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ﬁ @ Bsearch Institute for
Sustainable Humanosphere

TKE dissipation rates estimated from velocity spectra measured by Doppler lidar and radars
in the Convective Boundary Layer
Hubert Luce, Masanori Yabuki, Hiroyuki Hashiguchi
Research Institute for Sustainable Humanosphere, Kyoto University, Kyoto, Japan

Acknowlegment: The Doppler lidar data were provided by EKO Instrument Co. LTD

Outline:

1. TKE dissipation rates & from time Doppler Lidar data: application to a 4-day dataset (08-11 June 2021)
2. Attempt of application of the « Lidar method » to MU radar and LQ7 BLR in CBL
3. About new measurements at Shigaraki (Sep. 2022).

MU radar WPR-LQ7

Doppler lidar

FBIEIMUL — & — - FBRRL -4 =2 Y RI T L

09JUNE 2021

08 JUNE 2021

Lidar Specifications

I.
(shuRex) £
Specifications WindCube Lidar | VHF MU radar UHF WPR I
Wavelength 1.54um 6.45m 1357.0 _10JUNE 2021 o
Range resolution (m) | 20 150 100 " L8
Range (km) 0.04-0.20 1223 0.6-10 T i I
Dwell Time DT (s) 4 ~24 60 i

Beam directions 5 3 or 5 or more 3or5 |:

)

Tests on data collected on 08-11 June 2021 (4 days) at Tokyo (during clear air conditions).

===
——

Direct applications to the Lidar data

Processing method from Lidar data —used for CBL s e 4

O’connor et al. (2010)
I Transverse measurements Kn=2/L
1=27/Ly. "
-_— ”z=j S(k)dk b
k=2mn/L s w“‘: 08 et 9480 LT
e L= N 50T U = Acquisition time x U b uscalecmncii
B With (one dimensional transverse spectrum) Tl
"ft S(k) = ae?Pk~5/%,a = 4/3 x 0.52 é_‘
s st ml
- R e T 3

example N samples | We get: g A s et LY
a \ 1 37z Tl
2 3/2 i
f 2V s (-

" |1 ‘ wﬁ hhl [1 Hl ‘E Zn(3 ) (L L ) g
| ul
ﬁ L\“ | W T i

| J . b 1048 48 T
« Very simple if the hypotheses are verified .
i — =T ozlvariah |
ash o yariaiice of W _! — No need to calculate spectra. 5..,_
-t |

Acquisition time: (DT=4 s) x N

i)
N=64- 256 s = 4min 16 s « ~Constant with height (40-200 m)
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The spectral approach (<>used for UAV time series) OB-JUN-2621, W andl horizontal winds. ) CBL Turbulence

w . v
Time sores 4490 CBL turbulence
) . . . - e | o
e
10 e 1
g o e .
o,
§ s g
] £
Y
£ L
7\2? | g TR =500
f753 & Su(f) = 05 x 4/3¢?/3 (ﬂ) 53 = | opei e am 8301
oL — - i e
] ot '
P « 3/2]« Identification and estimation of the inertial 1 o
=— W spectral level @, in a given frequency band - — .
U \0.52x4/3 « Scales do not need to be explicitly defined o = w [ » = The inertial subrange is clearly observed

O8-JUN-21, W and herizortal winds. . Shear induced turbulence

CBL (<slope>=-1.63)

S R T
' X

wope 11

sopertidpet 1
N, oo | I

| _osuneanzi e p—
: | LU (<slope>=-1.20)
\\.
\
e | L . | i b \ §-
P 0! .
. 117 \
The inertial subrange is NOT observed suggesting that the method - . 1
Cannot be applied for non CBL turbulence.
Spectral slope vs horizontal wind... Comparisons between results obtained from O'connor et al. and spectral methods
A gata (smocthing 11 pis. g (<38 b o A A i i S A

) o e e :

N North { ' East

s
i
o
i '
g
§4 ;

)

2

1 A

The scatter plot suggests a linear relationship between the horizontal wind and the spectral slope
of the frequency spectra in a constant frequency band.

This surprising result must be interpreted in light of additional statistics and may be due

different extents of the inertial subrange according to the turbulence sources (convection or shear).
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[
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[ e . SRS B b 0 e B 45
South West

Brown: Frequency spectra consistent
with inertial turbulence (slope ~ — 5/3)
Blue: all data

(0.03) log scale

< &puce/ €oconnor> = 1.07
For—5/3-02 < s <-=5/3 +0.2

(0.08) log scale

< &ryce/ €oconnor> = 1.21
For all slopes

Meoan W spoctra 08~June-2021

Length of the time series: 6 hours

]
lication: lw’j

Jus

Krm‘m{m. (1869 modsl (valkd for CBL. mixd layer)

COLEFOMIECOLT)
L(n=1)=212m
Lot =325m

-5/3

The model foils as expected
for stratified conditions

Example of time series of W from LQ7 WPR

3 dune 2917 LT radar ot 4 985 M
. .

128 or 64 pts I

‘

: —
gl
§.

o
E.‘

2

3

a

+ "

At =60s

Example of time series of W from MU radar

i 1100 3001 MU gt 1795 M
at 28 or 64 pts

e |‘—'h

R WA
i W

Calculation of the variance from detrended series
Calculation of fequency spectra
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Validation of the interpretation of the frequency spectra in CBL

A general kinematic spectral model for horizontally homogeneous vertical velocity field in the mixed layer of the CBL
(Kristensen et al., 1989):

2

L 8 (zwznf)“
U

3\Ua(w)
S E—
1, 2mf\ 2\ o
)
« Along-wind (transverse) integral scale »:
Ly = 0%/(a(u)™5/(na/2)*/2%)
5
ur o

a(ﬂ):n—r( 1) (1) &=0%/Lou

2u) \3p,

S(f) =

(a()™5/2(ra/2)¥?)1,

05<u<1

1 governs the curvature of the spectrum
across the transition from 0 to -5/3

2. Attempt of application of the « Lidar method » to CBL measurements from MU radar and LQ7 wind profiler

In principle, not applicable to standard ST radar
(contamination by gravity waves!)

in the free

46.5 MHz MU L= & = (1,27 km-~}

135TMH LT 74 2 K IO 7 7 4 7 (0.6km-~)

a7 MUR

Mean radial wind spectra (15 gates within CBL, 10:00-12:00)  Mean W spectrum (3 gates within CBL, 10:30-11:22)
M st g CBL o e § dieions TES: 1

Band used
to estimate ¢

(52 min) |
Band used
so estimate |

|

|
\
|
|
|
|

" |
e
L L 1
- . — -
w we por ' wt
[ o

Black: Kristensen et al. model

The frequency spectra are quite consistent with the theoretical model



000 DUET ASUENT, 13,000 3017 DATRERCENT, 12 REINT ey DH28 ASCENT, 11 JUNE 2017 4000 DH28 DESCENT, 13 JUNE 2017
—
3500 1500 3500 _'WM
— V)
SM: 3000 SM: — g (SM)
Spectral me Spectral method % o —
H R e | | TEN)
L 2500 = 2500 = —
: E E
TSM: Time 1600 TSM: Time series 500 1500
method method
oo 000 1000
0 500 e 3 = I“L
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Future plans:
Simultaneous comparisons between Doppler lidar, LQ7 and MUR to better understand the cause of
these disagreements. (Some tests will be made from observations planned in September 2022).

L -
)
08 4
£ os 17 |
04
¥ Lidar 1
it
a8 ] a5 [T 1

-]
g, ez}
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M/D theises
Others
Invitation stay
= Developing countries
Developed countries
= Domestic (ground/satellite)
= Domestic (ground)
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15-min talk, 5-min Q&A
6th September 2022, 10:40-11:00 JST

A review of SEALION activities

Activities to solve a real-world problem on precise positioning ( i level)

and communication system in order to protect fragile ICT infrastructures from the
space weather risk, to stimulate the economic competitiveness via innovations,
and to promote the safely use of the radio infrastructure in the aging society.

Kornyanat HOZUMI (Kukkai),

Nishioka Michi and ionospheric working group

National Institute of Information and Communications Technology
Radio Research Institute, Radio Propagation Research Center, Space Environment Laboratory
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nic? EPB (Equatorial

Plasma Bubble)

* Equatorial Plasma Bubble is an ionospheric “Bubble” generating in the
ionosphere over the magnetic equator just after the sunset.
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Japan Post tests
delivery robots.
(October 2020)

Source:
Nippon TV News 24 Japan,
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Mail Delivery by Drone: Japan Post Invests 3 Billion

Yen for Commercial Drone Delivery by 2023

Japan Post 5 committed to implementng
mail delivery by drone in remote areas by
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NicP

* EPB (Equatorial Plasma Bubble)
* Background and Significant
* Why is Southeast Asia?
* Activity overview in Southeast Asia
* SEALION activities
* New magnetometer site at Songkhla, Thailand (August 2022~)
* EPB Alert system (mid 2021~)
* Activities in Asia
* Summary

Overview

H6EMUL—F — FERGL—F —2 VRS A — Overview

nic? EPB (Equatorial Plasma Bubble)

* EPB distorts the passing-trough signals.
* It is one of the sources of largest error of GNSS positioning in low-
latitude region due to spatial gradient of TEC and GNSS scintillation.

& 20,000 k»
s

1,000 km|

Source:
NICTchannel: Getting to know equatorial plasma bubble and its effect
URL: https://www.youtube.com/watch?v=M9WRXHJPiOk
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Why is Southeast Asia?

0 The suitable location for monitoring the plasma bubbles needs to

cover both geomagnetic northern and southern hemispheres.
0 There is limited land on the Earth.

0 Southeast Asia is a very unique observation location in the world.
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NIC Why is Southeast Asia?

In additions, the plasma bubble propagates eastward and
extends its structure to a higher latitudes. It means that the
plasma bubbles those affect the Japanese meridian are
generated in Southeast Asia.
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H16EMUL—F — FREKEL—F— 2K L — Why is Southeast Asia? 7
Nf SEAL'ON *: Pioneering in ionospheric observation in Southeast Asia since 2003.

(*SouthEast Asia Low-latitude I0Onospheric Network)

* Established by NICT and started the observation since 2003

* Operated with an international effort.

Purpose: to study the influence of radio propagation by ionospheric disturbance e.g.,
Equatorial Plasma Bubble
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https://aer-nc-web.nict.go.jp/sealion/

Nﬁ SEALION activities

o Website for opening data to public. \
4 [
LSSy ) [ observation Processing ||
~ g >/ EPB research

T EPB monitoring & visualization system |

17 instruments in 4 (+1) countries

‘ Remote operation of

"7 VHFradar QL
L Website

Strong EPB
rom dail
[} & VHF radar echo
LN

« Transmitting
problem since
February 2021.

SEALION website was renewed and
released to public on
October 29, 2021.

¥ Initial recovery
in December
2021.
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NIC Why is Southeast Asia?

lonosphere has a local characteristic. It is the reason why we
need to have ionospheric observation network expanded its
coverage as large as possible.
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NP Activity Overview in Southeast Asia

SEALION
¢ The website was renewed.
¢ New data including the Chumphon VHF radar data were released to
public.
* Almost all ground-based observations stopped due to lack of a proper
maintenance during the COVID-19. - Now trying to recover them.
* New site: Magnetometer at Songkhla, Thailand (August 2022~)

EPB Monitoring and Visualization System
EPB Alert system prototype is on the way.

Activities from Asia

ASEAN-IVO, NSTF (Thailand), the first Thailand white paper on space
weather, etc.

F16EMUL—F — TR —F —2 T L — Activity review 10

NﬁChumphon site maintenance (September 2022)

Fixing lonosonde board
(September 4, 2022)

<< VHF radar, September 2022

FI6EMUL—F — FERRL—F— VRS L — Activity review 12



EPB Alert System (mid 2021~)

VHF radar e h
Quargma & Thnan
A FMCW ionosonde e 1: o EPB Alert system
T. ‘1.",,., rototype was
T GNSS-eciever ~ei protatyp
developed.

Magnetometer Using data from the

All-sky imager SEALION network.

Positioning error
are the result from
the ASEAN-IVO
project.

8 et 4 s b e During a closed test service in NICT.

F16EMUL—F — FERRL—F —L RS L — Activity review 13 H16EMUL—F — FEREL—F —S RS L — Activity review 14

Activities from Asia NJC? Summary

Cambodia
FY2021-2022  ASEAN-IVO Fund (79,860 USD)

=) | First lonospheric Observatory ‘

First ic Observatory ‘ ® With an international collaboration, the SEALION network has been
First lonospheric Observatory ‘ continuously operated and maintained in 5 countries even with COVID-
‘ 19 pandemic. lonospheric observation network has been expanded to

Advisory Hub
By NICT

The first ionospheric observatory was successfully set in Laos and has been set up in Cambodia.
Leading by Thailand by having NICT as an advisor via ASEAN-IVO, ASEAN space weather activities have become active.

Cambodia via the ASEAN-IVO project.

- . B2 | Prime Minister H H
e L i | o - ® The new magnetometer site at Songkhla, Thailand started.
Fair (NSTF) activity in Thailand. 8 / @Bangkok, . .
(November 2021, August 2022) Thailand. ® The SEALION website was renewed and released to public. New data
> Nwengii from the Chumphon VHF radar were also released via the website.
 Session 3 WHITE PAPER: Earth Space System Frontier Research published by the Ministry of Higher Education ® EPB Alert system prototype is being developed.
X Science, Research and Innovation, the Policy Office, Thailand. Space weather related research was

included, and NICT’s contribution was also specified. (June 2021)

® Thailand white paper on Earth Space System Frontier Research was
published. Setting up a new space weather center in Thailand was
stated.

Setting up SW center in GISTDA,
NICT-GISTDA MOU ceremony in November 2019 Thailand, late 2021~

FIEMUL—F — FURFL—F —S 2RI L — Summary 16
FI6EMUL—F — FBRRL—F—URID 4 — Activity review 15
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KIRfE—. 38)FIK(RAKISEE) . Kornyanat Hozumi . FaREZRAN.
32115t (NICT) | ZFBEZ (BEFAUAR). Pornchai Supnithi,
Punyawi Jamjareegulgarn(KMITL). ILAE (GRARISH)

The Ch hon VHF radar is

P d by KMITL in Thailand and NICT in Japan.

Plasma Bubble and Field-Aligned Irregularity (FAIL)

- 630nm airglow-

FAI
630nm airglow

Plasma bubble is a
localized electron density
depletion in the ionosphere.

Latitnde [deg]

98 99 100 101 D2
Longitude (deg)

FAI coincides with
airglow depletion.

[Takahashi et al., Proceedings of the Brazilian
Decimetric Array Workshop, 2008]

5 u;;ward
Downward development of FAI echo

Upward plasma drift

Tulasi Ram et al. (2020) Dilatory and Downward Development of 3-m Scale Irregularities
in the Funnel-Like Region of a Rapidly Rising Equatorial Plasma Bubble

Intense upward drift Dilatory and Downward Development

E=05mV/m E=2mV/m
000

T = 1000s

g 888888

Altitude (km)

00 200 300 O 100 20
Zonal Distance (km)
(Equatorial Plane)

Tulasi Ram et al. (2020) Dilatory and Downward Development of 3-m Scale Irregularities
in the Funnel-Like Region of a Rapidly Rising Equatorial Plasma Bubble

Investigate downward development of
FAI echo near magnetic equator

+ Chumphon VHF radar
+ All-sky airglow imager at Chumphon
- GNSS TEC (Total Electron Content)

Geographic Latiude (%)

1o s
Geographic Longitude (%)

Specification of the Chumphon VHF radar

Item value
Operating 39.650 MHz
frequency:
Antenna: Linear array of
18 three-element Yagi antennas
Beam width 120 in azimuth / 40° in zenith
(half-power, full-width)
Beam Beam direction is ck bl

for each pulse

Transmitter: Solid-state pulse transmitter

Peak power 20 kW
Duty cycle 7.5% (max.)
Pulse width 1-200 us
Receiver Single coherent receiver
A/D converter 16 bit
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Observation Parameters for F-region FAI

Multi-beam mode Doppler mode

All-sky airglow imaging observation in Thailand and Indonesia 630nm airglow

Pulse width 32- us x 8-bit 13-bit Barker
complimentary code  code Plasma bubble
Range 140.0 - 797.6 km 140.0 - 816.8 km observed at Chumphon
Range resolution 4.8 km 4.8 km on Jan. 28, 2020.
No. of height data 138 142 N =
. L projected onto
No. of FFT point 128 256 the 250 km 4 =
Inter-pulse period 6 ms 6 ms altitude. \ !
No. of coherent 2 2 120 e v
integration 300 km alt. T. in
No. of spectrum 1 1 T i Chumphon ra&év 5,
average :
o
No. of beam 11 1 [ [91%'3;73:;:“’]
Azimuth of beam  -60°, -48°, -36°, -24°, - -48°, -240, 0°, 240, ™ iy
direction (from 120, 0°, 120, 247, 36°,  48°,60° each G
north) 48°, 60° |1 — I . V. ~ S All-sky imager
Z_enitl'! of beam 9.6° 9.6° 94°E 96'E QE’T .]:'Ddﬁ 102°E 104"E installed at
direction enaifude Chumphon radar
Time resolution ~130s ~130s Fukushima et al. (JGR, 2015) site
Analysis method Chumphon radar SNR e
Brief description of the Rate of TEC Index (ROTI) ’ (o}
' 50 upward moving 50
XGNSS satellite . 2= | / 20
e
'ill downward
jo=s —— J‘,-ﬁlm -Lr-"'l'._‘l."t"w ™ moving|
i) f 200 . e o
Doppler ve
Receiver . R_OTI_ e Doppler velocity

.
TEC, ROT and ROTI observed at the
point of the GPS receiver (28°N, 278°E)
(2011.10.25/00:00-06:00 UT)
Calculation method of ROTI with GNSS-TEC data

T (t) [TECU] : TEC at time t
(ITECU] = [10%6 /m2])

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

ROT = 1*29-TW) [PRCU/min]
0.5

ROTI = /(ROT?) — (ROT)2 [TECU/min)

[Pietal, 1997] |  [Courtesy of Sori]

N

alt, (kv

| of)
upward
upward drift

]
b =
X

£
§

(hrm)

FAI Observed by ;

Chumphon VHF radar
July 24, 2022

P
e

- -u-f,,,}'n

Echo regions mapped along B-field onto
the 630-nm airglow layer at an altitude of
250 km

July 24, 2022

cloud

cloud

cloud

630-nm airglow
at 250 km altitude

FAl echo regions are
mapped on the 630-
nm airglow layer at an
altitude of 250 km
along B-field
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Lat.

Lat.

20220724 17:20:00 UT ROTI 17:30:00 UT ROTI _ __ 17:40:00 UT ROTI

Summary
* By using the Chumphon VHF radar, downward-moving F-
region FAl was observed around midnight on Jul 24, 2022.
* The downward-moving FAls
has upward Doppler velocity.
coincides with airglow depletion.

« ROTI enhancement(TEC irregularity) appeared first at off-
magnetic equator, and extended to magnetic equator and
higher latitudes.

20 |
15N

10m

" g 25 B

WE  M0sE  TISE

17:50:00 UT ROTI ROTI

2o, R

wN 15N
180
£

= After plasma depletion is formed, the irregularities grow first

35,

. % at off-equator (higher altitudes), and then extend to equator
- LD:‘;%.,',-,«:'EE i m;‘;‘“:“‘,‘_, P (lower altitudes). ‘ _
T e, [TECU/min] = downward-moving F-region FAI
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150-km Echoes

GEOPHYSICAL RESEARCH LETTERS, VOL. 20, NO.18, PAGES 19871990, SEPTEMBER 15, 1993

HIGH RESOLUTION OBSERVATIONS OF 150 KM ECHOES AT JICAMARCA

Erhan Kudeki and Cliston D. Faweett
Department of Electrical asd Computer Engineering, University of Ilinois at Urbasa- Champaign

Abstract. High resolution soundings of equatorial upper
E-region echoes at Jicamarca exhibit gravity wave modu
lated sigoal intensity distributions and Doppler velocities
corresponding to vertical plasma drifts. A gravity wave
wind driven interchange instability is suggested as & pos
sible generation mechanism of the field-aligned plasma ir
regularition responsible for the echoes. The echoes may be
atilized in gravity wave studies and in zosal electric field
measurements by radars with modest sensitivities

of about 80 to 70 km, was clearly a manifestation of range
aliasing from 150 km region resulting from our use of &
short IPP. The characteristic necklace shape with & reg-
lar morning descent and afternoon ascent was apparent in
every RTI plot, saggesting s powsible solas zenith angle con
trol of upper E-region echors aliased into our mescapberic
observation window. We found no reference in the litera-
ture to any diurnal treads in the altitudinal displacements
of the upper E-region echoes, or asy suggestion of solar

[
|

Mechanism

Geophysical Research Letters

RESEARCH LETTER

The Photoelectron-Driven Upper Hybrid Instability as

the Cause of 150-km Echoes

William J. Longley'
and Yakov S. Dimant’

. Meers M. Oppenhelm’

Nick M. Pedatella*

Abstract |

magnetic field. Observatio

) km at sunrise o 130 k

o Necklace shape with regard
to the solar zenith angle.

e Several gaps due to thermal
electrons Landau damping.
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150-km Echoes I

Joranat or Grormyseas Resmancw Vo @9, Na. 9 Mav 1. 1964

Evidence of a Stratified Echoing Region at 150 Kilometers in the
Vicinity of the Magnetic Equator during Daylight Hours
B. B. Batsixy

Central Radio Propagation Loboratory
National Bureau of Standards, Boulder, Colorado

Radar observations made at the Jicamarea
Radar Observatory near Lima, Peru, have shown
evidences of & narrow, stratified echoing region
which exists during daylight hours in the height
range extending approximately from 140 to 170
km. This is well above the 105- to 115-km ro-

are apparent. The two echoes which appear in
the vicinity of 150 km aro typieal of the ma-
jority of echoes received from this region dur-
ing the period of observations. At times, how-
ever, up to five simultancous echoes have been
observed in this region.

glon aseribed to the equatorial electrojet. The It can be seen that the duration of any one

165Km.

1S0Km.
135Km.
| 120Km.

— 105Km.
| | |
1214

(km)

Altitude

1éll 7
HOURS (Locol Time)
150-km Echoes |
) SNR (dB.

Chau and Kudeki (2013)

e Discovered by the Jicamarca radar in 1964. The
mechanism has been still unclear.
o Vertical Doppler velocity from 150-km is a very good
measurement of the F-region ExB vertical drift.
Solar Activity Dependence |
;  Gadank © Kotobeng
§% ,M (@) e) B
HN | 29 o 77| e Occurrence and SNR of
tw = fol %, 150-km echoes was
jo et &% . inversely correlated with
dol Tseeca ) ol A solar activity.
Year EUV Flux
(10" photans cm? s ) . .
(o) Gt < Lm o The relationship
- M. e between the echoes and
;4: | |.+ 5} ;(: #h\ EUV flux is more
° h } e 8 . complex than expected.
T kg w
s N e Dependence on the
z, H { M . 5§§ s, geomagnetic activity has
‘i, ][ hebbe 81 8, not been reported.
w00 2004 2?:, 2012 2018 £ ‘ Eilvﬂ:l
(10" photons cm? s™')
Patra et al. (2017)



Equatorial Atmosphere Radar (EAR) | EAR Observations of 150-km Echoes

b Dip Latitude [o
®) _ o wp_;ﬂ:éﬂ;h

12 =1 -2 0

Geomagnetic field

-2 0 2 4 6 8
Geographic Lotitude [deg.]

e Observations of 150-km
echoes by the EAR started
in 2007.

. N
| I AT L T
L ’/4“‘“:,( ’mp' "({(.f,,_%\.-\.m k!

3 |

e East-west asymmetry was
measured by multi-beam
observations.

Kototabang, Indonesia (100.32°E, 0.2°S, M-Lat. 10.36°S) 47MHz
Since 2001, 110m diameter, 560 elements, 100kW peak power

er Voiocty [me”]
Patra et al. (2008)

EAR Observations for FAls | Monthly Occurrence Rate of 150-km Echoes
2001. o o = 1 150
2002. 1 — 48 | [ ___ T 1T T11 s 65% 50% 13% 3% 24% 52% 65% 51% 30% 13% 27% 55%
2003. L] — LIl 1 300
Toos 2,250
2005 il iR 5‘
m . 1w i me . — ? 200 Il Total observations
2008 —— 2150 mmm Echo observed
2000.)m L. o — §
2010. e " m = 100

g
g

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

e Statistics of EAR observation from 2007 to 2019.

e Echoes with a SNR of over —6 dB in ranges of 130-
170 km and 0900-1500 LT are counted.

Jan Peb Mar MApr May Jun Jul Aug Sep Oct Nov Dec

lonospheric observations were conducted in black period.

https.//www.rish kyoto-u ac jp/ear/data-fai/ e High occurrence in summer and winter.

occurrence [%]
' o o
[=] (=] [=]

5]
S

Yearly Occurrence Rate vs EUV Flux and £ Kp

° R=-082 . R =-0.66
L] .
— 80
. ., é 1]
a L]
. . g 60 [ ]
L] g L]
M 340 .
L] g L]
. 20 .
L] o ® . . L]
] ]
2 3 75 100 125 150
EUV flux 1e10 IKp

[photons em—2571]

e EUV flux measured by SOHO satellite

e YKp is a sum of 8 Kp values per day

e Negative correlation with EUV flux and =Kp.

45

Occurrence Rate of 150-km Echoes vs EUV and ZKp

o Clear anti-correlation with EUV and X Kp.

(a) No delay from :Kp day
30 27 18 4

13 17 21 25 29 33
EUV flux [10'° photons cm=2571)

e EUV dependence is larger than X Kp.



Delay Effect from X Kp Day | Discussion
(a) No delay from ZKp day (b) 1-day delay from ZKp day
30 27 18 4

e The photoelectron-driven upper hybrid instability
proposed by Longley et al. (2020) can explain many

¢ ® 35 a1 » aspects of 150-km echoes, but not everything.
13 17 21 25 29 33 o 132 17 21 25 29 33 ) L . .
EUV flux [10° photons cm™#571] EUV flux [10%° photons cm 25741 e Under the conditions of small solar zenith angle in
(€) 2-day delay from EKp da . ) ; equinoxes and during the high solar activity period,
s 2 19 o . The negative correlation with the solar EUV flux would become strong and generate
ZKp index can be clearly more photoelectrons. The total photoelectron density,
* discerned especially in 1-day that is, the solar EUV flux, is not a key factor in the
w0 delay case (b). photoelectron model.

= o When EUV flux is high, the
B . . occurrence rate is very low
EUV flux [10" photons cm~? 5] regardless of ZKp.

Discussion | Summary

o Although gravity waves have been thought as a key
factor of 150-km echoes, the dependence on
geomagnetic activity suggests that electrodynamics
should be more significant than the dynamics of
neutral atmosphere.

The occurrence rate of the 150-km echoes shows a
semiannual variation with two peaks in solstices and
the negative correlation with the EUV flux.

Geomagnetic activity correlates with the occurrence
rate of 150-km echoes observed after one day when
2Kp was measured during the low and medium solar
activity period. However, the occurrence rate is
always low during the high solar activity period
regardless of the geomagnetic activity.

o The fact that geomagnetic activity correlates with the
occurrence rate of 150-km echoes observed 1 day
after when the ZKp was measured implies that
overshielding or disturbance dynamo electric field
may play a role in suppressing the occurrence of 150-

keh echoes. Yokoyama, T., R. Takagi, and M. Yamamoto, Solar and

o However, electric fields do not explicitly appear in the geomagnetic activity dependence of 150-km echoes observed by
derivation of photoelectron-driven upper hybrid the Equatorial Atmosphere Radar in Indonesia, Earth, Planets

instability (Longley et al. 2020). and Space, 74, 113, doi:10.1186/s40623-022-01675-6, 2022.
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HEVKZE & FEREAT(RISH)

F1BEMUL—F — FERRL—F —L VRO L (2022.9.5-6)

Norm Constrained Directionally Constrained Minimization of Power

O NC-DCMP (//LLME - AR EH N EHR/MER)

© FREARG, o)~ DIGEITREF © - FEZEAM
o HERARIZXIL(HEAEHZ/NME) VL =Fmnsm
© E—L/N8—U%EL T ELLINC-DCMP
DCMPDRIE
minimize (P = —w"nw)
w 2
subjectto CTW* =1 Y N4
Wz <u - e
R71C /2
W=iric o
R{EESHBETI
R = E[XX"]+al g
XX] XqX; v XXy T
- F xz.x{ XpX5 H ]_HII =
H H 50
ﬁﬁ“ﬁ;{;)ﬁ Tz Tt Angle [deg]
C = A6, bo) [Nishimura et al., 2012]

MUL—% —&50 7 2775(2021.8.19~)
: A=V RBAITUTH:
KEFRIZDHF|FEED

T TFETFTBPF-YSya—-
LNATH#ig# . R —7 180
~285m) TMUL—4 — 8RB ZE~

BUAIZEICTLNATHEIRHR .
IF(SMH)IZZEHL T, B & Fv>
RILRIEVATLIZAAN

WS S0 %’

I5vE—Ia—%

W&s

#4 Ko—JT
2ZELTLES
Ta=0 TETF4T
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Gain weighted NC-DCMP

RyT5—RARHM L

Gain—weighted NC-DCMP
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[Hashimoto et al., 2016]
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