISUAL BEEHA
X WWLLN BERHK 28 Zhla g fofife (AL km)

Fig. 2 (a) Comparative locations of the red sprites from ISUAL data ( A) and WWLLN data (O) and (b) the longitudinal and latitudinal offset

(units: km) of ISUAL data relative to WWLLN data over the southern Qinghai-Tibet Plateau during 2004-2015
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B3 (a) 20084F5 7 18 H 151 547325 17 1) 54 73 WWLLN T3 048 75 76 i i vl 7 3t DX A0 DR PRI 20 A RS B0 €0 o A BRI T3]
BIZJ5): (b) 200845 [ 18 [ 17 FY2C TR WM AT ZL (ks R BMA TR M 2 iR CRAAL: °C). MR RoR LM R AL E

Fig. 3 (a) Distribution of lightning events recorded by WWLLN over the southern Tibetan Plateau from 1554 UTC to 1754 UTC 18 May 2008,
colors of scatter points transition from blue to yellow with time; (b) cloud-top brightness temperature (units: °C) of parent lightning stroke of sprite
observed by FY2C satellite at 1700 UTC 18 May 2008. The black vr represents location of the sprite
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Fig. 4

(a) Distribution of lightning events recorded by WWLLN over the southern Tibetan Plateau from 1551 UTC to 1751 UTC 21 June 2015,

colors of scatter points transition from blue to yellow with time; (b) cloud-top brightness temperature (units: °C) of parent lightning stroke of sprite

observed by FY2G satellite on 1700 UTC 21 June 2015. The black ¥ represents location of the sprite
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Fig. 5 (a) Distribution of lightning events recorded by WWLLN over the southern Tibetan Plateau from 1524 UTC to 1724 UTC 23 August 2014,
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colors of scatter points transition from blue to yellow with time; (b) cloud-top brightness temperature (units: °C) of parent lightning stroke of sprite
observed by FY2D satellite on 1630 UTC 23 August 2014. The black v and black A represent sprite location observed by ISUAL and WWLLN,
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Fig. 6 Low-frequency magnetic field signal of the causative stroke of the sprite observed by ISUAL on 23 August 2014
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Table 3 Time and location information of 17 pure halo events over the Southern Tibetan Plateau recorded by ISUAL

and WWLLN
ISUAL WWLLN
H i 1A (UTC) i s i} ] (UTC) i %)% TE AR /km
200448 H 16 H 16:28:49.628 26.87°N 95.51°E / / / /
200448 H21 A 16:28:28.389 24.06°N 92.23°E / / / /
200448 H25 A 16:28:59.947 24.58°N 97.35°E / / / /
200543 H3 H 16:35:59.092 26.14°N 96.76°E  16:35:59.057419 26.3860°N 97.6954 °E 97.1875
200648 H7H 16:48:02.466 26.46°N 96.91°E / / / /
200848 H 1 H 16:50:42.492 23.81°N 91.88°E / / / /
200848 H 11 A 16:50:03.432 26.14°N 90.21°E / / / /
200848 H 20 A 16:50:27.755 26.93°N 92.46°E / / / /
200948 H7H 16:30:33.920 27.08°N 94.35°E / / / /
200949 H 16 A 16:32:30.669 26.49°N 96.35°E / / / /
201046 H 18 H 16:39:42.811 24.35°N 96.76°E  16:39:42.769833 25.3015°N 97.6932°E 141.6222
20104F9H9 H 16:43:46.732 24.48°N 91.98°E / / / /
20104E9 27 A 16:46:26.578 23.74°N 91.61°E  16:46:26.543096 23.9952°N 91.0906°E 59.9467
20114E8 11 1 16:48:13.267 22.82°N 95.96°E / / / /
20114E8 H 6 H 16:48:23.628 25.92°N 90.67°E / / / /
20114E8 A28 A 16:47:46.048 22.91°N 92.56°E  16:47:46.011447 23.2767°N 92.4251°E 43.0398
201245 4274 16:44:39.260 23.95°N 91.86°E  16:44:39.220255 24.2951°N 92.0468°E 427939
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Fig. 8 (a) Distribution of lightning events recorded by WWLLN over
the southern Tibetan Plateau from 1542 UTC to 1742 UTC 22 August
2013, colors of scatter points transition from blue to yellow with time;
(b) cloud-top brightness temperature (units: °C) of parent lightning
stroke of sprite observed by FY2E satellite on 1630 UTC 22 August
2013. The black ¢ represents location of the sprite
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