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TT —2=lGFT 2008 THD,
ShUREX F ¢ > _— TR D LH70 2 &% H YL L CTEI Iz,
® MU L —%— [-%2% UAV ##Y T o4 —THHEIL, MU L —& —8LHl & D Erfs
LT, 7V T BN GHEE SN A ELIEEE) = /L X —(TKE)EHE ¢ DXV IE
72XV 7L — s ar LRGEEETT),
® UAV 5l > 7o ¥—Ii2dk b e OREM L, FIUS UAV O @m0 iEie e h— 4
—IZXDHEEZ LT 5,
® MU L —4# —C LD RITRICBI T A ELITREE B € ° & UAV B E e RIR o
— X BIRE IR AR E E K C, T,
® Zfffi’s UAV O RKRIELLELL TOA AMEZHKIET S,
® K-H N2 EDHEERC KNSR E e E 2R IE 5 1T, UAV & MU L —4 — O [F] IR
(AR R D D H L HFERET 5,

2. EBROME
2.1 UAV A5 A

UAV DOFEEEEIL MU L—% —7 75 1 ~K 1km OF K IE h oS L4
fEHLCTIT o7, BRI IEES RIS+ 072 NS Th o720, BAPIZIL2Na-> TR, 1525
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No. Time Tag hlﬁg)}(l ¢ Aircraft Launch Purpose

1 June5 06:32:13 3.0 N78CU bungee Over the field

2 June5 07:48:46 3.0 N78CU bungee Over the field

3 June5 09:12:56 4.0 N74CU bungee Over the field

4 June7 05:44:00 3.7 N78CU bungee Over the field

5 June7 07:14:11 4.2 N77CU bungee Over the field

6 June7 09:44:58 3.5 N77CU bungee Over the field

7 June7 10:55:36 3.9 N77CU bungee Over the field

8 June7 12:55:28 3.2 N77CU bungee Over the field

9 June7 15:34:41 3.2 N75CU bungee Over the field
10 June7 17:33:43 43 N75CU bungee Over the field
11 June 9 15:46:14 24 bungee Over the radar
12 June 9 16:55:11 2.5 bungee Over the radar
13 June 10 07:28:08 0.7 bungee Gravity Wave
14 June 10 08:22:20 2.0 bungee Gravity Wave
15 June 10 10:16:52 1.8 bungee Gravity Wave
16 June 1105:32:11 2.3 N78CU bungee Cn2 comparison radar
17 June 11 09:23:03 5 N78CU balloon Near the radar
18 June 13 09:34:20 1.7 N78CU bungee Gravity Wave
19 June 13 12:12:43 2.7 N78CU balloon Long term Survey
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Year of the Maritime Continent (YMC)

15 an international framework for international collaboration on field observations and modeling to better understand the role of
the Maritime Continent on the global weather-climate continuum. More information on ¥YMC in the about page
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= SCIENTIFIGBAGKGROUND

Scientific Background

The Maritime Continent (MC), & unigue mixture of land and
ocean stradding the equator between 100 - 160°E, is the
largest archipelago on Eatth. i is known for its complex
geophysical setting, ts marine and land biodiversity, and its
rich human history and cultures. Sitting between the Indisn
and Pacific Oceans and inthe mid of their warmest body of
weater knowwn as the warm pool, the MC plays a unigue role
in the weather-climate cortinuum of the region and the
world. This white paper briefly summarizes this role and
advocates the idea of the "Vear of the Maritime Continent”
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Recent events

Upcoming events

CINDDYNAMO MJD Symposium 24-27 Mo 2015
A0G3 Meeting

ASEAN Sub-committee for et &
Geophysics

(Fitst formal Announcement to all
ASEAN countries)

Kidkeoff Meeting in J akarta,
Indanesia

Inter-agensies canserium in
Indanesia and International
relationship

AGU Fall Meeting in San Fransiseo
Session on the Maritime Continent

MG mplementation Plan
Workshop, Jakarta Indonesia
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Spectral parameters estimation in precipitation for

50 MHz band atmospheric radars

Tong Gan', Masayuki K. Yamamoto?, Hajime Okamoto®, Hiroyuki Hashiguchi®,
and Mamoru Yamamoto®
'Research Institute for Sustainable Humanosphere, Kyoto University, Kyoto, Japan.
National Institute of Information and Communications Technology, Tokyo, Japan.
3Research Institute for Applied Mechanics, Kyushu University, Fukuoka, Japan.

Summary

50 MHz band atmospheric radars (ARs) can detect clear air echoes and
hydrometeor echoes simultaneously. However, in order to calculate spectral
parameters (i.e., echo power, Doppler velocity, and spectrum width) of the clear air
echo accurately, the clear air echo must be separated from the hydrometeor echo
well. In this study, we propose methods (top method and two-echo method) for
calculating the spectral parameters in precipitation region. The top method is used
when raindrops or solid hydrometeors with small echo intensities exist. The top
method sets an echo cut level by using the peak intensity of the clear air echo. The
echo cut level is used for separating clear air echoes from hydrometeor echoes. The
two-echo method is used when solid hydrometeors with large echo intensities exist.
The two-echo method sets the echo cut level by using the local minimum of echo
intensity between the clear air echo and the hydrometeor echo. Measurement
results obtained by the vertical beam of the middle and upper atmosphere radar
(MU radar) during a precipitation event on 26 October 2009 were used for evaluating
the performance of the top and two-echo methods. The echo cut levels of the top
and two-echo methods were determined from numerical simulation. The
measurement results demonstrate that the top and two-echo methods are useful for

reducing errors of spectral parameters (see Figure).
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Altitude Development of F-region Field-aligned Irregularities at Post-midnight in
Comparison with post-sunset time based on Equatorial Atmosphere Radar
Observations in Indonesia

Tam Dao'?, Yuichi Otsuka!, Kazuo Shiokawa', S. Tulasi Ram?, Mamoru Yamamoto*
1, STEL, Nagoya University, Japan, 2, VAST, Vietnam;
3, IIG, India; 4, RISH, Kyoto University, Japan.
1. Introduction

The EAR is located at Kototabang (0.2°S, 100.3°E; 10.4°S geomagnetic latitude), Indonesia. With the
operating at 47.0 MHz, it can observe 3-m-scale FAIs in the ionosphere [Fukao et al., 2003].

Using multiple beam measurements of the EAR in F-region FAIs, Yokoyama et al. [2004] revealed that
the onset of FAIs during high solar activity conditions mainly occurred at sunset at the altitude of the apex
of the geomagnetic field line connected with the observed area. Yokoyama and Fukao [2006] investigated
the rise velocity of the FAI region at post-sunset and noted that the observed rise velocity is consistent
with the nonlinear evolution of plasma bubbles as simulated by previous numerical studies. With regard
to post-midnight FAIs, Ajith et al. [2015] showed that FAIs appearing around midnight grow to higher
altitudes in the field of view (FOV) of the EAR. However, the rise velocities of post-midnight FAIs have
not been studied systematically.

In this study, we have investigated the rise velocity of F-region FAI echoes observed with the EAR for 3
years, from May 2010 to June 2013. We found a clear difference between the rise velocities of the post-
sunset and the post-midnight FAIs. We will discuss possible generation mechanisms for post-midnight
FAIs.

2. Observational Results and Discussion

We conducted 16-beam measurements for the F-region and plot the FAI echo intensity for a fan-shaped
range-azimuth sector (fan sector) map. The fan sector map is obtained at ~2-min intervals. We selected
the event in which the FAIs with the signal-to-noise ratio larger than 0 dB continued more than 10 min.
We refer to the evolving FAIs appearing between 19:00 and 21:00 LT in March, April, September, and
October as post-sunset and those appearing after 22:30 LT from May to August as post-midnight FAIs.

Figure 1 shows a typical example showing the onset and development of post-midnight FAIs in the fan
sector map. A small echo region appears at 00:16 LT at an altitude of ~270 km, and it successively grows
to higher altitudes and reaches the top of the radar’s FOV at 01:15 LT. To estimate the vertical rise velocity
of the FAI structure, the top altitude of the FAI echo with signal-to-noise ratio exceeding -3 dB is
determined within each fan sector map during its growth phase until the FAI reaches the maximum altitude
of the FOV, stops extending in altitude, or drifts out of the radar FOV. The mean vertical rise velocity of
the FAI region is estimated from the temporal variation of the top altitudes obtained at 2-min intervals by
using the least squares method for each event.
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Figure 1: Time sequence of two-dimensional maps of the F-region FAI echo intensity observed with the
EAR between 00:09 and 01:07 LT on July 24, 2012.

The temporal evolution of the top altitudes of 15 post-midnight and 50 post-sunset FAI events during their
growth phases is showed in Figure 2. The left vertical axis shows the altitude of the location where the
EAR radar beam is perpendicular to the magnetic field line. The right axis shows the apex altitude of the
geomagnetic field line connecting to the point measured with the EAR, using the International
Geomagnetic Reference Field (IGRF) model [Thébault et al., 2015]. The horizontal axis shows the time
in seconds from the onset of FAIL This figure shows that most post-sunset FAIs (red curves) start at
altitudes higher than 320 km. They extend rapidly to higher altitudes and quickly reach the maximum
detectable altitude of the EAR (~515 km) within a short period of ~2000 s from the onset.
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Figure 2: Temporal variation of the top altitude of the FAIs observed with the EAR.

In contrast, the initial top altitudes of post-midnight FAIs (blue dashed curves) are mostly seen below 320
km. The growth of the post-midnight FAIs continues slowly for more than 1 h, and most of them do not
exceed an altitude of 450 km. This result suggests that the polarization electric fields within the plasma
bubbles are smaller at post-midnight than at post-sunset. The FAIs within plasma bubbles could be caused
by the coupling processes between the lower-hybrid drift and the low-frequency-drift instabilities, in
which electric fields play an important role in generating meter-scale irregularities [Ossakow, 1981]. The
large electric fields could induce more active instability. Therefore, weak polarization electric fields at



post-midnight could reduce the echo intensity of the FAIs. In fact, based on the 30.8-MHz radar
measurements of the FAIs in Indonesia, Otsuka et al. [2009] reported that the echo intensity of the FAIs
is weaker at post-midnight than at post-sunset.

In Figure 3, the rise velocities of the post-sunset (red diamonds) and post-midnight (blue squares) FAIs
during their growth phase are plotted as a function of the initial altitude of the FAIs. The initial altitudes
of the post-midnight FAIs are mostly below 320 km, whereas those of the post-sunset FAIs exhibit a large
variability, from 270 to 440 km. The rise velocities of post-sunset FAIs tend to increase linearly with their
initial altitudes. The positive correlation between the initial altitude and the rise velocity could be
consistent with the linear growth rate of the Rayleigh-Taylor instability. This is probably because eastward
electric fields play an important role not only in generating plasma bubbles but also in lifting up the F-
region plasma to higher altitudes. Electric fields are transmitted along the magnetic field line and raise the
F layer to higher altitudes at off-equatorial regions (e.g., Kototabang). The initial altitude of the observed
FAls could represent the altitude of the F layer above Kototabang because we cannot detect the FAI echo
coming below the bottomside of the F layer, where the plasma density is low owing to rapid recombination.
Therefore, we can consider that the eastward electric field pushes up the F layer over Kototabang and
induces a larger growth rate of the Rayleigh-Taylor instability, in turn causing the rapid growth of plasma
bubbles at post-sunset. In contrast, the initial altitude and rise velocity for post-midnight FAIs show no
clear correlation. This is consistent with the idea that the electric field is not a dominant factor for the
generation of the post-midnight plasma bubbles. As discussed before, the F layer uplift related to MTM
may be an important factor for generating post-midnight plasma bubbles. Considering our results, we
suggest that the F layer uplift at midnight could not be caused by the electric fields.
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Figure 3: Relationship of rise velocity of the FAIs and their initial altitude observed with the EAR for
post-sunset and post-midnight FAIs. A solid line indicates the regression line for post-sunset FAIs.

Figure 4 shows the local time variation of FAI rise velocities for 15 post-midnight and 50 post-sunset FAI
events. We observe that the rise velocities of post-midnight FAIs vary between 10 and 70 m/s, whereas
post-sunset FAIs show large variability of between 25 and 260 m/s. The large rise velocities of post-sunset
FAls at around 19:30 LT are mainly attributable to PRE of the eastward electric field at post-sunset hours.



The PRE causes large uplift of the equatorial F-layer and substantially enhances the growth rate of the
Rayleigh-Taylor instability. The post-sunset FAIs mostly appear for 2 h, from 19:00 to 21:00 LT, whereas
the appearance of post-midnight FAIs is widely distributed between 22:30 and 02:30 LT. Evolving FAIs
were not observed between 21:00 and 22:30 LT. The local time of the post-midnight plasma bubble
occurrence is widely distributed from 22:30 to 2:30 LT. Nishioka et al. [2012] suggested that the F layer
uplift may be caused by the equatorward thermospheric winds. The convergence of the equatorward
thermospheric wind at the equator near the local midnight is responsible for the midnight temperature
maximum (MTM). Niranjan et al. [2006] found that a significant temperature gradient and an F layer
uplift occurs above the equator between around 22:00 to 24:00 LT during the summer solstice months
with low solar activity. Neutral winds related to the MTM could play an important role in the uplift of the
F layer and result in FAIs around midnight. MTM is driven by tidal waves; in particular, the terdiurnal
tide propagates upward from the lower atmosphere [Akmaev et al., 2010]. The day-to-day variability of
the tides may also be responsible for the wide distribution of the local time when the post-midnight FAIs
occur.
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Figure 4: Local time variation of the rise velocity of post-sunset and post-midnight FAIs observed with
the EAR.

Kototabang is located approximately 10 degrees south of the magnetic equator. In order to determine the
time when post-midnight plasma bubble is generated, we have estimated local time when the plasma
bubbles are initiated at the magnetic equator. Using the IGRF model, we calculated the apex altitude (ha
[km]) of the magnetic field line connecting to the region where the post-midnight FAIs were initially
observed using the EAR. The rise velocity of the post-midnight FAI (plasma bubble) over the equator (va
[m/s]) is calculated from the rise velocity of the observed FAIs along the radar beam, assuming that plasma
bubbles are elongated along the magnetic field line. We also assumed that the plasma bubble is initiated
at an altitude of 250 km at the magnetic equator and that it grows to higher altitudes at a constant rise
velocity (va). The period of the plasma bubble growth from its initial altitude (250 km) to ha is obtained
by the following formula: t = [(ha-250)%1000]/va [s]. We calculated the period t for each post-midnight
event and estimated the local time when the plasma bubble is initiated at the magnetic equator (Table 1).



We found that t ranges from 45 to 165 min and that plasma bubble initiation could occur between 21:14
to 01:43 LT, except for an event on May 19, 2010. As seen in Figure 2, the rise velocities of the FAIs tend
to decrease with time as the bubble grows. The rise velocities immediately after plasma bubble generation
could be larger than the velocities estimated above. Consequently, the local time of plasma bubble
generation at the magnetic equator could be later than the estimated time shown in Table 1. Therefore,
these results could suggest that most post-midnight FAIs observed with the EAR are accompanied by
plasma bubbles initiated after the PRE cease.

Table 1: List of evolving post-midnight FAIs observed with EAR

Initial time Initial altitude Apex altitude Rise Velocity Estimated initiated
Date at EAR (LT) at EAR (km) at ME (km) at ME (m/s) time at ME (LT)
2010519 0:44 330 501 10 1723
2010 7 09 23:08 250 419 30 21:36
20107 13 1:49 310 480 23 23:05
20107 15 0:05 305 475 40 22:31
2010 8 01 024 275 445 59 23:29
2011515 0:11 270 440 55 23:13
20116 10 1:34 280 450 22 23:01
2011 6 26 23:44 255 424 35 22:20
20117 04 23:55 290 460 22 21:14
2012 6 04 222 315 485 32 0:21
2012 6 06 23:46 280 450 49 22:38
2012 7 05 22:49 255 424 52 21:53
2012 7 24 0:16 270 440 70 23:31
2013611 231 275 445 68 1:43
2013 6 26 2:30 290 460 31 0:38

*ME: magnetic equator
3. Conclusion

We have analyzed the F-region FAIs observed in a mode of 16-beam measurements with the EAR at
Kototabang, Indonesia, from May 2010 to June 2013 to study the growth phase of the FAIs using fan
sector maps of the FAI echoes. The observed features of the post-sunset and post-midnight FAIs can be
summarized as follows: The rise velocities of the post-midnight FAIs are between 10 and 70 m/s and
smaller than those at post-sunset FAIs (from 25 to 260 m/s). Most of the post-midnight FAIs do not exceed
an altitude of 450 km. The post-midnight FAIs were observed between 22:30 and 02:30 LT, whereas the
post-sunset FAIs mostly appeared for 2 h from 19:00 to 21:00 LT. Although the post-sunset FAIs show a
clear positive correlation between their initial altitudes and rise velocities, the post-midnight FAIs do not
show such a clear correlation.

From these results, we conclude that most post-midnight FAIs observed with the EAR are accompanied
by plasma bubbles generated at the magnetic equator after the PRE ceases. The growth rate of the
Rayleigh-Taylor instability is smaller at post-midnight than at post-sunset. The post-midnight plasma
bubbles could be caused by the F-layer uplift driven by convergence of the thermospheric neutral winds



related to MTM. The day-to-day variability of the tides producing MTM may be responsible for the wide
distribution of the local time when the post-midnight FAIs occur.
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MOTIVATION AND OBJECTIVES

The Sun is a very active star.

It has weather. It also has storms.

Sunspots are magnetic storms on the surface
of the Sun. In the active regions on the Sun
where magnetic fields are much stronger on
average, the solar flares typically erupted.

Solar flares can produce streams of highly
energetic particles in the solar wind, known
as a solar proton event, or "coronal mass
ejection" (CME).
At high levels (proton-flux above 10
particles >= 10 MeV) we speak of a Solar
Radiation Storm.
These particles can impact the Earth's
magnetosphere and can cause a
geomagnetic storm. Such storms can
interfere with modern technology on Earth,
such as electrical power grids,

ications systems and satellites

http:/fsolar-fares.nfo/

Let us look at the ionosphere region

Credit: NASA

MOTIVATION AND OBJECTIVES

Ionospheric Irregularities :
Equatorial Plasma Bubbles :

Plasma density depletion region which
appear in the equatorial ionosphere.
Generated in the bottomside of F region
ionosphere.

Accompanied by electron density
irregularities.

Elongated along the geomagnetic field
line.

‘When solar flare occur and triggering
geomagnetic storm, what like the
response of ionosphere region?

ER Young et l, 1981

MOTIVATION AND OBJECTIVES

h

= To understand the response of the equatorial i phere during g ic

storms

= To understand how geomagnetic storms affect the characteristics of Equatorial
Plasma Bubbles/Equatorial Spread F.

Global Distribution of all ESF related
magnetic events from CHAMP during
2001-2004; Kp < 3 and amplitudes > LU
(0.25nT)

(Stolle et.al., 2006)

-> The ESF events confined to two bands
centered ~ 10° N and S of the dip equator.

DATA AND METHOD

« Echoes scatter of Equatorial Atmosphere Radar (FAIs)

VHF radar near geomagnetic equator have been used for observations of intense
coherent echoes scatter from field aligned irregularities.

Spatial patterns of backscatter from FAI similar to those of equatorial plasma
bubbles (EPB) = Collected FAI data during 2014-2015

*  Geomagnetic Activity (DsT, Kp, AE) from http://wdc.kugi.kyoto-u.ac.jp/

*  Electron Density from SWARM Satellite

DATA AND METHOD

Method :
» C(lassified FAISs events : postsunset or postmidnight.
» Plotting geomagnetic activity indices (Dst, Kp, and AE)

> when geomagnetic storm occur coincide with FAIs events.
-> choose only for Dst indices <-100 nT (Intense storm)

* Analyzed data from other instruments to confirm the effect of geomagnetic
storm to ionosphere region.

- Longitudinally variation of electron density from SWARM Satellite




RESULTS AND DISCUSSION

FAI events during 2014-2015 from EAR :

109

Pss

=201 w2015

FAls appeared frequently at postsunset period

RESULTS AND DISCUSSION

Examples of Geomagnetic Activity Parameters :

March 2015

February 2014

Credit : IUGONET

RESULTS AND DISCUSSION

RESULTS AND DISCUSSION

* Based on Dst indices :
- Intense (Dst <-100 nT) :

Solar Flare : 25 Februari 2014

Source 1 AR1967
Class 1 X4.9
Time :00:49 UT

CME emerged.
Storm event : 27 Februari 2014

| February 2014,

RESULTS AND DISCUSSION

* Based on Dst indices :
- Intense (Dst <-100 nT) :

Solar Flare : 11 March 2015

Source 1 AR2297
| Class 1 X2.0
Time :16:22UT

CME emerged.
Storm event : 17 March 2015

RESULTS AND DISCUSSION

* Based on Dst indices :
- Intense (Dst <-100 nT) :

Solar Flare : 22 June 2015

Source :AR2371
Class :M6.5
Time 11823 UT
CME emerged.

Storm event : 23 June 2015

f l I I : PMN events
T ]

[Cromtnd w351 30808 15 69T




RESULTS AND DISCUSSION

Longitudinally variation of electron density from SWARM Satellite

» Three identical satellites to study the dynamics of
the Earth’s magnetic field and its interactions with
the Earth system.

» The objective :

-Core dynamics, geodynamo processes and

core—mantle interaction

-Magnetism of the lithosphere and its

geological context

-3D electrical conductivity of the mantle

related to composition

-Magnetic signature related to ocean

circulation.

- Analysing electric currents in the

magnetosphere and ionosphere

- Understanding the impact of solar wind on

dynamics of the upper atmosphere

RESULTS AND DISCUSSION

» Based on Dst indices :

March 2015
L R

- Intense (Dst <-100 nT) :

Solar Flare : 11 March 2015

Source 1 AR2297
Class 1 X2.0
Time :16:22UT
CME emerged.

Storm event : 17 March 2015

_Dst(Provisional)

WO ot Gy e, Byt

I : PSS events

RESULTS AND DISCUSSION

* The SWARM Orbit Counter data = location of Satellite
* The SWARM Plasma Dataset - electron density

15 March 2015

16 March 2015

Early stage of geomagnetic storm

17 March 2015

Peak of geomagnetic storm

18 March 2015

Recovery of geomagnetic storm




19 March 2015

20 March 2015

CONCLUSION

During 2014-2015 we found 150 postsunset FAIs events and 37

postmidnight events; 10 of those coincide with intense geomagnetic storm.

Only for the intense geomagnetic storm (Dst < -100 nT) can inhibit
equatorial plasma bubbles

Variation of electron density data clearly show equatorial ionization
anomaly (EIA) and its nighttime variation during the geomagnetic storm.
During 15-20 March 2015 (intense storm event) showed strong day to day
variability at postsunset period (19-22 LT)

f
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Eﬁr;i Ground-based augmentation system (GBAS)

(S and the ionosphere

satellite

lonospheric delay = 40.3 TEC/f*
= 16cm/TECU
at GPS L1 (1.57542GHz)

lonospheric
delay (TEC)

8pg=pg-Pgo
Puo=Pu—dpu

reference stations
Sgu.,-gﬁgg 8pg (bmad:ast Lﬁﬁ
—position error &% ( (
—

(“%]&

* GBAS provides guidance for airplane precision approach and landing.
* Spatial gradient in ionospheric delay (equivalently TEC) can be an
error source.
* Technical standards are defined by ICAQ (International Civil Aviation
Organization)
$EIEIMUR/EARY Y RI T L, Fif, 2015F9H 118

2

PR
ENRI lonospheric threat model
(g

* lonospheric threat model defines possible ranges of variation in
ionospheric delay, ionospheric threat model, must be defined to
design safe systems using GNSS.

* ICAQ is developing technical standards for Category-lll GBAS
based on the following ionospheric threat model where
ionospheric gradient is approximated by a linear front.

Parameter Range of values
Max lono delay Sope Width (w) 25200 km
Front Speed Denth (D 0-80
D Depth =V cpth (O) = m
Front speed (v) 0-1500 m/s
W‘Elh Nominal lono Slope (g) depending on v

Threat model adopted for GAST-D Upper bound on
(CAT-11l GBAS) Front speed (v) .

[GBAS CAT-I gradient slope (g)
SARPs, ICAO,

1 v <750 mis 500 mm/km
750 < v < 1500 m/s 100 mm/km

#EIEIMUR/EARY Y RIJ L, Fif, 2015F9H11H
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)

01501 TECY 1930 VT a1 2501

m
4
e

Objectives

* The threat model has been developed
based mainly on the observations in
the mid-latitudes. :

- lonospheric disturbances e, —
associated with severe magnetic [Foster et al., 2002]
N Vertical TEC variation over Japan
storms are conSIdered' 21:25:30 JST on 7 April 2002
- Plasma bubbles (unique to the low

latitude region) has not been well 00 &

considered. s

]

* lonospheric threat model needs to be 648
checked with observations in the low 48

latitude region.

EIEIMUR/EARY VIRY I Ls, Fik, 2015698118
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PR
ENRI Observation setup

ENS ’.,#

24348
24346 = A

- ]

% 24304 ¥ 4

b} /

2 o Ishigaki

E 24.342 Island

(24.3°N, 124.2°E,
24.340 19.6° Mag. Lat)
243381 )
124156 124160 124164  124.168 124172 124176

Longitude (°)

Receiver system

* Ishigaki Island in Southwest Japan (19.6°
magnetic latitude) since 2008

Antenna

* Five stations with distances 0.4-1.6 km

* Equipments
- Receiver: NovAtel Euro-3,2 Hz sampling
- Antenna: NovAtel GPS-702-GG

EIEIMUR/EARY Y IRIT L, Fif, 2015F9H 118
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PR
ENR]| 'onospheric delay gradient estimation for

(g the short baseline case

* Dual-frequency geometry-free combination
- Inter-frequency bias error ~ a few TECU = several
100s mm—not acceptable for short baseline cases

* Single frequency carrier-phase measurements aided by code
measurements
- Fujita et al, ). Aero.Astro.Avi,, 201 |
- Estimates ionospheric delay difference between two
receivers
- Free from inter-frequency bias problem
- More robust in in disturbed ionospheric conditions

EIEIMUR/EARY Y RIT L, FiR, 2015F9H11H
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Slant lsp (R1-R3, 1.37km), 3 April 2008

NRI Extreme gradient event on 3 April 2008
(g

R3

710mm/1.37km
=515 mm/km
(at 12:50:37.5)

* Estimated by the single-

frequency carrier-phase
based and code-aided

technique [Fujita et al,, J.

Aero.Astro.Avi,, 2010]

* Ambiguity resolution is
assured by consistency
check with redundant
measurements [Saito et

NRI

5)

(

(R3-RI) [TECU]

ic delay dif

lonospheric delay[ TECU]

1 13 al.,ION GNSS 2012]
GPS Time (= LT - %hr)

BIEIMUR/EARY Y IRIT L, FiR, 2015F9H 118
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Validation with dual-frequency results

3 April 2008 »515mm/km
110 I
100 s
N

90 o

0 ~30TECU = 4.8m

70

qg]() 12.75 12.80 1285 12.90 12.95 13.00
120
HoR R3,
100

2

80

{9.70 12.75 12.80 1285 12.90 12.95 13.00
120
110 R4
100 /\\/\h

90

80

70

qg]() 12.75 12.80 12.85 12.90 12.95 13.00

GPS Time

#EIEIMUR/EARY Y IRIT L, Fif, 2015F9H 118

s

Gradient derived by dual-frequency

measurements
3 April 2008
15
* 7-13TECU (1120-2080 mm)
10 difference at 1.37 km baseline
(818-1520 mm/km)
s * Considering possibility of cycle slips,
515 mm/km gradient is plausible
-3 13TECU \ Cysle-slips?.
- 7TECU
= 1120mm
=15
12.8 12.9
GPS Time

$B9IEIMUR/EARY Y IRIT L, Fif, 2015F9H 118
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lonospheric delay[ TECU] (

Velocity Estimation

ErT—

s TECU)

\ IPPs \/I}here characteristic %
\ r| behaviors of TEC are found

o discosa
wavefront Wavefront and velocity 9 = ————
| estimation tQ - tl
| dyzcos(a— f3)
| p=———"" "
i ts — 11
— v,
Li et al., J. Geophys. Res., 2012,
[Lietal, ). Geophys. Res., 2013 JEARY VIRY L, T8, 2015598 11
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R| Characteristic Points with TEC variation

3 April 2008
120
— R1
— R3
110} — R4
100 12:50:25 ¥ =114 s
12:50:33.5 Wavefront normal = 75°
(CCW fi North;
0 —\ 125034 (CCW from North)
=>v_east=118m/s
114/sin(75
Depletion: 15 TECU ( sy
80|
>
S
70 Duration: Imin 1
=> Spatial scale: 7.1 km
=> Gradient: 380 mm/km (consistent)
60

12.8 12.9

GPS Time

* Not easy to determine the characteristic points
BIEIMUR/EARY Y IRII L, Fif, 2015F9H 118
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)

m
4
e

C

TEC variation [TECU/sec]

Characteristic Points with TEC
variation rate (AATR)

3 April 2008
r ! Drop
PN g AATR Drop
/ RI:12:50:34.5
"1 . RI]  R2:12:50255
etart of recovery R3: 12:50:33.5
D 1
r
[ Start of AATR
"m\"” ’ IMV recovery
| S—_— R3]  RI:12:51:055
S R2: 12:50:57
Drop | R3: 12:51:06
I T e WM i siasemgsmerr]
[ M
i | start of recovery R4

GPS Time 12.9

$B9IEIMUR/EARY Y IRIT L, Fif, 2015F9H 118

12



PR
ENRI
e

Velocity estimation with TEC
variation rate (AATR)

* AATR drop points (close to the time of largest gradient)
- v_norm=76m/s
- wavefront normal = 67°
- v_east = 83 m/s (= 76/sin(67°))
* Start of AATR recovery points
- v_norm =203 m/s
- wavefront normal = 94°
- v_east = 203 m/s (= 203/sin(94°))
* Very sharp TEC drop occurred in about | min
- Spatial scale:4.6-12.2 km
- Gradient (I min average): 200-521 mm/km
= Obtained gradient is consistent with those obtained with
other methods

BIEIMUR/EARY Y RI T L, Fif, 2015F9H 118
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PRN22 (disturbed) , 3 April 2008

400 '4° CCW i North
<=> consistent with
velocity estil i
=
—

e 2=

B
I3
o

Northward gradient (mm/km)
©

-400 400
Eastward gradient (mm/km)

gy
(di3x, di3y) R3
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Observations in Southeast Asia

TEC gradient
in Bangkok _

Kototabang

9km

Bukittinggi

*  Characterizing TEC gradient
- EARssite (baseline 9km) and Bangkok (baseline 12km)

*  Plasma bubble monitoring by EAR EIEIMUR/EARY Y RITI L, Fif, 2015F9H 118
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* An extreme ionospheric gradient of 515 mm/km was observed in
a plasma bubble event on 3 April 2008 at Ishigaki, Japan
- Dual-frequency ionospheric delay difference results support
the plausibility of the large gradient
- Wavefront direction and velocity were estimated by using
temporal variation patterns of ionospheric delay
- Eastward velocity: 105 m/s
- Wavefront normal direction is consistent with the
direction of gradient
- Spatial scale: 6.3 km

Summary

* Two parameters are outside the ionospheric threat model being
used in ICAQO activities and the threat model should be revised.
- Gradient: 515 mm/km
- Width: 6.3 km
* Short-baseline TEC gradient observations are being conducted in
Indonesia (EAR site) and Thailand (Bangkok)

BIEIMUR/EARY Y IRIT L, FiR, 2015F9H 118
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East-west asymmetry of scintillation occurrence in Indonesia using GPS and
GLONASS observations

Prayitno Abadi (1), Yuichi Otsuka (1), Susumu Saito (2), Kazuo Shiokawa (1)
(1) Solar-Terrestrial Environment Laboratory (STEL), Nagoya University, Nagoya, Japan

(2) Electronic Navigation Research Institute (ENRI), Tokyo, Japan

Study Motivation

Ionospheric scintillation is one of factors that can reduce quality of GNSS (Global Navigation
Satellite Systems) positioning. In equatorial and low-latitude region, ionospheric scintillation is to be
known caused by equatorial plasma bubble (EPB) or spread F (ESF). Irregularities inside EPB diffract
radiowave of GNSS satellite when propagate to receiver in ground. The result is radiowave of satellite
will interference each other, so then, receiver will receive fluctuated signal. In extreme case, ionospheric
scintillation can cause loss of lock which means GNSS receiver loses satellite signal, therefore, receiver
cannot track the satellite. Losing multiple satellites in the same time can degrade accuracy of positioning
because the accuracy needs more satellites and their configuration. Fig. 1 illustrates effects of scintillation
on GNSS signals.

For practical use, characterizing scintillation occurrence can be used to know where and when
scintillation will highly occur. Even though GNSS recently include many constellation such as GPS
(USA) with 31 satellites and GLONASS (Russia) with 24 satellites, characterizing scintillation
occurrence for each constellation can be useful for looking what is the strength and the weakness related
to scintillation effects for each constellation. In this study, we aim to characterize scintillation at L1 (1.5
GHz), L2 (1.2 GHz), and L5 (1.1 GHZ) frequency for GPS and GLONASS. We use directional (sky plot)
analysis to characterize those frequencies for both constellations.

Observation and Methods

We used GNSS receiver that is GPStation-6 which can receive GPS L1/L5 and GLONASS L1/L2. The
receiver is installed at Bandung (6.9° S, 107.6° E; 17.5° S magnetic latitude), Indonesia where the
location is located under EIA (equatorial ionization anomaly) region, as shown in Fig. 2. We used S4
index which indicate scintillation activity from Jan to Jun 2015. We used scintillation data without
elevation angle mask which means elevation angle down to 5 deg. To remove multipath effect, we use
sigma-CCD (standard deviation of code-carrier divergence) parameter which can distinguish ionospheric
and non-ionospheric effects. For characterizing scintillation occurrences, we use sky plot to better see
directional distribution of scintillation occurrences.

Results

Fig. 3 is to show directional occurrence rate of scintillation over Bandung during observation period.
Using directional analysis easily to see where scintillation mostly occurs respect to receiver location for
each frequency and for each constellation. For example, we can see clearly east-west asymmetry of



scintillation occurrences for GLONASS at both L1 and L2 frequency (Fig. 3c and 3d). we also see larger
occurrence rate for lower frequency (L2 and L5) comparing with higher frequency (L1) as shown in
Fig.3. Fig.4 shows accumulation of scintillation at L1 frequency for GPS and GLONASS during
observation period. We calculated occurrence rate for all scintillations both GPS L1 and GLONASS L1
during observation period in one sky plot. We can see clearly that distribution of scintillations higher in
northern sky of receiver location. In addition, we see that the distribution tend to be westward direction
respect to the location of receiver.

Discussion

We suggested that scintillation occurrences are likely to be associated with EPB structure and
location of EIA. EPB generated at magnetic equator than extend poleward at both hemispheres (to north
and south direction) (Abdu et al., 1983). Previous studies suggested that scintillation at L-band caused by
400-m scale irregularities inside EPB. This irregularity exist from post-sunset to pre-midnight (Basu et
al., 1978). Furthermore, scintillation amplitude tends to be larger where the background density is high
such as EIA region. In Indonesia, Abadi et al. (2014) reported that the average location of EIA crest
between Pontianak (0 deg S, North of Bandung) and Bandung (6.9 deg S) based on observation of
scintillation occurrence during 2009-2011. Hence, our result of higher scintillation distribution in the
northern sky of receiver indicates average location of EIA in the north direction.

Our another finding is scintillation occurrences tend to be westward direction respect to the
receiver location. Many attempts reported that plasma bubble grows with tilted westward structure both
vertical and latitudinal (see for example Kelley et al., 2003). Thus, the latitudinal structure of EPB is so-
called reversed "C" shape. Since latitudinal of EPB is tilted westward, line of sight for GPS/GLONASS
from west direction would be more parallel with EPB structure that from east direction. This condition
will enhance scintillation. It is why we see east-west asymmetry of scintillation occurrences in sky plots.
Particularly, we see more clearly east-west asymmetry of scintillation occurrence for GLONASS.
GLONASS has orbital characteristics as follows, 65 deg inclination and the distribution of satellites is
evenly spaced at each orbital planes. Those orbital characteristics yield that the distribution of satellites in
between western and eastern sky over certain position in equatorial region are similar. Because EPB
structure has tilted westward, thus, GLONASS satellites in the western sky could be more parallel with
EPB structure.

Summary

We have characterized occurrences of scintillation at L1, L2 and L5 frequency for GPS and GLONASS
constellation over EIA region in Indonesia during Jan to Jun 2015. We can summarize our results as
follows.

(1) Larger probability of scintillation occurrence associated with location of EIA and structure of plasma
bubble.

(2) East-west asymmetry of scintillation occurrences is likely to be associated with tilted westward
plasma bubble structure

(3) for GLONASS, line of sight from west direction could be more affected by irregularity inside the
bubble
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Different characteristics of EIA in equinox and
solstice obtained from Southeast Asia

K. Watthanasangmechai, M. Yamamoto (5 KRISH), Saito (FRKEE)
ExB
What is EIA?

S * Equatorial lonization Anomaly (EIA): two
crests of enhanced electron density region
developed ~15° distance from the dip

/ P e “.\ equator
- quator ~—
/%Q:N 20\53\\\ Fountain effect
1) ExB drift at the dip equator
Redistributi 2) Diffusion and gravitational force
® epaie W o

along the field line

Current study

Following aspects of precise EIA structure will be discussed:
* Nature of EIA during daytime/nighttime
* Geomagnetic effect (low/high Kp) on daytime EIA
* Meridional wind effect on nighttime EIA

This study regards to 300 passes in 2012.

Two main players on EIA structure

* Electric fields (ExB drift): EIA strength
* Meridional wind: EIA asymmetry

ExB drift
EIA strength,

Trans-equatorial wind
EIA asymmetry

TEC
v
’
[y
N
TEC

Geomagnetic latitude Geomagnetic latitude

. Strong EIA asymmetry
Convergent wind (esp. during geomagnetic storm)

EIA crests deteriorate

- =

A P

e P

ExB drift &
| Trans-equatorial wind

»

TEC
TEC

Geomagnetic latitude Geomagnetic latitude

2015-09-11 (13:20-13:40)

Limitations on previous EIA studies

Low-latitude lonospheric tomography network (LITN) of Taiwan
provided high spatial resolution but was limited only over the
northern hemisphere.

GPS occultation (e.g. FORMOSAT-3/COSMIC or F3/C) provided
global scale information including over the ocean but could not
provide high spatial resolution in the same longitude continuously.

Satellite observations (e.g. CHAMP and GRACE) have a drawback
on their altitude change. Also they took many months to cover all
local times in the same longitude sector.

Finally, there was no significant study of precise structures of the
EIA asymmetry across the geomagnetic equator.

Observation features

* Beacon receiver network receiving signals from polar-orbit
satellite observes EIA in narrow longitudinal coverage (~100 km).

Latitudinal extent at the ionospheric pierce point (IPP) covers +25
geomagnetic latitude.

* Each observation has quick scan within 20 minutes on average.
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» Nature of EIA during daytime/nighttime
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» Geomagnetic effect (low/high Kp) on daytime EIA
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Day-to-day TEC variations on June 15-18, 2012
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Conclusion

Daytime: Influence from above

* EIA strength is proportional to the enhanced penetrating
electric field.

* Penetrating electric field alone cannot form the EIA asymmetry.
* Severe asymmetry is produced by neutral wind and penetrating
electric field enhancement.
Nighttime: Influence from below
* No rapid evolution of EIA at night
— Exception: Storm time in June solstice (TEC rapidly decreases in its value.)
* Meridional wind mainly controls asymmetric structures at night.

* Itis an evidence of an influence from bottom-side ionosphere.



Observations of tri-band beacon signal
scintillation from LITN and GPS data at
Taiwan
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The New LITN and ITS (lonospheric Tomography System)
Overviews.

Special Event at Low-latitude Scintillation Near Taiwan at Low
Magnetic Activity.

Special Events at Low-latitude Scintillation near Taiwan at High
Magnetic Activity

The Seasonal Variations of Equatorial Scintillation

Discussion and Conclusions.
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LITN and their beacon frequencies for NWRA ITS receivers
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‘How did we find a scintillation ?

1.The same scintillation event happens in two stations in the same pass ?
2. Two Frequency ? 3. Elevation angle too low( below 15 degrees ) ?
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The MART algorithm and resulting tomography
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The result from simple optic model
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Special events at low-latitude scintillation near Taiwan at the
high magnetic activity(1)
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‘ Special events at low-latitude scintillation near Taiwan at the

high magnetic activity(2)
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Special events at low-latitude scintillation near Taiwan at the
high magnetic activity(3)
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Special events at low-latitude scintillation near Taiwan at the
high magnetic activity(4)
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(Briggs and Parkin, 1963)
Data : April 2006 to Dec 2009

Scintillation events : 83 days

High magnetic activity (Kp >3)
(16 days)

Equatorial Scintillation (Kp <3)
(63 days)
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'The hourly occurrence and Kp
index from April 2006 to Dec 2009

It Sutig Lo OB 903
/RO ———— U ———— L T 1

thoin i

'

L8 : ¥
E d ' '

ot vily
£ T '

iy - -

.‘~ i ¢ E ]
2 2y ] %
§ 7 THAE

a. Pl

2 0l

L N‘J'I;-

- it

" e—ppt

"

Messesinaan

= W O O O O 5 D S D R ) Y
ES 6T N Y M NI E 34 S 6T B AWM Y )by ET SR 2 ) A4Sk

208 - 207 e 2 —

‘@&%&ﬁ&ﬁﬁﬂlﬂ&fn EHIBRTRE

’ The status of beacon receivets
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’ GRBR scintillation event data
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‘GPS data for scintillation event at Taitwan|
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‘GPS data for scintillation event at Taiwan|
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The COSMIC-2 Spacecraft

TGRS POD

WM Antenna

TGRS RO
Antenna

RF Beacon
Antenna

The COSMIC-2 spacecraft are being developed by Surrey Satellite Technologies
Limited (SSTL) Under Contract to Taiwan's National Space Agency
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Discussion and conclusion

= We could use the simple optic model to obtain the real altitude of irregularities when we
estimate ionospheric penetration points of the irregularities to define E and F layer
irregularities.

= There are 442 scintillation days from April 2006 to Dec 2009 (1423 days) and occurred
usually at 18~05 LT in the night time, especially at pre-midnight or post-midnight.

= The scintillations have high correlation with months when Kp < 3. The scintillations are
happened at May-June and December-February less than the other months. On the
contrary, scintillations are normally more frequent during the equinoctial months of August—
g)c!ober and March—April. Meanwhile there are 42 scintillation days happened when Kp >

= During the equinoctial months of August-October and Mar—April, when scintillations are
normally more frequent, the generation of equatorial irregularities is in general absent
during magnetic disturbances.
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1. Brief review of dual-band beacon experiment by using GNU
Radio Beacon Receiver (GRBR).

2. Introduction of new research project just started in FY 2015.

New satellites and development of new GRBR.

Long-period EAR experiment

Radio beacon experiment of the ionosphere

® VHF(150MHz)/UHF(400MHz)
beacon signals are transmitted
from satellite, and received on the
ground.

Radiowaves propagate through
the lonosphere that is dissipative
media where refractive index is
modulated owing to the local
plasma density.

Radiowave ray paths are then
bended from the shortest path.
The ray paths vary at different
wave frequency.

From close analysis of phase
difference between two signals,
we can estimate total electron
content (TEC) between the
satellite and the receiver.

400-1000 km height
1 pass duration = 10-15min

Satellite

Receiver on the ground

GNU Radio Beacon Receiver (GRBR)

—— Digital radio for 150/400MHz beacon experiment ——
Yamamoto, 2008

auderd Lmvegrans
FIR (Fimitr Impulse Kespome)

GNU Radio: Open software package for digital radio
USRP: A/D + demodulator/modulator peripheral

Low-latitude ionosphere: Equatorial Spread-F (ESF)
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Development of plasma bubbles

Geomagnetic field

1000 km

[lonosophere]

100 km

Meridional structure of plasma bubbles

Local density-depleted regions at the bottomside of the
ionosphere develop and rapidly move upward to the topside
of the ionosphere.

Rayleigh-Taylor instability is the mechanism.

ESF occurs mainly near F-region sunset over the magnetic
equator.

Meridionally elongated structure along the field line.
Accompanied with small-scale irregularities that are
detectable by VHF radars.

Spatial alignment of LSWS with scintillations
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SW Asia: Equatorial lonosphere Anomaly (EIA)

Low-latitude ionospheric
irregularity captured by the

beacon experiment GRER
Ionosonde
10°
KORNYANAT i GPS
WATTHANASANGMECHAI -
Formation and the day-to-day °°

variability of the EIA™ was captured by
GRBR chain. The asymmetry of the
EIA™ was investigated. The equatorial
plasma bubble and the pre-dawn

depletion were detected.”
""EIA: Equatorial lonization Anomaly
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EIA formation detected by

GRBR
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data from 0700 — 1520 LT on
March 7, 2012.

Watthanasangmechai
etal., 2014, 2015 7

New research project
(Kakenhi grant Kiban-A (EI# &£ #&A) in FY2015-2018)

* New beacon experiment

— Several new beacon satellites are launched in 2015-
2016. We develop new GRBR system for them.
« We collaborate with Ehime Univ. for antenna development.
« 4ch digital receiver is necessary for full operation.
— We also hope Equatorial MU Radar (EMU) during the
research period.

* Long-term EAR experiment
— EAR started experiment in June 2001. We continue
long-term experiment during the research period.

« About two solar-cycle data will be obtained after the period.
« Recent solar cycle can be covered by continuous data.

EAR long-term experiment covering cycle 23-24

We continue continuous
ionosphere observations
since July 2010.

New research project
enables us to cover

LT

M
i

ot

1% 2001-2010 lonosphere i | 1 T 1
N \; obs. by schedule | i 3J

the whole Cycle 24.

New beacon satellites

Name Launch Units Inc.l ina LEzeem Note
tion frequency

PROPCUBE  Sep. 2015 63° 390 MHz
(USA) Dec. 2016 2340 MHz
400 MHz L
MIC-2 o
(CUOSSA T;wan) REcUICINE 2 ool ggg gzz:g;i:)sn
’ 2200 MHz :
150 MHz .
TBEx o Decided launch
Dec 2016 2 28.5 400 MHz )
(USA) 1067 MHz with COSMIC-2

* Satellites for 150/400MHz DBB are getting old. C/NOFS stopped
DBB transmission already.

* There are three new satellite launches planned in 2015-2016.
Especially COSMIC-2 and TBEx will fly in the low-latitude region.

* We prepare the beacon experiment by developing new GRBR
system.

Plan of new 4-ch GRBR system
(150 / 400 / 965 / 1067 MHz receiver system)

bladeRF x40
+ XB-200
(OSC master)

Pre-amp

bladeRF x40
BPF etc

(OSC slave)
|

New antenna for all
4band is now developed
by Prof. Matsunaga.

(OSC slave)
|

bladeRF x40
(OSC slave)

bladeRF x40
300MHz-3GHz TX/RX
USB 3.0

XB-200
VHF/HF up/down converter
Used set on x40 for 150MHz

https://www.nuand.com/

bladeRF x40 ; ~ -

LINUX PC
GNU Radio

We plan to use
“bladeRF” from
“nuand” company. This
board is new to us, but
would enables us
inexpensive solution
compared by using
similar board from
Ettus company “USRP
B200/B210".

Setup
USRP B210
LINUX PC USB 3.0 1.50.012MHZ bladeRF + XB-200
GNU Radio sin-wave out —> ATT for150 MHz USB 3.0
*  MIMO Master ﬁ
10MHz ref IN
CLK OUT
[ ou LINUX PC
10MHz 12 GNU Radio
sine wave — 5 Ii‘tter (32kHz t{and,
oscillator P 2ch 1Q s_lgnal
recording)
CLK IN
10MHz ref IN ’
/ bladeRF only
USRPB210 —» ATT for 400 MHz USB 3.0
UsB 3.0 400.032MHz MIMO slave

sin-wave out




Amplitude

150/400MHz time series

150_05c_IN_150real ||
150_OSC_IN_150imag ||
— 150_0SC_IN_d00real ||
] 150_0SC_IN_so0imag |{

0.04 i |"Tn| Ili =]
0.02 I \r“\ || | l 'Il“ Ir‘I

Sinusoidal variation
occur because of ref-
clock difference
between TX (USRP)
and RX (bladeRF) side.
3 times of 150MHz
signal variation
corresponds to 8 times
of 400MHz signal
variation. This is what

o
o
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we hoped.

Number of data

Summary

Digital beacon receiver GRBR was successful for studies
over Japan and Southeast Asia.

— Japan: MSNA tomography, Rocket beacon experiment

— SW Asia: LSWS and EBP relation, EIA structure and variation.
Recently, however, many beacon satellites are getting
older, and number of available data are decreasing.
There are several satellite constellation planned in 2015
and 2016. Chance of observations is enhanced by that.
We fortunately started a new Kakenhi project in FY
2015-2018. We will develop another GRBR system for
the new satellites beacon. Also we will continue EAR
long-term observations of the low-latitude ionosphere.
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Installed on the exposure facility (EF) of Japanese experimental
module ‘Kibou’ on International Space Station (ISS) in Aug.
2012.

Two sets of imagers
« VISI for the observation of the airglow in the nadir direction.

. EUVI for the observation of the resonant scattering from
ions in the limb direction.

2015/08/21

Results of the ISS-IMAP observation

1. Distribution of wave structures in the MLT region
- Concentric wave structures
- Wave structures in various scale size
- Coordinated observation with limb-imaging, ground-based
imagers, radars and GPS receivers.

2. Structures of plasma on the bottomside of the F-region
ionosphere.
- Meso-scale structures: Plasma bubble & MSTID
- Equatorial lonization Anomaly

3. Distribution of He+ and O+ in the lonosphere and the
Plasmasphere
- Observation of total He+ content
- Observation of O+ with 83.4nm resonant scattering

. 2015%8A10-12H : MUL — % —ISEHI & D EIFRFER A
. 8F248 : HTVR v ¥ > 753, ISS-IMAPEURIIE T
EMSEDA L. RE/(L v b IcBE

. REHTVEERFES

SMILES
(JAXAGR)

. 8H30H:

[http://www.mext.go.jp]

ISS-
. Observation Status of ISS-IMAP

VISI + EUVI

2013.0 2013.5 20140 2014.5

2013.0 2013.5

SIRIRIAY |

2013.0 2013.5 20140 2014.5

20140 2014.5

VISI: Visible-light and Infrared Spectral Imager
Airglow

730nm (OH, Alt. 85km),
762nm (02, Alt 95km),
630nm(O, Alt.250km)

Nadir looking with forward
and backward slits
perpendicular to the ISS
trajectory

Spatial Resolution: 18km
(OH and 02) and 25km(QO)

Exposure Time: 1 sec.-
Weight 14.5kg

F d FOV
A R R R ockward FOV. - Forwar




Concentric wave structure in 762nm
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EUVI: Extreme Ultra Violet Imager

Resonant scattering from ions

+83.4nm (O+), 30.4nm (He+)

-Backward Limb looking with 15 deg. Field-of-view.
+Weight 19.3kg, Size 170 x 370 x 480 mm

frovl W AYSI

3:22:02 cuvio- | : 34223

He+ O+ [Uji et al., 2014]

covive |

One day Observation of VISI 762nm on May 6, 2013

EUVI O+ 83.4nm Summary
Average Count 2012-12-26

20 T 1 « ISS-IMAP has conducted the imaging observation of the Earth’s upper atmosphere
& EUVIcounts from exposure facility of international space station in visible-light. VISI : Airglow:
s ‘ 1 730nm (OH, Alt. 85km), 762nm (02, Alt 95km), 630nm(O, Alt. 250km)
L __ s . Simulation Result T 4
15 « Distribution of He+ and O+ in the lonosphere and the Plasmasphere

s Simulation Result .
without shadow region . « Observation of total He+ content.

+ Observation of O+ with 83.4nm resonant scattering.

« Structures of plasma on the bottomed of the F-region ionosphere.

Average count[count/min/bin]
5

& N \ * Meso-scale structures: Plasma bubble & MSTID
L K s X7 Xom Ko f x| « Equatorial lonization Anomaly
N ES s
5+ N7 Y Bl ; :
L - /k 1 « Distribution of wave structures in the MLT region
N, X ~ X 1 « Concentric wave structures
A T Y
R T N R « Wave structures in various scale size
ISS LT ﬁéég% (%352% (SHS) é}i}é, (E%%) é;%é) é}%g, « Coordinated observation with limb-imaging, ground-based imagers, radars
T. Point Lat. * 41.9 32.4 21.5 10. -1.9 -13. -25.1 and GPS receiver
T. Point Lon. -31.2 -17.3 -8.5 27 11 19.7 29.2




Orbits of Interplanetary Dusts and Meteor Ablation Process measured
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Radar Head-echo Observations

Shinsuke Abe", Johan Kero?, Takuji Nakamura”, Yasunori Fujiwara3),

Daniel Kastinen, Junichi Watanabe®, Hiroyuki Hashiguchi(’), MURMHED members

Y Department of Aerospace Engineering, Nihon University, Japan
) Swedish Institute of Space Physics, Sweden
? National Institute of Polar Research, Japan
Y Luled University of Technology, Sweden
% National Astronomical Observatory of Japan
% Research Institute for Sustainable Humanosphere, Kyoto University, Japan

The influx rate of interplanetary dusts and artificial space debris onto the Earth’s surface are essential for the human
space activities. Thus, it is very important to investigate influx, orbits and mechanical strength of meteoroids that can be
observed as meteors after interacting with the upper atmosphere. High power large aperture (HPLA) radar observation is a
recent technique to provide useful information on meteor influx and orbits, as well as interactions with the atmosphere. The
recent development of the technique carried out using the middle and upper atmosphere radar (MU radar) of Kyoto
University at Shigaraki (34.9N, 136.1S), which is large atmospheric VHF radar with 46.5 MHz frequency, | MW output
transmission power and 8,330 m’ aperture array antenna, has established very precise orbital determination from meteor
head echoes. More than 150,000 meteor orbits have been measured since 2009. In this paper, we present the physical
quantities of meteoroids such as orbital parameters, flux rate and ablation characteristics obtained from the MU radar
meteor head echo observations. The origin and internal structure of meteoroids compared with comets, asteroids and space

by MU

debris will be discussed.

Nomenclature

Key Words: Radars, Meteoroids, Meteors, Space debris, Comets, Asteroids

Radar cross section
Received power

Target range
Transmitter antenna gain
Receiver antenna gain

Azimuth of target (positive east of north)

Heating rate

Elevation of target

Radar wavelength
Transmitted power
Signal-to-noise ratio
Equivalent noise temperature
Stefan-Boltzmann constant
Receiver bandwidth
Absolute visible magnitude
Semi-major axis

Eccentricity

Inclination

Argument of perihelion
Longitude of ascending node
D-criterion

1. Introduction

The flux of meteoroids onto Earth is the source of the
neutral and ion metal layers in the middle atmosphere. The
influx plays an important role in atmospheric dynamics and
processes like the formation of high-altitude clouds, possibly
through coagulation of meteoric smoke particles acting as
condensation nuclei for water vapor. Hunten et al. (1980) "
point out that estimating the deposition of mass in the
atmosphere requires knowledge of not only the total mass
influx of meteoroids, but also the size and velocity
distributions and physical characteristics such as density and
boiling point of the particles. The various mass ranges of
meteoroids ranging between 10" and 10"°g are continuously
colliding with the Earth. Most of them are so called
micrometeoroids, micrometeorites or IDPs (Interplanetary
Dust Particles) whose diameters are estimated between 10 and
several 100 micrometres. It is indicated by radar, high-flying
aircraft and zodiacal cloud observations that a daily mass
influx of meteoroids is ranging from 100 to 300 tones™.
However, it is still a matter of finding parent bodies of most
meteoroids, while parent bodies for the most of major meteor
showers have been identified as comets or dormant comets.
Their physical and chemical aspects such as composition,
structure as well as their origins are also poorly known. The
influx rate of interplanetary dusts and artificial space debris
onto the Earth’s surface are essential for the human space



activities. Thus, it is very important to investigate influx,
orbits and mechanical strength of meteoroids that can be
observed as meteors after interacting with the upper

atmosphere.
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Fig. 1. Mass influx (per decade of mass) plotted against particle mass.
The original plot from Flynn (2002) ? has to be scaled to accord with the
revised values from Plane (2012) 3,

2. Meteor head-echo method

2.1. Classical radars

Signal returns detected by conventional meteor radars have
scattered from under-dense meteor trails, formed in the wake of
the meteoroids entering the Earth’s atmosphere. The altitude
range over which such scattering can be observed is quite limited,
extending at most from 70 to 140 km. Studies of the echo altitude
distributions show that over a given restricted height range, the
maximum detection height is approximately logarithmically
proportional to the probing wavelength. This is known as the
meteor height ceiling effect ¥. The effect is assumed to be a
consequence of the fact that ionized meteor trails have a finite
radial extent. To be observable at all by radar the trail must be
almost perpendicular to the radar beam. A meteor radar operating
at 6 m wavelength therefore exhibits a maximum detection
altitude of about 105—110 km. Because of the height cutoff effect,
VHF radars detect only a fraction of the meteors that should
otherwise be observable. The height ceiling effect also puts an
upper limit on the useful frequency, and so most classical meteor
radars have operated below 100 MHz.

Fig. 2. Schematic of meteor trail echo and meteor head echo.

Meteoroid
Meteor trail

electrons

Positive ion

Meéteor. trail echo

W oA

'\ Meteor head echo .

‘\V /as/
! )

Conventional meteor radar

Dense plasma
(Meteor head)

2.2. HPLA radars

Meteor head echo observations with High-Power Large-
Aperture (HPLA) radars are well suited for studying many
aspects of the meteoroid influx in detail, as well as the
atmosphere interaction processes. Meteor head echoes are
radio waves scattered from the intense regions of plasma
surrounding and co-moving with meteoroids during
atmospheric flight. We have developed and implemented an
automated analysis scheme for meteor head echo observations
by the 46.5 MHz Middle and Upper atmosphere (MU) radar
near Shigaraki, Japan (34.85 N, 136.10 E)*. The algorithms
used here use a combination of single-pulse-Doppler,
time-of-flight and pulse-to-pulse phase correlation
measurements, enabling the meteoroid radial velocity to be
determined to within a few tens of m s with 3.12ms time
resolution®. Equivalently, the precision improvement of the
determined line-of-sight velocity is at least a factor of 20
compared to previous single-pulse measurements.
Furthermore, we have invented an interpolation scheme to
find the target range within a small fraction of the 900 m long
range gates. This, together with the upgrade of the MU radar
receiver system from four analog to 25 digital channels,
results in improved tar- get position determination, crucial for
accurately estimating meteoroid trajectory parameters and
calculating true meteoroid velocities from the measured radial
velocity component along the radar line-of-sight.
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Fig. 3. A schematic view of the MU radar antenna array. It consists of
475 antennas arranged in a grid of equilateral triangles with an element
spacing of 0.7\. The array is divided into 25 subgroups (A1-F5), each
consisting of 19 antennas and connected to its own transmitter and

receiver module.

The present setup of the MU radar hardware comprises a 25
channel digital receiver system. It was upgraded from the
original setup in 2004, After the upgrade, the MU radar
always transmit right-handed circular (RC) polarization and
receive left-handed circular (LC) polarization, with a phase
accuracy of 2. The output of each digital channel is the sum of
the received radio signal from a subgroup of 19 Yagi antennas.
The whole array consists of 475 antennas, evenly distributed



in a 103 m circular aperture. A schematic view of the array
and the subgroups is given in Fig. 2. It is possible to combine
the output from several subgroups into the same digital
channel to reduce the total number of channels and hence
decrease the data rate without decreasing the total aperture.
We have, however, chosen to use all 25 channels to enable
subgroup phase offset reduction and to optimize

interferometric target position determination and post-steering
of the receiver beam. The maximum continuous data rate is
about 20 GB h™' due to system limitation. The range finding
interpolation algorithm works best if the transmitted code is
selected as to have a minimum value next to the central
maximum in its autocorrelation function (ACF). The
autocorrelation of a 13-bit Barker code has zeros next to the
central peak. This property maximizes the precision of the
range interpolation for a given code length. Other properties
of the transmission schedule as the number of bits in the code,
baud length, IPP, etc., are not restricted by the range finding
interpolation algorithm and should be chosen according to
hardware limitations and other constraints. It is important to

make sure that the receiver bandwidth is wide enough to
accommodate both the modulation band- width and the target
Doppler shift.
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Fig. 4. Overview of the analysis of an example “meteor 1”. ®

(a) Range-time and signal intensity plot of a meteor head echo event. (b)
Determination of the radial velocity of meteor 1. The red markers trace
the velocity determined from pulse-to-pulse phase correlation considering
atmospheric deceleration. (c) Top view of the set of instantaneous target
locations at each IPP (green circles) of meteor 1, the start of the event (red
star) and a fit of the trajectory (black line). The contours of constant
elevation, 8° to 90°, (blue) correspond to radial distances of about 1.7 km
at 100 km range. (d) Exaggerated sketch of a meteoroid trajectory in the
far-field of a radar beam (solid lines), where the phase fronts are spherical
(dashed lines). The Doppler shift varies as cos v along the trajectory. For
an approaching meteoroid the angle v, < v,, which leads to a decreasing

radial velocity component.

2.3. Radar cross section
Radar cross sections (RCS) of detected targets are evaluated
by rewriting the classical radar equation as
(4m)3P.R*

= 1
RCS = 56, 8) G0, TP, M

The received power is given by

P = SNR - Typisekby (2

where K, = 1.38x1072% JK~! is the Stefan-Boltzmann
constant, and b, =~ 1/6 us = 167 kHz is the receiver
bandwidth. Tpoi5e = Tsys + Teosmic 1 the sum of the system
noise (Ty,; ~ 3000K) and the cosmic background radio noise
that varies from about Ty, ~ 5000 — 15000K throughout
one diurnal cycle. T.ysmic 1s dominated by the passage of two
strong radio sources close to zenith, Taurus- A and Cygnus-A.
The RCS of fast meteoroids (> 40 km/s) are comparable with
the optical magnitude down to +10 by using the simultaneous
telescopic observation. The relation between optical absolute
magnitude M, (magnitude at the distance of 100 km to the
zenith) and RCS for sporadic meteors and Gemind meteor
shower are shown as follows;

RCS (dBsm) = —3.7M,, + 6.0; Sporadic 3)
RCS (dBsm) = —0.15M, — 0.93 ; @
Geminids

3. Results

Figure 5 shows the initial velocity, relative to the ground,
distribution of all observed meteoroids (red). HPLA radar
observation is biased towards faster speeds. In general the
meteor luminosity is proportional to the mass of the meteoroid,
the entry angle and its initial velocity raised to the power of 3.
Slow speed and small size meteoroids have not sufficient
kinetic energy to ablate for producing sufficient electrons to
be detected, and hence low velocity meteoroids (blue) are
dominant after correction of this observational velocity bias.
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Fig. 5. Observed initial velocity distribution and its de-biased distribution
of meteoroids normalized at the maximum are shown in red and blue,
respectively. The velocity shows bimodal distribution and slow velocity

meteoroids are more dominant than high velocity meteoroids.



Figure 6 shows 428 orbits of meteoroids observed during
Dec 9-14, 2013 whose orbits are classified as the Geminid
meteor shower. If the orbital dissimilarity criterion, Dy,
between two orbits are small enough, both objects are likely to be a
dynamical association”. Dy, < 0.2 usually used to find meteor
shower associations. In 2013, ten simultaneous TV observations of
Geminids were detected by amateur meteor observing cameras
operated by Sonotaco network. Table 1 shows examples of derived
orbital elements of Geminids detected by radar and optical cameras.
The radar orbits amazingly agree with optical observations!
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Fig. 6. Orbits of Geminids’ meteoroids associated with the dormant comet
(3200) Phaethon. Dy, is orbital dissimilarity between radar and optical orbits.

428 orbits

Table 1. Comparison of orbits between radar and optical determinations.
2010 Geminids ® observed by the MU radar is also compared.
Object Date a e i W 0 Dgy,

ur au — ° ° ° —
Phaethon - 127 0.89 222 3221 2652 -
1-radar Dec/14 127 0.89 236 3251 2626
1-opt 1529 715 088 235 3»1 2606 0013
2-radar Dec/13 120 0.89 241 3258 2617
2-opt 1849 T30 001 32 3258 2617 000
3-radar Dec/13 121 0.89 25 3245 2616
3-opt 614 "6 088 227 3245 2616 007
Geminids 2010 130 0899 250 3261 2623 -
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Fig. 7. Radiant distribution of 157,979 meteoroids plotted in the
Earth-centered ecliptic longitude and ecliptic latitude. The geocentric

velocity is shown as color.

The sporadic meteoroid, non-asscociation with any meteor
showers, observed from the Earth is known to have four major
sources in six radiants distributed symmetrically about the
celestial sphere. The location of these different sources
described in the Earth-centered coordinate system is shown in
Fig.7. The primary sporadic meteoroid sources are the Helion
and Anti-Helion, the North/South Apex, and the North/South
Toroidal. These three sources are thought to be associated
with cometary material due to their eccentric orbits with high
impact speed at the Earth's location. Sporadics from the
Helion source appear to originate from the Sun, while
Anti-Helion sporadics appear to originate opposite the Sun.
The Apex sources across the ecliptic plane are separated into
North and South Apex branches. The Toroidal source can be
divided into North and South Toroidal branches which has
high ecliptic latitudes. The South Toroidal source is not clear
from our observing site located at the northern hemisphere.

4. Conclusion

We have revolutionary achieved to determined the precise orbit
of meteoroids using meteor head echo with the MU radar which is
as good as (or better than) those observed by optical observations.
A tremendous number, more than 150,000, of observed orbits of
meteoroids by the MU radar will shed light on new discoveries of
meteoroids in the solar system.
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