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Accumulated Hot Spots
August 2004
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T Coastal biosphere as a
triple boundary layer

Idealistic radiative balance

(actually latent heating &

convkction also concern) @ A boundary layer should be generated to mitigate
the gradients of energy, momentum and constituents.

@ Mathematically singular perturbation problem
provides solutions such as the Ekman friction
(pumping or upwelling), and the monsoon and sea-
land breeze circulations.

A @ Biosphere also must satisfy such characteristics, if

t it is maintained stably.
TTIe. Free troposphere
= !
-
& i e
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G w7 1) \)C' H
? i ~_ | A
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(modified from Yasuda, 1995)

(Hashiguchi et al., 1995b, Serpong, Indonesia)
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Tropical climate history in IMC

First naming of “Maritime Continent” First description of “Dlurnal Cycle”
(951 years before scientific naming by Ramage, 1968)
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The chemical transport
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ozone originated from the
biomass burning over
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transported widely eastward
across the Pacific ocean.

c.f., PEM-West, TRACE-P
studies.
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Radar reflectivity

Location of Cox’s Bazar radar

Doppler velocity

Upper figure: 3 June 2010
Middle figure: 4t June 2010
Lower figure: 15t June 2012

Elevation angle: 0°

Systems has strong echoes in the
front side, and doppler velocity shows
The flow in the precipitation systems
near the ground directs toward

the radar.
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Fic. 1. Conceptual model of a sguall line with a trailing stratiform sea viewed in a vertical crons section oriented perpendicular 1o
the convective line 0., paraliel 10 its motion). See text for further explanation.
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NASA Earth Observatory Image
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Kelut (Kelud) Volcano
7.9S, 112.3E

Java Island of Indonesia
Eruption : 13 February
2014

The inertial plume ejected
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REHEOFEE
100%+20° (~every two days)

S E S fREE: 5-point smoothing
180m => 900m (20-30km)
60m => 300m (10-20km)

JKE:532nm (S,P)
One-pass CALIOP data around

tropopause region has not enough
sensitivity.

NASA CALIOP | —_— material up to 26 km in the
{- T —_— = tropical ~stratosphere, but
. : o -~ ' most of the plume remained
tpilearthobsens . at 19-20 km over the )
tropopause.
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Total attenuated backscatter B, Theoretical depolarization ratios :
Perpendicular / parallel backscatter B,/ g, ~ @sh (9,=0.36) / sulfate (9,=0.01) Sulfate;H B R
Volume depolarization ratio Ash-related attenuated backscatter 8, (BT . RN
Particulate backscatter B, Sulfate-related  attenuated  backscatter e
Scattering ratio SR coefficients By
Molecular backscatter B,
B.= B, (82 8)(1* 5,) (5)
0=B./B=B./(B-BL) (1) @ TP (3= 0)(1+ 9p)
By= B~ B @) Bs=B,—Ba (6)
SR = B/Br (©)]
Extinction coefficients for ash particles a, =
Particulate depola_riza_tion ra_tio ap sulfate aerosol ag Ash;B iz a ‘
Molecular depolarization ratio m = 0.0037 gk 72 ]
B (FEBRT ., HBR A
a,= 40 X By ) PN ]
a_SRxax(6m+1)—9mx(3+1) @ a,=50% B, (8) - ]
4 SR X (d,+1) = (SR+ 1) i Y
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Lidar Soattering Ratio

Brewer-Dobson circulation way X 05
Himbus-7 SBUV 1980-88 ozone (DU/km)
38 3 D Brewer-Dobson circulation * ; :
12k % F 98 £ 75 E 1F~300m/month 8
[Rosenlof, 1995;Corti et al., 2005] ?
110 m i m 1 i i1

0.26pm®DAsh(E2kmi%EL2D2175 A D
BDZEZERIELKLY3MERLY  2000/(418-300)
Ash can impact climate on longer time

Deviat: m.fl idar Scattering Ratio
scale than previously thought. T 1o BELLLD “
[Vernier 2016] 18REINS n
ORES
[Table 1. Theovetltal]Calculil:‘lon of Sedlmenlaléog\ Rate of Particles of 0.08, 0.15, 0.26, and 0.37 um Radius, Using a Mass| o 1
Density of 1670 kg/m” for Sulfate and 2500 kg/m” for Ash BRI R i
Particle Radius (um) Slip Factor (No Unit) Sedimentation Rate (m/Month) 0
"
008 30 (sulfate) 79 (sulfate) i
0.15 16 (sulfate) 154 (sulfate) "
026 10 (sulfate/ash) 279 (sulfate)/418 (ash) 11 (5] 3 [ " LU
037 7 (sulfate/ash) 418 (sulfate)/625 (ash) Dy < of 2014
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Country Papua New Guinea Indonesia
Latitude 518 79S8
Longitude 1513 E 112.3E
Elevation 2334m 1731m
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FEARA S L —45— (PANSY) T
EEETNEELZOERT IV —EukE

BEEIES, AR (RARTE).
FAIRE]. SRR (IthE)

MUL—4— « AR L — 42— Y KRI D L (2019-09-10)

REEMEAHEDRSETE Age of Air FEEEIR Transit Time

Hw) v,

ws owa F wn wn -y we £

KF/FRUERE

* RossbyiEDFERICHE S Surf zo

(McIntyre and Palmer,

leaul A

lidien a » =

Jrv b GELPVAE
Transport Barrier

) (HED

Ed

+ Sub-vortex &1 (6 $400K) (M@

El;F&ﬁ?ﬁEg Dietmuller et al. 2017 ACP)
+ Age of Air DET)VEIDIES DEDRE®D 1 D (Dietmuller, et al, 2018)
© VHFL—Z—DINRY b IUIRIZ K B ELTR/ D X — 2 HETE (Wilson, 2004)
ELTORILEURE K = yeN=2 (v : HBIEE. ¢ EMEEH T X)L F—HORK)
¥ AT DIFE A EDILHERPIBEZ TR E L.
RDZEEELE DBIRIFTARNS N TLVRL

PANSYL —4#—Ic &k > THEET NI EZOIF T RIVF—HukR ER

IR L— A —ICE > THES NIz ey DFRRME  FRHEI © 25/75percentile
FR SIUAVYTICE > THRES N e DFRR(E F18H © 25/75 percentile

TEBRBE Tl e & ep DK SIS

{ah

PER - EERSEREI Tl ep HY eg ITEEN. HTRYRELN

E N New Mexico (Nastrom and Eaton, 1997)
=] 4 ef [SIREREE L Tl
K AEFS, TEREE T
Y & BELEBITHER
] L . = Nastrom and Eaton
] i (1997) £ 8%
5 ol
s r T

-4 -3
logl0(e)
Kohma et al. (2019, JGR)

50

REEERHIORSBE Equivalent length (€2) & ERFEE @ 460K (~17km)

KFE/FERMUERES
+ RossbyiDFRICHE S Surf zone
(McIntyre and Palmer, 1983)

+ Yz b EEVPVAE) [HED
Transport Barrier

4 FMAMUJJIASOND.J

« Sub-vortex 7813 (8 $400K) (McIntyre, 1995) Allen and Nakamura (2001)

) . Equivalent length (&
B/IEMEES SRR AT B R A & B

+ Age of Air DETIVEIDIES DEDRERED 1 D (Dietmuller, 2018)

o VHFL—A—D AR b+ UIBIC K BELF/ NS X —ZHEE (Wilson, 2004)
LB 3 (v LEBIEE. e EUMESE T IV F —H
% FATHEDIF & A EDILFIRPBEZRE L.

BRADEMELE DBRIFANSNTLEL

-
Pulse Doppler radar. Active phased array system
47MHz
Array consistlng of 1045 crossed Yagi antennas
equivalent to the circular area with a diameter of
160m (18000m?), light and tough (12.6kg/antenna)
Transmitter 1045 solid-state TR modules
Peak Power : 520kW-
Receiver 55 channel digital receiving systems
Ability of imaging and interferometry obs
Power 66kW (E-class amplifier)
consumption

Peripheral 24 antennas for E-layer FAl observation

Observation of 3-d wind vectors in height regions of 1.5-20km and 60-90 km,
and plasma parameters in 100-500 km with fine resolution and high accuracy
Direct estimation of vertical fiux of horizontal momentum associated with gravity waves

Full systemiiobservation started inarch 2015,

PANSYL —4—IC &k > THEE NI LR T RIVF—Hukk ER

logyo eg (PANSY)

Height (km]

wn

ONDJFMAMJJAS ONDJFMAMIJAS

T TTTIITTIT T TIIEE T T T TT TR
—4 -35 -1 -8 -4 -0 0 W

5~10BDEE10~15kmT ¢ HMEX

> WROEHZLHUTLSD « #ZFR ?
EHEE-RUMmEICEDE )
RDEMZEEF/NT A—2 TREDIT2

a0 s
Kohma et al. (2019, JGR)




T—%  EERMEAR AR L — 44— (PANSYL—4—)

Mesosphere-Stratosphere-Troposphere/Incoherent Scatter (MST/IS) radar @ Syowa Station (69.0°S, 39.5°F)

System Pulse Doppler radar, Active phased ammay system  BERARZEE | 2005

Center freq.  47MHZ BESHREE  150m
A e o tircar e iy amror | FRIBIAE LA DAE — LR BRI
160m {18000m”), light and tough (12.
Transmitter 1045 solid-state TR modules
Paak Power : S20kW
Receiver 55 channel digital receiving systerms
Ability of imaging and interferometry obs

|Peripheral 24 antennas for E-layer FAI obsenvation

T—2: ANY M VIBH SHEE LTRE S

IO—RRY MUVIBD SERICHE D RED B wins ZREIT
o ITRIVF—HURE & - ERIEBURE « £ DRIfR (Hocking et al., 2016)
ep x Nwh s, Ko N7waoe
+ 5EI32016~2018FED wyps IC DOV T DIERETRY
. F—ARE : ~200s =15 BHTY12,000707 71 )LLLE

T2 BT — 4
JRA-55 (Kobayashi et al., 2015)
« Ax=125° FRMET —4 (300~475K)
» U,V, GPH, Temp, potential vorticity (PV), etc.

« PVICE D HfM#&E @, (Butchartand Remsberg, 1986)
= ZPVIRITH > e

EHEE-BUEEFE COER/NT X —% (6~9A)
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RIS V1Y 77— 8D S
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log1o(Wrms) 3 BFEENTH)

BISREHEDPVIEEL

- BRRIEH EZEOPY (qsyo) |
(30°-50°, 65°-75°5) CHRET L 12 300KEDPY

« Anticyclonic PV events : gsyo > mean + stddev.

]
2

2
7

s 0MDJ « Cyclonic PV events :gsyo < mean - stddev.

Allen an:ﬂ N‘akamuva (2001) 5 - 3 2 1
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#* Tomography correction is not always
available

- limited number of corrected satellites
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Summary and future steps

#* Tomography correction for point positioning are extensively evaluated
- Results for mean errors are very close to the ones obtained with dual frequency
- Standard deviations are similar to the ones obtained with single frequency
- Position solutions are less affected by seasonal and site location changes than
results obtained by SF

Performances close to DF even under geomagnetic disturbances
- Period of available tomography correction is limited

% Future improvement

Optimise conditions for tomography correction to improve its availability

- Analyse the time dependence of tomography results according to magnetic activity :
ionospheric response is different according to the stages of magnetic activity

- Evaluate errors according to the age of the ionospheric correction which currently
is up to 2Imin old

- Extend tomography volume
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Comparison of occurrence characteristics of daytime medium-scale
traveling ionospheric disturbances between GPS observation and GAIA
simulation

M. Sivakandan?!, Y. Otsuka!, P. Ghosh?, H. Shinagawa?, Y. Miyoshi®, A. Shinbori?, T.
Tsugawa? and M. Nishioka?

1. Institute for Space-Earth Environmental Research (ISEE), Nagoya University, Japan.

2. National Institute of Information and Communication Technology (NICT), Koganei,
Tokyo, Japan.

3. Kyushu University, Fukuoka, Japan.

Traveling ionospheric disturbances (TIDs) are wave-like perturbations of the ionospheric
plasma. According to the wave parameters such as wavelength, phase speed and period TIDs
are categorised into medium and large scale TIDs. Medium scale traveling ionospheric
disturbances (MSTIDs) have wavelength, phase speed and period in the range of 100-500 km,
100-250 m/s and 15-90 minutes respectively. Most often, the MSTIDs propagate towards
southeast or south during daytime and southwest during nighttime, which gives an evidence
showing that generation mechanisms are different between daytime and nighttime. Though the
observational results show that occurrence of daytime MSTID is maximum during the winter,
the day-to-day and longitudinal variation of occurrence are not yet explored well.

We have analysed total electron content (TEC) data obtained from more than 1,200 GPS
receivers in Japan in 2011. To obtain perturbation component of TEC, which could be caused
by MSTID, we have subtracted 1-hour running average from the original TEC time series for
each pair of satellites and receivers, and converted the slant to vertical TEC. We have defined
MSTID activity as dI/I, where dl is the standard deviation of the perturbation component within
1 hour, and I is 1-hour average absolute vertical TEC. MSTID activity is found to be higher in
winter than in other seasons. We have compared the observed MSTID activity with the MSTID
activity obtained from TEC simulated by the GAIA (Ground-to-topside model of Atmosphere-
ionosphere for Aeronomy). To estimate the MSTID activity from the GAIA TEC data, we
obtained detrended TEC by subtracting 2-hour running average from the TEC, and calculated
standard deviation of the detrended TEC in 2 hours. MSTID activity was obtained as a ratio of
the standard deviation to the 2-hour averaged TEC.

Figure 1 top and bottom panel show the GPS observed and GAIA simulated absolute TEC
(left side), detreneded TEC (middle) and MSTID activity (right side) respectively. Present
analysis shows that daytime MSTID activities simulated by the GAIA are also higher in winter
(December-February) than in other season, indicating that the GAIA succeeded to reproduce
seasonal variation of the MSITD activity during daytime. In addition to this, day-to-day and
longitudinal-latitudinal variation of daytime MSTID activity will also be detailed in the
presentation.

In order to estimate the correlation between GPS observed and GAIA simulated MSTID
activity, Pearson correlation method is used. Before carryout the correlation analysis, we have
classified the data into two category viz., mid latitude and low mid latitude.
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In figure 2 top panels show the correlation coefficient of observed and model simulated MSTID
activity in low mid latitudes and bottom panels represent the correlation at mid latitudes at 11
Japanese standard time (JST). Similarly, correlation of GAIA and GPS observed MSTID
activity at 17 JST is shown in figure 3. Our analysis shows that in mid-latitude GAIA simulated
MSTID activity have fairly good correlation with the GPS observation. However, the
correlation between the GAIA simulated and GPS observed MSTID activity is poor.

Recently, Miyoshi et al., 2018 showed that the wavelength of GAIA simulated daytime
MSTIDs ranging from 700-1500 km, however GPS observation daytime MSTIDs wavelength
varies from 200-500 km (Otsuka et al., 2013). Thus, we attribute that the difference in the
wavelength from the model simulation and observation can be a possible reason for the noted
poor correlation. There is another possibility that GAIA may not reproduce all the gravity wave
event as such exist in the real atmosphere. However, in order to get a better understanding of
the capability of GAIA to reproduce the daytime MSTIDs one should know what parameters
controls the occurrence of daytime MSTID in GAIA. In that sense, wind can be a one of the
important parameter which will affect the upward propagation of the gravity waves. Therefore,
role of background wind in the generation of daytime MSITD need to be studied in future.
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Figure 1 Seasonal variation of MSTID activity obtained from GPS observation and GAIA
model simulation
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latitude) and low mid latitude (25-35°) at 17 JST
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Figure 3 Correlation of GPS observed and GAIA simulated MSTID activity in mid (40-45°
latitude) and low mid latitude (25-35°) at 17 JST

In overall summary, our investigation shows that GAIA can successfully reproduce the
seasonal variation of the occurrence of daytime MSTID activity. Furthermore, MSTID activity
observed in GAIA and GPS observation show fairly good correlation over the mid latitude,
however over the low mid latitude the correlation is poor.
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Role of pre-reversal enhancement in the generation of equatorial plasma
bubble using observation and model simulations
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The equatorial plasma bubble (EPB) or equatorial spread-F (ESF) generated during post sunset
hours as large regions of low ionospheric plasma density are well-known due to their unique nature
and adverse effects on communication and navigation systems. Although the Rayleigh Taylor
instability (RTI) is known to be the governing mechanism of EPB, the exact seeding mechanism
is not clear yet. Pre-reversal enhancement (PRE) is generated due to the enhancement of the
eastward electric field at the evening terminator (at the magnetic equator) which further enhances
the resulting E x B drift. PRE is believed to be one of the main controlling factor for the generation
of EPB. There have been studies to show the connection of the PRE on the generation of EPB
observed by the C/NOFS satellite (Huang et al., 2015). Using Ground-to-topside model of
Atmosphere-ionosphere for Aeronomy (GAIA), daily and seasonal variation of the RTI growth
rate simulated and the obtained results are compared with EPB occurrence rate (Shinagawa et al.,
2018). However, the day-to-day variation of GAIA generated PRE is not compared with
observation and the probable mechanism controlling the PRE in GAIA model is also not explored.

In the present study, ionosonde observations at Chumphon (10.7°N, 99.4°E; 0.86°N magnetic
latitude) in Thailand and Bac Lieu (9.3°N, 105.7°E; 0.62°N magnetic latitude) in Vietnam are used
to calculate upward drift velocity of the F layer, corresponding to PRE during the equinoxial
months of March, April, September and October of 2011-2013. The observations are compared
with the whole atmosphere ionosphere coupled model Ground-to-topside model of Atmosphere-
ionosphere for Aeronomy (GAIA) consisting of three models (an ionosphere model, a neutral
atmosphere model, and an ionospheric electrodynamic model). The virtual height (h'F) are
manually scaled from the ionograms at time intervals of 5 min between 17:00 and 24:00 LT (LT
= UT + 7 h) during 01-16 March 2011 (equinoxial month) over Chumphon (10.7°N, 99.4°E;
0.86°N magnetic latitude) in Thailand. The vertical drift is derived from rate of change of h'F
(dh’F/dt with h'F, above 300 km) is considered as an indicator for vertical motion during the
evening time. In our analysis, we have taken 3-point running average to smooth the vertical drift
so now the temporal resolution of ionosonde becomes 15 min while in case of GAIA it is 30 min.
In case of GAIA model simulations, the vertical component of plasma drift due to the zonal
component of the electric field E at the magnetic equator is derived using the electric field and
magnetic field data (in the eastward, southward and upward direction). The observation period
(01-16 March 2011) is classified in two categories: EPB occurrence day (8 days) and non-EPB
occurrence day (7 days). It is observed that the vertical drift obtained using ionosonde ranges
between 40-68 m/s on the EPB occurrence day and 15-40 m/s during the days with no EPB. In the
GAIA model simulations, the vertical drift varies from 12-45 m/s during the days with EPB while
it ranges between 20-45 m/s during the non-EPB days.
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The analysis is extended for all the event days over
Chumphon and Bac Lieu during March — April 2011-
2013. Out of 216 event days, 162 events were EPB days
and 54 days were non-EPB days (shown in Figure 1).
The event days are categorized in four groups: (a)
Observed PRE < 30 m/s and GAIA PRE < 30 m/s, (b)
Observed PRE <30 m/s and GAIA PRE > =30 m/s, (c)
Observed PRE > =30 m/s and GAIA PRE < 30 m/s, (d)
Observed PRE > =30 m/s and GAIA PRE > = 30 m/s.
The categories are selected in such a way that they can
symbolise how PRE values the EPB (Category 1) and
non-EPB days (Category 4) are reproduced in GAIA
simulations along with the cases when GAIA
overestimates (Category 2) or underestimates
(Category 3) the PRE observed in ionosonde. It is seen
that GAIA is able to reproduce the PRE seen in
ionosonde but in most of the cases, GAIA
underestimates the ionosonde observed peak PRE
values. Correlation coefficient of the ionosonde
observation and GAIA simulation is poor. The peak
PRE values obtained from ionosonde and GAIA is
compared and it is observed that although the
difference between the peak PRE values varies within
20 m/s, there are stances when the difference reaches
40-60 m/s which may contribute to the poor correlation
coefficient of the observation and model simulation.

According to Farley et al. (1986), the eastward wind in
the F-region is related to PRE generation mechanism.
However, the role of E-region wind on PRE generation
Is not studied. It is observed that the PRE is large when
the E-region wind is westward at sunset. The detailed
analysis of the eastward neutral wind in the E-region
will be carried out in future to check if there is any link
between the E-region wind and PRE.

Figure 1. Comparison of peak PRE obtained from
ionosonde and GAIA over Chumphon and Bac Lieu
during March-April (2011-2013).
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Overview of the new VHF radar
project in Chumphon, Thailand
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Takuya Tsugawa, Shiniji Hama (NICT),

Punyawi Jamjareegulgarn (KMITL PCC), Pornchai Supnithi (KMITL),
Susumu Saito (ENRI), Yuchi Otsuka (Nagoya Univ.)

GPS scintillation

GPS Satellite
k
" Way,
Ionospheric

lngulanlv I i !
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Amplitute/Phase

GPS Recelver T Raan BL Pluctuation
Ground |
e Several 100m scale ionospheric irregularity causes GPS

scintillation which results in loss-of-lock on GPS signals in
the worst case.

GPS Loss-of-Lock at Okinawa, Japan
Rate of LOL at 0100 [ 26.1, 127.8]

2004 - Jan
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20021 Jan
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* Rate of LOL of 2 or more GPS satellites during 2002-2006.

¢ During Mar-Apr in 2002, the RLOL in the nighttime (21-24 JST)
exceeds 30% (once per three days on the average).
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EPB (Equatorial Plasma Bubble)

Plasma Bubble is a ionospheric “Bubble” generating in the
ionosphere over the magnetic equator just after the sunset.
It is one of the source of largest error of GNSS in low-latitude
region due to spatial gradient of TEC and GNSS scintillation.

TSRS RESEETEESH plasma bubbles by HIRB model[Yokoyama et al., 2015]

Equatoriol Plone: T = 600 s

400
Zomal Distance [lom]

GPS Loss-of-Lock Caused by Plasma Bubble

Absolute TEC ~ ROTI (~10km scale Loss-of-Lock (~100m
irregularity) scale irregularity)

12:20 UT
(21:20 IST)

12:40 UT
(21:40 JsT)

13:00 UT
(22:00 JST)

QZSS for precise positioning
« JAXA and the government of Japan P
have operated the Quasi-Zenith
Satellite System (QZSS) since 2010.
Four QZSS satellites are operated now.
* QZSS combines with other GNSS such
as GPS to increase the number of Footprint of the QZSS satellite orbit
satellites especially at the areas among [http://qzss.go.jp]
buildings and mountains. Quasi-Zenith Satelite
« In addition, there are some high-
precision positioning services using
reinforcement information (e.g.,
ionospheric delay) from QZSS
— SLAS: sub-meter level
augmentation service based on
DGPS
— CLAS: cm level augmentation
service based on RTK-PPP

[Image: JAXA]



Is it possible to expand QZSS services to
overseas?

« These services are now available only in Japan, will be
expanded in the world.

« In the low-latitude region such as Southeast Asia, the
ionospheric variation is large due to plasma bubble, equatorial
anomaly, etc., and the observation network to make reinforcement
information is not substantial compared to Japan.

« In order to expand the use of QZSS overseas, it is necessary to
verify that the precise positioning technique using QZSS can
demonstrate the same performance in the low-latitude region
as in Japan.

Availability of QZSS

For precise observation of EPB structures

Q It is important to identify which satellite-receiver path suffers
from plasma bubble structures for verifying the ionospheric
effects on GNSS positioning.

0 Among several observation methods for plasma bubble listed
below, we decided to install VHF radar at the magnetic
equator. Chumphon is the best site for its installation.

« Ionosonde: only occurrence of spread-F due to plasma bubble
« All-sky imager: 2D structures (at clear sky conditions)

« GNSS receiver network: 2D
structures (dense network is
needed)

« VHF radar: 3D structures
(assuming extent along the
magnetic field line)

« IS radar: 3D structures (very
expensive both for installation and
operation)
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Concept of VHF radar monitoring of
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[Yokoyama et al., 2014]
« Backscatter radar detects plasma bubbles in the radar beams
« Satellite ray-paths crossing the same magnetic field lines as
the detected plasma bubbles are rejected.
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“Ionospheric effects on GNSS” project

« Since 2017, NICT have started the research program
(2017-2019) to verify the ionospheric effects on the
precise positioning technique using GNSS including QZSS as
a collaborative research with the Ministry of Internal Affairs
and Communications.

« This project consists of

— Empirical investigation on the ionospheric effects on GNSS
positioning in the southeast Asia region

— More precise observations of plasma bubbles to
determine their location, generation time, and scale by
means of additional ionospheric measurements.

— Investigation of ionospheric effects on individual positioning
techniques (single frequency, DGPS, and RTK-PPP) and
consideration of methods to mitigate and/or prevent the
positioning errors under severe ionospheric conditions.

A new VHF radar project in Chumphon
(the magnetic equator), Thailand
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¢ A VHF radar can monitor 2D (altitude and east-west
direction) structure of plasma bubble.

Meridional Distance from EAR (km)

* Various instruments have been installed at low latitudes in -0 000 3100
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both hemisphere along the same geomagnetic field line. [Fukao et al,, 2004] 10

Events (selected) for Chumphon VHF radar

2018 Apr: Face-to-face meeting with NBTC (Thailand) for explanation of VHF
radar system, and negotiation for frequency usage sharing with Thai army.

2018 May : Contract started for VHF radar project.

2018 Jun: Area permission for VHF radar from KMITL.

2018 Aug: Kick-off meeting at KMITL Chumphon campus.

2019 Mar: NBTC public hearing for Thailand frequency planning issue.
2019 May: Clearing + flattening the area, and electrical construction.

2019 Jun: Radar hut installation, and 180-day frequency permission @ 39.65
MHz from NBTC.

> 2019 Nov: Installation of VHF radar equipment, and press release in Thailand.
2019 Dec: Start observations.

2020 Jan: Opening ceremony + international workshop.



Some activities VHF radar area and specification
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18 Yagis 130m

9 beams +60° (azimuth)
zenith angle of ~0°

Negotiation for frequency usage
sharing with Thai army

Operating frequency:

39.65 MHz (25kHz BW)
Peak power : 20 kW
Average power @ 1.5kw
Range: 1000 km

(latitudinal coverage up to
Northern Thailand ~20°N)
Beam cycle:

1-2 min (Pulse-to-pulse
beam switching)

Kick-off meeting 14

Radar hut installation

Radar hut installation

Thanks to the heavy rain, we realized
Site preparation that the door needs to be fixed.
15 16

VHF radar site: Before and after Other R&D plans for ionospheric observations
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* Installing multi-GNSS scintillation monitor (Septentrio PolaRX5s)
VHF Radar Hut to multi-GNSS receivers at the three magnetic equator sites in
3 June-Sep in 2019.

* Investigating quantitative relationship between ionospheric
phenomena and GNSS positioning/navigation errors.

» Developing useful indices and scales of ionospheric disturbances
for the GNSS positioning errors.

* Method to mitigate and/or prevent the GNSS large positioning
errors. 18

Eastward View
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Summary

The new VHF radar will be installed soon in Chumphon,
(magnetic latitude station) Thailand.

The operating frequency was approved at 39.65 MHz.

The press release will be done in Bangkok in November 2019.

The first operation is planned to be in December 2019.

The opening ceremony and international workshop will be
held in Chumphon in January 2020.

Scientific as well as engineering collaborations are welcome.

76



	00-0HyoshiTitle2019
	00-1Hajime
	00-2Mokuji
	MU-EAR-Symposium-Proceedings2019
	00-YamamotoHashiguchi
	01-20190909_ENRI_Yoshihara
	02-Hamada-190909_MU-EARシンポジウム_hamada
	03-Nishimura-20190909 MU EAR シンホ_シ_ウム 西村フ_ロシーテ_ィンク_用抜粋-2
	04-MU+EAR-Sympo-Parametric20190909
	05-Kurokawa-MUレーダー送受信モジュール制御機能の再開発
	06-MUREARS1909-Yamanaka
	07-20190909-MUEAR-shimomai
	08-MU_EARプロシーディング2019(前川)
	１．はじめに
	２．台風通過時の降雨減衰変動特性
	３．台風通過方向と雨域等価通路長の関係
	4．台風通過時の地上風速風向との関係
	５．電波伝搬路に対する風速との関係
	６．おわりに
	参考文献

	09-Ujihara-190909シンポジウム
	10-Yamamoto
	11-ogino
	12-20190910生存圏シンポ_村田
	13-2019EARProcAbo
	14-Kohma-MUEAR-Symposium_2019-09-08_提出用
	15-Shinbori-EAR_MU_symposium_2019
	16-MUR_EAR_20190910_Saito
	17-MUEARシンポジウム_プロシーティング_NICT西岡
	18-MU_proceedings_Comparison of occurrence characteristics of daytime medium_final
	19-Conference_proc_MUradar_9-10Sep2019_Priyanka_Ghosh
	20-坂本悠記
	21-2019_MU-EAR_HozumiKornyanat




