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Abstract

In 1990, sprits were newly discovered in the mesosphere between clouds and ionosphere. Therefore,

various investigations of sprites have been reported since last two decades. Sprites are induced by a

strong electric field attributed to the neutralization of a large amount of positive charges at the upper

part of thunderstorm when cloud-to-ground (CG) lightning occurs. Many papers have implied that the

complex physics of sprite-induced CG lightning, namely parent CG lightning, causes various morphologies

and lifetime of sprites and the time delay of sprite occurrence, which have been some of unsolved issues

in the transient luminous events studies. However, they have not been completely explained yet. Thus,

we investigate the discrepancies among them through an optical measurement and the observed parent

CG lightning.
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AT T4 FMEEEERENERRO—>THD,
mOBEMBEINE L LHORELZIN TV D
(e.g., Bosinger etal., 2012). 2754 +ix, HEE
HOKRE R IEBEMANHE IC & > ThMSh 281
FBERTIZ A L 2B & - T, BE L252odfi
Bh 6 BHEE TS T 2HRTH B, AT 54
F OTIR, FifelRelE, JRA L 72 2 SHE > 6 F6E &
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TORFFEIES X, FREOEM S ITER T % A6
PR S T\w 3 (Pasko eral, 2012), %7z, &
TR C B S N7 BERE (EH) Mg 27
I A4 bFEFOLALEICIF LIE LIEACEA I 50 km
EHABERNS B EDPHEEI LTV (eg,
Bell eral., 1998). L2 L, ZOEENEL BREAIC
DVTIREL bhoTWEY, TOIEhE, KT
ZeTIE, MFBANC L B2 AT 54 b EBEREDK
THEOEZROFRAZMHT 2 L2 HINE T 5.
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Fig. 1 Schematic configuration of sprites optical observation.
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HE IR WAE U 2 IEFOE 2 BN 2 720, JtBE
Ji 7 53T DR RIE K TR S 2 T & B R
W 2T 72, B A T F, dCEEH T S
200 km DA B 4 7 5 e IR B 15 7K X o0 B R A
HEREEER 1 SR L (SMZ: 1385140 E, 34.9900 N)
WCEE L7z (Fig. 1), BHEAEEZ = U 7 iGN RO
B F2eTh b, Th o OHIgIELEE I HEE
WWHRETZOARKRST, ATIA4 PBFETLL
Moo Tw3 (eg., Suzuki, ef al, 2011). S EDE
B & 1T o 7 IR IE 2012 4E 12 H A 5 2013 4E 2
ATh 2z, HPBMNCHER LA X537 7y 74
oE/27uaCCD s A5 (WAT-910HX) T, BE
130000005 1x TH D, ¥ vy —AE—F% 10ms

WCERE LTI Z T - 72, g s hizmgiciz,
GPSHE» BN IEMERRA D X —r8— 1 »
F—XMABEL e > T3, GPS A I3+ 1us
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Fig. 2 Block diagram of the monochrome CCD camera system.
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Fig. 3 (a)Photograph of the installed camera.
data.

VEEMEZEET 2 7RICE, BHICKDFEET
DR ETESZN — T 7 v 7 F CRHM LRI h7
A% RO HEMZE 2 MR ECHERCHEBL, 20
5 DR 6 IEENEZHETE T 5771 (MDF: mag-
netic direction finder) °, EHICEWHAET 28
WA E TR ERE & TREI N SHD
TrTFTREL, &7 v rcHllank, %E
WFEWAE U - BERZM D ZE R DR EZE D 5, &
HBleko THEEMNE L BERANEZET T % 771k
(TOA: time-of-arrival), & 5ic, 1 EREHL 2
BEOT v 7 F TR S N BRI O M2 5 F
B AL 2 AL E RIS L, REIIE A EE
TR &5 Mz d 5. Coft, EEME
B2 1E, MDF & TOA offladbHic & b BEE
BEZA XA V7 M EXEET 5 (IM-
PACT: improved accuracy using combined tech-
nology). (e.g., Krider er al., 1976; Holle and Lo-
pez, 1993; Cummints and Murphy, 2000; Rakov
and Uman, 2003; Takayanagi et al., 2011). MDF
FRHE (Vg —v 2 tu—2) h5FEEN 5 ER
WOMRE LN =T - 7T FTEZEL, WHhE
DT ACHEEERMEIX Y ¥ — > A ba— 2 B
THETORMNDOE—VETHRESNDS, TOT X
T L, ZAREAEE Y CONHE OAE 2 RS
T30, 2M U EOMDF v v 9 —%2894 5%, %
7z, TOA & 2 RIGHEE D86 3 ML EOBLE ST
HIEHROERZEE L6 2, FERHOEVD
SRMEBEBOMEEZFET A /7ETH 5. TOAIZ2

(b)

HIIACHI

(b) Photograph of the installed apparatus to collect

B DX Y —[HOFRRFEZE D &5 5 11 5 ArEDI
MEEEMAGDLEZ DL RERD 5 2 L TRHE
DOPEZERET D, TOA T & b IEHER 5T % T
T3 70001%, IEMEZRFPRIFHANE 57, d@H
GPS #3424t 2 IEME R INRAE S s 5. T
i3, BRE» 5HE LN VHF OB S FH
L, MR CHhd EREMESFET L2
TED LI LAY ATLDPHIEEINTY 5,
VHF 5O F¥ErHE, 3 RICTOEIRDOHEE 2 7] HE
ANV ANY

KT, 3ODEMEBREEL AT LDT =%
% f#iH L 7z : Japan Lightning Detection Network
(JLDN), Lightning Location Systems (LLS);
www.rikuden.co.jp/hopes/llssen.html, World
Wide Lightning Location Network (WWLLN) .
JLDN 8 X X LLS 1%, U IMPACT 2/ L7z
AT LT, ZRNEFN2l BX T FOEBH YA D
SRS NI EEMERES AT LTHY, EEM
B BEsLOHEBRMEEHET TS 5.
JLDN & LLS o x#hEEEMERAE X, zhZh
500 m CFfE) & 640 m (FRfE) BINTH b, *il
FWRAHIREZ, 202 90% E, 887 % (4FFH L
BEEDQVY) Thbs (7570 vHEF—LR—
¥ http://www franklinjapan.jp/contents/observa-
tion/jldn/ # & ¥ Shinjyo et al., 2007). WWLLN (&
VLF 12 8 2 BRIAK O FNERH 2 o35 2 &
I &k o TR E % BE T % (Rodger et al.,
2005), 70 L ED VLF v ¥ — =55 72 2 R
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7% v b7 —2 & % (Hutchins et al., 2013). “F
BMEEEEZZIOkm MUATH b, HHFEIIZ
11%T& % (Rodger eral., 2009). WWLLN o
T—2F, NHERAH, KR, 5P EEIL
X¥—EthhoTnb,

R, NMHEEEMET -2 IR, [RT
(IMA) it Rt s T w3 2EEK L — 4 —
T2 EFHLZ ZOT—-2YIEHERICEIT S
2km o EHECoORKE (mm/h) ¢, 1 X 1km @
ZeflorfEee & 10 3 ORI fEREEH LT 5.

BRAKR CBIRTE

ARELFHERI T, HiF15HIOR T 54 HEH
W LTz, A7 94 FoFEFmMICE L TE, b
iz D AAZEEOMEEFIHL TR LE, £
7o, BEEEY AT LK 2EESHEZ AV,
2754 b OB A L ERONME & OBRIZO W
TIRINTE K VB EIT- Tz,

Fig. 4 CRENB AT 54 FMEED» B 9D 5 & 5
AT T4 P ORERR, 2o DED Y IFkL T
Hob, Fiz, BOIBARZEEICH Y RAFGAE
&, BERATSA FOBETLEHETES, LaL,
BET— Y OIEBEEEMIEITA T T4 b FAEHRPAH
S8+ km BHEA TV 2 b DA% W (Fig 5).
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Fig. 4 Examples of sprites event. The (a) and (b) show the events captured in the same night at
13:51 (UT) and 14:13 (UT) on January 1, 2013, respectively. The (¢), (d), (e) and (f)
show the events captured in the same night at 10:28 (UT), 10:43 (UT), 12:01 (UT) and
16:29 (UT) on January 24, 2013, respectively.
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Fig. 5 The radar-echo maps and the cloud-to-ground lightning provided by JLDN (O), WWLLN (A)
and LLS (x) associated with sprites as shown in Fig. 4. Red lines show the region sprites oc-
curred.



IS 37

ERETED
Fig. dc~e»56» % & 5 ICHBEICIE, X795
A DA LELTEHLEODAATHS, THIFE

T L b LB (A0 Th D, i

b FEIEHTR T D EEN OB PR o R E
%é%@k%ﬁ§hé.:@%ﬁt¢@&%ix7

4 b EIZFHMEOREGRS L LY D, A,
Fig. DICmRaEN s K5 ICEHE T — 2 2R TIEEFIE 1T
AT T4 bFEAEHAP OB+ km T T3 b0H
%\, X, BT — 2 R TEME L E oY
FEMEZEELTCWDLI LI EELZLNS, T
DT EPS, BHBRNIZHD ZAZERCTEENT
RLSRBOEMPFR SN OFRLMIEE &5
ACVLHDLMBIRT 2 N TES, HAICEBT
LAFETIE, BEMRFTETTRI S EHRE0
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ERDZHPIND 5 EHPHEIN TS (Suzuki et
al., 2006). Z®D7-®, Asano etal., (2009) TH#E
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