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Analysis of rainfall characteristics of the Madden—Julian oscillation using
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Synoptic Condition (Intensive Soundings at Bengkulu)
Y15 (Nov.09-Dec.25, 47 days) Y17 (Nov.16-Jan.15: 61 days)
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Strong NW-ly wind prevailed in the lower
troposphere continuously during the whole
period.

Vital diurnal heating observed near the
surface. Apparent W-ly wind prevailed only
after MJO onset.

CAPE and Vertical Wind Shear (6.0km-0.5km) @ 16LST

\
~ N
Se Seo

23 jreatd I werpL
20 A - 220 INA ACT INA ACT
I 1=
18 _pan A 1 \ - XY
» INA ACT s
B A A " A RS I T T O R
“M 7 rz\-\[\f\f\{\.\,,wj’/ -
i L TR :
L R O T R A LT (I T (R TR (R TR R

Bulk-Richardson#§ (Rb) = CAPE/{1/2 (Uy - U3  GRUL®HF:H = 6 km, L = 0.5 km)

Diurnal Lightning Variability over the Maritime Continent: Impact of Low—Level

Winds, Cloudiness, and the MJO (Virts et al. JAS2013)
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Environmental Conditions for Nighttime Offshore Migration of Precipitation Area as
Revealed by In Situ Observation off Sumatra Island (Yokoi et al. MWR2019) Summary
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After Randel & Jensen (2013)
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[Fujiwara et al., 1998]
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13
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SATE > 7 R = i O YRIEHE A BTE) m BT A
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\ J \ J

| I
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Case study 2; STRATEOLE-2 &L ~EL7IC A X EK STRATEOLE-2 &30 23 ~ T &x
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| SRE
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— A IZTFAIC £
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E
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P =100° E, 100, 70 hPa : EEFEE 2 BB HAM &
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case study 1 case sfudy 2
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~ > AV ZOREBORET IV E Y ERS
40
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14



OTTLNTHEZHFET N EVIRICEIET 2 L EZX SN D EAREYEREAOBERE
BEESI, SANT,
OTEIILE VRICHE S ALRRE L RIS Y DDA RE ICHENT B F AR
ORX— /=T Ly ¥ v —TENETRICL > THEICEERS N DT & &8
FETRIC & > TRRPARRR OB EE I N D IRF 2 EEEA L7,
PEIRDRAE — RO B EHIAMRZB LI ENTE, SRIEZDOFER
EEMN L TEAROEZEOESNAFEE L TUL <,

OHENT — 2 Hh HEONZEABDZEER LIMEROBERI TR I NI,
FELROEEZ RIED 57010, BENT — 2L 2 RARZRER OHMHIREE
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(IUGONET)
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Planetary Plasma and
Atmospheric Research
Center

>IGYR B D Ae0sE MIC B E hiz i LHR T — 2 Dk%
>§.glﬁ AREMBEGAH=ALICHT B0 SR AT L

Tohoku University

K d Hid
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Data Analysis Center Kyoto University
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‘Space Magnetism
Kyoto University

International Center q .
for Space Weather National Institute of
Science and

Polar Research
Education

Kyushu University
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Institute for Space-Earth
Environmental Research

Nagoya University

Research Institute for
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1.2 £Bkith FEAI R VLT —H
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1 AT — SO REALABMRARSBEOS BRFUALRLDIOIC,
HRRDI-HD B L RET—FI"BT HMBDT—IR—ADEELTI DA
T—AEBFTIYINDORBETS

[Hayashi+, 2013]
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( http //search.iugonet. org ™
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IV RAA AN BGUIZH# K

UDAS : SPEDAS (Space Physics Environment Data Analysis Software)D 75 J 4
V7 MEICIUGONETF — X Z 11— R)

Output result

1. Set a time period
2. Load *** data
3. Plot the loaded data
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iug_load_***
tplot, +++
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3. 7 IM)—FiEE

3.1 [IUGONETT—4 T BT 2O RAEEN-E )

/é%ﬁ%%@ﬁﬁ‘i\\

(| tEEZRY k- )
\ooBR

3. 7o) —FiEE
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ELTORZEFEIEDEY A
1. SPEDASTF R - BB RXBRIZDAF. IDL/SPEDASHBE X XA L F12)
p: iugonet. ?lang=ja
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4. REBE

4.2 FHXHICIUGONETDHFE N EFEN SR PR
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M/D thesis
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(2020)

“Koushik, N., K. K. Kumar, C. Vineeth, G. Ramkumar, and K. V.. Subrahmanyam, Meteor Radar Observations of Lunar Semidiurnal
Oscillations in the Mesosphere Lower Thermosphere over Low and Equatorial Latitudes and their variability during Sudden Stratospheric
Warming Events, J. Geophys. Res., 125, €2019JA027736, doi:10.1029/2019JA027736, 2020,

~Sridharan, S., Equatorial upper mesospheric mean winds and tidal response to strong EI Nifio and La Nifia, J. Atmos. Sol.-Terr. Phys.,
202, doi: 10.1016/] jastp.2020.105270, 2020.

“Koushik, N., K. Kishore Kumar, Geetha Ramkumar, K. V. Subrahmanyam, G. Kishore Kumar, W. K. Hocking, Maosheng He, and Ralph
Latteck, y in the juring idden warming: using a network of

meteor radars from high to equatorial latitudes, Climate Dynamics, doi:10.1007/s00382-020-05214-5, 2020.
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(o=
NICT activities on space weather research
and operation in Asia

Because of the COVID-19 pandemic, we could not have a face-to-face meeting. “In
this difficult moment, we should take advantage of ICT, continue communication, and
work together to solve problems.”

Kornyanat Hozumi - Mamoru Ishii * Takuya Tsugawa = Michi Nishioka (NICT)
Pornchai Supnithi (KMITL, Thailand) * Punyawi Jamjareegulgarn (KMITL PCC, Thailand)
Sittiporn Channumsin (GISTDA, Thailand) * Tharadol Komolmis (CMU, Thailand)
Donekeo Lakanchan (NUOL, Laos) * Win Zaw (YTU, Myanmar)

Mamoru Yamamoto (RISH, Kyoto Univ.) * Susumu Saito (ENRI) = Yuchi Otsuka (ISEE, Nagoya Univ.)

FLEMUL—F — FEXRL—F US4 Fa2sEE B oK TS 4 ~Title 1

Overview

* Background
* SEALION in Reiwa.
* A new VHF radar (39.65 MHz) in Chumphon, Thailand.

* GISTDA (Thailand Space Agency) start-up activity on space
weather research.

* ASEAN-IVO project on space weather

* NSTF (National Science and Technology Fair), Thailand
* AOSWA (Asia Oceania Space Weather Alliance)

* Summary

FUBMUL—F — FERRL—F —S VR ID L Fa2sEEHES

k<% 4 — Overview 2

Background and Significant

o Sustalnable precise satellite positioning (e.g.
@NB®) will be an indispensible technology in the

world (e.g. in transportation,
agriculture and constructions).

o | heric infl on the sy needs to
be removed.

0 In coming ten years...

O ICAO (international Civil Aviation Organization): Space
Weather (SW) will be mandatory information for
aviation.

O SW business will be established in many
countries.
Precise positioning (centimeter-level) will be the

top priority research theme to protect fragile ICT
social infrastructure + support aging society.

o

©2019 Kornyanat Hozumi

FLEMUL— 5 — FBARL—F —> oS 4 Ha280 % 7 85> K S 4 — Background 3

SEALION: Transition from Heisei to Reiwa

Vision:

* Enhances research quality.

+  More connects to users.

* More contributions to society.

Mission: COC
+ Collaboration

* Open minded/ Open innovation
+ Challenger’s spirit

Expands the network from
4 countries to 6 countries
in Southeast Asia.

FEUEMUL—F — FEKRRL—F — VR IH A Fa2slE % 75 BRI L — SEALION &

New VHF radar at Chumphon, Thailand VHF radar: Press conference @Bangkok, Thailand on November 26, 2019
Technical information 1 TV news + ~20 published news in paper, magazine and online news.
0.7, 90008 18 Yagi antennas, 130m
9 beams £60° (azimuth), zenith angle of ~0°
Primary antenna array along geomagnetic east-west direction.
em ___Joeseription _|
Operating frequency ~ 39.65 MHz (25 kHz BW)
Transmitter power 1.1 kW per module for 20 kW peak power
Range 1000 km (latitudinal coverage up to ~202N)
Beam cycle Capable of scanning in geomagnetic east-west
direction within the range of zenith angle 02 to 282
FUEMUL—F — FEXRL =5~ VKT A Ha2sEEFES KT L — VHF radar [] FUEMUL—F — FERRL—F — YR A H428E) 4 ES UK 4 — VHF radar press conference [}
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VHF radar: Opening ceremony @Chumphon, Thailand on January 17, 2020

Event list

* Jan 16, 2020: Press release from NICT, Japan

*  Jan 17, 2020: Press release from KMITL, Thailand &
VHF radar opening ceremony

News list

*  NHK news was broadcast on the same day.

* Intotal, 75 news were published
worldwide.

FLEMUL—F — FBRRL—F — RS L §4280E % % B 2K S 4 - VHF radar opening ceremony 7

GISTDA start-up activity on space weather research

* GISTDA is space agency of Thailand.

« From its policy, it is necessary to immediately develop a
space weather forecast service.

* GISTDA firstly approached NICT in June 2019.

* The collaboration was concluded and the MoU was
signed in November, 2019.

* Now, it is during a budget securing process for FY 2021~.

FUBMUL—F — FERGRL—F — S VKD A Fa28E % H B KT L - GISTDA []

ASEAN-IVO* project on space weather
(ICT Virtual Organization of ASEAN Institutes and NICT) htps://wwwinict.go.jp/en/asean_ivo/about_asean_ivo.html

Project: GNSS and lonospheric Data Products for Disaster Prevention and Aviation in Magnetic Low Latitude Regions
Members: 4 countries (Thailand, Japan, Myanmar and Laos)
Project period: 2 year (FY 2019-2020) Installation of GNSS-Novatel at YTU, Myanmar

Installation of GPS-Javad at NUOL, Laos On 12 August 2020.
on 24 December 2019.

L]

Figures are courtesy by Napat Tongkasem, KMITL.

FLEMUL—F — FEARL—F— RS L F428E % B 2K S 4 — ASEAN-VO 9

NSTF (National Science and Technology Fair), Thailand

* Held in August every year by Ministry of Higher Education Science Research and Innovation, Thailand.

+ 1 million people visit every year, and NICT has been exhibiting almost every year since 2007.

*  Due to the influence of covid-19, the Ministry has considered holding the event on a smaller scale than usual
during November 13-23, 2020.

* We are preparing to response to a request for the exhibition.

Thai TV Channel
Dagik Earth

NSTF, Thailand

FUEMUL—F — FERRL—F — VR D L Ea2sEl £ 7B VRS L —NSTF W

AOSWA (Asia Oceania Space Weather Alliance)

“Established in 2010 for encouraging cooperation and
sharing information among institutes in Asia-Oceania
region concerned with and interested in space weather.”

*  The 6th AOSWA Workshop 2020 was scheduled to be held in Bangi,
Selangor, Malaysia 10-13, August 2020.

Due to the COVID-19 pandemic, the workshop was postponed.
Recently, the SOCs have been discussing to have an online workshop
instead.

+  The discussion themes will be slightly shifted from pure space weather
research and activity to lesson learned from COVID-19, current solution
and step for future of space weather research and operation.

Details will be announced soon later.

FEUBMUL—F — FERRL—F =S YR ID L Ha2sE £ 7B VKIS L — AOSWA [T

Summary

® Asian countries are seeking for advisory and support on space
weather (e.g. GISTDA, Thailand).

® NICT established + leads an advisory hub to promote the space
weather activities in Asia (e.g. ASEAN-IVO, SEALION, AOSWA).

® NICT tries to communicate with people on the easy-to-understand
basis via exhibition activity (e.g. NSTF).

® Even with COVID-19 pandemic, NICT keeps a close collaboration with

its partners by employing ICT technology to enhance/ expand space
weather activities.

FUBMUL—F — FERRL—F — 2RI A Ha28E £ FE S VKT L — Summary 2
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MU L —% —IC & % ERtEERA ORI AT
Long-term statistical analysis of the ionospheric observation with the MU radar

Rl R, BB ORI, (LR
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Synthetic aperture radar and ground
observation of ionospheric disturbances over
Japan

Hiroatsu Sato, Jun Su Kim (DLR, Germany),Yuichi Otsuka (ISEE,
Nagoya Univ.)

14th Symposium on
MU Radar and Equatorial Atmosphere Radar
2020-09-14/15

Background : MSTID and FAI

F region irregularity

MSTID and the F-region 3-m scale field-aligned irregularities (FAI) were
simultaneously observed with the MU radar and GEONET/ASI. FAIl appeared as
band-like structures often in the negative TEC phases. Fine scale structures
with a spatial scale of 10 km or less is reported.

(Saito+2002) (Saito+2008) (Otsuka+2009)

Observational gap:

Typical GPS TEC imaging resolution: > 100 km

-> substructures in MSTID <100 km scales?

We use L-band SAR (~1.2 GHz) data to derive TEC imaging in finer spatial scale
resolution

bLR

TEC derived by SAR #1 : Faraday Rotation

The Faraday rotation angle can be estimated from quad-polarization SAR data
[e.g., Pi, 2011]. he polarization plane of the radar signal,
FRis proportional to the integrated electron volume densities (slant TEC) and to
the inner product between the magnetic field and the propagation direction.

eB -k

0=

TEC

« Absolute slant TEC can be estimated.
« SAR data must be quad pol.
« Ground signature can introduce FR from non-ionospheric origin.

31

Background : MSTID

Traveling lonospheric Disturbances (TIDs)
are wave-like plasma density
perturbations.

The horizontal propagation of medium
scale TIDs (MSTIDs) at mid- latitude are
characterized by horizontal wavelength of
several hundreds of kilometers, which have
been observed through the Total Electron
Content (TEC) mapping technique using
dense ground GPS receiver network
(GEONET) and air glow imagers. (Saito+2001)

Fine scale ionospheric irregularity mapping by SAR

Recent studies show L-band Synthetic Aperture Radar (SAR) can be used as TEC
mapping tool with finer spatial resolution than GPS. Simultaneous observation of GPS
network and SAR can enhance the spatial resolution of TEC imaging.

XBNSS (20000 km)

lohosphere

SAR (600-800km)

satellite orbit

(Maeda+2016)

Azimuth

/|

Ground range

Slant range

(Sato+2018)
7 o

TEC derived by SAR #2: SAR azimuth shift

The gradient of TEC in the azimuth
direction modulates the ideal time-
Doppler relationships of SAR signals,
leading to a shift in the focusing
position.

h higno OTEC
@ 2 cosp hewr 0x

. % can be estimated from subband image

Sensitive to small scale TEC gradient TEC gradient mTECU/km-level.
« 10 mTECU/km of the TEC gradient corresponds to 1 meter azimuth shift
in the ALOS-2 PALSAR-2

#



MSTID on 2019-08-20: GEONET observation

TEC perturbation ~ 0.4 TECU
ALOS2 image time : 14:30-14:32 UT

ALOS?2 flight
direction SAR image
area

ALOS?2 flight
direction

SAR image
area

#

MSTID on 2019-08-20: SAR observation

a) G y of SAR i and GEONET TEC

ISAR TEC agree well with GEONET TEC when
image area is mapped to F region altitudes
[TEC amplitude ~0.5 TECU

ISAR TEC perturbation ~20 %

c) SAR derived slant TEC :

positive TEC
perturbation

(yellow) \

Background
EC

T
(green)\

Patches are

Negative TEC most likely non-

or

(light blue) ?@round origin
~ (blue)

Summary and Outlook

Results

* ALOS2 and GEONET observation of MSTID on 2019-08-20 is presented.

» TEC perturbation observed by SAR and GEONET agree well when mapped to
F region altitudes.

« Small scale TEC gradient variation (10 km scale or less) occurs in the
negative TEC phase. Possible relation to FAI needs to be studied further.

Coordinated observation with MU radar
MU radar observation on 2020.06.09. is
coordinated with ALOS2 imaging over north
east Japan. MSTID is observed by GEONET.
-> possible relation between FAI and SAR
azimuth shifts will be studied.
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MSTID on 2019-08-20: SAR observation

a) Geometry of SAR imaging and GEONET TEC: ALOS?2 is right looking
SAR derived Faraday rotation
SAR derived slant TEC

SAR subband azimuth shift

o

C,

)
)
)
d)

MSTID on 2019-08-20: SAR observation

a) Geometry of SAR i and GEONET TEC

iSubband Azimuth shift appeared as stripes almost
parallel to TID phase plane. TEC gradient change
frequently in negative TID phase.

m scale along track / separation scale < 100km

c) SAR derived slant TEC :
d) SAR subband azimuth shift

positive TEC
perturbation

(yellow) \

Background
EC

T
(green)\

Negative TEC
perturbation
(light blue)
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KKIBELEIZCKDHEEB A~ Dsmoke
bubble® ;¥ A

Khaykin et al. 2020

HFTF DFEMKK(2017)

ARELLE

Ulawun X LLIRE X (2019/6/26)
[Volcano ——— Julawun ket |

Country Papua New Guinea Indonesia
Latitude 518 79S
Longitude 1513 E 112.3E
Elevation 2334m 1731m
Eruption 2019/6/26 10:30(UT)  2014/2/13 16:15(UT)
Max. 19km? 26km
Most of the plume 18km 19-20km
Ay
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N, .-'- ™
el N
= s ol
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- .\.'--\..I.:\'il:'l'f B
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e L 1
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2014 Y RTDBEFEXREXLERO—E
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Volcano Lati(udL Longi(udL E|evatioEruEtion VEI|Ash Alt, |SO2
Kelut 7.938 112.31E| 1731 m [2014/02/13| 4 | 26km | 200kt|
Nabro 13.37N 41.70E 2218 m [2011/06/12| 4 | 13.7km| 103kt
|Merapi 7.54S 110.44E | 2968 m [2010/11/04| 4 18km | 227kt
Rabaul(Tavurvur) 4.27S 152.20E | 688 m |2006/10/07| 4 | 18km
CALIPSO 2006/6~

| [Soufreiere Hills 16.72N 62.18W 915m [2006/05/20| 3 17km
Manam 4.08S 145.04E | 1807 m [2006/02/27 19km | 54kt
Manam 4.08S 145.04E | 1807 m |2005/01/28| 4 24km
Manam 4.088 145.04E | 1807 m [2004/10/24 18km
Equatorial Lidar 2004/4-~
Pinatubo 15.13N 120.35E| 1486 m 1991/06/15' 6 I 40km | 30Mt
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Odin/OSIRIS aerosol extinction at 750 nm

zonal monthly mean profile at 20N-20S.

(Vernier et al. 2011)
(1) LA

Merapi  Nabro Kelut

Zonal mean scattering ratio
based on CALIOP over 0-30N.
(Meyer et. al. 2015)
(HE2545—#A)

Blue:Depolarization Ratio, Black : Scattering Ratio
Equatorial Ground-Based Lidar
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CALIOP

e

One-pass CALIOP data around tropopause region have not enough resolution and

data of depolarization is noisy
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- HARES : B ECBIARARESL.

2K 7 — LCHIN, £HRDER -5
RZHT ) CEBRERER =T %
s HOBE: TS TCESR—> -
BSISO (Boreal Summer
Intraseasonal Oscillation )

Kikuchi et al. 2012 IPRCOHPKL)5 1

37

o, v




38

w'v'w’: B - ik
- SRR &

" SART > vl
for AUAUINT A =4
N2 e
po(2): B tEE
ESRDTRILF—
ARDEES S

q:Ri

CR i fiA

Gy BT BE S
CoyHIORE IS




AR : K57 7977 KDIKK - 7k
- Y G XD EMICHEH AT




- mTE . BAR®D39%
- A0 : BR®D13E
p e R =1 KA TILE
TYaltBITS | SN - Pl B Rk
— 5 —&A Sy :

REX#®E (FAKR) - FRM FNK) - LXREFT
(BFEE) - THEE (BIRK) -{E4ER (BH i
K) - Sayeed Ahmed Choudhury * Shamsuddin Ahmed (/\
VIS5 TY1RERE) - Towhida Rashid(% v hK)

A4 > F®I (Pant and Kumar 2000) 1998-2011F D TRMM2A25(= & %
EUR—VEE-9A)HE

NV STVACHEERIFTELRRERR REICETHERA—VFEORKRDFHE

Y1900 (BR)

AVF-Fz53TVOTORR

199154 H29-30812 200447 H30B 0 s R B s ot
RYF5F 1581 el RO e ez SR e
B4 o0 OREEESR RKBI(FFWCIZ & %) TS TEVNYTES

A0 - H(2010)

FENESRBRA@A HIVTHIMKS R T LORFH FENESRBRA@A HIVTHIMKS X T LD

Murata
et al. (2020)

Murata et al. (2020)

Dolanetal.

(2018)

Thompson
RIUT A FIsToT A= etal. (2015)
@Mawsynram border area college @4V FRRE @North-Eastern Hill University

40



ISROF = STV AICEBFARREL—F—EH

s . i 1961F IS5 v AT
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WaNLE NEWS

Vietnam flood death toll rises to 27, more
rain forecast

Ho Kieu Bridge, Lao Cai, from the blog of Pen-G
(https://4travel jp/travelogue/11246941)

Ho Kieu Bridge,
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Gauge vs GSMaP all stations, MVIVT, 2014
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* Satellites for 150/400MHz beacon are getting old.
C/NOFS stopped.

* COSMIC-2 and TBEx will be launched by the same rocket in
2019. They fly in the low-latitude region with triple-band
beacon TXs.
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Study of the ionospheric scintillation and
plasma bubble structure by using EAR and
multi-constellation and multi-frequency
(MC/MF) GNSS receiver

12Acharaporn Bumrungkit, !*Susumu Saito, and 2Pornchai Supnithi
Electronic Navigation Research Institute, National Institute of
Maritime, Port, and Aviation Technology, Japan
2King Mongkut’s Institute of Technology Ladkrabang, Thailand

MUR/EAR Symposium, I5 September 2020

Objectives

* Characteristics of scintillations for different constellations and different
frequencies
- Frequency dependence
- Constellation/signal dependence

* Characteristics of scintillation occurrence
- Number of satellites impacted at the same time
- Relationship with plasma bubble structure

MUR/EAR Symposium, I5 September 2020

General characteristics
GPS Galileo

LI

Ls

MUR/EAR Symposium, I5 September 2020

Background

* GNSS is now widely used in many applications including air navigation

* Multi-constellation and multi-frequency (MC/MF) will be available for air
navigation in the near future, in addition to GPS L1 and GLONASS L1 signals
- lonospheric delay effect (TEC effect) can be eliminated.
- Satellite signal loss by scintillation still remains.

* Scintillation effect on GNSS has been studied mainly for the GPS LI C/A
signal, but not for “new” signals

* Probability of satellite signal loss by scintillation is important to evaluate MC/
MF GNSSS performance

2 MUR/EAR Symposium, I5 September 2020

Data: GNSS scintillation

* Receiver
- Septentrio PolaRxS Pro

* Antenna
- NovAtel GPS-703GGG

* Tracked signals
e, - GPSLICIAL2LS
- GLONASSLI,L2,13
- Galileo EI, E5a, ESb,
- SBASLI,LS
- QZSSLI,L2,L5
- (Beidou: option not purchased)
* Outputs
- Raw data (code pseudorange,
carrier phase, carrier-to-noise
ratio etc.)
- Scintillation indices (S4, 0¢)

4 MUR/EAR Symposium, I5 September 2020

E (.Equa.torl L{ 2 1 ~
gk Atmosphe’rkg\k =
: Radarsite) = T =
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Scintillation: example

Kototabang, 18 March 2019

LI (Al) ] L5 (Al)

sS4

0.0
24

GPST
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GPSOI (LI)

GPSI3 (LI)

350 km
250 km

Latitude [7]

Scintillation: 18 March 2019

GPS Galileo

2,56,13,19,28 |1,4,19,31

Galileo04 (LS) +18 March 2019
+08 March 2019 (quiet day)
1
Galileo3 | (LS1)
L
]
L5 |6

1,4,19,31

MUR/EAR Symposium, I5 September 2020

Mapping EAR echoes and GNSS paths

Echoing region

Echoing region mapped
along magnetic field

Satellte-receiver path

£

Horizontal plane at 350 km

1

r

mapped along magnetic
field

‘ﬁ EFE‘EEAR

GNSS Rx

Echo image and scintillation

=
©
e
g 2
B E
i 3
20
w

Longitude [°]
*Galileo: SV number = SV number + 70

MUR/EAR Symposium, I5 September 2020

Longitude [*]
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West

Latitude [7]

Data: EAR multi-beam observation

18 March 2019
8-beam x 2 sets

MUR/EAR Symposium, I5 September 2020

EAR echoes on 18 March 2019

Mapped at 350 km

Longitude [*]

# 3 clusters of echoes (plasma
bubbles) propagate from west to
east

* All echo clusters came into the
FOV of EAR from western edge
at

- st 13:45UT
- 2nd: 1420 UT
- 3rd: 15:00 UT

MUR/EAR Symposium, I5 September 2020

Echo image and scintillation

*Galileo: SV number
=SV number + 70

LI LS
SV | GO5 |GI3|GI7|GI9|EO4 | EI9 | E3| | EO4 | EI9 | E3|
S4 009 |0.25/0.13]0.11 | 0.2 |0.12 ]| 0.11 [0.31 | 0.18 | 0.17
El 70 | 30 | 33 | 39 | 53 | 50 | 53 | 53 | 50 | 53
Az. | 283 |180| 85 | 58 |180| 71 | 228 | 180 | 71 | 228

MUR/EAR Symposium, I5 September 2020



Scintillation and EAR echo power

Galileo04 (L1) Galileo04 (L5)
S4
SNR
1PP (250 km)
1PP (350 km)
IPP (450 km)
14 GpsT 20 14 GPST 2
= MUR/EAR Symposium, 15 September 2020
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Summary

* Results
- Temporal variation of S4 is correlated best with EAR echoes at
altitudes higher than 250 but lower than 350km.
- L5 appears to be more susceptible to scintillation than LI.
-S4 appears to be larger, when the satellite-receiver path parallel to
the echo structure, or in other words, the longer the path length is.
* Next steps of analysis
- More event analysis to validate the results
- Analysis of path length in the echoing region (defined by a certain
threshold of SNR) and alignment to the echo structure in relation
to S4 values, and discuss the results with the hypothesis by Abadi et

al. [2014].
[Abadi, Saito, and Srigutomo, 2014]

MUR/EAR Symposium, I5 September 2020



TERIL—4—ICL 352019512 HOREHBRO S BB E A

Ionospheric observations by Equatorial Atmosphere Radar

during annular eclipse in December 2019
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Dec 25 9:00 - 15:00, 2019

fai1l50p8c8b3_2019eclipse (AZ: 150, ZE: 21) SNR [dB]
160
140 10
120 7
100 4
T 80
= 09:00 10:00 11:00 12:00 13:00 14:00 15:00 1
g fai150p8c8b3_2019eclipse (AZ: 180, ZE: 18) 1
£ 160
140 4
120 7
100 10
80
09:00 10:00 11:00 12:00 13:00 14:00 15:00
(a) 25 H 9:00-15:00
Dec 26 9:00 — 15:00, 2019
fai1l50p8c8b3_2019eclipse (AZ: 150, ZE: 21)
160
140
120
100
E 80
= 09:00 10:00 11:00 12:00 13:00 14:00 15:00
§ fai150p8c8b3_2019eclipse (AZ: 180, ZE: 18)
=160
<
140
120
100
80

10:00 11:00 12:00

Local Time [h]

(b) 26 H 9:00-15:00

13:00 14:00 15:00

1: 26 H, 27 HIZ EAR T#IHI X 4172 SNR DRFfE —
A

B E fHIR I A2 Y T R ) iR Bk 0D ER B PR
Rl @il 2 = U 7=, BlNE, FHAiff 150.1°, KIH
ff21.4° D —Ak, Fififf180.0°, KIHSM 18.8° D
E—ALD2 HETIT>7. F£72, 201745 A5 2020
5 HETILfTb - BHEBIHRE R Z A U 7.

SEALION O+ # V'Y 7k, I &NV (i
0.2°, B 100.32°), FariKRy (AL 10.72°, B
#%99.37°), N7 UD (Jb#9.30°, HFF105.71°),
7 (b 10.35°, H#Z123.91°), Fxzr v~ (I
% 18.76°, HK98.93°) IZHREBEINT 5.

3 EAR&AKER

25 H& 26 HIZ EAR THIHI X 7172 SNR DR —
EENGXE K 1IZRT. 26 HIZAHERE T L
TWBHEMRH > 72728, BER ) A XL I)VDT—
ZIEFREU 7.



fai150p8c8b3_2019eclipse (AZ: 150, ZE: 21)

00 10:00 11:00 12:00 13:00

fai150p8c8b3_2019eclipse (AZ: 180, ZE: 18)

14:00 15:00

o

Doppler Velocity [m/s]

S &b o wn

-1
09:00 10:00 11:00 12:00 13:00

(a) 26 HD Ry 75 —#EEDRERIZ b

14:00 15:00

(b) 26 HD H IR DKFHEZEAL

X 2: 26 HD Ry 75 —#E & HiEEDRMGZ

M total observations  m echoe observed

140
72 1%

| 458/887
0 ‘

X 3: EAR 25152 2016 £ 12 A5 2020 5 A F
TO 150 km T I — 0 B

150km T I —{%, X 1(a) D& 1225 HIZIBEH
XA, K 1(b) D& IZHALEHD 26 HIZIXEH]
INARM-o7z. 2T HE 150km T I —2EH X 7z 72
&, HEM150km TI—DFEZL T - al gD H
5. F77, M1OXSICEHEBOTI—Z2HEEE
& 100 km AHECTEI S vz, T3 —1%90km fiET
JREEPIZ B X 4, 110km T J— 28X
5ZeHdHo7. 2T HEFBRO T I =8I X 7.
EAR IZ51F 5 2016 4£ 12 AN 5 2020 5 HE T
DODHIZEMD150km TI—DHBBHEZFHR /2L 2 5,
B3D&>I18o7. H (68 H) &4 (122 H) 1T
BN <2, LSO RSHIEHBBEE S R 8
5 EVOMHAMNALNZ. HEMEZ 5722019 4F 12
HIZBRAVUXHIBRBAE 1L 60% & LR - 7208, HE
M 150km T I —DFEZLIT 72 LTIz,
26 HD Rw 75— L HIBEORM AL E X 2
WWRT. M2&Y, Ry 7o —HEIARELD K
IR EEFH LTS Z b5, ko fHao
EEE>TW 2 RY 75— 9:30 2 5 11:30 12H
FTIEA L, 11:30 205 13:30 122 THML, 13:30

26.3%

=
o
o

47 7{36 2(;0 6/29 3%
| 16 14,31 3%

ol
o

Number of days
5 3

N
o

Month

61

30 30
noise

N
o

QOS@

[
o

Spectrum Width [m/s]
z
Spectrum Width [m/s]

o
o

0 10 20 30 0 10 20 30
SNR [dB] SNR [dB]
(a) 25 H (b) 26 H
X 4: 25 H, 26 HD SNR & A7 N)VIEO A X

(a)

(b)

5: 26 HOEE 90km 1285132 Ry 77— E DK
ZALD (a) HIA S & (b) b S &
LS HUEA LT OMEDEEZ IS /2. mREZ

A 12 EDRY 75
T\ =,

F7/7, 26 HOBITHW -2 =A% &KL, SE
90km (BT D R 7T —HEDREIIFRE R R A X -
b E s ORZ L Z R L2 2 A, ’5D &S
28>, K5 &Y, b oL & Em I koD
EDU KB L TV -2 EWbhh s, laE o
PHTHIZIEDME %, TFRIZADHEZINS & 5 1221k
LT/,

150km T3 —(Z2WT, SNR & A7 MVIEDHEK
HXEXK4DESIT/EK L. 150km a1 —& UTC,
i 140km 55 160 km T 10 B S 14 ETHOF—
REMHUZ, AT NVIEIX, SNRA0dB A ED
F—REMEALA. K4a) DEDIZ, ARZ VI
SNR WK EF WA ITIE SNR ICIHKAE L RV 20, EAR
TEHHX N2 150km TI—IXFALIZE2EDTHD
LEbLNDG. NEISHAH5DTI—|%, EAR OKEN
RN DI TERh-> 7~.

—EEIE 0 HE D Z H -

4 AF/VUTHRAER

ARNZNVTODAA YV TEAKERZX 6 125
T, ARINYDAF )YV VTIE25 HISEKRNPHT
WMoz, M6DXHIZ, I RNEZNVTIEF EBO
FUAPE (foF2) WHIREDZLA S 1 RFEEEN
TEFHLU TNz, TOMOHTTE FPROZLNR S



g 7 hpE, 20191226

g 6 hpEs, 20191226

Ry hpf2, 20191226

£z 5 hpE, 20191227

8 4 hpEs, 20191227

5 3 hpf2, 20191227
2 3 4 5 6 7 8

Universal Time [h]

X 6: 3 NRINYDA ANV TEHRE R
nr-.

5 f&im

GPS 2 EDRIN B DM EWEZED /20, EEEE O
HPEENME % EMEICHEL PHIT S 2 koo
TW5. £/, REMETROND 77 A AHAME
D—2IZ150km TI—E WHBEHEBHY, KRZIZE
FRFEER MR X TR,

AWFZETIE, 2019 4 12 H 26 H DOEE H AR O Ef
BOIREEEZ, EAR X124 VYT CRIMIL . HAR
O HIZIZIAREZ 150 km T I =2l S 7223, HE
MHIZIZB X A5 72, #EO EAR TO 150km
TIO—DREHEEZZETD L, HEMN150km =TI —
DFEEZIGIT LIS Hghaw., —F, EfEENS
DT I—IZIE, HEDHELALND Ry TT—HE
DEFMWR N, F72, A4V T OB R
5, HENXF EOMRERBICHEL 52722 Ln
Doz,

Sk, V) REO®EED EAR OB R % 44
BRI 5.

S 3k

Chau, J., and E. Kudeki (2013), Discovery of two
distinct types of equatorial 150 km radar echoes,
Geophys. Res. Lett., 40(17), 4509-4514.

62



Equatorial plasma bubbles:and midnight brightness
wave interaction over a low latitude station
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Outline

» Introduction
» Data sets
» Observation and results
» Discussion
v EPB interaction with poleward moving waves
v" EPB interaction with equatorward moving disturbances

v" EPB interaction with equatorward and poleward moving disturbances

» Summary

Introduction: Equatorial plasma bubble (EPB)

Introduction: Atmospheric Gravity waves

The plasma bubbles result from Rayleigh-Taylor instability in the nighttime ionosphere and are associated with Gravity waves are generated by the action of gravity and buoyancy in the stably stratified atmosphere.
electron density irregularities capable of scattering radio waves in a random manner thereby affecting radio Mesosphere act as a surf zone for upward propagating waves
communications and navigation systems (Kelley, 2009).
These plasma depleted regions are frequently referred to as equatorial plasma bubbles (EPBs). Source Mechanisms:
QTopographic generation Mesosphere
(55-100 km)
QConvective generation
0 Latent heat release Stratosphere
0 Moving mountain (15-55 km)
0 Mechanical oscillator
Troposphere
Q Wind shear generation €15 km)
QOWave-wave interaction
Altitude (km) o 5 = 00
Tsuda (2014)

Introduction: Midnight Brightness Wave (MBW)

Earlier results

Midnight Temperature Maximum (MTM)

MTM is an enhancement of the neutral temperature (Tn) of

~50-200 K in the nighttime cquatorial thermosphere. It is

thought to be created by the combination of in-situ thermal

excitation,  ion-neutral momentum coupling and  lower
tidal waves into the

(Brum etal., 2012).

Martinis et al., 2013

MTM creates a pressure bulge in the thermosphere. This pressure bulge drives winds away from the MTM, and
these thermospheric winds drag the ions with them. As the wind drags the plasma, the plasma moves down along
magnetic field lines increasing the brightness in airglow observations. Observations of this brightness wave
(BW), an optical signature of the MTM (Colerico et al., 1996).

SL No Observation ] ‘e Reference
1 Disappearance of EPB i “ization electric Otsuka et al., 2012
2 Disappearance of EPB slarization electric | Shiokawa et al., 2015
D
- 05:14 - -
3 EPB structure becomes brighter | * nd and a Hickey and Martinis
than the background 3 san turn an ESF 2020
¢ sement
4 Partially filling the EPB edges ayer associated Figueiredo et al
with plasma making it brighter (private
even after MBW has passed communication)
06:19

‘What is the effect of poleward and equatorward moving waves on the EPB? Is it
disappear or brightened?
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Data set

Capabilities of All Sky Airglow Imager (ASAT)

Current FOV =117°

Time integration= 110 sec. 557 & 630nm &
15 sec. OH

Time resolution = 240 sec/4 min

Wavelengths (ASAI):
O('S) (~ 97 km) - 557.7 nm

O('D) (~ 250 km) - 630 nm 6.7°N dip latitude)

OH wide band filter

All-sky imager

Gadanki (13.5°N, 79.2°E geographic;

Indian standard time (IST)=UT+5:30

ITonosonde observation from Tirunelveli (8.7°N, 77.8°E geographic; 1.5°N dip latitude)
International GNSS Service (IGS), Total electron content (TEC) over Bangalore and Hyderabad is also used.

Observation and results

Case 1: 22-04-2014

Case 1: 22-04-2014

150956UT +5:30 4"

-
=4
(=1

200

300

Meridional distance (pixel)
F-9
(=]
o

IV Poleward moving structure @18:48-21:35UT.
0 200 400
Zonal distance (pixel)

Mean drift velocity (Vd) = 111 + 18m/s

o

F F (FSF
requency sprepd F (FSF)

«—>
Range spread F (RSF)

!

» EPB observed throughout the observation period i.e. 20:40-
27:00IST. 24-27 IST northward/poleward propagating waves
observed in the O1630nm images

» Enhancement in the O1630nm emission is noted around 25 IST

> During that period, h’F came down and the plasma density
increases.

Case 2: 04-01-2016

133907UT + 5:30
Detachment of bubble @16:19-16:33 UT

"

==
=1
o

L
=3
o

=3
=3
=

'y
=1
o

Meridional distance (pixel)

o
=3
o

Intensity enhancement @ 16-17:30 UT

0 200 400
Zonal distance (pixel)

Mean drift velocity (Vd) = 81+ 23m/s

> EPB observed from 19:10 to 23:40 IST, and a poleward moving structure is noted between 23:40-25:00 IST.

» Enhancement in the O1630nm is observed between 21:30-23:00 IST. Post-midnight hours (25:00-26:00 IST) the
F layer came down below 250 km.

» EPBs did not disappear. Thy moved eastward. There are no EPB in the field-of-view after 23:40 IST. EPBs and
equatorward moving structure are independent

64




Case 3: 31-01-2017

154951UT + 5:30

=
=1
=1

200

300

s
=3
o

Meridional distance (pixel)

EI Poleward moving structure @ 19:54- U ana

0 200 400

i Mean drift velocity (Vd) =40+ 11m/
Zonal distance (pixel) ean drift velocity (Vd) s

v

EPB appear from 21:20-26:09 IST. Equatorward moving structure with enhancement in the intensity is noted
from 22:18-22:41 IST.
Poleward moving brightness wave is observed from 25:24 to 26:09 IST.

%

Y

After that the EPB disappeared.

Y

At 24-25 ST, the F layer descended to lower altitudes. Consequently, the airglow intensity increased. After
that, Lhe airglow intensity decreases. This is because the decrease in the plasma density due to the
ion. TEC also Because the plasma density decreases, virtual height increased.

Overall remarks on the results

Discussion: 1) EPB interaction with poleward moving waves

Observed events Geomagnetic Remarks
condition

On 22 April 2014, EPB and poleward moving waves are observed simultaneously

== plasma motion
——> Disturbances/wave direction

Airglow emission Mechanism

1 22-04-2014 EPB + poleward moving waves EPB present 0%+ 0; » 03+ 0 hed d
shed down
2 04-01-2016  EPB + Equatorward moving wave Kp<=2 EPB disappeared 03 + e -0+ 0('D) Qirglow red line: 250-300 km
3 31-01-2017 EPB + Equatorward + poleward Kp=4 EPB disappeared
moving brightness structure
Volume emission of 630-nm airglow is proportional to a product of [O0] and [O,]. When the F layer moves to
lower altitude, [O,] increases. Consequently, the altitude of the airglow layer moves to lower altitude and the
airglow intensity increases.
Note that the motion of the structure is different from the neutral winds. In Case 1, wave structures of airglow
intensity were observed. The wavy structures could be caused by gravity wave. Poleward propagating gravity
wave has neutral wind oscillation. The wind is equatorward and poleward.
2) EPB interaction with equatorward moving disturbance 3) EPB interaction with equatorward and poleward moving structure
On 31 January 2017 EPB and equatorward moving disturbances are observed - —— = = S N
Zue Zme dio
5 == Plasma motion ; g - g -
g —> Disturbances/Wave direction H b i i
0%+ 0, - 0f+ 0 = ™ b b
i S - -
0f+ e~ 0+ 0('D) irglow red line: 250-300 km i. i i
® £ ) EMS- Equatorward moving

When the F layer moves to higher altitude, [O,] decreases. Consequently, the altitude of the airglow layer moves
to higher altitude and the airglow intensity decreases.

Note that the motion of the structure is different from the neutral winds. In this case, poleward neutral wind
propagates equatorward. The reason why we expect that the poleward wind exist is that the airglow
enhancement was observed.

Structure

Zonal ditance (pixsl)
L EPB-equatorial plasma bubble

H
#

MBW- Midnight brightness
Wave

Maridional distance [pixel)

EEEN)

Maridianal distanca [pizel)

EF ¥ ¥
Maridional distance |pixel]
£ F ¥ ¥ 3

200 a0
Zonal distance (psl)
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Summary

Case 1 shows that neutral wave interaction may not affect the EPB. This result is consistent with the
recent speculation by Figueiredo et al (private communication)

In case 2, the EPB in the airglow emission may disappear due to the decent of the F-layer.
In case 3, after the passage of MBW/poleward moving structure, the EPB disappeared from the images.

The causative mechanism may be similar to case 2. During the disappearance period the peak plasma
density also drops abruptly.

Please note that all these nights the Ionosonde observation show range or frequency spread till 4 a.m.

Questions and comments!

Thank you for your kind attention!
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Occurrence feature of plasma bubbles
during geomagnetic storms
using long-term GNSS-TEC data

Takuya Sori', Yuichi Otsuka’, Atsuki Shinbori, Takuya Tsugawa?, Michi Nishioka?

LInstitute for Space-Earth Environmental Research, Nagoya University, Nagoya, Japan.
2National Institute of Information and Communications Technology, Koganei, Tokyo, Japan.

Introduction
Plasma bubbles
- Significantly sharp depletion of plasma density
+ Plasma density irregularities within plasma bubbles
- Plasma bubbles are generated in the bottomside F region of the nighttime
equatorial ionosphere after sunset by Rayleigh-Taylor instability mechanism [e.g.,
Farley et al., 1970; Kelley, 2009].

Rayleigh-Taylor instability

West East

Magnetic Downward

equator [Kelley, 2009]

Plasma bubble

E: eastward electric field

B: magnetic field

g: gravity

Vin: ion-neutral collision frequency

Growth rate of

@ g 1lon
Rayleigh-Taylor y = (= — —) ——

instability B vy noz

n: electron density

/‘l‘_ GPS satellite

lonosphere

Receiver

We mapped the TEC and ROTI at a height of
300 km in the thin-layer ionosphere.

Brief description of the Rate of TEC Index (ROTI)
Calculation method of ROTI with GNSS-TEC data

TEC

ROTI

TEC, ROT and ROTI observed at the
point of the GPS receiver (43°, -82.6°)
(2015.03.17/19:00 — 24:00 UT)

ROT = Z0t09T8) (1Y) /min]

ROTI = /(ROT2) — (ROT)? [TECU /min]

T (t) [TECU] : TEC at time t
(ITECUI = [10'¢/m?])

[Pietal., 1997]

Introduction

Plasma bubbles are observed during not only geomagnetically quiet conditions
but geomagnetic storms.

Previous studies
Storm-time plasma bubbles are generated in the dusk sector due to the prompt

penetration of electric field under southward interplanetary magnetic field
conditions [e.g., Ma and Maruyama, 2006; Cherniak and Zakharenkova, 2016].

The purpose of this study

To clarify characteristics of plasma bubbles during
geomagnetic storms using long-term global ROTI data

Data sources

- Global GNSS-TEC data with high temporal and spatial resolutions are
provided by National Institute of Information and Communications

Technology (NICT).

- The GNSS-TEC data used in this study have spatial and temporal
resolutions of 0.5° X 0.5° in longitude and latitude and 5 minutes,

respectively.

- The SYM-H index is provided by WDC, Kyoto University.

+ The solar wind data are provided by Coordinated Data Analysis Web
(CDAWeb), NASA (https://cdaweb.sci.gsfc.nasa.gov/index/.html).

In this study,

Analysis period: 1/1/2000~12/31/2018

Definition of geomagnetic storm events:
the SYM-H variations with the minimum value of less than -40 nT

+ The number of geomagnetic storm events : 652
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Results

Epoch analysis of geomagnetic storm events at the magnetic equator
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Epoch analysis of geomagnetic storm events at the magnetic equator
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Averaged ROTI values at the
magnetic equator increased between
19 and 20.5 MLT during the late main

phase of geomagnetic storms when the
value of the averaged IEF Ey

increased more than 2.5 mV/m.

Epoch analysis of geomagnetic storm events at the magnetic equator
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Averaged ROTI values at the
magnetic equator increased between
19 and 20.5 MLT during the late main

phase of geomagnetic storms when the
value of the averaged IEF Ey

increased more than 2.5 mV/m.
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Discussion

Storm-time equatorial vertical plasma drifts
derived from ROCSAT-1 observations

Under-shielding
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o
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[Fejer et al., 2008]

24 - 12 24

Main phase
19—20.5 MLT: ROTI enhancements
21—9 MLT: No ROTI enhancements

Growth rate of
Rayleigh-Taylor
instability

[Fejer et al., 2008] 18—22 LT: eastward electric field
2—6 LT : westward electric field

The under-shielding prompt penetration of electric field is dominant.

E

MLT

Discussion
Recovery phase

Storm-time equatorial vertical plasma drifts
derived from ROCSAT-1 observations

Under-shielding
rnCuT ros DETUERAMCE DA

I
Wostward
slectric field,
s 19

Dawn oci e Dusk

[Fejer et al., 2008]

Recovery phase
19.5—1 MLT: ROTI suppressions
1—6 MLT: ROTI enhancements

Growth rate of
Rayleigh-Taylor
instability

g 1lon

. 18—21 LT: westward electric field Y=~ v noz
[Fejer etal., 2008] 57 _6 LT eastward electric field
|

The over-shielding penetration of electric field (opposite direction of under-shielding
prompt penetration) and/or disturbance dynamo electric field are dominant.

Summary
We investigate global ROTI data during geomagnetic storms for 19 years.

+ The number of geomagnetic storm events: 652
(minimum value of SYM-H < -40 nT)

+ During the main phase of geomagnetic storms, enhanced ROTI regions do not appear
between 21—9 MLT and develop between 19—20.5 MLT.

« During the recovery phase of geomagnetic storms, enhanced ROTI regions appear
between 1—6 MLT and suppress between 19.5—1 MLT.

During the main phase of geomagnetic storms, plasma bubbles can be
generated due to the enhanced eastward electric field (under-shielding
penetration of electric field) in the dusk sector.

During the recovery phase of geomagnetic storms, plasma bubbles can be
generated due to the eastward electric field (over-shielding penetration of
electric field and/or disturbance dynamo electric field) in the dawn sector and
suppressed due to the westward electric field in the dusk—midnight sectors.
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(Total time=114.688 seconds /observation)

PW=1us, 16bit-SPANO

Nyquist Freq.=15.625Hz (Nyquist velocity=50.368mis)

Effect on MIMO radar

physical antenna aperture plane

TX's(6 transmit ohthogonal waveforms)

MIMO virtual antenna aperture plane

RX's(6 x 19 received waveforms)
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