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For Space environment monitoring

MAGDAS/CPMN
(MAGnetic Data Acqusition System/Circum-pan Pacific Magnetometer Network)
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Magnetically
quiet day

Why global network observations of
geomagnetic field disturbances?

» Visualization of Space weather map from
global magnetic field data

Date (Apr. 2000)

Magnetic field variations on the ground
* space environment monitoring by using space weather index

»
»

are generated by reflecting

(1) Tsolar terrestrial coupling]
B3 MEREERRERLTS We can investigate

electromagnetic disturbances B3 mamat
: 5 influences to Earth system caused

solar eruptions
*relation between solar activity and

climate phenomena and/or climate change

icross the

magnetosphere and ionosphere
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electromagnetic energy is
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Super Multipeiay Ggomaagngite fieldiAetvaaidsObservation :important tool for exploring of frontier of solar terrestrial coupling process




Recent update of MAGDAS stations (2015-2017)

(Enhancement of Equatorial Network : developed 15 new sites)

2015 WEESTZ N | MR R
Tingo Maria@Peru, December (New!) . L B R R
Tarapoto@Pgru, December (New!) .,ANGA@

Colombo@Sri Lanka, February (New!) " "

Universi
KF[S'\N( SAAN
/* MaLavsia
2016

Wadena, Canada, September (replace of mstrument)
Perak@Malaysia, October (New!)

Banting@Malaysia, October (New!) % i&é{\{%ﬁ%&
@ ARA
2017

i Y &lfﬂ-!]&[l.dg.}dLLuaiH;éﬁ*
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_7; g UNIVERSITI SULTAN ZAINAL ABIDIN

Johr Bahru@Malaysia, March (New!)
Terengganu@ Malaysia, March (New!)
Penang@Malaysia, August(New!)
Kudah@Malaysia, August(New!)
Kamchatka@Russia, June (FM-CW repair)
Huancayo@Peru, September (FM-CW, New!)
YAP, Australia, November (maintenance)

Kyushu University Ul project Kyudai Taro,2014
New 6-stations@Indonesia will be installed by BMKG (for seismic electromagnetics)
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Development of dense array of EEJ across dip equator

8 NN Malaysia region
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* Average variation of EEJ, including current density and its structure, can be derived by satellite
observation, but ground observations are necessary for monitoring EEJ activity every time.

-Dense array across EEJ enables real time monitoring of “breathing of EEJ”.
that might be closely related to the scintillations caused by “Spread F” and /or “Plasma Bubble”.



Seismo—Eloctromagnetic Monitoring Network
Indonesia-Japan MAGDAS Project for Litho-Space Weather

MAP SCOUTING 10 POSSIBLE SITE FOR INSTALLATION
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Legend :
Planning Scouting 10 Possible Site .
Geomagnetic Observatory BMKG
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xvusev university . WHY Equatorial Network ?

. magnetic dip-equator isa final destination of solar wind-magnetosphere-ionosphere coupling

« anomaloudly enhanced zonal conductanceis aligned along the dip-equator by the Cowling effect and
forming equatorial electrojet (EEJ)

» sensitiveamplifier of atmospheric dynamo effect (long term variation)
e sensitivereceiver of solar wind variation, storm and substorm disturbances (short term variation)

» very useful for monitoring magnetospheric, ionospheric, atmospheric disturbancesand their
coupling process
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g lonospheric Curren

External Sq Current Intensity 2001/01/01
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KYUSHU UNIVERSITY Day to Day variations of Sq fields

2016/01/11 to 2016/01/13 15:06JST
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yusau Visualization of Sg-Equivalent currentin geomagnetically disturbances days

JLY. 15-16,2000
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Monitoring of Equatorial Electrojet variations
(Even for Magnetlcally disturbance)

uatorial Enhancement

f
-index in Storm-time -50
ILR, ABU e A -100 ILR, ABU
1000  Equatoriaipes | . ‘ 2 4 6 8 10 12 14 16 18 20 22
LKW, BCL
CEB, DAV, CDO
-’5% ’ ’ : L[Tz * b “ o DIPLAT EWA)

uT >
*monitor the equatorial magnetic field variations changing

EE=EUEL+ EDST from “moment to moment”
local componeﬁ mcomponent with the same ruler regardless of magnetospheric condition(quiet/disturbance)
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EE-index: ER: 2012/01/01 00:30UT (c)ICSWSE
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“"EE= +EUEL+EDst” calculated by MAGDAS

EDst is defined as mean night time variation along Mag. Eq.
EDst shows similar variation as Dst
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EU/EL represents local magnetic variation

, EDst can be utilized as the base level for
the EEJ and CEJ
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Space Weather Environment Index

. Variations

Pc5 ULF waves

The proxy of the high
energy electron
acceleration in the
radiation belt during
magnetic storms

Magnetopause
Current

Equatorial
Electrojet

snum
o

FAC \

Ring current  ring current

DP2

Penetration of solar
wind energy

(the Interplanetary
Electric Field) into the
equatorial ionosphere

Magnetosphere . .
O via the polar ionosphere
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Space Weather Environment Index

Lower Freq. Variations of EUEL

Solar cycle Variation Day-to-day variation

2001/01/01

The dependence of the EEJ
structure and the

atmospheric motion related
to EEJ on the solar

activity/solar cycle

) The atmospheric
disturbances affecting
ionospheric dynamics
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Long term Variations of EUEL
Solar cycle Variation

(a) EE- Index EUEL at ANC
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The long-term variation of daily EEJ peak intensity has a trend similar to that of F10.7 (the solar activity).
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Seasonal dependence of AEUEL (semidiurnal variation)

The seasonal dependence of semidiurnal variation agrees with

(b). Amplitude, January (c). Amplitude, July

(d). Amplitude, October

20077
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the seasonal profile of atmospheric neutral wind (2.2) mode ol 3 i
corresponding to the lunar tide. i -

Swltf L\ Ew
The mean behavior of AEUEL is consist of the result of Rastogi : =l I
(1973). We demonstrated the monthly mean behavior of N fowd ©
AEUEL, for the first time based on the time-series o] -o- 69 @ y
magnetometer data. *tiw " T

(a) Mean behavior of all AEUEL (b) Monthly Mean behavior of AEUEL

Average: 2005 - 2009)

January
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0 3 6 9 12 15 18 21 24
Lunar age [hour|

Fig. 6

(a) Average of AEUEL during the all analyzed
period, as the function of the lunar age (hour)
to the local time (= solar time at Ancon). The
lunar time = 0 and 12 indicate the new moon
and the full moon, respectively.

Monthly of averaged AEUEL, as the same
manner of (a). The significant semidiurnal
variation appears in January. The weaker
semidiurnal variations are found in February,

November

)

Local time (-77 GGLON, ANC)
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[Forbes et al., 2013]




MAGDAS project for next 10 year

"Coupling process in the solar-terrestrial system" aims to study the solar energy inputs into the Earth, and
the response of Geospace (magnetosphere, ionosphere and atmosphere) to energy input.

Polar region
KRS B EISCAT3D, (NIPR)
Coupling processes in the solar-terrestrial system A
X B .
Solar Energy EXTENDED Global coupling EXTENDED
Radiation: sunlight MAGDAS < >  OMTIs
Particle: solar wind ICSWSE, Kyushu-U) (ISEE, Nagoya-U)
- Solar energy v
saltarlr;izsn (RISH, KyOtO_U)
| ETRA. HECHE .
Maximum at Earths surface in the equator E q u a to r re g I O n
\ 4
/ Global network observation of E-field by New \
digital type FM-CW radar system
Sunlight (1-transmitter, 3-reciver)
becomes ‘1’
maximum Solar
onthe I A : Global Poynting vector map!!
equator i, (YT Magnetosphele Wind . . . .
. Converges (electromagnetic energy flow inside F-region)
into
Polar T

regions

k Global network observation of B-field by MGADA&

F—O5hnz

Aurora peating

Total budget: 100,000,000 USD for 2018-2027
MAGDAS budget: 13,000,000 USD

Arctic  §
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Capacity Building (2015-2017)

MAGDAS training@ Malaysia and Peru (4x @ Malaysia, 2x @Peru)

SCOSTEP School@Peru(2015), @ India(2016)

COSPAR School@Russia(2016)

-JSPS Core to Core School@ Nigeria(2017), Indonesia(2018)
(PI: Prof. Shiokawa-san)

MAGDA-WS@ Malaysia(2017)

-UN/USA WS for the ISWI (2017)

-1 Master student from Korea (2017-)
-2Ph.D students from Malaysia (2017-)
-Visiting Researcher from Egypt (2016-2017)
-Employment of Foreign Associate Prof.

2015-2016 from Russia

2016-2017 from Philippine

2017-2018 from Finland
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Data distribution

*The realtime quick-look plot (ordinary and time derivative) are

avallable at http://data.icswse.kyushu-u.ac.|p/.

« All MAGDAS data are available on request. We are
developing web-based data sharing system, and will be
opened in near future.

* A part of MAGDAS data have been opened through the ERG

Science Center (for more details, http://ergsc.isee.nagoya-

u.ac.jp/) as CDF format.

-Metadata of MAGDAS data have been opened through the

I U( ;O N I I Search Results: |&Z: Contains Summary Plot | | : Create Plot (Using UDAS-Web) [ Create |
. Etext FHplor <Prev NumericalData:2015/03/14 00:00:00 - 2015/03/21 00:00:00, Plot/Movie Data: 2015/03/20 Next>

]| Ground-Based

| MM210

5
<A
SN

|

i

Numerical Data 11M210 Kagoshima Numerical Data MM210 Kototabang Numerical Data 111210 Moshiri

1 min resol data ma 1 min rs data 1 min resol

distributed by ERG-SCl distributed by ERG-SC|2 distributed by ERG-SCl?

Numerical Data M210 Rikubetsu
1 min re data

distributed by ERG-Scl

LA

EI Database

MAGnetic Data Acqulsltlon System/
Circum-pan Pacific Magnetmeter Network Data(MAGDAS/CPMN)

. M S-I1 (MAGnetic Data Acquisition System IT)
* MAGDAS (MAGnetic Data Acquisition System)
(About the MAGDAS and MAGDAS-II)
o 1 sec. and 1 min. sampling data from Augusl, 2005
o This network is the integrated latter three networks.

o The principal investigator (PI) is Dr. A. Yoshikawa
(Supporting Information)
© This MAGDAS observation was made by the financial supports of Japan Society for the Promotion of Science (JSPS) as Grant-in-
Aid fur Overseas Scientific Survey (15253005, 18253005). This dalabase was made by Lhe financial suppor s of Japan Sociely for
the Promotion of Science (15P5) as Grant-in-Aid for Publication of Scientitic Research Results(188068, 198055, 208043), and
National Institute of Information and Communications lechnology(NIC1) as the funded research.

e CPMN (The Circum-pan Pacific Magnetometer Network]

(About the Circum-pan Pacific Magnetometer Network)
© 1scc., 3 sec. and 1 min. sampling data from January, 1996.
o This nelwork is the integrated laller lwo nelworks.
o The principal investigator (PI) is Dr. A. Yoshikawa

(Supporting Information)
o This database was made by the financial supports of Japan Society for the Promation of Science (JSPS) as Grant-in-Aid for

’'ublication of Scientific Research IResults (128068,138059,1480/1,158068,168066, 188068, 198055, 208043).

(About the 210 MM Magnctic Obscrvation Network)
o 1 sec. and 1 min. sampling dala rom May, 1990 Lo Decernber, 1095
o The PLis Dr. A. Yoshikawa.

* The Fquatorial Magnetometer Network
(About the Equatorial Magnctometer Network)
o 3 sec. sampling data from Decemnber, 1985 Lo December, 1996
o The PlLis Prof. T-.I. Kitamura who retired in 1995.

= MAGDAS INDEX

IData Download

Start Date

End Date | May v | 2015 ~
Sampling Rate

Mo Tu We Th Fr Sa Su

o I I LEAR REGION
Aswan ~ Fayum ~ Addis Ababa
4 5 6 7 8 :
Ilorin # Lagos » Durban
LA ) S S ) L RIS ¥ Hermanus « Nairobi

18 19 200 21 22| 23| 24 w | [ cearREGION

25| 26| 27 28] 29 30| 31| 00 ) Kupang g Liwa
| Parepare Pontianak Sicincin J Biak _ Langkawi
Statibng Howvd Cebu _| CagayanDeOro L Davao Legazpi
I Muntinlupa ) Hualien ) Bac Lieu [ Amamioshima L) Ashibatsu
SELECT ALL U Oiso Onagawa - Teno I Cape Schmidt ) Magadan
CLEAR ALL Yap [sland Ewa beach Kuju Tuguegarac I Paratunka
Sabah Manado
Australia and Antarctica | SELECTREGION | CLEAR REGION
« Canberra Culgoora « Cooktown [ Camden i Darwin
) Hobart MacQuarie Island L Crib Point I Rockhampton ) Townsville
| Davis

North and South America | SELECTREGION | | CLEAR REGION
Ancon Eusebio -1 Jerusalem Santa Maria Ica
Huancayo Wadena -1 Glyndon

Search Data



Dynamical monitoring of EEJ by using EE-index 21

EE index: ER 2012/01/01 00:30UT (C)ICSWSE
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Treasure trove for space weather monitoring



Especially EEJ (equatorial electrojet) is an extremely interesting phenomenon from the view of
connecting the ionosphere to the atmosphere, which have different physical backgrounds caused
by the sun and the magnetosphere. Recently many researchers are trying to comprehensively
understand the interaction/coupling among these different regions by analyzing S|multaneously
whole regions. The consecutive monitoring of equatorial magnetic variations requires an indicator
not affected by the magnetospheric environment.

In 2008, International Center for Space Weather Science and Education, Kyushu University (ICSWSE)
proposed the EE-index (Uozumi et al., 2008; Fujimoto et al., 2015), which is an index to monitor
guantitatively various equatorial geomagnetic phenomena in real time.

EE-index separates the magnetic disturbances in the equatorial region into the global (EDst) and
local (EUEL) magnetic variations. The derivative indies of EUEL, “MAGDAS Space weather
environment index”, provide the quantitative and visible information in order to reveal the
electromagnetic phenomena affecting the fundamental structure of EEJ, In terms of the space
weather and space climate. In this paper, we present the method and concept of “MAGDAS Space
weather environment index”, an application example (the dependence of EUEL on the solar cycle)
and the project of the equatorial ICSWSE magnetometer Network.



The Equatorial Magnetometer Network(1985-1996)

The Kyushu magnetometer system consists of
(1) Tape unit.

} System controller "Super Digit-Kun".
) Magnetometer amplifier.

) Power supply.
)
)
)

Magnetometer sensor.
Radio antenna.
Sensor cable.

3 sec. sampling data from December, 1985 to
December, 1996.



CPMN Project (1996—2004)

Circum-pan-Pacific Magnetometer Network From 2000. GPS antenna
)

was available freely for
time signal generator.

Digital Recorder with
MO, CF card

* Time Accuracy; msec

Fig. 1. A station map of the Circum-pan-Pacific Magnetometer Network (CPMN).




MAGDAS magnetometer(2005)

|')I _ -Tiltmeter of sensor
Magnetometer Range: =1

” d Resolusion: 0.2 arg
| an ‘Thermometer of sensor

Data Logger = Range: =60°C, m

' Resolusmn 0.002€

- i, i B 2 |

-Observation ranges!
+£1000nT, +2000nT,
(£65000nT) |
-16bit A/D converter
0.031nT/dig, 0.061nT/dig

-Sampling rate /

1-sec, 1-min
- Estimated noise leve
0.02nTp-p
‘Total weight
14.5 kg

 MAGDAS-A:
We 5t. 77—l — Bk dmE dall-in one unit.

27 May., 2015 M-GI37 it ER K BB} F L R ET —Z AL



MAGDAS-II system (2008)
MAGDAS-II: {5V VB 22U T A A LT — RIS S = h 0D
Field Site

x D x H mm) or

(@fx H mm) Data Acquisif
| CPMN-Amplifier STU BOX

| tyu-sT . ‘
|
Ij

for Internet
(100x100x21 mm)

Internet
(FTP or SSH)

Serial
A/D + Logger

(130x180x30 mm)

27 Ma(209%200 mm) M-GI37 15 HHIER 2 R 22 e B 7 — & fL B




Latest MAGDAS (2011)

* Sensor + 7 m cable; 2.9 kg + 1.7 kg - (H,D,Z,F)-comp magnetic fields, {i
. S 9.0 ke +70,000nT,0.01nT, 2 tilt meter, 0.17; 39b.

« 70 m cable; 4.5 kg 250Hz sampling, 10Hz, 1Hz averaged d: :

- GPS antenna + cable; 0.85kg * Temperatures at sensor and amplifiers0.( 0

- Data Logger; 2.6 kg 24 bits 10Hz sampling 7

------------------------------------------- - Power consumption; 12Vx400mA -,'
Total 2015 15.5 kg vecis7 s BData card; 2 Gbhyte, 10Hz data logging e



Ionospheric Observation
FM-CW radar(2002~) Ve

F-region

R 5 i i
b VR AR When the eastward electric field penetrates into the low-

latitude ionosphere, it drifts upward owing to the frozen-in
effects ( E X B effects).

" E =—vxB)|

Therefore we can measure the vertical drift velocity v from
the observed Doppler frequency Af which is the difference
of transmitting frequency (fy) and receiving frequency (Af
fﬂ + f;) because of the Doppler effect responsible for the
vertical movement of the ionosphere. The relational
expression is

Transmitter

e i

i

Af ==""f | €=3.0x10%n/5)

2007 /01401 VERTICALDRIFT PTK 5MHz

i
O |
G- mooum !I '|Pu",'|i,,l"l W

180+

£ 1 1 1 |

M-GI37 fFHR M ER R BB L KBS — 28 ® L — 2




EE-Index

EE-index: EDst and EUEL

2006/03/03 00:00-23:00LT (Kp=1~2)

12:00LT +134nT

o
o

o
o

[e)]
o

DAV [/

B
o

EEJ: EUEL®D os1t1ve’7£@]}5}iﬁj\
CEJ: EUEL@ng ative R H k70 |
— HHWDJE L Fﬁ’@Xﬂﬁtﬁfx]\% |

EDst: B Dst10%3 B Frhiicb 72 A 1a%

T T CUTNAA LT —H N

H-component variation [nT]

EDst1h, EDst6h [50nT/div]

20 /a
S - A A
0k =7 5% | | ¥
‘ B J od B
k 200 7:00LT -10nT ‘tng Bt
LT SN :
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Local Time

< A O O | i o |
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AUty ieeatlleRidlily

Number of Night-side Stations

Date

Space Environment R&Geardﬁ Certer, Kyushu University
EDstTh (Realtime V. er’sf

JURTIZEIAE ., R B A S LA
HEDRESE
e,

<. V=T AT T — P,
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ULF index

Fch Estimated Solar Wind
YVelocity

2= 421 km/s

Error range = 352 — 490 kmds

(= ]

b 2003109 02:00 —> 200300120 02:00 (UT) KLU
l

Pch Index

PS5 Index
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olar I
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lonospheric Sg Current by

MAGDAS/CPMN Data

- Analysis Period:
1996 - 2007

Vlagnetic Quiet

1 Stations:
(Yumoto et
al., 2001)

Geographic Latitude ['N]
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Estimation of FLR frequency and plasma mas
density by MAGDAS ULF Pulsation Data

MLB oo | N & . .
Power spectra i I'(" Fleld Line
2 Y Resonance (FLR)
\ el oscillations
Eigen frequenc
HOB i « I-1, p-1/2
Power spectra '
f mHz

M. 3 e _ ]3] f2 Ll >
o] 2 i : - B ;
. £ B 3 % = ss:
Phase differengs A Y & = 7
(HOB)-(MLB) ™| "“}‘ié‘ il %
T R S o $2 st Lat
U'_ nl'.~ k‘ - O, ="is B ﬂ s - Y
0 5 10 15 2 .
~ MLB/HOB log 553 el o
0] et TSRO TARAY §=2 0 O
H-amplitude 2 g § @
Power ratio| &5 | = o o‘%?
(MLB).”(HOB) ; e 523} Fe 25 - CfI(12) 8 Freq £1 £3 Freq

b '.I;:A .-', 3 ak ".'-. & 04
: : h 5 2 The amplitude-ratio method (Baransky et al.,[1985|l
Uniyersaliling the cross-phase method(Waters et al., [1990])



