1

BN S Ll

g}?

B Institute for Space-Earth Environmental Research

FHHIRIBIESAZCAT  http://www.isee.nagoya-u.ac.jp/
— i —

Contents

BAGORECEEA
NEAREMR TR E
F26EIHPRL —=> 7 01— =Rk

AN MEIER S
JEERERIET T TR, TEE ! £
UBRIFEER2016, 2XiE

JZLTEHE
SVWZATRTTT—
HEEHIHBE DT H\S D ANEEE
ZEERBN

Za—RAFAY AN

MIRTREHEE WL
EABE?
BAEEIF FATFOSELRICHS
ETTHDEVNSTHEDLS ICEHHEM
B2 DI TIFG KBEDOHERF LT
HDET ZOR HEBICTZEBEDE
ERUTT EAEEDRAKDE#MIE. ZD
REBE T EEOEIFHRT0kmIEE
UTOBEICFEELEIN. BAEEDS
EZ#85kmftir s EAMNICES W &N
MENTVWET, ZOERNGESIN. '

el

BB

PR RIZ L ST VL

B1: RAEEDKBIAN=ZLr,

ISEE NEWSLETTER vol. 3

February 2017

HAG DRICEE A

HEIKZWETIT R IFZEDANZX
LZEBULTWE T, ZOKITIF IR, £7
AlEBEOE RAE. KBEHEL#EH
nTeh, EO/IRRILAERE. TD/INXRIL
NHEZBOERRFETOKRFZRLTL
FI. ¥ T IFBEDKRF T, KEHIRIE
WEMEDE. KR BHEEFNZENE
BoLTWEd M EHEDEICY o1
HIFEICE > THELS T BRIEDOBICIE
ALK > EDEUIERBEIEHFDEDEEL
THERINET, TBOKKICHofHk
EPEFOBELS N FICEEDOR DK
KPICHEE T, A FLTI, DK
TIIEHELDEI>EEBVEEIRKR
DIERERITRESIETE U MEROK
KUFEDICL > THIRDFRDICAED - T
FIEHFESNTVWSDO T # EfHRICE
SDEZLDRINFEELE T, 2D,
EZCITFERKDEE I D HRLED
FF. LD EAMICIF HIRASDEES
D95 % H M EHSEE20kmL T DB
BICFELFE T RAEZEOSSICHRRIE
FEULEXIN REBONIIHETICHD
EWSEKRTCOERBRESIEHE U .,
ST ABRBOEICRDETH . HHRK
HKEICHKREGHKIEHIE>TVWET, LH
U EHAEBREKREICEVWET. RAE
ICL>THEL SN D KEHIFIFADDT
M T ZDfeod H EICWBEDRIE L, 8
KHELOTWEBEEPESEDEZEBLT
UNBEAZEDABEZERZIENTET K
AEHNSDBWRNXZXF]TEIENT
ZEFERA N BRAEENEBEICIFRZ
BWEBHTY, — A KB HFRDOTIC
HOEEB/EIDNSDEZEDLDFIRKTD
TONRRILDNZDIR A ZFHIBLTNWET,
ZDEEKBRIRIBEANEDELDE
PRRIUCIEHESHBRDET DT, B
BOELSICHECRDEREDESIFSRX
BEIICBDFET TN TorEENE

MTIESRAEEAN T IL—7

}WAR FEZ BHBKRE HBED

Z0714—)l

201 O ICHBIFRARERAZICHE N TIEL (B%)
DA% RS %, BB E. I
REPBERT. 201 4ELDIARZE T 20
fio AR B L UELEREFBHIRELAIBKICRRE &
LTEMUIREH D KU E— MY oo T EiiE
FAWHIREEASYEOFRICEDHA TS,

EILHDERIEBICIE KGN EEHI>
TWEI, DEDBWEEOHRT HICE
SINFENFIFIERDZIDTI.IN
NERAEETHD . ZORBIFEFTSE
UL BIFBFAVWCHFREEERESIN
TWET,

BECABRECBICEN?
TlE.BEZOLSIBEVEEICEN
BEETZON? EWSERICDWTER
BALE T RAEEDERKIE, B HDKE
S[IDVES KR TH B ENFSh TV
F9.mE85kmEVWSEETE, PIED
FEFLEXRKBET.EZERFICIFRALED



e E FHMRRIEMIRT AHR

ZO071—)b
1989FICRRAZFAREREZFICEHEAFEE
AFRATICBIF & UTiEME, Z D NG HERIRIE T
FrDBIF. BB EZRE T 2007 E LD BF LR
(201 5FE KD IR FRAN) DAEZIZ , SuperDARNALE
B-FERIHFL —4— (2E)D:ZREEEEHD. £IC
"L —%—%EAUCERBIEEL O FTICEDEA
TW3,

RICBRBKELIDDITNENSFELT
WE T, ZDKEZH, ¥1FZX130°CLL
TEWSBERREICEINDEKER
DEITMHERAKBDOF TREHERERD
Dl B E 85 km s o A B 5 E fE 1
EFENZ BT, ZDHTH, JLiRP
RIS W\ > FofiRig D AR BB SR T AR AV

(a)%EF  02:26:07 LST

02:30:13 LST

(c) B

E3:2015%6H21 HOXKHA, tiEE D5 R TRBHCIBF S NIcEHAEEDEE (Suzuki et al.(2016)DE2LDEEH) o

2 | ISEENEWSLETTER vol. 3

ICERER>TVWET, ZZETIFEBKRL
PIVNDTIN . ESICEEHRTERD
EARBREBRIELIC.ZOFBETIEE™N
ROERICEDE T, ZDH RAEN
RAEITDIHPEEICREREINTVWET.Z
DEEFEBICERVWIENERHIEERICKRS
ANZZLlF, ZZTEHUSIRREFAD,
BEBAKICE T2 MEREDREILEER
MERUTWE I IO E DEARE.
BREERIE > &5 22D TOKADE
[EHBERICHWWE FZ NS ETe K SITEA
NET,M2IENASADAIMBIE [CIEH S
NICEBRBAATICE>TRESINE
2016F6A21H(EXE) [cH T2 1rimig
LK DAHETT, BTOED . LIl
HaBEraLKuNBE->TWSIEL D
MO FET, TlE EOHRHICERBEFTZIR
FThIEBAEENZINLITRZIZME
WS EZESTIEHDEBABIRDED &
HEZARETRDDICIE. KGN HFE
BOTICAUEITEDBRENHDFIT L
MUBHS BEADOER D BRI
b 2ARRET, —HFRGIIL R
W EEHBDET ZDH . TNHEERD
CEDHERDIIBIRFHE LT KREN
MOEEHRISBD . M DOKDHZEEE
[CTCEDRINDAWGFIE WS ZENERE

NEICOFRBE/LIDIF EETE
SES5E~65E DM T, dbF Bk Tt

(b) TEANA

02;15:55 L8T

(d) BERI 02:24:54 LST

a0 W

R2:AIMBEICL>TESNz2015%6H
20H (1 570F) DKHi5 7 (Suzuki et al.
(2016) D8 &L DERER) o

M=E DA, 1+ IRII. 7T~ —7.
A7 AT 5 KE(FZR57) D—EBE
BRENEYELET, NSO TIE,
BEECABILARL 1 BREEERHID
TRAEENBEEICBAShE T, 1V5—
Fv hRETNoctilucent cloud (&Y%
) ERRUTEDOMNBEE. FEAE
NZEOHBIDTRESNIZHDTH DI E

DB TEBEBNET,
2015%¥6A21H.BF¥O®KHK
EHANICHTH

AIBEENRB>TUEVWRLED R
HEBEFENDRKROEENRZITE
EBRWVWRTCDRAEEN2015%F6R

(e) /M8 02:27LST



21HORAFIC, dEE DS S SR
IR SNFEUIC b EHBREDEWE
AR MEOXR L (I#g43.2E) T 7
AAXSY Y DEEANERIERFICKT
INF U 4RI BAEPTRKR
EERERUTWBBERNATICL DR
ETI. M3 DEM AN S DERNAEE
BRONAZA NETERFZHEDTT WTh
6. RATET CERRRFRER) ICEOHITH
BRNEZREICESZITVWETIZE
TIE>EDEURHAEN . BERICEWNWT
UL oRFICEH R TREINEDIEFS
BEDARY S FHTERDEFETESLT
HATEERAEL LT RO, §Il D
SETHEIROMNDMNERBWET, ERIH
BEUTIHEEINMBETE DD T RHAE
D HE B R BRI Al BE IR N I EE 55 ~
65ETHZDICH LT ALBEDEE I
BT #E43.2ETI NS, SEDEE
FHEEAERY EWSTEF R RIFICEWE
ETOERAIBIEWSEHITRDE T, FFICkE
AERIFrE BRI TEBRREENE SN
fefeh FD2MENSDEEICEDI W
EHAAIBCL > TRAZEDHEESE. &
SUOEBZEEICRBEDDIENTER
Ufco COBITDIER, SEIORALEAN
Y NMTOWTIE HIREENHI84km, HIR
BEN4T SE~L50ETHo>IcZ &N
SMCTED XU .

EBEEEICHRULERAEISD
Xyt—y
BHAEOREFHFTERRERD
T RAEDBASNEVWSEEIFZFD
FEEHZFORICRER TH oI EEEE
RELVET UD L. SEIOREREICH
WTIFBEE  BRAENRETDIFEEER
LR B ZEFTRVWD T, HIE201 5FD
FEREES CRANMIEEELRDIEEN
SO ARRBERAMEREAICIER LS
sicko>TIBETRAZHERA SN
EWSVFUAZETRWELU o EE H E
ICH T DR A EREICZ>TWE
IH.ZORAEVDNDEENRAR
(ZBLIRFPAI V) ETFTBAKICH L
TIEREMRZBSLEI . BEEKX
SICBWTESHFREE UV TEBEEI D
feH MW EDRRIEIEDEBEEAK
TRES{EIEDEWDNTED HEAT

BRAEZENE A
InfkcZEb*E
DIEEMD—D
IRDTIEIRWD
EEZF U,
5B EREP
DREETIEARL
DT RREE
lck->TEBN
ERAERE
R AT IR DK
SBEEDT—
YEANBERIFEEOREHBZLEOL
BE{TWEUIE. UD L FERELT2015
FORTEE G KBRICIEHIFEBD D
HRZELUTED. BiGICERTHoIRE
DEHLIFEDOMDFBATUIZ. KBIR
ZENTIRWERDERICEED DO FETNY
BREHN T, ZIT.SEFBRBEHAE
BENMERTIHERNOL—5—DF7—%
ZAF L. RAERESEMEOERE
FrRABEURU . THE. RAEZEDHR
R HEIL B RV R E DR R H
[CRWTWeZ e MDD E Uz, 23,
FREBEREEROREILDERTHD
LBAIASILEED A RANREHIT TV
EWSZEIBDET . CDIENS. S
EDARY MTDWTIE EHED LB
INAT —ILD BT WEKDIRICSF SN
Ne. BREANSEHEINTEEWS
ANZZXLDRYTHEDEWSIERICE
DELIE. UMD UL ENTHRMIFED X
9, P E R EERICIEE Y R EFIEh
ZEAMMICES EAMENET DENR
WTED . SEDT—XTH, LT\
EEZEOREMNEIRICEDEDEEZS
NEIO2FD . ALEEOERE DRI,
FEAEBBEDIRULVRWLWTVWSD T,
FNICMAT BHRRDEH D KFRRE
ZENIFIFEBD TIH 5. BE20154F6
B21ANHEEATIH TORAZEEH DR
KT T Dh ZDHRIEZ RS 28
HARYISRVDTT,

o ERYRNT—IICEZBRAEE
ROBDEME

BHREBOHBHAE CHRREE BR
THLBRBEASOESLOKREE
OHE ETEHTY HICHRBROE

B4 B EBMIRXBICRESNTVWSRAE

EAIBENEDLS ICHBTINEER
FB5ZEF.TO—NILRESEDEEL
ZHZS5ZTEETI K2 TRLEELS
BEERANISBEAOEDEZIEE
925 ETIFEABFETIN BAIRE
IC&B2HHDSERERMOERRIZEF
THHDEWSIHRNHBHDFTHZIF K2
[ BATHSTRAENRASINIH
DOHEEEBRTIN ALBEDNETIFE
RN &> TWET, UH L. dbiEE
NORAENRSNIcDBLERERTY, Uiz
Mo TCHIERRBEOESLOEEWER
Wig 5 L CEELARDIBAEHIRBEZROD
EEREAEROERICIE. AMFRTHWL
ek D EAXTIC KB ERTI R ER
NEWRFEREQRDET M41L IRTE. B
ARENEENOREIZHIIRIAICH
BELTWBERBRAVYATLAONERTT
D AIRRDEBEHNIRE, A B OXY (B
RBEWFRERE)  ER(ZHEKRF) I
HREINTED. BETOREEDE
BEMFBELUTVWET, DK S &R
FHEBNFELFETIN.BWET—
YOREENLUMDOBREIMKET B&
WOSKRELRTRIHBZDOT. SRIEEE
BITOBAT R ELT B2H. BERRE
FTRKIEROKEEHERUTERZ
To TV ZENETHEEERDET,

SE3Hk:Suzuki, H., Sakanoi, K,
Nishitani, N., Ogawa, T., Ejiri, M. K,
Kubota, M., & Fujiyoshi, Y. (2016).
First imaging and identification of a
noctilucent cloud from multiple
sites in Hokkaido (43.2-44.4° N),
Japan. Earth, Planets and Space, 68
(1), 182.

ISEE NEWSLETTER vol. 3

ERRAERNAZTVAT b

3



B A B B B AR
sSWV @ r\k“\
soop o~ N’\\fﬁ 1
=] f T
o é - Jhlr.-. - I"-\._-. pRp ff
30 ! IMF Bz ()
wof |I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
bAoA ]

4

space weather

My time at ISEE in Nagoya Universi-
ty for three months in October-Decem-
ber 2016 as a visiting professor was very
enjoyable both in scientific activities
and social life. We continued our collab-
orative research while enjoying social
life. | enjoyed the weekly seminar
program at ISEE where new ideas in
diverse fields are exchanged and
discussed. My visit has been enjoyable
thanks to the collaborations of my host
Professor K. Shiokawa and his research
group.

As part of the visit | gave seminars
atISEE and other research institutions in
Japan focusing on “Severe space
weather and its relevance to the
High-Tech society”. At ISEE | gave the
seminar in two parts on 7th and 28th
October. Similar seminar was also given
at NIPR (Tokyo) on 9th November, NICT
(Tokyo) on 10th November, ICSWSE
(Kyushu University) on 25th November
and RISH (Kyoto University) on 20th
December. The seminars and discus-
sions improved our thoughts towards
forecasting severe space weather.
During this period ISEE organized a

UT dates (03-26 November 2001)

Fig. 1: Solar wind velocity, IMF Bz, Dstand (AV
x Bz) variations during 03-26 November 2001.
The CME on 06 November showing a sharp
negative spike in (AV x Bz) caused electric
power outage in New Zealand, see text.
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Towards forecasting severe

highly focused workshop on “iono-
spheric plasma bubble seeding and
development” on 29 November - 02
December attended by scientists from
11 countries, and we presented a talk
on the “onset conditions of equatorial
spread F obtained from HF Doppler
radar and ionosonde observations”.

As continuation of our recent
paper on what determines the severity
of space weather [Balan et al, JGR,
2014], we suggest a forecast scheme for
severe space weather using ACE
satellite data and Dst index. Severe
space weather (SvSW) events are
defined as those space weather events
that caused electric power outage
and/or telegraph system failure, while
all other space weather events are
considered as normal space weather
(NSW). We studied the characteristics of
the CMEs (coronal mass ejection) that
produced all 89 intense geomagnetic
storms (DstMin < -100 nT) including 2
SVSW events since 1998 and earlier
SVSW events such as the Carrington
event of 1859, Quebec event of 1989
and an event in 1958. The CME and IMF
parameters corresponding to the main
phase (MP) of the storms are used to
develop a forecast scheme. The scheme
is tested using solar wind and IMF data.
The results reveal that the coincidence
of high AV (sudden increase in solar
wind velocity, > 275 km/s), sufficiently
large IMF Bz southward and their
product (AV x Bz) exceeding a thresh-
old cause all known electric power
outages and telegraph system failures.
Such a product (AV x Bz) exceeding a
threshold (Figure 1) seems a good index
for forecasting SvSW. However, the
coincidence of high solar wind velocity
V (not involving and AV) and large Bz
southward are not found to cause
SVSW. These results indicate that it is the
severity of the sudden impulsive action
of AV through rapid and vigorous
magnetic reconnection that leads to
SVSW.

Prof. Balan (left) and Prof. Shiokawa (right).

During our studies we realized that
the conventionally used parameter of
Dst storms (DstMin or minimum value
of Dst) is insufficient for space weather
applications. We therefore introduced a
new parameter of Dst storms called the
mean value of Dst during the main
phase or <DstMP> = [ DstMP / TMP
where [ DstMP is the integral (or sum)
of Dst from main phase onset (MPO)
when Dst starts decreasing to DstMin
and TMP is the duration of main phase
(MP). Physically, <DstMP> corresponds
to the impulsive strength of Dst storms
while DstMin represents their intensity.
Using the continuous Dst data of 1 nT
resolution available at Kyoto WDC since
1957 and H component data for the
Carrington space weather event of 1859
we showed that <DstMP> is a unique
parameter that can indicate the severity
of space weather [Balan et al,, Geosci-
ence Lett, 2016] while DstMin is insuffi-
cient. All storms associated with SvSW
that caused electric power outage
and/or telegraph system failure have
large <DstMP> (< -240 nT in USGS Dst
(Figure 2) and < -250 nT in Kyoto Dst)
while normal space weather events are
associated with smaller values of
<DstMP>. We also found that the new
parameter <DstMP> can be used as a
better index than DstMin for general
space applications. <DstMP> is better
correlated with the peak intensity of
low latitude red aurora observed in
Japan and strength of ionospheric and
thermospheric storms than DstMin.

In another paper we revisit the
“seasonal variation of geomagnetic
storms” using Kyoto Dst and USGS Dst
in 50 years (1958-2007) to check wheth-
er the well known semiannual variation
of geomagnetic activity is real or
artifact, as posibility of artifact was



suggested in a recent GRL paper
(Masurula et al, 2011). In our study, the
storms (DstMin < -50 nT) are identified
by a computer program that minimizes
non-storm like fluctuations by applying
four selection criteria. The identified
storms are found to be ~30% more in
Kyoto Dst (761) mainly due to its
baseline offset compared to USGS Dst
due to the different methods of remov-
al of the Sq variations in the two indices.
The offset that varies with short and
long time scales and level of Dst is -8.50
nT in all data together and -5.00 nT in
quiet-time (Dst > -25 nT) data alone.
Irrespective of the offset, the
overall seasonal variations of the storm
parameters such as occurrence, average
intensity (average DstMin) and average
strength (average <DstMP>) in both
versions of Dst exhibit clear semi-annu-
al variations with equinoctial maxima
and solstice  minima though the
maxima and minima in intensity and
strength (~£17% each) are less than
those in occurrence (~%28%). Wavelet

spectra of the storms reveal the
existence of distinct semi-annual
component in four solar cycles (SCs
20-23) and weak longer and shorter
period components in some SCs. The
semi-annual variations observed also in
the mean energy input during main
phase (MP) of storms obtained from Dst
are consistent with the equinoctial
hypothesis and RM (Russell- McPher-
ron) effect, though the yearly range of
the Earth's dipole tilt angle p (23.2°)
involved in the equinoctial hypothesis is
larger than the title angle 6 (16.3°)
involved in the RM effect. These results
confirm that the semiannual variation
of geomagnetic activity is real, and
equinoctial hypothesis can account for
the semiannual variation better than
RM effect provided rates of magnetic
reconnection per degree of yand 9 are
equal. The shift of the equinoctial maxima
of the storms from the equinoxes also
indicte strong ionosphere-ring current
coupling in the development of Dst
storms.

DstMin

(dDstdt),

1]
400 -

3001 Fi0.7,

1] 5 10 15 20 25 30
Storm number in decreasing crder of e:DstMP:>

Fig. 2: Characteristic parameters of 34 super
storms (DstMin < -250 nT) since 1958 in
USGS Dst and Carrington storm. All storms
(purple) with <DstMP> <-240 nT correspond
to SvSW.
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