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2.1 Wind Speed and Direction
From the Mode-S BDS50 message (International Civil Aviation Organization, 2004), the following
data is available (de Haan, et al., 2013; Royal Netherlands Meteorological Institute, 2013):
& True Airspeed
s Ground Speed
* True Track Angle
From the BD560 message, the following data is available:

s Magnetic Heading

Once the Magnetic Heading has been corrected for the local difference between Magnetic North
and True North (NOAA: National Centers for Environmental Information, 2016), the Wind Speed and

Direction can be calculated according to Figure 1.

™
ading ;
Y
.
True Ai o

offected Magnetic Heading

Fig & Relsbon between troe simpeed, ground speed and wind

(Vi, H. V., 2018: ADS-B and Mode S Data for Aviation Meteorology and
Aircraft Performance Modelling. doi: 10.13140/RG.2.2.29307.36646/1)
Figure 1: Wind Speed and Direction can be calculated from the difference of the Ground

Speed and True Ainspeed vectors

(Body, D. 2016: “Deriving Meteorological Data from free-to-air Mode-S broadcasts in an Australian Context”, CIMO TECO 2016)

MEEHBREFAICKSBREICESITS
RBRRT —2HIF DA
2.2 Temperature

The Mode-S BDS60 report also contains the Mach (number) M. Since
M = ud:m!t [1]

Cair

where Vaeasn 15 the airspeed of the aircraft and ¢, is the speed of sound in air. Also

T
Cair = 331.3 !Il +m (2)

where T is the air temperature in degrees Celsius. Substituting for c,, and rearranging gives

T =273.15 [(ﬁ)z = 1] (3)

(Body, D. 2016: “Deriving Meteorological Data from free-to-air Mode-S broadcasts in an Australian Context”, CIMO TECO 2016)

EMGINE

(A320 Displays and Panels http://www.a320dp.com/A320 DP/menu.html
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Multi-event analysis of oscillatory motion of medium-scale traveling ionospheric disturbances
observed by a 630-nm airglow imager over Tromsoe (Yadav et al., JGR, 2020,
https://doi.org/10.1029/2019JA027598).
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An experimental investigation into the possible connections between the zonal neutral wind
speeds and equatorial plasma bubble drift velocities over the African equatorial region (Okoh
et al., J. Atmos. Solar-Terr. Phys., 2021, https://doi.org/10.1016/j.jastp.2021.105663).
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SATREPS (50 j%,) "RULAF
“Development of extreme weather monitoring and information

sharing system in the Philippines”
cooperating with Researchers of Ad Science and
in the Philippines started in April 2017

Institute (ASTI)

1. Establish dense and nation-wide lightning and weather monitoring system
2. Establish satellite 3-D cloud monitoring system

3.
4.

(ULAT: Understanding Lightning And Thunderstorm) = %% (94’0 7'3)

team members and secretary of DOST

(ULAT web site@ASTI: https://asti.dost.gov.ph/projects/ulat/)
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FIGURE 10 Schematic diagram indicating the seasonal
change processes of wind and rainfall in the Philippines on the
west (a) and east (b) coustal regions. Blue (red) dividing line
indicates the extent of NW (SW) monsoon. In the realm of the
other wind regimes, major wind directions are labelled. Pale (dark)
biue shadings are for rainy period exceeding 4 (16) mm/day

(Matsumoto et al. 2020, Int. J. Climatol.)
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3. Lightning and Weather Obs. in the Philipp

® Automatic Weather System (AWS) : POTEKA
@ Lightning Sensors (ELF{1-100 F(1
@ Infrasound Sensors (DC-type
® Microsatellite (DIWATA-1, -2, -3)

® Sonde Campaign (RS, CPS, Drop Sonde)
® Data Sharing System
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SEALION Project Overview:
Toward the Development of
Plasma Bubble Alert System

Kornyanat (Kukkai) Hozumi (NICT, Japan),
S. Perwitasari, S. Hama, K. Nakayama, M. Nishioka, T. Naoi, T. Tsugawa (NICT, Japan),
P. Supnithi, N. Tongkasem, P. Thammavongsy (KMITL, Thailand),
P. Jamjareegulgarn (KMITL PCC, Thailand),
S. Saito (ENRI, Japan), and
Y. Otsuka (ISEE, Nagoya Univ., Japan)

EPB (Equatorial Plasma Bubble)

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

i 00 km|

Plasma Bubble

@7

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

Aﬁ New VHF radar at Chumphon, Thailand

GNSS Satellite

It is important to identify which satellite-

L receiver path suffers from plasma bubble
structures for verifying the ionospheric effects
GNsS signal on GNSS
Plasma.Bubble * In 2017, NICT 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.

on0sp e

+ One of the efforts includes more precise
observations of plasma bubbles to determine their
location, generation time, and scale by means of
additional ionospheric measurements.

« In January 2020, we successfully installed the

T . 'VHF radar at Chumphon, Thailand.

Technical information

Operating frequency  39.65 MHz (25 kiz BW)

Transmitter power 1.1 kW per module for 20 kW peak power

Antenna 18 Yagi-antennas, 130-m separation, 9 beams £60° (azimuth), off-zenith pointing angle = 9.6°
Range 1000 km (latitudinal coverage up to ~20°N)
Beam cycle Capable of scanning in geomagnetic east-west direction within the range of zenith angle 02 to 282

48

@? SEALION*: Pioneering in ionospheric observation in Southeast Asia since 2003.

(*SouthEast Asia Low-latitude 10nospheric 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

m— 1xing Monghuts nstut of By NICT
B Technology Ladkrabang (KMITL) e —
Chiang Mai Universty CHU) © Magnetometer
 —| st Vi Tmmm L:mm Mai @ VHF Radar
Yangon Sientiane GPS (Javad)
ol Institte of Geophysics, b
tramese Acadom o Seonca Bangkok SOFS (DevAmeE)
nd Technology (VAST) Chumphon® 2 Cobudl? YGNSS (Septentrio)
. Bac Lieu
’ University of San Carlos (USC) TR MagnoicEdustor BY NICT via ASEAN-IVO
©GNSS (Novatel)
Now menber duASERNO ) W By SEALION Partner
Kototabang Equator All-sky Imager (Nagoya Univ.)
“ eagon Techmologioal Dibvarkty (Y30 New GRBR (Kyoto Univ.)
AEAR (Kyoto Univ.)

https://aer-nc-web.nict.go.jp/sealion/

2
A@:? How to detect plasma bubble?
GPS-based ROTI w
When the plasma —--Plasma bubbles %
bubble occurs and are found to grow at - &
the ionosphere is the upwelling of
severely disturbed. Lsws.
-—Scintillation 5 E
Drastic fluctuation | | developsatthe  §

westward wall of
the TEC depletion.

of ROTI is noticed.

R,
o5 EAsTLonaUOS -

o Radar

H

crwtiesmom o Fan-sector echo intensity from

0 f ATI plot for backscatter EAR
Airglow imager

E E from FAI observation

e Pover

Meridional Distance from EAR (k)

o
EAST 400 200 a0 40 e

a0 716
Zonal Distance from EAR (k)
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Aﬁ New VHF radar at Chumphon, Thailand

Value at the radar site | V.
of the magnetic
field line

Geographic at, lon 10.722N, 99.37°E 11.26°N, 99.379E
830

Maghetic field

350 km Geomagnetic lat, lon 1.330N, 172.19% 1.869N, 172.20%
- Magnetic inclination at 350 km alt 83 962
Magnetic declination at 350 km alt -0.82 -0.82
2 . 3 By IGRF-13
< F-region FAI* Doppler observation mode
K *FAI Field Aligned Irregularity
‘E Considering the Fd3 as an overhead beam,
e AN
2 Fd2 Fd3 s for sl.mpln:ltv, . .
© Altitude = Range * cosine(off-zenith angle)
= Ed1 245 Attitude = Range * cosine(9.6) —
Range (km) | Altitude (km) I /e“
300 295.80 3 /$
s
VHFR @CPN B L&
VHFR @CPN 400 394.40 <|/<
=N W4 E
500 493.00
For Fd3, an overhead beam
9



A{@ First result of the Chumphon VHF radar
28th February 2020
Quiet, max(Kp) = 2+
13:50 UTC (20:50 LT)

m

\/ U +10 min
‘ ‘ 14:00 UTC (21:00 LT)
+10 min +10 min
i

At Chumphon (10.7¢N, 99.49E), EPB was detected by the e
VHF radar from 13:40 UTC (20:40 LT). The EPB developed its .
structure to higher altitude as a time progressed. s

[VHF radar echo: Overhead beam: Post sunset EPB]

13:30 UTC (20:30LT)

13:40 UTC (20:40 LT)

Range Al de
(km) (km)

300 295.80

For Fd3, an overhead beam: 15:00 UTC (22:00 LT)

In 80 minutes,
range increases 200 km
(from 300 km to 500 km)

JES

= altitude increases 197.20 km

400 394.40
(from 295.80 km to 493.00 km)
S00 CERY Upward velocity = 41.08 m/s TS Rt

10

22 February 2020
EPB ]Quiet, max(Kp) = 3-

/\(451? Another example result

[ VHF radar echo @Ck

The EPB started to appear at 01:01 LT with peak altitude of ~340km range (335.24km alt), reached highest range at 02:33 LT with peak
altitude of ~450km range (443.70km alt). Upward velocity = 19.65 m/s. The disappearance from the field-of-view was at 03:00 LT.

hon: Overhead beam: Post:

17:59 UTC(00:59 LT +1)  18:01 UTC (01:01 LT +1)

= i
’-- H;,

19:00 UTC (02:00LT +1)  19:33 UTC (02:33 LT +1)

o }Rn/' +1 hour
lonogram @Chumphon EAR echo @Kototabang

(AZ: 180, ZE: 21)

b

KR ER]

e e ]
1800 0000 0100 0200 0500 OHOO 0300 06
Local time (UT+7)

Altitude (km)

20:00 UTC (03:00 LT +1)

g

At beam with AZ:180¢, the EPB started to appear at
01:30 LT (29 minutes after the EPB detection by
Chumphon VHF radar) with peak altitude of ~350 km.

Spread F was detected
from 18:05 UTC (01:05 LT)
t0 21:35 UTC (04:35 L),

A{lgg EPB Alert

EPB Alert s e
BN SIoBE EPB Alert is a new project
under the SEALION project
starting from FY2021. It is to
mainly develop the web
] interface to display a user-
friendly information on
“Equatorial Plasma Bubble”.

EPB Nowcast Search |

i

. 1048

Contact us.

S D WD

49

I\(@J?Comparison with ground-based observations

lonosonde echo

28t February 2020

»3 GPS-based ROTI

VHF radar echo

13:40 UTC (20:40 LT)

e - .
:
g & At Chumphon (10.72N, 99.49E),
EPB was detected from 13:40 UTC (20:40 LT).
- The EPB developed its structure to higher

altitude.

“© o 190 1:00 0700
I © LT UT+7hours)
At Chumphon At Chiangmai

(10.79N, 99.49E),
spread F was detected
by ionosonde
from 13:40 UTC

(18.8°N, 98.99E),
drastic fluctuation of
GPS-ROTI was noticed
* from 14:30 UTC (21:30 LT).

15:00 UTC (22:00 LT)

(20:401LT).

TR
reauency i

HF =) VHF —) UHF 11

A{!/ﬁ Preliminary quick look of the Chumphon VHF radar

® \We have been preparing the quick look website for the VHF radar.
® We try to open the website to public via the SEALION website this year.
v . 200

VHF Radar Quick Look
Chumphon (Lot 107, Lon 994%), 3945 Ml

[ W
HENER
| | | |
EENEN
| | | |
HHEHHENB
| i | |
| E F F |
| | | | |

SEALION: https://aer-nc-web.nict.go.jp/sealion/

13

/\(@z? Summary

® The new VHF radar was successfully installed in Chumphon, Thailand,
in January 2020 to detect the Equatorial Plasma Bubble since its
generation state.
® As preliminary results, we can detect both post-sunset and post-midnight
plasma bubbles from the new VHF radar.
® During quiet condition, the upward velocity at the top boundary of the post-

sunset plasma bubble was 2-time higher than the upward velocity of the post-
midnight plasma bubble.

® Ashrinking plasma bubble was seen at post-midnight. Until its disappearance,
its structure was seen decaying from higher altitude to lower altitude.
® The VHF radar quick look website have been prepared and the Plasma
Bubble Alert System is under development.

5



) |NTRODUCT|0N SEALION is an ionospheric D_bserva(ion
Development of an Autonomous Equatorial I e e oy | ™
Spread-F Detection Method for SEALION A

Plasma Bubble Alert System

SEALION has 5 FMCW ionosonde: Chiang
Mai (CMU), Chumphon (CPN),
Kototabang(KTB), CEBU and BacLieu
(BCL

Information on day-to-day and short
variability of Equatorial Spread-F
(ESF)/plasma bubble are important for
space weather service.

« Septi Perwitasaril, Kornyanat Hozumit

» National Institute of Information and Communications
technology

Strong correlation between ESF and GPS
scintillation (Alfonsi et al., 2013, Anderson
etal,, 2017)

Real time (nowcast) and forecast of ESF

are crucial. j
”!9’; NIC;

INTRODUCTION ESF types observed by ionosonde (Piggott and PURPOSE OF RESEARCH

Rawer, 1972)-URS/ Handbook of lonogram

EQUATORIAL SPREAD-F Interpretation and Reduction:

« Range Spread-F (Q); the diffusion s

1 pronounced in the altitude direction and Sevel —
ype i . . i
i . independent of frequency evteoode?:c?'.ll-:t;;oer\rl]::tsfmfnt 0 Validation with other data: VHF
H « Frequency Spread-F (F): the diffusion is swept "SEALION ionogram data radar, Scintillation (S4)
upward which make it difficult to determine the SEALION ionogram data

ﬂr: Vrl critical frequency of F2 layer &

Mixed type (M): classified when range and
frequency types are present at the same time.

Develop Equatorial Plasma Bubble

Strong  Spread-F  (SSF)-Shi et al, 2011: warning system for Southeast
extended range spread on F layer echo traces
that significantly extend beyond the local fofF2 Asean sector

(~20 MHz) and lasts > 2hr
NS

Nightime F-region echoes observed by an fonosonde at Chiang
Mai

DATA AND METHODOLOGY NOISE REMOVAL METHOD

« Chiang Mai lonogram data « 4th degree polynomial fit to remove the stripe noise
« Main problem: lonogram is contaminated by various noises » 3x3 median filter to remove the random noise
Row dat Raw data
aw cata CcMu CMU Raw lonogram 4-deg polynomial fit as a CMU Clean lonogram
2013/04/05 03:00 LT function of range (y) at 14 March 2013
Clean Data each frequency (x) 11235 UT
(b) (€) prrprrrprrrpre T
| Stripe noise ) o
| / Effective noise removal method =
= | ¢ is needed =
£f [ g 1 b
E Pt E
2 ~ | Random noise = “ -,
< i b ] -
iy -
Frequency [MHz] Frequency TWHz] ?
i nicP

50



EQUATORIAL SPREAD-F DETECTION FLOWCHART
Spread-F traces at 18:00 UT

on 9 April 2013
1 T[T T
Stripe noise removal
4" degree polynomial fit
|

Random naise removal

[T « Background set to 0.

« h'F (lowest altitude of F-
layer) was determined by
scanning the frequency

Median filter (3¢3 pixel) E - 1 2-6 MHz and altitude of
[Bhaneia etal, 2018 £ %[ m 180-400 km.
Edge detecti £ T 1
i RS 4+ foF2 was determined by
- = q scanning the frequency
0 w0 type - 15 to 6 MHz and 180-500

4 001

Determine ROI: 100x100 pixel T km

F=256 Qi Sod~

Determine threshold for: Q s \ooTlx | | | | loﬁz:u.sF
type, F type and mixed type =S EREN ENES FUNY RUNH NI NVAR
; Frequency [MHz]
Value ROI > Threshold
ESF event

» ROI= 100 x 100 pixel
» Threshold: ~1000 non-ESF data

Apply to FMCW data
nicp

PRELIMINARY RESULT: DISCREPANCY

FALSE POSITIVE FALSE NEGATIVE

ESF occurrence on 8 morch 2013
i = ESF occurrence on 814 4 March 2013

W T ’ n il T T T T
| Automatic o[ T
- | ——Manual | ”
|
| o
o | |
| o I
ool L L i {

Detected as random noise
3

|
|
|
[ l h

Detected as spread-F

¥
{

PRELIMINARY RESULT: STATISTICAL RESULT

LOCAL TIME VARIATION

Q type ESF | CMU | 2009-2013
L L B L

+ CMU ionogram 2009-2013

« Pre-midnight occurrence is relatively
higher than post-midnight (e.g. Deng,
etal, 2021)

« Significant increase of activity during
high solar activity

Occurrence rate (%]
T A

T
P

e g
v v 3 s i
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PRELIMINARY RESULT: OUTPUT

Qupe Fype M nF
upe

h'F | CMU| 20130308

Manual scaling
Automatic scaling

MU 20130308
o 20130308
U 20130308
MU 201303

+ h'Fvalue generally has a good
agreement with manual scaling
foF2 validation is underway

Preliminary result:

CMU ionogram 2013 MAR and SEP equinox:
> Q type: ~88%

» F type: ~90%

1 day data (~288 images) takes ~80 seconds to run
(MacBook Pro with a dual core 2.8 GHz Intel Core i7
processor with 4 MB cache size and 16 GB memory)

nic?

PRELIMINARY RESULT: STATISTICAL RESULT

CMU ionogram data 2009-2013 at 6 PM-5
AM.

SEASONAL VARIATION

High during equinoxes, lowest at summer
soltice (except during 2010 and 2011)

Positive colleration with solar activity. (e.g.
Manju et al., 2009, Alfonsi et al., 2013)

occurmence fate (%]

[WEEE FER T FERTE FTTE SR

Summary and Future Works

We have developed an automatic detection method for SEALION lonogram.

The method has been applied to CMU ionogram data.

« The results have been validated with the manual scaling of CMU’s spread-F data (CPN
validation is underway).

« The preliminary result shows ~90% and 88% match for F and Q type, respectively using
March and September equinoxes data.

iscrepancy is caused by the false negative (highly difused ESF) and false positive
multiple echo of trace).

5-years statistical study has been done using 2009-2013 CMU data.

IWEI?
—



Summary and Future Works

Seasonal dependence shows the highes activity during Spring Equinox and the lowest
during summer soltice.

The local time variation shows the activity is higher during pre-midnight.

Both seasonal and local time variation show a positive correlation with solar activity.

Compare with scintillation data (s4).

Apply method to other SEALION stations.

Explore the possibility of using h'F data for ESF prediction (Redmon et al., 2010).

IWE;
=

52



New ionospheric 3D tomography analysis with
combined GEONET and ionosonde data

Nicholas Ssessanga?, Mamoru Yamamoto?, Susumu Saito?
1Research Institute for Sustainable Humanosphere (RISH), Uji Campus, Kyoto University,
Kyoto, Japan
2Electronic Navigation Research Institute, National Institute of Maritime, Port, and Aviation!
Technology, Tokyo, Japan

» Use constrained least-squares Computerized lonesphere tomography (CIT) to estimate

the 3-D electron density field (72) from GNSS Slant total electron content (STEC)

/i) = || a7 — ¥ + aberite|” + 2| wi + whesbe||}

10000 km step|
1 5000 km

3000 km step
/2000 km

100 km step

/900 km
50 km step
km

20 km step
/- 80km
7 0N

Saito et al. 2017

Step: 2

IMPROVE THE VERTICAL STRUCTURE
USING
IONOSONDE DATA ASSIMILATION
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riefly about the techniqu

+*Broken down into two step
1. Tomography
2. Data Assimilation

Constraint term:
r Knowledge

Least-square term

Hyper parameter
learned from experience.

Constraining Pa
QO Weight matrix hel onstraining Parameter

a certain range.
is computed based
“Tight constrairk
Loose constraint

Tight conseraint
-

Consrai parameter

Tomography solns

n~Lognormal(p,, o})

/ ' —(in(m) —
(Prior) ! novan "”'T]

Ssessanga et al. 2021b

Bayes heorem I5 U
of abservations (¥)

Xy =

563 10 Upgale paf of forecast (x) using new set
PY %) p(x),
e

Modified Tomography
Ssessanga et al. 2021

Used o derive ol i data accimiiation aporoaches




Geomagnetic Storm performance I

GEOMAGNETIC STORM PERFORMANCE

ANALYSIS

016) vertical structure at different ionosonde locations
Stations are arranged in ascending geomagnetic latitude.
Scaled on the right of each image is Dst index, represented by the solid black line.
The horizontal dashed line at 300 km is included as a baseline to vividly track the u|

ift of the plasma
density.

Purple solid line shows the time variation of the hmF2 parameter at that ionosonde location.

Storm per > Modified tomography results Geomagnetic Storm performance

2015 Day of year (DOY)
6.5 710

7" 780 o analysis:

N
N 'wlqwmzﬂ;

= By

‘Height (km)

The onset of the storm occurred when the East Asian sector was on the day-side. Approximately ty
At OK426 station that is located geomagnetically in low latitudes, there is a slight noticeable instantaneous km) particularly 4
uplift (marked with a grey arrow) of the peak densities to altitudes above the 300 km baseline. Plasma density e
Most probably due to geomagnetic storm induced eastward prompt penetration electric fields (PPEF) prompt penetraf]

was a slight Hensities (~280 - 340
quatorial ar

bnization an| day-side eastward

Storm per ified tomography results

N

s

ime 1

2 =il
v 119

nde statio
data gaps we fic ase in the F regi
plasma frequency (< 4 MHz) such that the ionosonde could not detect the 0¢s.
> The significance of complementing GPS with ionosonde data is well illustrated at most stations; we are
able to reconstruct the full extent of F r
ionosondes.

ion plasma structure beyond the bottomside limitations of the
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(EEIEEEE IR IGENEENEIEE®  => comparison with Satellite observations

SWARM(B), Altitude: ~ 513.14 km
oG
)_ AN 7
1

1 1027-103207

—

DOY: 078, 21:00 UT . .
- Use Radio Occultation data to
! - [ . .
| 0 o restrain the vertical structure
TimeUT) 00! -y
o R TomoOA s =
. . < 50
on maps in the upper right corjid
‘ertical dashed lines show the start ( )
with time data gaps less than 1 hour.
* The x-axis has been readjusted for clarity JEE
* The climatological model, IRI, shows the [P
sma densities/frequen: 0 1 2 3 1
* The previously reported negative ionosphj Nex10"" elm’
average values is eminent in our reconstrt Electron density profiles: COSMIC, Modified Tomo, IRI-2016

Include Radio Occultation (RO) observations
Over Satellite STEC N
(OSSTEC b) FormoSat-7/COSMIC-2 o
! 25000 km
¥ 39°N rdl
1259 201 — N yd 10 000 km step

P b 1 ey /| 5000 km

T [rsog 25 | 3000km step

\ - F /

(
~ F {2000 km
i f A
| \ ~ ' [ A '
Occultation STEC \ I

| 100 km step
(0CCTEC) \ ¥, l/ "~ /900 km

/| 50 km step
| 600 km

] > 20 km step
\ y (i

LEO ANT( | :
- i 1 > COSMIC GPS
110°E - > COSMIC GLO
> SPIRE

Spire: This is a private company that manages a
constellation of over 80 LEO (450-600 km
» Include COSMIC-2 data to covers both altitude) 3U Cube-Satellites simultaneously
remote Low latitudes (ocean areas) and providing RO data since January 2019.
Equatorial latitudes The dense network of Spire satellites fills in the

gaps, specifically at high latitudes, where F7/C2
has no coverage

Note: Ground observations are not utlized.

=> Comparison with Satellite observations
180.0km =< F.region < 3000km

180.0km =< F-region < 300.0km
Dierence Mean ()
Fave v

Correlation coefcient (1)

Data: OCCTEC 055-TEC

Data: OCC-TEC 0SS-TEC Data: OCCTEC 0SS-TEC

o e ‘ e o
. ‘Standard deviation(c) = RMSE s
of L S of Lo |
= g
oot e ot e e Em o T T
On the 20th/December/2020 when C MIC and SPIRE data we vailable
Left panels: scatter of modified-tomography to profile densities from COS
Right panels: residual fit
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clusion and future work

A -ionosonde data has been for a better

of the regional 3-D ionosphere electron density field.

~ The mandatory positivity constraint is asserted by assuming that ionosphere densities are better
described by a log-normal distribution.

The 3-D electron density reconstructions have been compared to observations covering both bottom
(gr d-based i and topside (sp: borne satellites) it

The results clearly demonstrate that the proposed i data
candidate for a better specification of the regional 3-D ionosphere electron density field.

is a good

iture work
algorithm development moves forward, and more data sources become abundant, we expect to
her improve fidelity through the following future works/steps.

ground GNSS receivers are significantly lacking.

ide Swarm in-situdensities to cover the F-region topside structure.
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Observation with GNSS

The advent and advances of GNSS (Global Navigation Satellite System) technology
have offered cost-effective ways of probing the ionosphere at a broader
horizontal scale and higher temporal resolution.

On DOY 141, 2010, the pulse-
like slant total electron content
(STEC) anomaly (~1 TECU) is 2
observed and confirmed by
ionosonde in Kokubuniji.

(@) Year/DOY: 2010/141
Sat: 29
Station: 0992

g3

g

s
Geographic longitude (*E)

9

STEC (TECU)
ROTI (TECU/min)

The rate of TEC index (ROTI):

0 Jo
STEC: — STEC! 65 17 s 2
ROT =EC"—EC’“1, Lr 15 w1 2
Te — Lot Frequency (MHz)

ROTI =+/< ROT? >—< ROT >

Step-1: F region reconstruction

The computerized ionospheric
tomography (CIT) approach in
our analysis follows the voxel-
based model. Given m
measurements and n voxels:

—ymn
Vi = 2o ijx; +ey,

Y=AaX+E (matrix form)

Multiplicative algebraic reconstruction technique (MART) is used to solve ill-posed
and ill-conditioned problems, due to the characteristics of converging rapidly and
nonnegative solutions.

k1 _ ok (i
X =X (<ﬁi,)?75>)

where d; stands for the ith row vector in matrix A, x}‘ is the jth unknown at the
kth iteration, < di,)?" > is simulated TEC for the ith ray, and 4, is the relaxation
factorinrange0< 4, <1.

Akaij/llaijll
Y 1,238

Introduction

Sporadic-E (Es) is electron density inhomogeneities manifested in the
ionospheric E-region.

At mid-latitudes, Es is suggested to occur due to reinforced metallic (of
meteoric origin) ionization in an altitude range from
95 to 120 km above the ground. 160; preny

E-region densities
measured by Arecibo
incoherent scatter
radar

140 |

o

Ascent ——-—
Desoent ——

Alitude [km]
N
8
T

Altitude profiles of y

electron density
observed by rocket o | < E

. L
10° 10* 10°
Electron Density [om®]

Swartz W E, Kelley M C, Aponte N. E-and F-region coupling between an intense sporadic € layer and a mesoscale traveling
fonospheric disturbance(Cl//Annales geophysicae. Copernicus GmbH, 2009, 2716): 2475-2482.

Kurihara J,Koizumi-Kurihara Y, Iwagami N, et al. Horlzontal structure of sporadic E layer observed with a racket-borne
magnesium on imagerl1]. Journal of Geophysical Research: Space Physics, 2010, 115(A12),

©  GEONET station
Tonosonde

¢ More than 1200 GNSS receivers
distributed over Japan area;

* Fourionosondes locate in
Kokubunji, Yamagawa, Okinawa
and Wakkanai.

Geographic latitude (°N)

125 130 135 140 145
Geographic longitude (°E)

Calibrated initial guess

The computational procedure in MART requires an initial guess ()?o), which highly
influences the fidelity and the rate of convergence.

Assume the 3-D regional ionosphere is assumed to be spanned by a set of
empirical orthogonal functions (EOFs) ®, and the ensembles are generated from
IRI-2016 model (refer to Ssessanga et al., JGR, 2017). .

Set )?0 = <l>13, then )?0 in matrix equation Y= Aﬁ + E can be calculated as:

o WU nialgues o MART_
o to

= MAE =26530 MAE = 1.8838 MAE=0.9293
% =4 ¥, ity e ey

¥=0.4907 + 69163 y=07842x + 35470

where (A®) f denotes the B [ =y
pseudo inverse of (A®). &

¥=09473x +0.80¢

e (TECU)

STEC,

A Scatter of observation and
estimates of STEC values during
17:22~17:37 LT, on DOY 141, 2010.

515 25 35 515 25 38
STEC,, (TECU)
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Validated by COSMIC occultation

Traces of COSMIC occultation tangent points, and black stars
are locations of maximum electron density along each trace.

_ 800
£4|@ ! \ ipoYui2000 (@)
220t - Occul: 17:09 LT
% Fow MART: [7:00-17:15LT |
£ss H |
s Za0 J
g
8. | ol =
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Geographic longitude (°E)

ii.DOY 141,200 (c)

cul: 17
MART: 17:00-17:15 LT

Electron density (eVm’x10'")
iii. DOY 080,2013  (d)
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g
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2 400 — IRl
200 200
0 s 0 5

Electron density (elm’x10'")

Electron density (eVm’x10'")

Comparison of results in reconstruction and IRI
model and COSMIC occultation.

Step n reconstruct

Tomography area:
24°N-46°N, 122°E-146°E
80 km-1000 km,

GNSS data with ROTI<0.1

Resolution in F-region
reconstruction:

1°in horizontal,

20 km in altitude,

15 min in time.

Introduce a scale factor to determine the exact altitude of electron density peak
P, = e~EOF(thDi/SF

Singular Value Decomposition (SVD) is used to solve the matrix equation:

¥ie = AteXtes Bl
Xie = Mt )Be z
Ccie = AEM(t,) 3
3
Cif =UDV"

Xie ~ M(t,, VD UTY: !

08},

EOF power
S 9o

02

Different results by using
different SFs. Data from DOY
141, 2010.

125% 135°E 145°E 12!

Time variation of the vertical structu
at Kokubunji.

Yellow triangles represent hmEs in
Kokubunji ionosonde.

509
EOF index

130 _First 3 EOFs
SF=0 SF=2 SF=5
160
140
120
100
80
- 0 1o 0 1-1 0 1
Normalized value
180 — M—
SF=0 SF=2

E 3

8

Altitude (km)

g

80
01
Electron density (e/m?)

3 h=107
S°E 135°E 145°E 125°E 135°E 145°E 125°E 135° 145°E

re

234501 23

%0

arN

15 133 e pey BN

Snapshots of electron
density anomaly maps at
the height of maximum Es.

White arrows indicate the
Es drift or expansion
direction.
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Step-2: E region reconstruction

Based on the results in Step-1, the residuals after deducting the F-region
contribution to TEC are utilized in reconstructing the E-region, extending

80-180 km in altitude:

STEC;, ~ STEC — STEC;

EOFs are introduced to vertically constrain the solution, different electron
density ensembles are generated based on a Chapman model function:

N, = N,, *exp(0.5 * (1 —

N,, (intensity) and h,,, (height) were

h—hm

T exp(

randomly drafted from different Gaussian

distributions of different ionosonde

datasets (covering 30 days at the required

epoch).

=l
)

First 3 EOFs

Height (km)

s

0 05
Normalized value

The largest three EOFs at 17:30 LT on DOY 141, 2010.

A simulation is performed to validate this algorithm and assess which area has

better fidelity.

(@) Inpu

1=106 ki

* Real observations:
17:30 LT, DOY 141, 2010

¢ foEs: 20 MHz

¢ hmEs: 106 km

¢ Minimum distance: ~1°

125°E
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Resolution in E-region
reconstruction:

0.4° in horizontal,

1 km in altitude,

1.5 minin time.
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08:00 KT

[ h=103
10:00 T

h=106__
16:00 KT

Location of Kokubunji ionosonde
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13:00 KT

h=108 _
17:00 KT

h=l11
18:00 KT

h=112 i h=106
128°E 136°E 144°E 128°E 136°E 144°]

1. High spatiotemporal resolution 3-D structures of daytime Es
over Japan are reconstructed from ground-based GNSS TEC.

2. Time-dependent empirical orthogonal functions based on
ionosonde observations are used to vertically constrain the E

region solution.

3. For the first time, CIT based on ground-based GNSS TEC is
shown to reproduce the Es-layer altitude time variation.

~
Electron density (cl/m’)

0.5

layer variation

Time variation of the vertical structure at Kokubunji.

Height (km)

DOY 151, 2007

06 LT

l £ %’ 1 Time-dependent EOFs are able
'{l’ L to constrain the solution in E

09LT

region vertically, with a mean

error of ~4 km.
12LT ISLT 18LT

Yellow triangles represent hmEs observed by Kokubunji ionosonde,
white dashed lines show the reconstructed Es layer variation with time,
the length of the error bars indicate standard deviation corresponding to
the ensemble used in generating the EOFs applied for a particular epoch.
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Baciground : Urban Fiash Fiood

Outline

U Background and Objective
0 Methodology

O Result

O Summary and Future works

Research Objective

This is a camera footage of
Flash flood caused by short
period of localized heavy

| rainfall.

This flash flood occur in
the river side in Toga river,
_ | Kobe ,Japan (July 28,
2008).

An investigation of early
warning is necessary to

reduce the risk of casualty
3

Research Objective

This study focuses on finding the
relationship between local thermal with the
first generated cumulus cloud in the
boundary layer by using observations and
wavelet.

In the urban area, what factor that
could initiate the cloud ?

Boundary layer | Qstull (1985), Zhang and Klein (2013), and Lareau et
condition al (2018), have studied the convective boundary
layer role on the initiation of the cumulus cloud.

Cloud initiation {7}

QPrevious research by Klinger et al. (2017) using
numerical method showed that local thermal
radiation have a big part of the cloud evolution in
the single cloud simulation.

Image source:hpsfwww pongcom!
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Vorticity

Life stage of Localized Heavy Rainfall (Guerilla heavy rainfall) _ 5 »
Initial stage  Mature stage  Dissipation stage &

Attitude (10-15mins) (15-20mins) (5-10 mins) N : @'
1skm | @ @® ® ® b 5‘ g«

Rainfallintensity

£

10km First Echo
Rain Cell (Nakakita et.al, 2017)
5km —
EXS Vamclty 5 First Echo
— 1 Rai e :
Research Ob]eCthe Rainfall on the ground ) (Nakakita

B et.al, 2017)
Understand the Cloud Initiation Process that j

[ could generate First Echo Cumulus Cloud

Methodology

Local thermal from BLR and cloud images from time-
lapse cameras are used in this study. Both of the data
are then compared using wavelet coherence to
analyze the relationship between these two variables.

LR Vertical A Velocky
05083018 11,42 - 11,58 J8T (8]

Time Lapse Camera

Image source:hepsffwwworgcom!




Methodology

Methodology : Research Location

BLR
Output : vertical velocity, echo power
| Vertical resolution : less than 100 meter
Temporal resolution : 8 second

Ka-band radar and Doppler Lidar are also used to observed the first echo and the vorticity. Small size
cumulus cloud is harder to detected by Ka-band radar. That is why, we could not observe the first echo. M %
However, vorticity could be observed from Doppler Lidar. ountain Observation Period

Q July - September

Output = doppler velocity (PP, RHI) 2018 & July -

Temporal resolution = 1 min, 5 min September 2020

i@k § | O Only focus on

daytime data from
5 am until 4 pm
(sT)

QO Neglect data that

occur during

typhoon event

: Height [en] 05-09-2018 Vorticity

Time Lapse Camera
Output : cloud image

DO
wﬁw\ = ] Frame rate per second = 5 fps

= Doppler Lidar '

Image source:hepsffwwwsorgcom!

Image source: Goeglemaps, 2021

Instrument : BLR instrument : Time Lapse Camera

Clear Air Height BLR (Boundary Layer Radar) * From time lapse camera, we could
PPN Yy 3 g observe the cloud evolution. In
2 AB'{'\ i d -~ this study, we use three camera.
e 12 w Updraft * One camera is located in the BLR
2 08 o site.
00 & X
: -06= * Two camera are located in the
-1z Doppler Lidar site (distance is 2
1 : ® e (di
1 [P Downdraft i% km, SouthEast direction from BLR
i site). :
¢ o3 Time wniomion -
& 09.00 09.05 09.10 09.15 @ Capture period 10 second
Time interval 8 second @ Image resolution 1920 x 1088 pixel
Range sampling interval 30 meter Field of view 112°
Max height Observation 5.7Km
Ground interference filter ~ Adaptive Clutter Suppression
BLR Fine resolution technique  Range Imaging (RIM) and OS (Oversampling) Doppler Lidar Location
°
Instrument : Doppier Lidar Wavelet Coherence
s PRI Vol ENAR 10001 wa.w il S 2 « LIDAR (Light Detecting And Ranging) Wavelet coherence is used to analyze the relationship between two DThese W’fo dataset (BLR
s Moving Away data (BLR-vertical velocity and Camera-Cloud pixel area) time series and camera
7 o cloud pixel time series) are
15 Lidar Wavelength 1.543 pm . h level then normalized, calculate
s Location Spatial resolution 445m W (s) * Wavelet coherence level (Eq.1) the wavelet power spectrum
. 7 .
s Maximum range 7km @] el e : [any(s)]z (Wx , Wy), calculate the
li Moving Temporal resolution 1 min R%(S) = ﬁ cross wavelet (Wxy), and
»* TS towards the  Type of scan PPI, RHI o [Wnl(s)] [Wn (S)] calculate wavelet coherence
N N . . s =scale 2, i
o I [ tidar Location Correlation using n = timeindex (Rs) and ¢) as in eq. (1)
. x - i and (2) respectively.
Longtusde _ Wavelet Coherence W, WY = wavelet of two signal
+ Doppler Lidar Scan strategy WX =cross wavelet QThis process's algorithm is
The system transmits a laser beam into the air, - PPI (elevation angle : 4.5°, 13.5%), (azimuth : 200° =wrxwrr based on Grinsted et al.
receives the light backscattered by aerosols, and —20% 2004 that have been
lyres th stmospheri properis uing the o (omuth 22425 250.70354.99, (elevation: * Wavelet phase coherence (Eg.2) (2004)
received signal. The signals from moving objects 0 200) ’ 4 4 WE(s) . . » modified.
h b N > 0°-40°) _, imaginary(W*)
ave a Doppler shift proportional to their speed. b = tan-1 maBMAYWTT)
real(W*)
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Wavelet Coherence

180°

} Anti-phase, Ad= ntn/4

0
| [ %L Lageing, Ap=m2ima
L 450
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| e
. /V/ | 1350 Leading, Ap= -n/2+m/4
4 [
3 1 U180
|

AL 1A 1148 1152 1056 1240
Time [45T]

[Datn = wanaving

QOln order to quantify the result from the wavelet coherence, we classified phase
coherence into four phased range; A¢p = 0+n/4 (In-Phase), A¢= m+n/4 (Anti-phase),

Ap=n/2+n/4 (Lagging), Ad= -n/2+n/4 (leading)..

Result : Schematic Flow of the calculation

vertical air velocity

* Wavelet coherence

[ Phase coherence on each height (interval 30m) ]

14 dataset of cloud pixel area and » 8 dataset
(27 events)

(c)

P (A) (B)
Phase classlflcatlon & Average updraft ABL height Vertical air velocity
calculate using median below ABL height at ABL height

Cloud pixel area

Phase classification Phase classification

based on scale period

8 dataset
(27 events)

based on height

8 dataset
(27 events)

l Wavelet coherence l Wavelet coherence l

Calculated each phase classification percentage }

Check the
leading phase

There are consistent Mainly in the
phase coherence that range between 2
until 8 min

located below 900 m

Amplitude (Radian)

A)

Cloud Pixel Area

Q In-phase, Ap = 0+n/4

B)

n n\%/z;: \/
2

Vertical Air Velocity

0 B Lagging to A, A= n/2+n/4

RN /]

QO Anti-phase, A= n+n/4
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‘ QO B Leading to A, Ap= 4:/21—1:/4‘
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TKE dissipation rate & estimated from MU radar, LQ7 wind profiler, UAV
and balloon data: Statistics and case studies from ShUREX campaigns.

Hubert Luce!, Hiroyuki Hashiguchi!, Laskhmi Kantha?, Abhiram Doddi?, Dale Lawrence?,
Masanori Yabuki!

Research Institute for Sustainable Humanosphere, Kyoto University, Uji, Japan
2Engineering Sciences, University of Colorado Boulder, Boulder, Colorado, USA

1. Introduction.

In the present study, we describe an update of experimental and theoretical results on TKE
dissipation rate & estimated from MU radar, LQ7 wind profiler and UAV measurements
collected during the ShUREX (Shigaraki UAV, Radar Experiment) campaigns (2015-2017) at
Shigaraki MU observatory. The MU radar was operating in range imaging mode and the LQ7
was operating wind profiler in routine mode. Among other devices, the DataHawk UAVs are
mainly equipped with highly sensitive Pitot velocity sensor to measure accurate € profiles
(Lawrence and Balsley, 2013), used as a reference for comparisons with the other instruments.
On some occasions, we made almost simultaneous radiosonde measurements.

2. Processing methods.

The basic principles used to estimate ¢ from the data of each instrument are described without
going into detail about the methods, as they have been described many times (e.g Luce et al.
2018).

2.1 From UAV data.

The first step consists in estimating the one-dimensional longitudinal frequency spectrum
Sy(f) of relative winds U. Then, when an inertial subrange whose theoretical expression is
Sy(f) = 0.5 £2/3(U/2m)?/3 £=5/3 is detected, its level ay is estimated and compared to the
theoretical one to deduce ¢ (see Luce et al. 2018, for more details):

3/2
€uav = %ﬂ (%) 1)
2.2 From radar data.

The radar method consists in relating « to the variance 2 of the Doppler spectrum peak
corrected for non-turbulent contributions. Essentially, two models are commonly used, but
many variations exist (e.g. Luce et al. 2018). The first expression is (e.g., Weinstock, 1981;
Hocking et al., 2016):

ey = 0.503 /Ly =0.562N (2)
where the index N refers to the dependence of € on the Brunt-Vaisala frequency N, a measure
of the background static stability. This model is referred as the WH model. Lg = /(w?)/N is
the buoyancy scale, where (w?) is the variance of the vertical wind fluctuations, and is said to
represent the maximum size of the turbulent eddies in stratified conditions. The WH model (1)
is expected to be valid when the Ly < 2a, 2b, i.e. the transverse and longitudinal size of the
radar resolution volume, respectively. If this is the case, o, = /(w?2). The second expression is:
er =0¢/Lc (3)

where the index R refers to “radar” and L, is a undefined characteristic scale. Expression (2)
can be derived from dimensional analysis. It is expected to be verified when Lg > 2a,2b.
Because the radar resolution volume filters out the contribution of the largest eddies to the radial
wind fluctuations, we should have o, < /{(w?2). For Lg > 2a,2b, the so-called Labitt
formulation, with many variations, can be obtained and L. can be expressed in terms of 2a, 2b
and a horizontal scale L = VT where V is the horizontal wind and T the acquisition time of each
Doppler spectrum (e.g. White et al. 1999).
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During the ShUREX campaigns, the MU radar For the comparisons with the LQ7 data, we
used the routine observation data collected during the last ShUREX campaign in 2017 averaged
over 10 minutes made available on the RISH website (www.rish.kyoto-u.ac.jp/radar-
group/blr/shigaraki/data/).

2.3 From radiosonde data.

For clear air conditions, the first step consists in sorting the potential temperature 6 profile
calculated from temperature and pressure measured by the radiosonde. The Thorpe scale Ly is
defined as the root mean square of the vertical adiabatic displacements in each detected
turbulent layer. It is then assumed that L, can be assimilated to the Ozmidov scale of turbulence

Lo, =/ &/N?3 so that:

3. Comparison results.
3.1 Statistical results.

The top panel of Figure 1 shows a scatter plot of &, 4, Vs a2 measured by the MU radar and
the histogram of the ratio &, 4, /08 = L (after Luce et al., 2018). The bottom panel shows the
corresponding scatter plot and histogram for the LQ7 data collected in 2017. The statistics are
based on 52 profiles during ascents and descents collected from 24 UAV flights. The LQ7 wind
profiler variances were averaged over 20 or 30 min (corresponding to averaging two or three
profiles) during the UAV flights according to the duration of the ascents or descents. The
variance o was estimated by using the data from the vertical beam or from an average of the
data from the oblique beams. For both cases, we applied a beam-broadening (BB) correction
only. We verified that the shear-broadening (SB) contribution was negligible for the data from
oblique beams. More globally, because measurements were made during weak winds (<10-15
m/s, due to UAV flight constraints) and low altitudes (< 4.0 km), BB and SB corrections were
weak for most cases (not shown). Certainly, these favorable conditions contributed to the
success of the comparisons; the literature has often emphasized the difficulty of correcting for
variance in high winds and shear.

The scatter around the thick black line shows that g, is proportional to 2, without any
ambiguity for £;,4, > 10™* m2s~3(or 0.1 mWkg~1). For smaller values of £,,,, (emphasized
by the red ellipses), the scatter deviates considerably from the o2 law. This deviation
corresponds to a strong overestimate of € when &y, is minimum (as in Figure 5 below the
altitude of ~2.0 km). This issue is usually observed when the winds are very weak (less than 1-
3 m/s, not shown), suggesting a broadening of the spectral width due to merging of the
atmospheric echo and (residual) clutter echo. The scatter plot for g4, < 107* m2s~3 is thus
likely not due to a deficiency of the a2 model.

The histogram of L. shows a peaked distribution around ~60 m for the MU radar and ~75 m
for the LQ7 wind profiler (median values after removing as much as possible the corrupted
values in the red ellipses). Thus, the same model (3) works for both radars with almost the same
value of L. This result is consistent with the fact that the parameters that may affect the spectral
width measurements were very similar for both radars during the ShUREX campaigns: The
effective acquisition time for one spectrum was 12.4 s and 11.8 s for the MU radar and LQ7
wind profiler, respectively. The range resolutions 2b = Ar of the MU radar and LQ7 wind
profiler were 150 m and 100 m and their transverse resolutions 2a = 26,z (6,: half-width half
power beam aperture) at z~2000 m were 100 m and 150 m. This means that s = /L with
L of the order of 60-70 m can be used for any wind profiler or ST radar with similar beam
aperture and range resolution. The scope of the o2 model goes beyond that of the MU radar and
LQ7 wind profiler.

gThorpe ~ N3L%" (4)
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Comparing (3) with (2) leads to an apparent buoyancy scale Ly of the order of 30-35 m. This
apparent buoyancy scale is much smaller than 2a, 2b (100-150 m) so that a o2 dependence of
€ should be observed. This paradox needs to be explained.

0.1 mW/kg <o?>%% > 0,01
100 . - 200 L
~ | MU radar 180 | ‘ * Median ~60 m
& [
160 | |n
'y 10t 1" Mean ~75m
o~ 140 +
S § 120/ |
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o 8
Qu o 80t |
) 60| :
10° ‘
40 | F !
| ‘ H
. o ot o
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Eyay @) logio(Leauyy)
mean=76 m (o” / ¢ UAV <600)
10° 1 7 700
WPR-LQ7 ‘o // o ﬁMedlan 76 m
/ ]
Mean ~73 m

Occurrences

0 —._rﬂ mh}ﬂ'ﬂﬂ—ww

102 0 1 2 5
Eyav (m?s?) logm(LC(LQ7))

Figure 1: Scatter plot of £, vs 68 and histogram of L, for the MU radar (top panel) and the LQ7 wind profiler
(bottom panel). The thick solid line suggests a o2 dependence. For easy reference, the o2 tendency is shown by
the blue line. The mean and median values of L. are calculated after removing as much as possible the values
surrounded by the red ellipses, suspected to be due to radar instrumental errors.

3.2 Can the paradox be explained by a theoretically revised expression of €?

Expression (2) is valid for N > 0 but if N tends to 0, then & tends to 0. This cannot be not true
because ¢ is not 0 for neutral conditions even if the buoyancy term of the TKE budget equation
is 0 (in steady state, TKE dissipation is in equilibrium with the shear production). Therefore,
expression (2) should correspond to an asymptotic form of a more general expression. From
theoretical derivations made by Basu and Holtslag (2021, submitted) based on energy budget
equations for revising Tatarski’s (1961) theory on C% expressions, a new theoretical expression
of € reads:

1/2

e =064 (1 ;in> (W2N  (5)

With respect to (2), this expression includes a multiplicative term that depends on the flux
and gradient Richardson numbers R¢ and Ri = N2/S? (where S is the vertical shear of the
horizontal wind). The multiplicative term makes a strong difference with the WH model
because it makes & to depend on Ri. Because Ry is expected to vary between 0 (when Ri — 0)
and 0.25-0.33 for large Ri’s, the R dependence is less important and can be neglected to a first
approximation. For nearly neutral conditions (Ri — 0), £ - 0.64 (w?)S and for strongly
stratified turbulence (Ri — 1), then the asymptotic expression becomes virtually identical to
the expression (2) of the WH model £ - 0.562N ((w?) = ¢?). For Ri > 1, turbulence cannot
be sustained due to increasing buoyancy force and cannot be observed in steady state. That is
why Ri = 1 should be considered as an upper limit.

These new theoretical derivations show that the WH model is valid for strongly stratified
conditions only, while turbulence is generally observed for Ri less than the critical value, i.e.
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0.25. The asymptotic expression for small Ri's was confirmed from DNS up to Ri = 0.2 at least
by Basu et al. (2020). Consequently, the a2 model may be explained by an incorrect modelling
of ¢ for weakly stratified conditions. Expression (3) should be compared to expression (5).
Neglecting R¢, we get L. = vRi Lg/0.64 instead of L, = Lg/0.5 from expression (2). If
Ri~0.12then Ly~130 m =2a, 2b, consistent with a o law. Further research on expression (5)
is needed because it cannot be simply reconciled with the spectral approaches used to derive
expression (2). However, it opens new insights on the topic.

3.3 Case studies.

Figure 2 shows comparisons between vertical profiles of ¢,,,, using expression (3) with L, =
75 m (red lines: from routine 10-min averaged data, green lines: from raw spectra using an
independent algorithm used for MU radar data) and &4, (blue lines: UAV ascents, black lines:
UAYV descents) for three consecutive UAV flights (called DH62, 63, 64) during a Convective
Boundary Layer (CBL) event. The agreement between 5, and €4y is good in level and shape
in the CBL and is also significant above CBL: g, is not defined when &,y is very low and
is consistent with g4, for thin and isolated layers, e.g. around 2600 m for DH62 and 2300 m
for DH64. Incidentally, the agreement between two independent algorithms for retrieving
spectral widths indicates that calculations are reliable.

UAV flight: DH62 UAV flight: DH63 UAV flight: DH64
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Figure 2: Comparisons of vertical profiles of &4, (blue —ascent- and black —descent- lines), eg(.q7) (red and green
lines) obtained from three consecutive UAV flights (DH62, 63 and 64) during ShUREX2017. The red curves were

obtained from 10-min averaged data and the green curves from processing of the raw spectra used for the MU
radar.

Figure 3 shows &y 4y (blue —descent- and black —ascent- lines), eg(.q7) (red lines) and &gy
(green lines) profiles for one UAV flight (FLT15) during ShUREX2016. The comparisons
€r(Lo7) are absolute because the data were not included in the statistics shown in Fig. 1. & is
maximum around 2700 m where a convective instability likely due to radiative cooling at a
cloud top occurred (unpublished study). Again, there is a good agreement between the three
estimates, both in shape and level, except above the altitude of 3000 m where a deep minimum
of &4y IS Observed during the descent.

The top panel of Figure 4 shows the time-height cross-section of Signal to Noise Ratio (SNR)
from LQ7 wind profiler at vertical incidence on 18 June 2017 from 13:30 LT to 17:30 LT at a
time resolution of ~12 sec (every 1 min). The bottom panel shows the corresponding cross-
section of MU radar echo power at vertical incidence in range imaging mode. In the LQ7 wind
profiler image, there is: (1) a persistent enhanced echo layer (noted TL) around the altitude of
2000 m whose origin is unclear; (2) a second turbulent layer (noted KHI) due to a KH instability
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around the altitude of 3500 m; (3) a third turbulent layer (noted MCT) due to a MCT (Mid-level
Cloud Based instability) around the altitude of 4500 m. TL is not visible in the MU radar image
due to the presence of stable layers producing stronger echoes at VHF at the bottom of the layer.
However, the three persistent layers are associated with enhanced MU and LQ7 radar spectral
width (not shown). The signature of the echoes produced by the UAV (DH35) can be clearly
seen between 14:40 LT and 15:40 LT, especially in the MU radar image. The altitude of the
radiosonde launched soon after DH35 versus time is indicated in the bottom panel of Fig. 4.
DH35 crossed TL twice during the first ascent (~15:00 LT) and the last descent (~15:30 LT),
and crossed KHI four times, but could not sample MCT. The radiosonde crossed the three layers.

The left panel of Figure 5 shows the Ri profile estimated from radiosonde data at a vertical
resolution of 20 m. TL, KHI and MCT coincide well with fluctuating and small (<0.25) Ri
values confirming their turbulent nature. The wind speed profiles measured by the radiosonde
and the LQ7 wind profiler coincide very well indicating that dynamic conditions similar to
those observed by the radars and the UAV were met by the radiosonde.

The right panel of Figure 5 shows &4y (blue —descent- and black —ascent- lines), eg(.97) (red
and green lines) and &gy (ink lines) profiles using different time averaging methods. They
agree well on the entire height of observations above the altitude of 2000 m. Therefore, in
addition to providing good results for CBL (Fig. 2) and cloud top convective instabilities (Fig.
3), the model (3) also works for convective and shear instabilities in the free atmosphere in
clear air conditions. The results with the Thorpe method (expression 4) from radiosondes show
an underestimation by one order of magnitude in KHI and MCT, but the agreement is good in
TL. The application of the 6Z model (2) to KHI and MCT reveals similar dissipation rate values
to Thorpe's method (not shown). Therefore, good comparisons between Thorpe’s method and
the WH model, as found by previous studies for MCT layers (e.g. Wilson et al., 2014) do not
ensure that these formulations are correct.

LQ7: 15:00-15:20 LT 4000 LQ7: 15:40-16:00 LT

Altitude (m) ASL
Altitude (m) ASL

=3

Eall

UAV ASCENT UAV DESCENT

Figure 3: Comparisons of vertical profiles of &, 4y (blue —descent- and black —ascent- lines), eg(.q7) (red lines)
and egyyy (green lines) profiles obtained from FLT15 flight during ShUREX2016.

4. Conclusions.

1) The o3 model of TKE dissipation rate was found to be applicable to both MU radar data
and to LQ7 wind profiler data collected in routine mode. Therefore, € can be a potential
deliverable of WPR- LQ7 for climatological studies, at least for €4, > 0.1 mW /kg. 2) The
apparent paradox of the o2 model (i.e. a o2 dependence for conditions subject to a o?
dependence) may be due to the fact that the WH model is only an asymptotic form of a more
general expression that mainly includes a Ri dependence. 3) The case studies illustrated the
good performance of MU radar and WPR LQ7 for retrieving &4, from convective and shear
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generated turbulence. The results obtained with Thorpe's method from the balloon data are more
puzzling and need to be clarified by additional studies.
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Figure 4: (Top) Time-height cross-section of Signal to Noise Ratio (SNR) from LQ7 wind profiler at vertical
incidence on 18 June 2017 from 13:30 LT to 17:30 LT at a time resolution of ~12 sec (every 1 min). (Bottom) the

corresponding cross-section of MU radar echo power at vertical incidence in range imaging mode.
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lonospheric Irregularity at Polar Region
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lonospheric Irregularity at Polar Region
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Scintillation of VHF satellite signal

05:00, 04 June 2018
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Beacon Receiver
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Case Study on 14 Aug. 2021
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Problems to be Solved
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X-band weather radar observations in the east coast of Sumatra: Statistical analysis
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1. Introduction

In tropical peatlands distributed in lowlands along the coast of Southeast Asia, accurate real-
time rainfall for each region leads to understand the water balance and fire hazards for land to be
managed in each area (e.g., Yamanaka et al., 2008). Compact X-band dual-polarization radars
have been installed in Indonesia for disaster prevention against heavy rains and volcanic debris
flows (Hapsari et al., 2019 and Syarifuddin et al., 2019). Although this compact X-band dual-
polarization radar covers a smaller area than GSMaP and BMKG C-band radar (single
polarization) network, the temporal and spatial resolutions are about 1 minute and 100 m,
respectively, thus more accurate rainfall observation with high spatiotemporal resolution can be
expected.

Tropical coastal rainfall is varied dominantly with a diurnal cycle, which is typical in
Indonesia (Yamanaka, 2016; Yamanaka et al., 2018). Satellite observation of diurnal cycle of
rainfall in Indonesia by using TRMM (Mori et al., 2004) shows more rainfall in the evening than
in the morning over the land regions of relatively large islands, and more rainfall in the morning
than in the evening over the coastal sea regions surrounding the islands. Furthermore, the rain
area moves from west to east across central Sumatra Island.

In the east coast of Sumatra where peatlands are widespread, Kozan (2012) showed the diurnal
cycle of rainfall and the maximum hourly rainfall after midnight by using one rain gauge installed
in Bukit Batu village. Marzuki et al. (2021) used 229 BMKG rain gauges installed throughout
Sumatra to perform cluster analysis in terms of rain for amount, intensity, duration, and frequency
to determine the regional characteristics of the diurnal cycle of rainfall. However, since the density
of the BMKG rain gauge network in the eastern part of Sumatra is lower than that in the western
part, the regional characteristics of the diurnal cycle of rainfall in the eastern part of Sumatra still
include uncertainties.

The purpose of this study is to understand the regional characteristics of the diurnal cycle of
rainfall and the movement of rain by using a compact X-band dual-polarization radar observed
from February 2020 to June 2021 over Bengkalis Island, Riau province. This article is the first
scientific report on weather radar observations just at the eastern coast of Sumatra. Firstly, this
study verifies accuracy of radar estimation of rainfall by comparing the average hourly rainfall
calculated from the radar with accumulated rainfall measured by 5 rain gauges. Secondly, in order
to discuss the regional characteristics of the diurnal cycle of rainfall, the above-mentioned average
hourly rainfall calculated from the radar during observation period, is re-averaged each local time
zone from 0:00 to 23:00.

2. Instrument and Methodology

2.1  Furuno radar
A compact type X-band dual-polarization radar, WR-2100 developed by Furuno Electric. Co.,
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LTD. (for simplicity, Furuno radar), was installed in February 2020 at Bengkalis State Islamic
College (STAIN Bengkalis) in Bengkalis Island, Riau province (1.29 °N, 102.07 °E). Figure 2
shows the study area. Furuno radar specifications are listed in Table 1.
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Figure 1. Furuno radar. Figure 2. Study area.

Table 1. Specifications of Furuno radar WR 2100.

Parameter Description

Transmitter Solid state 200 W per channel (H,V)
Polarity Dual polarimetric horizontal (H) and vertical (V)
Pulses PRF 600-2500 Hz, Width 0.1-5.0 ps
Antenna 0.75 m &, 2.7° beam width
Antenna gain 33.0 dBi

Operating Frequency 9.47 GHz

Wavelength 33 cm

Scan mode PPI, CAPPI, RHI

Maximum distance display 50 km

Maximum range fixed observation level 30 km

Data Output Reflectivity Intensity — Zn (dBZ),

Differential reflectivity —Za- (dB),

Doppler velocity — Vp(m . s,

Doppler velocity spectrum width - ovp (m . s™)
Specific differential phase shift — Kpp (°km)
Copolar correlation coefficient - puy

Rainfall intensity — R (mm . h'!),

Cross polarization difference phase - @pp

Source: Furuno, WR 2100 operator manual handbook

2.2 Radar preprocessing and rainfall estimation algorithms

Radar data is converted from polar to cartesian coordinates. 100 m grid cell is determined by
calculating weighted average using all data values within a search radius of 1km. Radar rainfall
estimation in this study uses radar parameters, Zy and Kpp by using a method of Park et al. (2005).
Before the calculation of Kpp, observed phase information is smoothed by iterative filter method
(Hubbert and Bringi, 1995) to retrieve @pp. In addition, attenuation correction using Bringi and
Chandrasekar (2001) is performed as a process before estimating rainfall by using radar.

2.3 Average hourly rainfall

Scanning radar data every 10 minutes is applied to the calculation of average hourly rainfall
only when 6 samples of radar data per hour are observed. This study uses radar mode of plan
position indicator (PPI) with 4°elevation angle. Furthermore, in order to investigate the regional
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characteristics of the diurnal cycle of rainfall, the above-mentioned average hourly rainfall of 10
mm or more during observation period is re-averaged each local time zone from 0:00 to 23:00
only when 3 or more samples each radar grid are obtained.

3. Observation and Data

This study analyzes 213 days rainfall data during radar observation period from February 15,
2020 to June 3, 2021, excepting days when radar operations were stopped due to electrical and
PC system problems. In November 2020, lead-acid batteries and generator were installed with
automatic transfer switch to maintain continuous power supply.

Figure 3 shows rain event detected by Furuno during the period 23:00-23:50 LT on March 5,
2020. Rain area with more than 50 mm/h of rainfall as radar instantaneous values is moving from
west to east over Bengkalis Island. Here, it is noted that this rainfall was estimated using Marshall
and Palmer (1948) method. Figure 4 indicates some hourly rainfall data obtained from GSMaP
from 20:00 LT on March 5, 2020 to 04:59 LT on March 6, 2020, including the rain event detected
by Furuno. According to Figure 4, rain areas cross Sumatra from west to east. These rain
movements focusing on the large spatial scale of Sumatra and the small scale over Bengkalis,
correspond to Mori et al. (2014) and Kozan (2012), respectively.
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Figure 3. Instantaneous values of rainfall detected by Furuno during the period 23:00-23:50 LT on March
5, 2020.
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Figure 4. Some hourly rainfall data obtained from GSMaP from 20:00 LT on March 5, 2020 to 04:59 LT
on March 6, 2020. Source: GSMaP.
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4. Result and Discussion

4.1 Evaluation of rainfall estimation by Furuno

Average hourly rainfall calculated from Furuno was compared with accumulated rainfall
measured by 5 rain gauge stations (Table 2 and Figure 5). Point data was extracted from PPI data
with the same latitude and longitude as the ground rain gauge. Some samples at two stations, No.
6 and 7, have extremely underestimated rainfall data (figure not shown) due to radar processing.
These two sites are located at the edge of the radar coverage area. From Table 2, the coefficient
of determination varies from 0.4 to 0.9 except for two stations, No. 6 and 7. The slopes of
regression line varies from 0.6 to 2 at the three stations, No. 3-5. The coefficient of determination
does not correspond to the distance from radar. For example, for station No. 3 which is located
about 30 km from the radar site, the radar detects precipitation particles at about 2 km altitude.
This analysis for evaluation of radar rainfall does not take into consideration the time resolution
of data, altitude of data extracted, and presence or absence of melting layer. Syarifuddin et al.
(2020) showed that the correlation coefficient is over 0.9 between amount of rain measured by
rain gauge and radar estimated rainfall using Park et al. (2005). They interpolated Furuno radar
data using CAPPI (multiple PPI data with different elevation angles), extracted the radar grid at
a constant altitude of 500 m and confirmed the precipitation system and melting layer through
radiosonde data and radar parameters, Zpr and puv.

Table 2. Locations of rain gauge stations.

No.|Name of rain|Name of | Location R?
gauge stations district (Longitude, Latitude) |(Furuno  vs 6 7 3
rain gauge)
1 BRG_147205_01 | MEDANG 101.545258, 1.625935 |- 1 l
KAMPAI -
BRG_140301_01 |BENGKALIS 102.099167, 1.519444 |- i @
BRG_140302_02 |BANTAN 102.433056, 1.516389 |0.93

BRG_140312_01 |SIAK KECIL |102.062222,1.240833 [0.44
BRG_140312_02 |SIAK KECIL |102.039343,1.114076 [0.80
Perapat Tunggal | BENGKALIS |102.029137, 1.547426 |0.0001

Selatbaru BENGKALIS |102.231427, 1.564642 |0.07 Source: Google map
Figure 5. Rain gauge area.

Nl O OIS O BN

*No. 1 and 2 are out or radar coverage area.

*Rainfall data is collected every 10 minutes.

*Data is sent to BRG(No. 1-5) server and SESAME(No. 6-7) server.

*SESAME means sensory data transmission service assisted by Midori Engineering Lab.

4.2 Regional characteristics of the diurnal cycle of rainfall

Figure 6 shows average hourly rainfall during the observation period in each time zone from
0:00 to 23:00 LT. Rain areas cover both sea areas and land areas near the sea relatively from night
to Sunrise (20-6LT), Heavy rain areas of about 50 mm or more cross Bengkalis Island from west
to east after midnight from Oam to 3am LT. The time when such heavy rainfall is observed is
similar to the result of Kozan (2012). On the other hand, rain areas are relatively distributed over
land before noon to before sunset (10-16LT). Heavy rain areas of about 50 mm or more move
from north to south over Bengkalis Island during the time. This analysis results indices that land-
sea breeze circulating type is dominant in Bengkalis Island area.
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Figure 6. Average hourly rainfall derived from Furuno radar during the observation period in each time
zone from 0:00 to 23:00 LT. Source: Google Map.

5. Conclusions

In order to understand the regional characteristics of the diurnal cycle of rainfall and the
movement of rain over the east coast of Sumatra, Furuno radar, a compact X-band dual-
polarization radar with high spatiotemporal resolution was used from February 2020 to June 2021
in Bengkalis Island, Riau province.

Firstly, Furuno radar was verified by comparing average hourly rainfall observed by Furuno
with accumulated rainfall measured by 5 rain gauge stations. The coefficient of determination
varies from 0.4 to 0.9.

Secondly, this study showed qualitatively the regional characteristics of the diurnal cycle of
rainfall and the movement of rain. As the results of calculation for average hourly rainfall derived
from Furuno radar during the observation period in each time zone from 0:00 to 23:00 LT, rain
areas (land and sea) and rain movements were explained in terms of the night time (20-6LT) and
daytime (10-16LT) of time zone. This analysis results indices that land-sea breeze circulating type
is dominant in Bengkalis Island area.

Radars may be applied also to watch the top of a smoke layer when there are no raindrops
(Rahman et al., 2021), which is caused by peatland development and makes many environmental
issues locally and globally (Kozan, 2012).
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Two Types of 150-km Echoes

Histogram SNR vs Spectral Width
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EAR Observations of 150-km Echoes
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e 150-km echoes have been known in the equatorial
region since 1970s. They have necklace shape around
noon and narrow spectral width.

Proposed Generation Mechanism
Geophysical Research Letters

RESEARCH LETTER The Photoelectron-Driven Upper Hybrid Instability as

the Cause of 150-km Echoes

William J. Longley'? (), Meers M. Oppenheim® (5, Nick M. Pedatella* (),
and Yakov S. Dimant®

r, CO, USA
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e The growth rate of the proposed instability shows
necklace shape at around 150 km altitudes.

Patra et al. (2008)



Negative Correlation with EUV Flux

Gadanki : 2005 - 2013

Kototabang(EAR) : 2007 - 2015

Kototabang : 2007 - 2020

Statistics with EAR Observations
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Patra et al. (2017)

Occurrence Rate of 150-km Echoes against EUV and =Kp Monthly Occurrence Rate of 150-km Echoes
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e Clear anti-correlation with EUV and X Kp. e High occurrence in summer and winter.

e EUV dependence is larger than X Kp. e On the eclipse day (Dec. 26, 2019, low EUV, low Kp),
150-km echoes were high expected.

SNR vs Spectral Width
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Plasma Bubble Detection by Machine Learning
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Evaluation of Detection Model Monthly Occurrence Rate
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Solar Activity Dependence Summary

e Occurrence rate of 150-km echoes shows anti-
correlation with both EUV and Kp.
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[ L | b The
i, ot bl Mo s
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o |tis likely that the solar eclipse prevented 150-km
echoes on the eclipse day.

e Seasonal variation of plasma bubbles show clear solar
activity dependence.

o BABEBHFELMCE—D, BEXBERTE

IcE—2, e Summer echoes during low solar activity period may
be intrinsically different from normal plasma bubbles.
o EABEEIDOEDOII—(F, GPSS>FL— 3

SEMEDEN, SAEESEIN TS Z/NTILE L e Occurrence time period can be detected by machine
AEN(CESRROOJEMNS, learning in the future.
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