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Latest progresses in ShUREX* (2015-2017)

data analyses

2.
E

(Estimation of kinetic energy dissipation rates from Pitot, CWT and radar data)

Hubert LUCE, Hiroyuki HASHIGUCHI, Lakshmi KANTHA, Dale LAWRENCE

MIO, Toulon University, France

RISH, Kyoto University, Japan
Colorado University, USA

*ShUREX: Shigaraki- UAV — Radar

Experiment

Introduction to ShUREX campaigns

P.I.: Prof. Lakshmi Kantha (Colorado University, USA)

The ShUREX dream team!

Number of useable lights (on Sep
| East 2018): 39

Acquisition time for one Doppler spectrum: 2457 sec

Range sampling from 1.3+ km to 20.35 km (Ar = 150 m)

Maximum height (UAV): 4-5 km

N distance (1)

Instrumental set up (2016, 2017) Examples of UAV trajectories

- = "

i‘" MU radar
- W .
: N
¥ &

A A

%"

MU Radar A Datahawk UAV_equipped with mutiple sensors !’;2 -
lorth

Figure 3:(a)

Py (B

domgthe Capon
processing in the heightrange 1 27-6.5 kmfrom 0730 LT to 09:30 LT on 05 June 2015 (5) Same as (8)
om 16:30L T t0.18:00 LT os 09 Jums 2015.

After Luce et al. 2018

Focus of the presentation

Part Il

Comparing turbulence kinetic energy (TKE) dissipation
rates € estimated from:

(1) relative air speeds measured by Pitot sensor (UAV)
(2) MU radar Doppler spectral width using various models

(3) Temperature measurements by CWT sensors
using a theoretical relationship between CZ and &

> Part |

Part I: radar — Pitot comparisons




Estimation of & from Pitot (UAV) data (1)

calculation of 1D frequency spectra from 400 Hz relative wind U time series
(from 5 to 50 sec)

PLTHS vt 447 240

e i artifact |
b ¥ £
/ -
) B
e
W = -y i i -
(0.1-100 Hz)

Artfacts: mainly motor vibrations

Estimation of & and C} from UAV data (2)
Assuming local isotropy and stationarity of turbulence and Taylor hypothesis:
Theoreticlpectrum

7\? T\
<0567
sup=osen () e~ 0asci (7)1

Su(f) = auf Se(f) = arf~**

Estimated spectrum

(e.g. Frehlich et al, 2003, Sicbert et al,, 2006,

Balsley and Lawrence, 2013)

-> identification of the inertial subrange
-> estimation of ay

Estimation of & from radar Doppler variance o2

Ses.eq, eview by Hocking (665, 1999
Buoyancy scale

(A) L, > radar volume dimensions, 2a or 2b

o -1l Ol

fFrom, e.g. White et al, (1999), Labitt formulas

(B) Ls < radar volume dimensions
Weinstock (1978, 1981), Hocking (1983)

“TGIE

2a

Radar volume

2b=Ar=150m (w?)=o?

2a=20,z
v 2b (vertical beam)

1o [ dgfsin’ 0x

2
i [b cos' 0+ a’sin’ 0+ Lsin’ Gcos ¢] o 2t
[ N
~ 3 Loue~L
&g = 04707 [Loys| Low~ls
<i Kantha et al (PEPS, ﬁ OULT Byoyancy
in revision 2018) n scale
Widely used [ST radars] but valid for stratified
turbulence only.

Loue =

Widely used [BLR (UHF) radars]

[ radar ~UAV comparisons of dissipation rates ]

16 fights (SUREX2016)+23 fights (ShUREX2017)

&g = 04703 [Loue

Factor2

R ——

. .
& (g -
";gm(Lum) ) 1ogs0(Loue)
39 flights, all data
[39 flights no convection and no cloud
Loy =30m:
Factor 2 50.5% = Loyt = 30 m |(all data)
Factor 3 72.5% 5 Lo ~ 20 — 25 m fstratified)
Factor 5 86.5 %

Examples of comparisons between ¢ profiles

ELT16-21

= 3
ep = 0.470¢ /30 ded
in the statistics due to oversight

max: ~8

max:~ AT max:~ LTI 1) LT A1)

2 avdaa gap

eyand e agree well in shape and levels

[ comparisons between all € profiles ]

Linear scale

ShUREX2017 A1l 2017 Maghts.

| 1
' ‘ i M (L
—“':'JiTI L_.J-L-'Li :_'P\J L‘J‘;J.‘J - 1_'_1,;_ .lL_a_._._',.__

Logarithmic [
Al 20T Mights . ogarithmic scale

UAV and MU radar detected the same turbulent events and similar € levels for £>1.6 1075 m?s~3




£ and aspect ratio (AR) of echo power

(] @
Ar—r :
o " g Y 0.014mW /kg 0.14mW /kg
1 R £> 141075 m?s3 £> 14107 m?s3
AR <3dB 4% 95.%
AR <5 dB 56% 95 %

1CAO: turbuencefelt by medum-sie airraf > L mW/,(ight wrbvlence)

A large majority of €y values is associated
with isotropic echoes (weak aspect ratios)
=> An a posteriori justification of the use of

o 5 0 15 0
Echo power aspec ratio (d8)

Py
AR =10 log10 -
PU

Doppler variance from the vertical beam.

comparisons with &y and &y,

Labitt/white formulation Hocking formulation

g (1.418" " g 14 98 e

ey ~ 0.470ZN

< eyley >=145

& ~ 04707 Lot

< g ley >=

(by definition)

Comparisons between ¢ estimates

€R Ew &N

Al gt 1218 10% sy g 118 107 mis

Seatter plot of the various & estimates and linear regression (with errors on x and y)

(1) Good agreement (regression slope ~0.9-1.0 and correlation ~0.8) between &y and &5 (o &)

(2) Disagreement between 4y and ey Itis high for low values and becomes lower for high values.

Conclusions of part |

a) The UAV and radar captured the same turbulent events with peaks of &
and o at the same altitudes and times. => quantitative comparisons
could be made.

b)  eyav~03/Loyr with Loye ~ 30 m. Energy dissipation rates can be

estimated from the sole Doppler variance. at least in the lower

troposphere

@

The asymptotic models &y and ey provide quite consistent levels:
&w~0.4 £yay, in average, slight underestimation but no bias,
en~1.45 4, in average, BUT overestimates for low values and
underestimates for high values (~>0.3 mW/kg)

d) In addition, since &g and &y are relevant for turbulence generated by

convections or shear flow instabilities but ey is applicable to stratified

turbulence only, the Weinstock model may not be suitable at least for
tropospheric data.

Part Il: CWT — Pitot comparisons

Estimation of & from CZ
For stratified turbulence (e.g. Ottersten, 1969; Gossard, 1982; Gavrilov et al. 2005):
2 c2\3/2
= (225
&cr2 = (Vﬁﬁe)
Valid for dry or moist (unsaturated) air
_ 1R —Ri_1
Be Ri Be

Bo =32 (universal constant)

v
Ri: Richardson number, P= Turbulent Prandtl number
Rf = Ri/p,: Flux Richardson number

* Mixing efficiency coefficient:
qmr; = Ryf(1 - Ry)

mixing efficiency =
Change in background potential energy due to mixing
Energy expended

wl that mixing efficiency is unlikely to be constant, but

1. It has long been un.

beeause K, from tracers and microstructure evaluated with

Gregg et al., 2018

better than do coefficients and efficiencies from simu

Oceanic turbulence sons for this agreement are not understood, particularly in view of the loss of po-




3/2
Statistical values of y 6= ( g C%) /

TZN?,

Examples of comparisons between & and gcr,

o FLYDS SHUREX2 614 A FLTES ShUREXIONE
ShUREX2016 ShUREX2017 o = — —
. °3|--"°='°w-ml'¢‘1 OEBI..Mchd.ﬂoMCI'I % % o= gt P o
600 B - - 1 T00 o - o ~- —
1 i woonh e 00t - =
5 400 |  mwane0 24151 | Sm i i .3:
g meanm0 21952 20 memmozece Fowol > Faoo| o
Ea00| wmeenstrsz g macian=0 2708 1 g “ | é
g D300} soe030820 L e = .
2 200! & ] — ]
200+ F
ses0
00| 100 4 ’"
Py —— 1 . il | L
-3 2 -1 o 1 2 3 3 2 -1 a 1 2 3
log, ) 109,:(7) 0
Remarkable consistency between the results obtained from ShUREX2016 and ShUREX2017 act ‘il
Statistical values of mixing efficiency coefficient yg¢ Eddy diffusivity Kg = 0'16F In the literature: K ~ 0.33%
Measured N? (e.g. Lilly, 1974;
v SHUREXIOE, log, (K, = « W) Fukao et al., 1994,
Histogram of y¢ 00 . . y Nastrém and Eaton, 2005)
> 006
O ¥ e 03T
1 § wof
iy )

1 3} 5 2 45 4 45 0 03

\-.,.- Pt s . ’ 10g10(¥s)
Yrr ~ 0.16 = 0.20

The mixing coefficient is found to be ~cst and similar to oceanic values

K
Black: After Alisse and Sidi (2000) for stratospheric turbulence (36 cases)
Blue: After Bertin et al. (1997), stratosphere (several cases)

The statistical values of K are similar to prior estimates
from HR balloon data at stratospheric heights

Conclusions of part IT

. TKE dissipation rates & estimated from wind and temperature data
compare well with a mixing efficiency coefficient ygy of 0.16 (close to 0.2)
2. This result is not consistent with Prandtl number properties but. ..

me = Ygrf

Inverse Prandtl Number, K/K_

Richardson Number R

For Ri 0.1, yg~0.16 provides reasonable
For Ri <0.1, large discrepancies. => Is (effective) Ri <0.1 rare in lower

with laboratory expr s and theoretical

(for stratified

Perspectives

2 3/2
(@Z) (Ottersten, 1969)

C2 can be estimated from & making possible comparisons with C2(radar)
= Relevance of the radar estimates
= Accurate calibration of CZ(radar)

Since e = (

(under processing)




Variation of Turbulence Kinetic Energy in the
Tropical Tropopause from Long-term
Observation of Equatorial Atmosphere Radar
(preliminary results)

Noersomadi'? and Hiroyuki Hashiguchi®
1RISH — Kyoto University
2Center of Atmospheric Science and Technology (LAPAN)

Introduction

P

w7

The dynamics and radiative processes in the tropical tropopause
are received much attentions in the past decades because the
tropical tropopause play an important role as the gate of
stratosphere-troposphere exchange (STE) (Feuglistaler, 2009).

a1 GIGWE WIEING BATIO [ppbel
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* The exchange of air mass between
troposphere and stratosphere occur
when the turbulence, which is
generated by convectively coupled
planetary scale waves breaking, exist
in the tropopause (Fujiwara et al.,
2001; 2003).

* The organized deep convections in
the tropics are related to the active
phase of Madden Julian Oscillation
(MJO) (Zhang et al., 2005).

* Here, we are motivated to investigate
the long term observation of
Equatorial Atmosphere Radar (EAR)
during the active phase of MJO to
identify the characteristic of
turbulence kinetic energy in the
tropical tropopause.

MJO phase propagation during December — January — February from Outgoing Longwave
Radiation (OLR) and 850 hPa wind anomalies (Wheeler and Hendon, 2004 / WHO04).

By definition of WHO04, during Phase 3 and Phase 4 convective activity were passing
trough over Indian Ocean and Maritime Continent.

Quasi Biennial Oscillation (QBO) and MJO interaction

We expect the
difference
characteristics of
turbulence in the
tropopause when
MIJO is active during
EQBO and WQBO
period.

TRMM precipitation for each MJO phase during easterly QBO (EQBO) and
westerly QBO (WQBO) (Son et al., 2017). MJO is stronger during EQBO.

Data Analysis

* We use EAR dataset version 02.0212 in NetCDF format from July 2001 to
June 2018 (http://www.rish.kyoto-u.ac.jp/ear/data/).

Following Fujiwara et al (2003), we investigate the turbulence kinetic energy
(Seurp)? from the observed spectral width data (s,) in the northward beam
(0° and 10° for azimuth and zenith angles, respectively).

(Sturb)? = (Sops)? = (Speam)?
where (sp.,,) is the beam broadening effect (Fukao et al., 1994).

(Speam) = d* U], d equal to 2.4° (= 0.042 rad) for EAR and |U] is the daily mean
horizontal wind.

* We also use routine radiosonde data from Singapore (downloaded from
http://www.geo.fu-berlin.de/en/met/ag/strat/produkte/gbo/index.html) to
confirm the QBO signal in the monthly zonal wind observed from EAR.




We use Real-time Multivariate MJO indices to identify the date when

MJO is active.
- v - - T - + v
Western - .
.~ Pacific RMM indices are a pair of
i - principle components from
. the combined filed of
I averaged 850 hPa zonal wind,
L 200 hPa zonal wind, and
g_g Outgoing Longwave Radiation
g_:t (OLR) in the equator.
| §e
£5
-t 4 The active phase of MJO is
defined when the amplitude
W 1 RMM2>1.
< -
Indian
cean
-

L4 -3 -2 -1 RHM1 1 2 3 4

MJO Phase Diagram (Wheeler and Hendon, 2004)

Results

Frequency distribution of Turbulence Kinetic Energy (s,,,,) near the tropical
tropopause at 17 km and 18 km did not follow Gaussian distribution.

i i
¥ Mean : 0.99 ' : Mean : 0.77
i StdDev : 0.48 | b StdDev : 0.39

[ =

The mean s, at 17 km is larger than at 18 km. It shows the
turbulence becomes weaker at higher altitude.

The scatter diagram of turbulence kinetic energy versus zonal wind at 17 km
during the MJO active Phase 3 (P3) and Phase 4 (P4).

wors

" 1471 random
sample days

“"| 465 random
sample days

The turbulence associated with easterly are relatively higher than associated
with westerly wind. Some samples showed stronger turbulence during P4. It
seems the stronger easterly wind correlated with stronger turbulence.

Seasonal variation

MJO P4 DJF MJO P4 MAM
2 . L 2 1 |
126 random sample days 114 random sample days
w 1594 0o gy 1 F e 15 -
E o 2 o E
o
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o T lenr o T
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Monthly mean zonal wind retrieved by EAR at 18 km and 19 km and
radiosonde launched in Singapore at 80 hPa and 70 hPa. The QBO signal is
seen more clearly at 19 km.
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U wind (s

We refer to zonal wind anomaly at 19 km calculated from the monthly mean
series subtracted by the average of all data. We define +3 m/s as the
threshold for WQBO and EQBO period.

Westerly

U anomaly (mis)

Easterly
QBO
(EQBO)

18 = = T
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The scatter diagram of turbulence kinetic energy versus zonal wind at 17 km
during EQBO (left) and WQBO (right) when MJO is active (P4).

1hm 17hm

93 random 44 random
sample days sample days
corr: 0.47

corr: —0.63

The turbulence is stronger during EQBO than WQBO as the MJO more
active during EQBO (Nishimoto and Yoden, 2017; Son et al., 2017).

Summary

We have utilize the long term dataset from EAR to investigate
the characteristics of turbulence kinetic energy in the tropical
tropopause during the MJO active period.

More turbulence occurred associated with easterly wind.
Seasonal variation indicated strong turbulence in SON and DJF
when MJO is active at P4.

Stronger turbulence is shown during EQBO than WQBO. The
correlation between the turbulence and both easterly wind and
westerly wind is —0.63 and 0.46, respectively. This means the
strong zonal wind potentially will increase the turbulence kinetic
energy.




Retrieval of Temperature Profiles using
Radio Acoustic Sounding System (RASS) with
the Equatorial Atmosphere Radar (EAR)

in West Sumatra, Indonesia
Ina Juaeni', Hiraku Tabata?, Noersomadi2', Halimurrahman’,
Hiroyuki Hashiguchi? and Toshitaka Tsuda?

1: National Institute of Aeronautics and Space (LAPAN), Indonesia
2: Research Institute for Sustainable Humanosphere (RISH), Kyoto University

Earth, Planets and Space, 70:22, doi:10.1186/s40623-018-0784-x, 2018.

" We carried out eight campaign observations
in 2016, testing the performance of EAR-
~ RASS.

We intensively analyzed the RASS results
from August 29 to September 3, 2016, when
radiosondes were launched 12 times from
the EAR site.

| RASS (Radio Acoustic Sounding System) |

Acoustic
Wave Fronts

1]

) To emit sound pulse by a
high-power acoustic
transmitter

Refractive index
fluctuations are produced
due to density
perturbations caused by
sound waves

To detect scattered echo
from acoustic wave fronts
(RASS echo), and to
determine Doppler shift
(sound speed)

From a relation;
temperature o (sound
speed)?, atemperature
profile is obtained.

Speed of
1 &2 sound

(2)

"\

RASS

Ef’%ﬁ Echo

Transmitted

Radio Waves §

~ Equatorial
Atmosphere Radar

(3)

RAS ‘EEE HEE
Acoustic
Transmitter )

RASS Observations

advection by wind

C,=C,+v

r,- (52

C,: Apparent sound speed
C,: True sound speed
v: Wind speed

a T,: Virtual temperature (K)
K,=20.047
Observed Background wind speed
acoustic
velocity True acoustic velocity
Acoustic
Wave front

Condition (1)

Because the temperature decreases along
altitude, we need to select appropriate
acoustic frequency that satisfies the
condition (1).

Bragg condition
fogg_CSmdition of RASS :
2k =k,

(1):
(2):

We employ the FM chirped signal that
sweeps from 85 to 115 Hz to cover up to 20
km.

Condition (2)

* As the acoustic propagation is affected by

k: wave number | the background wind velocity and
Acoustic "We:::’ of radar temperature, k, varies accordingly.
wave iy lo ~ . .
oo K wave We appflyla ray-tracing technique to know
number vector of | the variation of k.
acoustic wave * Antenna beam is steered into
appropriate direction, considering the
Speaker results of the ray-tracing
o WPR
antenna

Bragg condition to obtain strong RASS echoes

Bragg condition
~ r<00
acoustic wavefront = s

4=

=[5
.
:

00

B TR

()

240 260 280
L

radar wavelength : A Monochromatic acoustic pulses
acoustic wavelength : A, | 11 Ml

A=2ha ! i

Chirped acoustic pulse

Lol

T

FM-chirped sound is used to I
satisfy the Bragg condition in a
wide height range

Modulation of acou

ic wave front by wind

Effective area to detect
strong RASS echo

u=0
¢, =331-2.8*107z

| S~

\

u=0.149.0x10"z
¢, =331-2.8x10 °z

Oa‘

The radar beam direction steering to
windward and windward acoustic source is
useful to detect RASS echo at high altitude.




3D ray-tracing of sound waves considering wind measured with EAR

Location of Speakers

North

A A 0 0 A A A A A A
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T I
Frequency [sTaLO | Frequency
Conversion 1OMHz Conversion
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Beam Control Radar

ControllerHHostComputer |<—{ DSP ‘
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= | R : high power speaker
We conducted the 3D ray tracing of acoustic wavefronts sub woofer speaker ~130dB SPL
assuming wind velocity profiles with EAR on Sep 3, 2016 00 LT
Hypertolic Horn
—m = I ————
ANV ED! ok
L Distribution of the RASS echoing region Tr X 1 1 iz
I that satisfies the Bragg condition. The % b
“5 green line indicates the antenna beam il }\ N Y/
re™ with the zenith angle at 13°. .| | ey i ¥
i | |-
I Ik b 4 1
P S
e A a@ e & i
S e g - High power speaker
Woofer speaker ~ [Adachi, 1996]
M8 e 24 M8 - _p w2 - _p Spectral occupancy of RASS echo and turbulence echo
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! Acoustic Echo ! iTurbulence Echi
| Spectrum Profile : : Spectrum Profife
o i : !
S H :
EHE H H
<0 P
H 1 Ly X |
150 Hz -100 Hz -50 Hz 0 50 Hz 100 Hz 150 Hz]
L 1 1 | X ) |
479 m/s 319 m/s ~159.5 mis 0 159.5 m/s 319 mis 279 mi
Doppler Shift

Spectral Window
+39.1Hz=+124.7m/s

=39.062 Hz

1
IPP (200 us) x Nbeam (4) x Ncoh (16) x 2

Example of RASS Doppler Spectra

09:53:02-09:53:44 LT on 30 Aug 2016
(Az, Ze)=( 80, 17)

Aliasing of clutter echo
and turbulence echo

-80 -80 -40 ~-20 o 20 40
Valocity (ma—T)

-419m/s -319m/s -219m/s
+164°C -20°C -154°C

Spectral fitting of RASS echoes assuming Gaussian distribution

2016-09-03/0

Height [km]

-100 -50 o 50 100
Doppler velocity [m/s]

Doppler spectra for RASS echoes observed at 00:14 LT on
September 3, 2016, with the radar beam pointed at (90°, 13°).




Location of Acoustic Speakers

wind velocity profiles
observed with EAR at
14:30 LT on May 31,
2016.

Speakers Speakers
located in the located 50 m
3 center of EAR away from
antenna the center of
EAR antenna
toward east =
— —
= =

1

Cross sections of the ray-tracing results with an azimuth angle of 60°
assuming wind velocity profiles on May 31, 2016 at 14:30 LT

RASS echo power at selected altitudes

2016
1.64 km
w
=
- 7.92 km
-
x
]
&
2 4.48 km

All speakers Center speakers were turned on one by
were turned off one at 14:45, 14:48, 14:56, and 15:02 LT
at14.37 LT

Operation of the speakers was changed at the timing of the vertical dashed lines.

Time and height variations of the temperature observed
with EAR-RASS from 16:05 to 16:38 LT on May 31, 2016.

RASS echo intensity at selected altitudes

Sweep range of the FM-chirped acoustic
signals was changed at 16:23 LT from
90-115 Hz to 90-100 Hz

We expected the increase of RASS echo
to be:

25\’
10log<ﬁ) ~ 8dB

Black : 8.67 km, 10.2 dB to 17.8 dB (7.6 dB)
Blue :8.97 km, -7.9 dB to 8.6 dB (16.5 dB)
Red :9.26 km, -16.9 dB to -2.9 dB (14.0 dB)

90 Hz ¢ 287 m/s ¢ 205 K (-68 °C)
100 Hz ¢ 319 m/s ¢ 253 K (-20 °C)
115 Hz € 367 m/s > 335K (+62 °C)

EAR-RASS observation from Aug 29, 2016 to Sep 3, 2016
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Time variations of EAR-RASS mean temperature from five beams
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The availability rate at 2-6 km is about 50-80% and up to 14 km about 10%.
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Comparison of the EAR-RASS temperature profile
and radiosonde results
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Disturbance event on Sep 1, 2016
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Satellite images at 09, 13, 17 and 21 LT on September 1, 2016.
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Enlarged plot of wind components observed with EAR, RASS temperature
profiles, and MRR radar reflectivity from 00 LT Sep 1 to 12 LT Sep 2, 2016.
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Micro Rain Radar observation

Concluding remarks

* We carried out EAR-RASS observations during 2016 and examined the Bragg
condition of RASS echoes.

We adopted the 3-D ray tracing of acoustic waves for determining the
appropriate antenna directions for obtaining RASS echoes.

We investigated the acoustic sources, including the location of speakers and
the sweep frequency range of the FM-chirped acoustic signals. The speakers
located in the center of the EAR antenna were most effective, but speakers
outside the antenna were also useful for obtaining the RASS echoes in the
lower altitudes when the wind velocity became large.

The RASS temperature with 10-min resolution was determined at 2-6 km with
50-80% availability, and up to about 14 km with about 10% availability.

The standard deviation from the mean temperature difference was about
0.4 K.

We found a few interesting meteorological disturbances that occurred
between August 30 and September 1, 2016. A preliminary report was
presented on the behavior of the wind velocity and temperature variations in
association with the rain data and satellite images on September 1.
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Global lightning observation: Surface Pre-YMC Observations in 2015
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Pre-YMC observations in 2015
Lightning Frequency by WWLLN data set
Average: Nov.-Dec.2015

Day: O7LT-19LT
Night: 19LT-07LT

Diurnal Variation: Day-Night

Pre-YMC observations in 2015

Diurnal variations of lightning: Mirai radar observation area
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Introduction

The aim is to present comparative analysis results obtained from Kharkiv
incoherent scatter and Shigaraki MU radars during two coordinated
observation campaigns.

Significant research efforts have been devoted to the identification of
ionospheric features in a specific geographic region only. Such approach is
very useful for studying investigation of diurnal and seasonal dependences of
ionospheric characteristics, including irregular and wave processes. However,
to examine ionospheric behavior on a global scale and to separate
contributions from global and regional sources, multi-site measurements of
ionospheric plasma parameters are needed. In addition, such observations
should be conducted under different ionospheric conditions. The important
reference periods for magnetically quiet times are the equinox and solstice
seasons, where the ionosphere is characterized by different states due to the
annual variability of chemical and dynamical processes in geospace. Thus,
description of regional ionospheric features during equinox and solstice
conditions is of great interest. Such joint observations can reveal longitudinal [ 3 ]
variability in ionospheric characteristics and improve regional and global
ionospheric models.

Operation Modes
Kharkiv IS radar

"y At - 30,555 ps
Here P is power, ¢ is current time and At is
! fi sampling time
0 200 400 60D 8OO hps

Composite two-frequency radio pulse. The first pulse has a length of about
650 ps (the carrier frequency f, = 158 MHz) and the second one has the pulse
length of about 135 ps (the frequency f; = (158 + 0.1) MHz)

Shigaraki MU radar

Barker coded four-pulse scheme (1100101) — 5-min interval;
Simple pulse scheme (1000000) — 5-min interval;

Using one beam direction only (tilted towards the south)
(Azimuth angle, Zenith Angle)=(175°, 20°)

We planned to use additional 1000000 scheme for obtaining zero lag (IS [5 ]
signal power) of autocorrelation functions (ACF) under the same conditions
as other six lags.
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Kharkiv incoherent scatter (IS) radar Shigaraki Middle and Upper Atmosphere
(49.6 N, 36.3 E, A =45.3) (MU) radar (349N, 136.1 E, A =24.9)

Project:
Coordinated observations of light ions and traveling ionospheric
disturbances with Shigaraki MU and Kharkiv IS radars

PI: Dr. Sergii Panasenko,

Contact person in RISH: Prof. Mamoru Yamamoto

September 05 — 07, 2017 [ 4 J
December 25 - 26, 2017

Dates of joint observations:

Methods

1. Removal of coherent echos (“spikes”) and interferences followed by data
averaging.

208 km

|
ut-'-l' Llel;au._...'_._.. AU

MU radar data

IS radar data

2. Calculation of signal-to-noise ratio (SNR) ¢ and raw electron density N,.

qzi, P=Co—rr— N s N,.=qhz.
Py W (+T,/T)

4. Estimation of experimental ACFs. Retrieving ion 7, and electron 7,
temperatures through fitting these ACFs by pre-computed ones using least-
squares method. [ ]
5. Applying detrending and bandpass filtration procedure as well as spectral
analysis for estimation of wave process parameters.




Solar and Magnetic Conditions

Date Radio Flux Sunspot A, K,
10.7 cm Number
121 122 12

05.09.17 43322322
06.09.17 133 79 11 22233204
25.12.17 76 17 10 31231232
26.12.17 72 14 11 33121143

Near-Equinox Period: Plasma Temperatures
Kharkiv
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Altitude-time-intensity plots of ion (left) and electron (right)
temperatures for September 05 — 07, 2017

Near-Solstice Period: Plasma Temperatures
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Altitude-time-intensity plots of ion (left) and electron (right)
temperatures for December 25 — 26, 2017

Near-Equinox Period: SNR and Raw Electron Density
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Altitude-time-intensity plots of SNR (left) and raw electron
density (right) for September 05 — 07, 2017

arkiv
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Altitude-time-intensity plots of SNR (left) and raw electron
density (right) for December 25 — 26, 2017

‘Wave processes over Shigaraki
a

T (i) T B (km)
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Spectral analysis results (a) including
periodogram (left) and energygram,
which is the average power as a
function of period (right) as well as
altitude-time-intensity plots of 60 —
120-min bandpass filtered relative |
variations in  incoherent scatter [1 2
ﬁ signal (b) and noise (c) power for

" September 6, 2017
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Wave processes over Kharkiv
a

™ i (k)

{1 %

a1 L] 01 &

Spectral analysis results (a) including
periodogram (left) and energygram,
which is the average power as a
function of period (right) as well as
altitude-time-intensity plots of 40 —
80-min bandpass filtered relative
variations in incoherent scatter
power (b) and electron temperature
(c) for September 6, 2017

01 .05 o 005 br

Next Steps: New operation mode of Kharkiv IS radar

Along with the operation of a 100-m zenith-directed antenna in transmission
and receiving mode, a 25-m fully-steerable antenna will be oriented in zenith
and operate in the receiving mode only. Since the distance between two
antennas is about 60 m, the 25-m antenna will be subjected to an interference
from the sounding pulse. We developed high-speed electronic keys for
protection of the receiver input and amplifiers during power pulse
transmission. We also improved the transmitter modulator to reduce the
duration of a pulse rear edge and mitigate the effect of the interference on the
receiving system.

Output: (1) Enhanced Kharkiv ISR radar capabilities. (2) Possibility to study
mesospheric processes at heights of 70 — 90 km.

(13

(15

Thank you for attention

Next Steps: Modeling Study

Input Data
asofh, (km) e T |
300 o By
250 {1 ‘
00 |
0 0 40 60 ¢ (hours) <G T

Behavior of /,F2 for September 05 —
07, 2017. Here ¢ is JST for Shigaraki
and EEST for Kharkiv

S RIS

Simulations using Field Line Interhemispheric
Plasma (FLIP) Model

FLIP model was constrained to follow the measured F2 layer peak altitude
and density.

Output: (1) Electron density, plasma temperature and H” density profiles. (2)
Comparison with experimental data. (3) Study of longitudinal differences in
ionospheric characteristics. (4) Information on background atmospheric and
ionospheric parameters including thermospheric H densities for both regions.

Conclusions

1. We conducted two joint measuring campaigns near fall equinox and winter
solstice periods using Kharkiv incoherent scatter and Shigaraki MU radars.

2. The similar methods were applied for joint data analysis aiming to assure
consistency of results for both facilities. The main analysis stages included
removal of coherent echos and interferences, retrieving plasma temperatures
using precomputed ACFs, spectral analysis, detrending and bandpass
filtration procedures.

3. We analyzed the diurnal dependences of raw electron densities over both
sites and detected the similarity in their behavior. Due to very low SNR
values over Shigaraki, we did not manage to compare the plasma
temperatures over Ukraine and Japan. The modeling study using FLIP model
will be made for obtaining the missing ionospheric parameters.

4. The TIDs were detected over both sites during September measurements.
Their main periods were close to 80 and 50 min over Shigaraki and Kharkiv,
respectively. An enhancement in TID amplitude occurred near the sunrise
and sunset solar terminator.

5. The modernization of Kharkiv IS radar was made aiming to study
mesospheric processes at heights of 70 — 90 km.
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Q Radio instrumentations used in
this study (see Fig. 1):
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estimating the PRE
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Multiple EPBs from the EAR Estimating zonal spacing between EPBs
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From the EAR, we obtain:
(1) number of the EPB occurrence (multiple EPBs event)
(2) the zonal spacing between two consecutive EPBs

Multiple EPBs event = 2 or more plasma bubbles in one night from EAR
observation (during 20-22 LT)



Wind data from GOCE satellite Result 1:

J——— Multiple EPB event as a function of PRE
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Conclusion

We have used ionosondes and the EAR, and
employed the wind data from GOCE satellite to
disclose the role of PRE and gravity wave activity
on the multiple EPB occurrence.

Our findings: Our discussion: l
(1) The probability of multiple EPBs events Stronger PRE strength and the T h a n k yo u H
increases with the increase of the PRE presence of initial seeding

(2) The zonal spacing of the EPBs is similar to » mec'hanism, i.e. LSWS, could be
the wavelength of LSWS reported by Tulasi the important factor for

Ram et al. (2014) multiple EPBs occurrence.

(3) The spacing between two EPBs is dominant The EPBs could be around the
at 200-400 km . However , in case of the » crest of LSWS, but the bubble This work is supported by the Project for Solar-Terrestrial
stronger PRE, the spacing of the EPBS is spacing could has a greater Environment Prediction (PSTEP, JP 15HO05815) that is funded by a
broader distance when PRE is strong Grant-in-Aid for Scientific Research on Innovative Areas from

(4) The generation of multiple EPBs may not depend
on the stronger gravity wave activity in the
bottomside F-region.

MEXT/Japan.



Daytime periodic wave-like structures of the
ionosphere observed at low latitudes over the Asian-
Australian sector using TEC from Beidou
geostationary satellites
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Introduction
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[Kotake et al., EPS, 2007]

Ut

‘What’s the features of daytime periodic wave-like structures at low latitudes?
‘What cause the daytime periodic wave-like structures at low latitudes?

Dataset

Map of Station

14 GNSS Stations at low
latitudes over the Asian-
Australian sector were used

Data: TEC from GEO 3 Satellite
Period: 2016-2017

Example: 28 December 2016
: R o :
- " Criteria: [DTEC[>0.25 TECU;
. " - One Full wave.
§ g .,
i
1 it 3
£ i .
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Remove half hour average FFT: 64 minutes running window

Occurrence Rate — Northern Hemisphere

One peak occur in winter
during 11-17 LT

Special latitudinal variations
are presented

]

It occur in a latitude range from
17° Nto25° N(10° -18° N
MLAT) in the northern
hemisphere

Statistical Results: Period

Northern Hesmisphers

W . mmlun “Ii

{uf WD 17 4117 )

The period is about 18-28 minutes
and slightly decreases with time
increasing.

a1 e 7 16838

The period apparently falls into the
" common wave-like structure daytime
MSTID period (15-60 minutes).




‘What’s the relationship between day periodic wave-like structures
and GWs from low atmosphere?

ov=Aua ep-Jel fav ~Feb
—%1 =
EQ } + ST, % .-_E‘ The peak in winter
o il 2
e
F ] * §
e H;q%
1 11 Mz
@ 130 60 %0 © |30 s0 90 O |30 &0 OO
Latitude Lalituse eilibude

[Tsuda et al., JGR, 2000]
Stratospheric GW activity

The daytime periodic wave-like structures are generally consistent with stratospheric GWs!

What’s the relationship between day periodic wave-like structures
and GWs from low atmosphere?

Stratospheric GW a

Day periodic wave-like structures (Winter)

.
" " " e [

[Tsuda et al., JGR, 2000]

The daytime periodic wave-like structures are generally consistent with stratospheric GWs!

Why the occurrence rate is very weak at the magnetic equator?

The electron density perturbation Ny:

Vertical Horizontal

W = iy | — ik N

0, no vertical perturbations

Magnetic equator

where wy and & are the velocity and wave number of the
gravity wave paralicl to the ambicnt magnetic B
respectively, and [ s the magnetic mclination (dip
The gravity wave in the ne atmasphene catises
aligned ion motion wy through ney

v collisons

[Shiokawa et al., JGR, 2003]

Occurrence Rate - Southern Hemisphere

One peak occur in *

winter during 11-15 . ==
LT, which is much g * .'
lower than that in the N
northern hemisphere. I

i
ES
=~

Comparable GW
activity in winter
were observed at
both hemispheres

M- 40

254 - 35ken

‘rr#'%

Lattse
[Tsuda et al., JGR, 2000]
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Conclusions

* Daytime periodic wave-like structures of ionosphere were observed at low latitudes
over the Asian-Australian sector using Beidou GEO TEC.

The daytime periodic wave-like structures have a period about 18-28 minutes. It
frequently occurred during 11-17 LT in winter in a latitude range from 17° N to
25° N (10° -18° N MLAT) in the northern hemisphere. Its occurrence rate
reached 80% at 21° N (14° N MLAT). In the southern hemisphere, the daytime
periodic wave-like structures were also observed during 11-15 LT in winter,
although the peak of its occurrence rate was 30%.

The seasonal and latitudinal variations of the daytime periodic wave-like structures
are generally consistent with those of stratospheric gravity waves (GWs).

The daytime periodic wave-like structures could be trigged by the GWs from lower
atmosphere, and generated locally in low latitudes instead of propagating from
other latitudes through the ionosphere.
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Impact of SSW on the ionosphere (obs.)
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[Goncharenko et al., 2010]

Impact of SSW on the ionosphere (GCM)
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Medium-Scale Travelling Ionospheric Disturbance (MSTID)

DAYTIME NIGHTTIME
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* propagate equatorward and
westward.
+occur around Jun solstice.
= Perkins instability

*propagate equatorward.
+occur around Dec. solstice.
= atmospheric gravity waves

Investigate effects of SSW on MSTIDs

2017-00-01118:10:00
2 45 9
Data

Global GPS-TEC data

Zonal wind from MERRA-2

(Modern-Era Retrospective
analysis for Research and o W m o=
Applications, version 2)

Atsolute TEC [10"m]
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MSTID activity

1.

Total Electron Content (TEC) is
calculated from dual-frequency
GPS data.

Perturbation components of
TEC (0TEC) are obtained from
subtracting 1-hour running
average from the original TEC.
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TEC perturbati
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Figure 1. Tempoml varation of f along a my path

Slant TEC is converted to 2o
vertical TEC.
MSTID activity is defined as Dstween a GPS recciver

May 2001

OTEC 5t
TEC
orec: Standard deviation of 6TEC

in 1 hour for each satellite-receiver pair.

MSTID activity =

TEC: 1-hour average TEC

satellite PRNOY, observed between 2100 and 2
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f s the TEC perturbation obtained by
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ver pair

[Kotake et al., 2006]
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We have investigated TEC variations caused by MSTIDs using GPS data
in the world during SSW of 23-24 Jan. 2009.

*Daytime MSTID activity decreased after SSW.
consistent with GAIA [Miyoshi et al., 2018].
& Daytime MSTIDs are caused by GWs propagating from below.
*Nighttime MSTID activity is not affected by SSW.
& Nighttime MSTIDs are generated by a plasma instability.
*Daytime MSTID activity is higher in East Asia than in other longitudes.
& Eastward mesospheric jet is stronger at East Asia than other
longitudes.

Before SSW, strong eastward strato-mesospheric jet generates secondary]
GWs propagating into the thermosphere, resulting in MSTIDs.
During SSW, weak jet or westward jet make secondary GWs inactive,
resulting weak MSTID activities.
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J Real-time data collection from 200
7, selected GEONET stations

* Real-time tomography over Japan using GEONET real-time data
- |5 min cadence, 6 min latency

- Inservice since March 2016 [Saito et al., NAVIGATION, 2017]

3 BI2EMUL —F— - FERRL—F—YVRY I L, FiR, 20185F956H

/_\'. . . . = :
ED}{RI Validation by ionosonde %

* Ratio of peak density (foF2_tomo/foF2_ionosonde), 2015-2016

All seasons Feb.-Apr. May-Jul. Aug.-Oct. Nov.-Jan.
Mean/|-0 Mean/|-0 Mean/I-0 Mean/l-0 Mean/|-o
Wakkanai 0.750/0.267 | 0.863/0.306 | 0.787/0.233 | 0.697/0.198 | 0.610/0.249
Kokubunji | 0.975/0.184 | 1.003/0.241 | 1.026/0.146 | 0.969/0.136 | 0.903/0.168
Yamagawa | 1.064/0.186 | 1.081/0.238 | 1.101/0.14] | 1.056/0.151 | 1.000/0.190
Okinawa 1.032/0.211 | 1.076/0.268 | 1.097/0.161 | 1.013/0.185 | 0.950/0.204
- f} Y [Mizuno, Master Thesis, 2018]
Vfl.zkkalnai .
R * Best agreement at Kokubunji, and worst at
13 « i Wakkanai.
f i . % Smaller deviations in May-Oct., Larger in
LoC “ Kokubuniji N A
= :f % ‘Yamagawa OoV.- Apr.

*** Okinawa

= 4 F12EMUL—Y— - FREXKL—Y -2 ViRI I L, FiA, 20185F9H6H
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GNSS tomography

K

MPAT

* GNSS tomography is a powerful technique to reconstruct 3-D
ionospheric density profiles from total electron content
(TEC)measurements.

3-D density profile

2 GPS sueellite £ ko
20,200 ken F 175
/ 130%
reconstruct £ 200 Ln.}
= bt
rements g0 Loog
| B 200 0.75 5
Tionosphere n.s0.8
I b -]
ik ! > 0.25
A= gl L 0.00
-~ GPS receiver ™~ Lallt\fd‘r'elaearte‘r
2 F12EMUL —Y— - FREXKL—Y -2 ViRI I L, Fih, 2018F9H6H
N
Realtime tomography service — —
B >< S8
MPAT

http://www.enri.go.jp/cnspub/tomo3/
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Vertical
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ENRI -
Validation by COSMIC occultation

* Mean of Electron density ratio (Ne_tomo/Ne_COSMIC) over Kokubunji

Ne_tomo/Ne_COSMIC Peak Peak

. density | height
Altitude | 100 km | 200 km | 300 km | 400 km | 500 km | 600 km | ..o | diff. (km)

Feb.-Apr. | 0312 | 0597 | 0773 1.120 | 0926 | 0.727 | 0.741 | 3093

May-Jul. | 0.183 | 0.774 1.079 1.251 0.934 | 0.56l 1.060 | 16.30

Aug-Oct.[ 0.177 | 0.57I 1.040 1.502 1.122 | 0919 | 0924 | 53.74

Nov.-Jan.| 0.142 | 0.349 | 0918 1.264 1.551 1.143 | 0802 | 90.18
[Mizuno, Master Thesis, 2018]

* Density

- Best agreement in May-Jul., and Aug.-Oct. next
- Worst in Feb.-Apr., and Nov.-Jan. next
* Peak height
- Best agreement in May-Jul., and Feb.-Apr. next
- Worst in Nov.-Jan., and Aug. Oct. next
6 F12EMUL —¥— - FREXKL—Y -2 ViRI I L, FiR, 2018F9H6H
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Validation by MU radar E

P
-

MPAT

* lonosonde
Bottom-side profile only

Conversion from virtual to real heights is not easy.

* COSMIC occultation
Electron densities are smoothed over a wide horizontal area.

* Incoherent scatter (IS) radar
Electron density profile can be observed from bottom-side to
top-side.

/—\
NRI
S

-~
Incoherent scatter measurements

Electrons in the ionosphere oscillate due to PR

oscillating electric field of radar wave. due 1o radar wave
Oscillating electrons re-emit radio wave A e

at the same frequency with Doppler shift. RadarwW\}

* Echo power is proportional to electron _\S

Electron oscillation

density (plus a function of electron and ion
temperature)

In nighttime (Te/Ti ~1), echo power is
proportional to electron density.

Scattered
wave

* Incoherent scatter is very weak
- Long integration (time and range) is A
necessary. L
Gi(r1) Aea(rz) r
P, = - Py S — rz
Echo power I (1') ao(x) - Pi 47”% 47‘_71%
neV

U+ 22\ (1 + T./T; + 4k2)3)

oo xnV (T.)T; ~ 1,k Ap < 1)
7 F12EMUL —¥— - FEXKRL—Y—Y ViRI I L, FiR, 20185F986H 8 F12EMUL —¥— - FEXKL—Y—Y ViRI I L, Fih, 20185F986H
P ) =~ P ) =~
ENRI MUR IS observation ENRI Data used
| S MPAT
Year Dates # of available profiles
* MU radar incoherent scatter May 9-13 24
observation Jul. 4-8 12
- Frequency:47.0 MHz Aug 812 4
- Peak power: | MW
- Antenna diameter: |08m 2016 Aug. 29-Sep.2 19
- Mode:single-pulse power profile Oct.3-7 19
(powel.* only, no temperature Oct.31-Nov.4 20
and drift measurements)
- Number of ranges: 256 Dec.26-30 4
- Height range: 82-1234 km May 22-26 12
- Range resolution: 4.5 km 2017 Sep. 7-11 9
- Integration period: 60 min
- Number of beams: 4
c Feb.-Apr. May-Jul. Aug.-Oct. Nov.-Jan.
(Az:85, 175,265, 355°, El: 70°) — 2 = - 2
ot avatable 0 48 53 23
: < profiles
9 %lzlilnulz—f"—~ﬁi@kﬁb—sf—i‘/?ﬁyvg?iﬁ,znmfﬂﬁsﬂ 10 BI2EMUL —F— - FERTRL—F—YVRY I L, FiR, 201859560
e ~ e =
ENRI Incoherent Scatter Analysis ENRI Results (May 2016)
L-/ MPAT L-/ MUR MPAT
Y=0 Ne 10 May 2016 Tomography
00 X — 600 =
* Mono-static observation r=ro=1 B> r 15T tett
Ne -
Voo 12 Pr:Cﬁ+Pnoiss i
1 H
2
P, Pr = Proise (P = Proise) 7% 1 2 (Pri = Proises) - ::t‘:
i=1
Raw Power Noise subtracted Range compensated All beam combined 00
. |
1200 600 1o
1aLr Assumption:
?m‘m g P o<ne (Te/Ti ~1)
E.soo E * MUR electron densities have not
° 2 been calibrated with ionosonde foF2.
g 600 | Noise Se2 uteer, H = Only profile shapes and height
< 400 |- 100 | should be compared.
<«— F-region <«— F-region 1 0
200 H | - i ] Electron Density [/10'' m-3]
o Clutter ¢ : * Good agreement in peak heights as well as topside and bottom-
0.4 [] 0.4 1.0 1.0

Power [arbitrary unit]
FE1N2EMUL —Y— - FEAKL —Y -2 VikI VL, Fig, 20185F9H6H

side profiles between MUR IS and tomography results

F12EMUL —¥— - FEXKRL—Y -2 ViRI I L, Fih, 20185F986H
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Results (Oct. 2016)

m
=

K

Results (Nov. 2016)

_ 4 Oct. 2016 rrr e 3 Nov. 2016 MPAT
600 . — )
e | [V ==t ooLT = 1oLt

- | e L

: | =

o ‘ ¥ X

- . |

H = $~10km ‘

< |

100 s

600 - S

5 e —— MUR —— MUR

T g i Tomography Tomography

2 | 1 %

3 ="\

2 -j?:},_twukm

P |Fg /
100 = . 2 8 - 100 o o 1o

®Electron Density /10 m3]® © o

* Electron density variations are followed well.
Top-side and bottom-side profiles are also well represented
when the peak density and heights are well represented.

* Peak heights are sometimes overestimated by up to 46 km.
F12EMUL—Y— - FTREXRL =Y -2 ViRI I L, Fih, 20185F9H6H

13

Y N e
ENRI Results (Sep. 2017) WEE ENRI
u _85ep.10|7 MPAT u

ll — IJLT. i—‘ii 14T

7 5

F =

g . 4~23km

i :"‘_’__:/

600 — o 0o o *

i E_ e U 1L

E f—_— Tomography *

2 ==

“5 { 'q'fﬁgwm(m *

< /{; * Electron density variations are followed *

well.

10
Electron Density [/10'' m-3]

* Peak height differences are -47 to 45 km.

FI2EMUL —¥— - FREARL —Y— Y ViRY I L, Fi, 201859H6H

Electron Density [/10'' m-3]
* Electron density variations are followed well.

%* Peak heights are overestimated by 23-80 km.

F12EMUL —Y— - FREXKL—Y -2 ViRI I L, Fih, 2018F9H6H

Summary

compared with the MU radar IS observation results
124 electron density profiles from May 2016 to September
2017 are used.

Electron density variations are well followed by the 3-D
tomography.

Top-side and bottom-side profiles tend to be well represented
when the peak density and heights are well represented.

lonospheric peak heights are often overestimated.

Good agreement are obtained in the data in May, but more
discrepancies in the data in November.
Generally in good agreements with the comparison results
with ionosonde and COSMIC occultation results.

P
%

MPAT

% Results of a real-time 3-D ionospheric tomography over Japan are

Acknowledgment: This work is supported by JSPS Grant-in-Aid for Challenging Exploratory Research JP26630182.
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Introduction : radio propagation

oz Light velocity («)
Group refractive index : ' - -
Group velocity (v,)

GNSS TRWLLNMBLAVEDRIRBFTIEUTOLSISGEMTES

p Electron density (n,.)
=1+ A4 : ;
(Frequeney (f))2

Delay time : At [(II = Ii) ds

BRI~ T-TEC

- = 13446 % 1077 m* /s
BEEmepe

Introduction : Inter-frequency biases

EHEFARICBNT, Z OO R EKRBEOFHELE D Z (differential
propagation delay) ZRIEL . EBBELEFH(TEC)ERHDF A ILF]

RAEhTL% i ;
=y — ity = f'(f- - .Ir.l_.l) f‘”..l_..

[,,,.|, = TECq
fi 157542 MHz  GPS LI signal
fi 122760 MHz  GPS L2 signal

AL, AIEShZEEEQICEHES LU RERICEALERIEE
(instrumental inter-frequency biases; b, b )& END

T~ TECY = TECy + b + b,

CNERMYBRIAE DFE T, B ET /L(thin-layer model, $2 U &thin-
shell modeDAALIBR TV

This study : thin-shell approximation

R ERECHEERERBOR A
(ionosphere pierce point) €K &%

| Dfterntial dolay: £ |

FMEPEFREBAE: v.n. <

IPPOEEE (7, C) EO—HILABEXIESR (1)

REER (0,0)

#=2-2 (RAE)
r .
OS ST TS RBES)

Surface harmonics fitting

—DOREHTELNI24BROT—4EAND

SAEIHTEC (TEC,) D EALIFKIEEFF (sun-fixed longitude: ¢)ERIEEE()
ZAVTHEAMBHTRRTELILOLTS

M N
TEC, Z Z (A 08 med + By, sinmad) P (cos 8)

=i} =

%% 4,, & B, ZEAE « ~TEC,”) NDDRET S

LAOL BB TEC, # TECT cosy
BERD  TECY = TEC,+ b, +1b,

Lih$oT, /"AT R b, & b, EBET BT EIETEC, ERDSHT L%

Orthogonal neural network

BEXEH=1—FIWARYNT—ITINAFR b, b & TEC, (4,,,B,,)
*REBICHETS

193 (D ERINTTBESIZ w,, ooy . b, b EARBTHETRDS

Input Orthogonal layer Output

Wired connection 1

Bias node

Residual error (£)

x
TEC™
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Chinese 115°E meridian
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BJNM : Beijing
40.2453°N
116.2241°E

o BJFS : Fangshan, Beijing
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JFNG : Jiufeng
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Results: single and network receivers
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Results : biases and fitting error by different method
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m Fitting error (TECU) Receiver bias (ns)

A B Cc A B o]
BJNM 0.90 1.33 2.65 -1.1 -1.2 -0.8
BJFS 0.92 1.20 291 -14.8 -14.8 -14.4
JFNG 1.40 1.72 3.07 -15.6 -15.5 -14.7
HKWS 2.85 3.51 4.20 277 256 16.8
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ouble-shell model
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Geometry: double-shell model
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Neural network for double shell
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Results: double- and single-shell models
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Comparison: double- and single-shell models
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Conclusions
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Equatorial Plane: T = 3000 s

Equatorial Plane: T = 0s
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Yokoyama, T., A review on the numerical simulation of equatorial plasma bubbles toward scintillation

evaluation and forecasting, Prog. Earth Planet. Sci., 4, 37, doi:10.1186/s40645-017-0153-6, 2017.
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LEO satellite beacon and GRBR

@ VVHF(150MHz)/UHF(400MHz) beacon signals from LEO satellite are used
for ionospheric TEC measurement for long time.

® GRBR (GNU Radio Beacon Receiver) was developed with GNU Radio and
USRP-1 board at cost of 2000-3000 USD/system.

® Network of about 30 GRBRs already exist over Japan, southeast Asia,
Pacific, etc., and used for studies.

400-1000 km haight
1 pass durabion = 10-15min

Satellite

Receiver on the ground|

TBEx and COSMIC-2 beacon signals

Srelectiame MW“
frequency

383 MHz
B I R 400 MHz 383 MHz modulated
(USA Taiwan) 965 MHz Others are CW.
' 2200 MHz
150 MHz . )
TBEx o Decided launch with
2 28.5 400 MHz
(USA) 1067 MHz  COSMIC-2.

* Satellites for 150/400MHz beacon are getting old.
C/NOFS stopped.

* COSMIC-2 and TBEx will be launched in 2018. They fly in the
low-latitude region with triple-band beacon TXs.

* We develop a new GRBR system that covers 150/400/965/
1067MHz signals for these satellites.

REEROHE

« Dr.R. Tsunoda CKESRI International) 7*NASAMDLow-Cost Access to
Space (LCAS) Programh* 5523 703 T 2 ~"TBEx: Tandem Beacon
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Low-latitude ionosphere
Bubble or Equatorial Spread-F (ESF)

.
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Plasma bubble

Development of plasma bubbles

¥ 1000 km

lonosophere

100km

* Rayleigh-Taylor instability is
the mechanism.

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

* VHF radar is very useful of
observing bubble (ESF).

eTBEx: Overall concept of obs. & study =
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SDR device

SDR device (2 units)
USRP B210
Frequency: 70MHz-6GHz
Inputs: 2ch
Ext. ref. clock: 10MHz
PC Interface: USB 3.0

Linux PC

Intel NUC
Model: BOXNUC7ISBNH
CPU: Intel Core i5-7260U 2.2GHz
Memory: 8 Giga bytes

(A) Antenna
Loop antenna for
higher frequencies
150MHz patch
2 antenna element

LED Ceiling
light body

Design by Prof. Matsunaga

(C) Demultiplexer (Filter bank)

1GHz BSF 1%07Hz BPF| ° P,

Design by Prof. Matsunaga

GRBR2 block diagram

(A) (D) Down converters
Antenna > @ A

i | usrp B210
| USB 3.0
(B) Pre-amplifier | g\}\?:?mm Control &
3band B data-taking
“ban |
B
FILTER > ! i
10MHz LINUX PC
| Intel i5 CPU
A
i| USRPB210
(C) Demultiplexer ! | 150.498MHz [ ysp 3.0
(Filter bank) :W'IMHI
USB 2.0
150MHz T control
10MHz

USRP Timebase: 10MHzx2 <«
LO: 250MHz x2 «—|
LO: 148.8MHzx1 <+

(E) Synthesizer (Si5338)
Clock source: 25MHz X'tal

Frequency response at
100-4000MHz

Gain (dB) of the unit (=No.10)
21.7dB at 150MHz (Marker 1)
19.5dB at 400MHz (Marker 2)
14.8dB at 965MHz (Marker 3)
13.7dB at 1066MHz (Marker 4)

(D) Down converter/(E) Synthesizer

(C) Down converter

RE 806MHz USB control
DBM |+ 30MHz
1066MH SAW  [IF out
+20d8 816MHz
L0 250MHz
- 806MHz
DBM |+ 30MHz Tovirz
QGSMHiZOdB SAW ISFlgLI:;H # dockoit
z
10 148.8MHz or USRP
oo, 1 2%
400MHz
+20dB
L0 250MHz

(D) Synthesizer

Silicon Labs Si5338 + 25MHz X'tal
Outputs: 10MHz to USRP + LO to DBM
Control from LINUX PC through USB-12C
interface board (on the same PCB).




GRBR2 SDR diagram Results from test experiment

GNU Radio
. GRBR2
Mix down to TBEX 1066.7MHz GRBR2 test at Shigaraki H e
816.5MHz USRP B210 Fine tune + decimation [— on January 25, 2018. e
(LO: 250MHz) i BW=100kHz We shared the same antenna and %'"‘
Tuning : W0 e ¥ a0 w0 Me W e ®¢
Mix down to 1Q demod COSMIC-2 965MHz receive same 150/400MHz beacon £ » :;t:::
816.5MHz BW=1MHz Fine tune + decimation |»B signal from DMSP-F15 satellite at i;
(LO: 148.8MHz) BW=100KkHz & Shigaraki MU radar site. Right-upper " N
Pre-amp 3 panel is the new result from GRBR2 éw
Filter bank COSMIC-2 400.9MHz B while Right-lower panel shows the i
Mix down to % Fine tune + decimation [—* o result with the original GRBR. L W I
150MHz 1 BW=100kHz <
(LO: 250MHz) s e = GRBR missizs passsy owsrras wim
USRP B210 TBEx 400MHz N e i ;
Tuning Fine tune + decimation [— / " o\ e
1Q demod BW=100kHz / e\ S o e
BW=1MHz ( i 4 M, in e
TBEX 150MHz \ /' / | 3
Fine tune + decimation [— \ £
BW=100kHz : j
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SPACEFLIGHT NOW

https://spaceflightnow.com/launch-schedule/

Launch Schedule

“NET”
No Earlier
Than

by e-mai 10: sclarkispaceflightnow.com.

A regularty updated listing of planned orbital méssions from
spaceports around the globe. Dates and times are ghven in
T stands for no eardier than.
@ans to be determined. Recent updates appear in
red type. Please send any corrections, sdditions or updates

NET Nov. 30 Falcon Heavy = 5TP-2

Launch window: T80
Launeh site: LC-30A, Kennedy Space Center, Rlarida

A'SpaceX Faicon Heavy rockes wil launch the U5, &
Forca's Space Test Programs-2 mistion with a duster of
miltary and seientifi research satelites. The heavy i
roxcket is formed of three Fakcon 9 rocket cores strapped
togather with 27 Morin 10 engines firing at B, Delayed.
from Otaber 2016, March 2017 and September 2017,
Delayed from Apeil 30, June 13 and Oct. 30, (Aug. 28]

web? Ak “SPACEFLIGHT NOW” ®

BWIC& B &, (20184115308

DREICHTEf] E3hTU0ET,

SETCRELHBPINTEE LT,
(8A28018%)
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