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Background Location
e In Shigaraki MU Observatory, an ionosonde has been
operated since the beginning of the MU radar operation in
1984. Digital images after 2001 are available in the
database of RISH, Kyoto University.
e The scaled parameters of the Shigaraki ionograms have
not been available in the database, so that users have to
scale the ionograms by their own
e |n order to utilize the Shigaraki ionosonde easily, we have
been developing an auto-scaling system of ionograms. . .
m - Go gle My, Maps .
BT —% ©2023 Google, TMap Mobility #[H## S0km.
o Kokubunji ionosonde is located at about 350 km east
of Shigaraki MU Observatory. Hourly parameters
have been manually scaled.
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Mask R-CNN (Mask Regional Convolutional Neural Network)

|[Fast R-CNN Faster R-CNN Mask R-CNN

httpsy//www.slideshare.net/windmdk/mask-rcnn

Mask R-CNN has been developed
based on various CNN network. It
is popularly used for object
detection and  segmentation.
ResNet50 is used as Backbone in
this study.

Training

F layer traces (426 images) and Es layer traces (512 images)
are manually labeled on a pixel-by-pixel basis. 75% is used
for training and 25% is for validation.




Validation Compare foF2 with Kokubunji ionosonde
10 4
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2 6 Laf)el[p/;&z] 12 1 foEs_loss[MHz] »n 3
150 ionogram images in 2006 that are not used for 2 4 5 8 0
training are tested. The averaged error is 0.24 MHz, Kokubunji
which is indiscernible in ionograms by human eye.
Accuracy of foF2 detection is also fairly good. e Good agreement with Kokubunji ionosonde
7 8
RMS Error between Shigaraki and Kokubunji Compare foEs with Kokubunji ionosonde
200
o0 ‘ o 1.5
045 /I\’ a7 /\\\ .
] o / = L .
[ I“\ I‘ \/\ / \ i 15.0 .
= A |\ Bos \ Fy
g 03 I“ K/ I‘ QM \ é 125 .
S o I‘ I‘ k-]
.. \\/\ ‘\ \ @ ;mu .
o \/ I = ~ 315
Local Time Month 2 80
25
e Errors tend to be large in dawn and dusk period.
®80 2% 50 75 wo ms Ko WE Bo
e Sporadic E causes detection error in summer. mamiiiiot b s
e Es layers usually appear simultaneously over the two
stations, but foEs values are scattered.
9 10
Solar Activity dependence Current Status
' \ e All ionograms recorded every 15 minutes in digital
# (2001-2024) are being processed by the auto-scaling
model.
All data in 2023
e The influence of solar activity on the Es occurrence is o
not clearly seen. <
e The reason why the occurrence rates in 2011 and
2014 may be because of the weak transmitted power. s
202301 202303 202305 Daltvé.:rbl}ﬁe 202309 202311 2024-01
11 12




Current Status

foF2 at 12LT in 2023
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All data histogram in 2023
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All data histogram in
daytime and nighttime in 2023

15
foF2 [MHz]
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Summary

Machine learning model that can automatically
estimate foF2 and foEs has been developed.
lonosonde observations at Shigaraki MU observatory
from 2001 to 2024 are being processed. The results
are consistent with our previous knowledge and
Kokubuniji ionosonde observation.

The obtained values are validated by comparing with
Kokubuniji data, which proves that the auto-scaling
system works correctly. It is expected that the auto-
scaling system developed in this research can be
applied to other ionosonde systems.

Other parameters such as h'F2 and fmin may also be
estimated automatically. More training data should
be prepared.

13
Future Study
e Shigaraki ionograms before 2000 were not digitally
recorded. Printed ionograms will be scanned to be
used for machine learning model.
15
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Extreme ionospheric disturbances in the mid-latitudes

MPAT
10 November 2004
15 January 2022
g
ot
z
£
H]
Longtude, deg. E TEC units [Saito et al, JPGU2022]
[Maruyama et al,, JGR, 2013]
* Extreme ionospheric disturbances in the mid-latitude region are rare.
- Physical mechanisms have not been well understood.
3 MUR/EAR Symposium, 25-26 September 2024

PR
ENR
e

GEONET stations (all, 1300+)

Data

K

GEONET stations (selected 200)

* GNSS observation data
from GEONET (GNSS
Earth Observation
NETwork) operated by the
Geospatial Authority of
Japan.

%* ENRI collects real-time

data from 200 selected

GEONET stations.

Sampling rate: | Hz

4 - : .
. s o - Constellations: GPS,
GLONASS, Galileo,
- ) = - Qzss
5 MUR/EAR Symposium, 25-26 September 2024

Mid-latitude ionospheric disturbances

Medium-Scale Traveling lonospheric
Disturbance (MSTID)
15:50:00 2023/07/11
T_fit = 3600 sec, Fit_ord
=T

_order:3, EL_mask: 30

TEC (1016m-2)

.

e 30
0132134136138140 amme

TeC S0 7ECH

»120GP stes

“Goodetic Longitude

[Foster et al., 2002]

* Strong ionospheric disturbances affects performances of GNSS-based systems.

2 MUR/EAR Symposium, 25-26 September 2024

lonospheric disturbances on 5 November 2023

November 2023 Dst (I
on

T g T T El % 6l

%* Associated with a geomagnetic storm commenced on 4 November 2023
(Dst=-172nT at 20 UT on 5 November 2023)
%* Strong ionospheric disturbances were observed over Japan in the night on 5
November 2023.
- Unusually strong ionospheric disturbances reached as high as 45°N (~41°N
Mag Lat.).
- Normally equatorial plasma bubbles do not reach higher than 30°N(~25°N
Mag.Lat.).

%* 2-D/3-D ionospheric observations by using a dense GNSS network would give useful
information to understand the mechanisms of the ionospheric disturbances.

4 MUR/EAR Symposium, 25-26 September 2024

/—\’ —
ENRI| lonospheric parameters derives from GNSS measurements g
L/ MPAT

TEC (Total Electron dTEC ROTI (Rate-Of-TEC Index)
Content) stant TEC ror = TECW “TECE =30 7y )
pierved ROTI = /< ROT? > — < ROT >*
‘observe
H ROT
slant TEC ROTI
dTEC )

poly;

ﬁ -60 min

inomial-fit (:-sn\mlri ~t)

£-30 min t  time

[Pi etal., 1997]
% TEC:Total number of electrons per unit area (integrated electron density along a
certain line)

* dTEC: High-pass filtered TEC
% ROTI: Small-scale irregularities (~a few kilometers scale)

6 MUR/EAR Symposium, 25-26 September 2024
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TEC perturbation (dTEC)

13:45:00 2023/11/05
T_fit = 3600 sec, Fit_order:3, EL_mask: 30, Mapping: 350 km

Loo
2 i i 1
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025

0.00

dTEC (TECU)

-0.25

-050

-0.75

-1.00

125°E  130°E  135°E  140°E  145°E

7 MUR/EAR Symposium, 25-26 September 2024

Vertical absolute TEC (VTEC)

13:45 2023/11/05
Map.Alt.:350km El.Mask:30.0

5
°
TEC (TECU)

125°E 130°E 135°E 140°E 145°E

9 MUR/EAR Symposium, 25-26 September 2024

Similar event (10 November 2004)

10 November 2004 mEAT
ROTI TEC
(b) Lat(n)
10Not: 45— e
B = Neutral wind (u)
=z
z w0 -
3
g 30 —
=
@ -
N, 2 — 20LT (140°E)
020 a0 w0 O west Ean
Longitude, deg. E TEC units
Storm-induced plasma stream or “SIPS”
[Maruyama et al., JGR, 2013]
% NW-SE elongated TEC enhancement and irregularities embedded in it.
- Storm-Induced Plasma Stream (SIPS)
1 MUR/EAR Symposium, 25-26 September 2024

lonospheric irregularities (ROTI)

13:45:00 2023/11/05
ROTI, EL_mask: 3f lapping: 350 km

030

°
G
ROTI (TECU/min)

125°E 135°E  140°E  145°F 00g

8 MUR/EAR Symposium, 25-26 September 2024

Spatial relationship
13:45:00, 5 Nov 2023

. ws
50
om
z 25 _
H g
osd 008
5 ¥
2 s
a0
s0
oo
25
oo . 125°E 130°E 135°E 140°E 145°E oo
* lonospheric irregularities are confined in the region with ionospheric TEC
enhancement.
- LowTEC region around 140°E is not an EPB.
* Smaller-scale variations are found in the high TEC region.
10 MUR/EAR Symposium, 25-26 September 2024

YR 2
ENRI| lonospheric Tomography based on GNSS measurements ﬁ

b0

175

# GPs satellite #75

20200k

1502
Reconstruct £

ity [es

125
1.00 &

g
H
£
H

wsg
Fd

0.50 %

0.25

0.00

35
Latitude(degree]

* Reconstruct 3-D ionospheric density profiles from many observations of the total
electron content (TEC) along different line of sight between GNSS satellites and
ground-based GNSS receivers. [Saito et al., 2017]

* Assimilate ionosonde data to improve reconstructed ionospheric altitude. [Ssessanga
etal,2021]

12 MUR/EAR Symposium, 25-26 September 2024
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Similar event (11 May 202

lonospheric 3-D structure
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u May 2024 Dst (Provisional)

dTEC

15:00:00 2024/05/11
Tt = 3600 sec, Fit_order:3, EL_mask: 30
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VTEC

15:00 2024/05/11

Map.Alt.:350km El.Mask:30.0
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* lIrregularities are co-located with the TEC enhanced region.

0

E 125 BOE 13

MUR/EAR Symposium, 25-26 September 2024

E La0E 15°E

TEC (TECU)

)

m
£

(g

Similar event (I December 2023)
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dTEC vTEC
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Irregularities are co-located with the TEC enhanced region.
MUR/EAR Symposium, 25-26 September 2024

Summary

Dense GNSS network is a powerful tool to investigate ionospheric density structures
and their generation mechanisms.

High sampling rate (I Hz) GEONET data are utilized to investigate ionospheric
behavior on 5 November 2023 associated with a major magnetic storm.
lonospheric disturbed region reached as high as 45°N (~41°N Mag Lat.).
lonospheric irregularities are confined in the region with ionospheric TEC
enhancement.
Smaller-scale variations are found in the high TEC region.
Low TEC region around are not disturbed.

3-D tomography based on the GEONET data are applied.
High density regions are locally elevated than low density regions.
Consistent with the model proposed by Maruyama et al. [2013]

Analysis for other strong ionospheric disturbances associated with severe magnetic
storms (e.g. | December 2023, | | May 2024) are ongoing.

MUR/EAR Symposium, 25-26 September 2024
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Observation of EPB using Observation of EPB Migratin
e 4 m Equatorial Atmosphere Radar (EAR) using all-sky imager [¢] g
Lifetime and Zonal : — o Equatorial Plasma
migration of Equatorial i tonay2024| [l '

Plasma Bubbles
observed using the
Indonesian ROTI map

astward

: Bubble (EPB)
' ] What factors influence the
- 3 migration of Equatorial Plasma
-~ Bubbles (EPBs)?
. Is it solely driven by background
i wind patters, or are there
— . < additional factors that can

B ] Lt contribute to the EPB's ability to
. . . . N »
Prayitno Abadi', Yuichi Otsuka? migrate over longer distances?
'Research Center for Climate and Atmosphere (PRIMA) —
BRIN, Bandung, Indonesia

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

Narrow field-of-view Field-of-view - 15° in long

Depending weather condition

‘We need to use the observation tool to capture the entire EPB
lifetime, from its generation to its disappearance.

% A Network of Making the ROTI
] > 300 Receivers GNSS Receiver in map from Ina-CORS
15 H
; Indonesia
o e Magnetic | . Belonging to Indonesian + TEC calculation from the
i 1 Geospatial Information open software developed
LR 20°in Agency (BIG) by Seemala (2023)
£ 4 latitude] + Part of Indonesia v © - ROTI = JROT? — (ROT)?
g - Continuously Operating with smoothing g ROT = (TECy,, — TEC,)/At
§o 5 Reference Station (Ina- TR ROT = rate of TEC (temporal
& 3 CORS) variation of TEC)
10 i +  Potential to study EPB : Piet al. (1997)
from the generation to 1
15 50° in longitude disappearance b ¢
2 v h;)

. "
% 100 110 120 130 140 150 May 11, 3024, 2230 UT May 19, 2004, 2230UT l
Geographic Lon. (%) - =

3 4
08 UT
10 May 2024 . .
ROTI map database i Estimating the
" Zonal (East- Ilfgtlmg, zonal
West) cross- migration, speed,
section of ROTI and latitudinal

Database ofonospheric ate of TEC change index (ROTI) map
detived from Indonesian GNSS receiver nebucrk

variation at 0° N .

I extension of EPB

+  From zonal cross-section
or keogram:

Lifetime, zonal migration,
and initial eastward speed
of EPBs

. From 2D ROTI map:
Latitudinal extension of

“The ROTI maps are stored in
the public repository Zenodo

and are publicly accessible.”

ROTI [TECLmin

https://doi.ora/10.5281/zenodo.13731760 Six EPBs: A, B, C, 55 ePB
D,E, and F

We'll continually update the ROTI maps. 02

The ROTI maps could be a resource for the researchers to investigate

the EPB occurrence in Southeast Asia. L

T 1 o
SEHEAESP N
5 hours in UT 6
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seanur awsaur

10 May 2024 ' 10 May 2024 |

Zonal peed (m/s)

Migration (°)
A 3 142 166.5 10.3
B 53 192 1085 147
¢ 5 215 1255 141
D 49 20 135.4 142
E 52 19.5 141.7 149
F 55 19 126.1 15.7

Estimating the
lifetime, zonal
migration, speed,
and latitudinal
extension of EPB

+ From zonal cross-section
or keogram:

Lifetime, zonal migration,
and initial eastward speed
of EPBs

+ From 2D ROTI map:
Latitudinal extension of
EPB

Lifetime vs. Zonal migration

78 EPBs .

Lat. extension vs. Lifetime

78 EPBs M

0 2 4 6 8 0 5 10 15 20 25

Lifetime (hours)

Lat. extension vs. Zonal migration

78EPBs .

R=05

5 10 15
EPB Latitudinal extension (%)

20 2

EPB Latitudinal extension (°)

EPB speed vs. zonal migration

78 EPBs .

5 50 100 150 200
EPB speed (m/s)

Results

During May 2024, we have
collected 78 EPBs from the ROTI
maps.

Stronger EPB
(more poleward

extension)
Eastward
migration
L e lifet (EPB
onger lifetime« migration due
to the wind)
Farther zonal
migration
8

Stronger PRE - more poleward expansion of EPB
PRE = Pre-reversal enhancement, eastward electric field around sunset
(Abadi et al., 2014)

Magnetic

Discussion

"Slrcnger EPBs, with their
more expanded latitudinal

Latitude

Poleward
expansion

equator

Eastward migration driven by the background wind
Further longitudinal distance

Consisting of more
irregularities

Longer lifetime

Longitude

, have longer
lifetimes due to their

. . I
increased irregularities.

Next step:

Complemented by the PRE
observation from ionosondes to
investigate the relationship of
the PRE against the latitudinal
structure, lifetime, and zonal
migration of the EPB.

SUMMARY

+ Our study purpose: investigating the lifetime and zonal migration of EPB.

* We have developed the 2-D ROTI maps from a network of over 300 GNSS receivers in

Indonesia.

* From the ROTI map, we can estimate the lifetime, the distance and speed of zonal migration,
and the latitudinal extension of EPB structure,

* Our important finding:

Stronger EPBs, with their more expanded latitudinal structures, have longer lifetimes due to
their increased irregularities, which increases the possibility of migrating over longer distances.

THANK YOU
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High-resolution 3-D imaging of electron density perturbations using ultra-

dense GNSS observation networks in Japan

‘Weizheng Fu', Yuichi Otsuka!, Nicholas Ssessanga?

Unstitute for Space-Earth Environmental Research, Nagoya University, Nagoya, Japan
24DSpace, Department of Physics, University of Oslo, Oslo, Norway.
E-mail: fu.weizheng@isee.nagoya-u.ac.jp

The cost- iven
infrastructure, has effectively broadened the spatial and temporal scales over which
ionosphere dynamics are probed.

and rapid p

i 90 135 180
Courtesy of ISFE at Hitps/sk2 s gy GPS GPS-TEC/

number of electrons in a column with cross

of the GNSS (Global Navigation Satellite System)

(total electron content) represents the total “

Single-thin-shell model

Langey. (2002, Febrary) I Viewgraphs of invited presentaon t the Cancian Association of
Space Physics Worksh

section of Imz (1 TECU = 1016
along the line of sight from receiver to satellite.

bop, Fredericton, NB.

Computerized ionospheric tomography (CIT)

Albeit inferences from 2-D analyses using TEC measurements are encouraging, the missing
height dimension poses limitations on the information that can be inferred.

Tomography is a process of obtaining 3-D information from 2-D information.
The computerized ionospheric tomography (CIT) approach in our analysis follows the
voxel-based model. Given m measurements and n voxels:

yi =Xjoaijxj +ei,

V=AX+F (matrix form)

|

Projections
(STEC)

“geometry”  image

The problem becomes one of inverting A to solve for the unknown electron concentration (X)

« Since (i) orientations of the satellite-to-receiver ray paths are biased in a vertical sense with no ray
paths running horizontally through the ionosphere and (ii) some voxels are traversed by no ray, the
ionosphere inverse problem is ill-posed and ill-conditioned.

Multiplicative algebraic reconstruction technique (MART)

In the voxel-based model for tomography,
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:

The computational procedure in MART requires an

initial guess (J?n), which highly influences the fidelity

and the rate of convergence.

Question:

how to minimum the effects of I‘
difference between TEC in observation and }
empirical model is usually large) I
how to reconstruct the ionospheric disturbances of ,’
small amplitudes and scales? (The amplitude of |

|

Ay llag
123N

J1ay;|] is the maximum path-pixel intersection length in the grid.
/' is estimated electron density in the jth voxel at kth iteration.
< @, X% > is simulated STEC at kth iteration.

24 (0< A <1) i the relaxation parameter and controls the
convergence of the algorithm.

Data
- wmsour Py
gm) | vy The inclusion of multi-GNSS improves
. B - -\ the spatial distribution of signals, being
LIRS am <o able to provide more information on the
| Sonfank - fonosphere.
Techern 9
o ) GOy,
B Solvability = N/No
£ N: voxels with signals penetrated through
i No: total voxel numbers
- (o cEoNET st ) ) ; ™ More than 50% of the voxels are solvable.
2wy Y 1308 feceivers B e w0 e a0
TEE THE 144E a2
. Detrend method of TEC perturbations (TECPs): deducting a
GNSS TEC:

0-min data running average (centered on the epoch of the LOS)

3
GEONET (~1308; GPS, GLONASS, Galileo)  from each LOS (line of sight) TEC
SoftBank (~1002; GPS, GLONASS, BeiDou)

High spatial and temporal resolution: 3 3
ik . PR Ex g
0.25° in lant_ude: and longitude, 10 km in altitude E A 5
30 seconds in time. g .
s s w0 e

1 1. Generate background using IRI model
2. STEC for tomography =
T .

Simulation for validation (1)

3. Reconstruction using MART
4. Subtract background

(b) and () Simulated disturbances are added from
(39.5N, 141.5°) to (35.5°N, 137.5°E).

(¢) and () Reconstruction results

Amplitude: £0.5 TECU (~3% of background)

A correlation of more than 80% is observed
between the peak heights of disturbances as
simulated and reconstructed.

N

Minimum the dependence of initial guess
Enable faster conv e
Easy representation of electron density perturbations

rec)
ece (recy)
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Simulation for validation (

hmF2-100 km
e | In the 3-D tomography. the information in the vertical

dimension is the most important. However, the empirical IRT

model does not always match the actual ionosphere.

To quantify the effects of initial guess on reconstruction

results, and further validate the effectiveness of this method,

s different backgrounds (hmF2) are used for the
100 i

hmF2+100 km
(@) orgnal ©1hmF2 00k () pmF2e100km
s000 o-00157 350 o0 0265 by
000)
000, 0 200)
%
§ooo 200) 1500
200) 100y 100
1000
1000 et 0,
o o o
%z o 02 9z o 02 oz o0 o2
Eror (rECU)

Although the background affects the reconstruction performance to a certain extent, the tomography
ique can still the 3-D of electron density perturbations (1 + o > 80%).

Example 1: nighttime MSTIDs

Medi h

le traveling i ic disturbances (MSTIDs) are a common type of mid-latitude
ic irregularity that mani as ike plasma density perturbations in the F region with
horizontal wavelengths of a few hundred kilometers. MSTIDs at daytime and nighttime show
different characteristics.

o o 2-D TECP maps on July 4, 2022 (JST =UT+9)
Nighttime midlatitude MSTIDs:

1. Simultaneous occurrence in
geomagnetic conjugate regions

2. NW-SE (NE-SW) alignment in the N(S)
Hemisphere

3. Equator-westward propagation

4. Usually accompanied by a sporadic E
(Es) layer

5. Max in summer, followed by winter

6. Electrodynamic forces is the most
possible causes

ERr
Tece (TEcy)

Example 1: nighttime MSTIDs

For the first time, we have successfully reconstructed the field-: allgned structures of nighttime
MSTIDs with el at high

The MSTIDs initially form at lower altitudes (250-350 km), then develop to large amplitudes
and scales, and extend to higher altitudes (300500 km).

Reconstructed electron densities in the meridional directions:

.
o0 Results are consistent with the theory
g”’ and simulation results
Sty i
= w
o
. -
hdrieen i
w0 i~ i
i~ - B
= N
*N arN N » 500 1000 3

Shiokawa etal. 2003). JGR

Example 2: dusk MSTIDs

Dusk MSTIDs:
1. Alignment parallel to the solar terminator

2. Atmospheric gravity wave (AGW) is the most
possible causes

« Perturbations concentrate at 200-350 km

+ Adownward phase velocity can be observed
=

/;:E-mw" the theory of AGW

%

Fukao and Yamamoto. (1993). IGR

b dgan of e mve scre i he s
e B s

The Mw 7.5 Noto Peninsula Earthquake took place at 07:10:09 UT
(universal time) or 16:10:09 JST (Japan standard time) on January 1.

Heki (2021). Tonosphere Dynamics and Applications

For earthquakes, the resulting
acoustic waves can rapidly
propagate vertically to
ionospheric altitudes in 8-9
minutes, triggering a
phenomenon known as co-
seismic ionospheric disturbance
(CSID).

+ Earthquake-induced electron density perturbations show a tilted
phase front propagating equator-ward

+ Phase fronts of earthquake-induced electron density
perturbations gradually become more vertical over time

Ray-tracing of acoustic waves from

one point source.

17



Conclusion

1. A 3-D tomography algorithm with high i al ion is developed by using
the ultra-dense GNSS measurements over Japan.

2. For the first time, the 3-D structure of traveling ionospheric disturbances caused by
different sources are successfully reconstructed.

3

. This technique is expected to contribute to a compressive understanding of the underlying
isms of i AN onaits

Details in example 1:

Fu, W., Otsuka, Y., & Ssessanga, N. (2024). High-resolution 3-D imaging of electron density perturbations
using ultra-dense GNSS observation networks in Japan: an example of medium-; cling ionospheric
disturbances. Earth, Planets and Space, 76(1), 102

Details in examples 2 and 3 are under preparation.

Acknowledgement:

The SoftBank’s GNSS observation data used in this study are provided by SoftBank Corp. and ALES Corp.
through the framework of the “Consortium to utilize the SoftBank original reference sites for Earth and
Space Science™

18



— MUL—4— - FERKL—Y-SORITA

Spatiotemporal Prediction of Ionospheric Total Electron
Content Based on Machine Learning
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Fig. 1 Global distribution of stations of the IGS network

dddd dddd

vy

Sampling Period Ts =480 hours

T ¢
Auxiliary  Predictive

| | J Channels — Channel

5-dimension data input into the prediction model

[ Batch, Time, Channel, Height, Width |
m m m m m

Parallel Processed Batch
Bl Sequences

..........

integers in i, 8) {0, 120) [0, i6) [0, 72) {0, 72)

Sequence Time Duration

LY

1995 LARE . FRONNIEIFZE 22— (CODE) 15018 (1995) ~52218 (2024) D Sequences PPV
GNSSHth EZEHMDT—R IZE DN TI41360DERBETECY Y TEEY E L1,
KI5 & HHESER T — 2 [INASAQomni T—2 Y FEVWSHTEEDHT . RE|DE: S = E(T= ~ T, +T) = 106,609
2024/09/26 2024/09/26 T 4
3 4
) ) AGHER IS R HE IR 2t
2006 AutoEncoder® |
S Encoder-Decoder 2017 Transformer £ |
it R
|
1
ZOlS:I?ﬁA?}CcnuLSTM
1997 ESEMBRZIBLSTMER stz

BFORZHRFFATTI

1990 simple RNN

| BB WAHSMLSTM

PradRNN

| R BEERELPTL

| 2R RHMSMGAU

014
S hM4EEAEA= Y FGRUR 2017 METEIGAU

| B: MotionRN)

R fi] % 51 -0

LRSI P RFZS L L B L ¢ A

2024/09/26

87.5°S

ISR EERRGEMULERES OO, BEFRRE

180° 90°W

0°

SRS TR

IGA  ETATRIRE

90°E

180° 6

19

6




»

F—RDF ¥ VAN ETNLDOILAE

No. Channel Dependence Model Category Structure

1 TEC Map - temporal

2 Longitude Spatial prediction:

3 Latitude Spatial LSTM RNN Fully connected LSTM cell
4 Year Seasonal GRU RNN Fully connected GRU cell

5 Day Seasonal Transformer Transformer Attention

G Month Seasonal spatio-

7 Hour Diurnal temporal

8 F10.7 Solar prediction:

9 Sunspot Solar ConvLSTM RNN Convolutional LSTM cell
10 Kp Geomagnetic MAU RNN-+Transformer Recurrent+Attention

1 Ap Geomagnetic PredRNN v Spatiotemporal ConvLSTM cell
12 Dst Geomagnetic | PredRNN+-+ RNN Deeper PredRNN+Highway
13 AE Geomagnetic | PredRNNv2 RNN PredRNN-+Decoupled memory
14 B Geomagnetic MIM RNN Differential PredRNN

15 Average|B|  Geomagnetic SimVP CNN Encoder+Inception+Decoder
16 PlasmaSpeed  Geomagnetic TAU CNN-Transformer Encoder+Attention+Decoder
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BE D

e L ] &1
)) TE B 75 ke
Fusion- . [Param.FlopsSpeed| MSE MAE/TECU  pusion- [Param. FlopsSpeed| MSE  MAE/TECY
(Backbone) ™| /M /G [fps (Gain) LSA HSA (Backbone) /M /G [fps (Gain) TSA HSA |
(LSTM) _ 1[2836 5035 o 37411 216518 (ConvLSTM) 1 | 15.08 136 | 19481(0) 125 875
(GRU) 1 [2127 3786 7 36136 197 5.06 concatenate- 4 | 15.70 132 | 19078(:25%) 128
(ESD-LSTM) 1 | 6315 301 173,51 [ETRNEET) mixer- 4 | 15.90 130 .
(MAU) 1| 472 6713 15397 (0) 110 3.28 concatenate- 9 | 16.72 121 | 166.25(+146%) 112
concatenate- 4 | 472 6710 15255(400%) 112 327 mixer- 0 |16.93 118 [165.87(+14.9%) 1.00
9| at2 628 130.90(+9.1%) 108 311 concatenate- 16 | 18.16 105 (+244%) 108
472 6742 188 | 12078(+214%) 105  2.86 mixer- 16| 18.36 101 [135.12(+-30.6%) 1.02
T[2881 436 65 15250 (0) 110 3.26 (PredRNNv2) 1 | 23.86 63 15201 0) 107
42406 461 64 | 198.20(20.9%) 125 3.82 action- 4 | 2418 62| 167.69(-10.3%) 115
concatenate- 4 | 2492 416 62 | L2220129%) L2 549 concatenate- 4 | 2493 60| LS659(50%) 110
mixer- 4 [25.27 483 61 | 160.18(-4.9%) 1.15 mixer- 4 |25.29 59 | 153.11(-0.7%) 111
action- 9 | 2451 468 64 | 2773ICSLTN) 147 action- 0 [ 2453 61 | 237.44(-562%) 136
concatenate- 9 | 2671 5L 58 | I57A3(-3.1%) 116 3.37 concatenate- 9 | 26.72 56 | 151.19(+05%) 112
mixer- 9 |27.06 518 57 | 155.08(-2.2%) 116 3.32 mixer- 27.08 51 |150.28(+1.1%) 1.10
action- 16| 2506 482 61 | 403.47(-161.4%) 206 551 action- 16| 25.08 50 | B18.57(-100.6%) 167
concatenate- 16| 2022 558 53 | 13865(+0.1%) L1l 310 concatenate- 16 | 20.23 51 | 122.86(+19.1%) 101
mixer- 16| 29.57 565 52 [133.43(+12.5%) 1.U5 298 mixer- 16 29.59 51 |118.83(+21.8%)0.99
(TAU) 1| 4821 2251 841 LOG (0) L9 8.26 (MIM) 1| 38.20 3 15807 (0) L1z
concatenate- 1 | 1821 2261 331 | 150.01(+06%) 112 concatenate- 4 | 3028 42| 158.27(404%) 111
mixer- 4 | 48.24 22.61 326 | 148.83(+1.4%) 1.1 3.20 mixer- 4 [39.63 41 |158.76(+0.1%) 1.14
concatenate- 9 | 48.21 2283 302 | 14298(+5.3%) 104 318 concatenate- 9 | 4107 38| 148.57(+65%) 109
mixer- 9 | 48.24 22.83 206 | 139.03(+7.9%) 1.05 3.1 mixer- 9 | 4al.42 37 |145.33(+8.5%) 1.08
concatenate- 16| 48.25 23.08 264 | 12633(+16.3%) 1.02  2.96 concatenate- 16 | 43.58 31 | 12637(+20.5%) 101
mixer- 16| 48.25 2311 254 121.54(+19.5%) 0.99 2.89 mixer- 16| 43.93 32 |118.72(+25.3%) 0.98
(SmVP) 1| 5053 2332 1951 (0)  L05 321 (PredRNN++) 1 | 3858 6 153.121(0) 105
concotenate 4 | 50.53 23.43 158.37(26%) 112 8.20 concatenate- 4 | 30.66 a1 | 150.21(+19%) 105
mixer- 4 | 50.53 23.46 322 | 152.96(-2.3%) 111 3.28 mixer- 4 | 40.01 43 |148.83(+2.8%) 1.10
concatenate- 9 | 50.53 2361 205 | 14515(+29%) 108 319 concatenate- 9 | 4145 41| 14020(+58%) 111
mixer- 9 | 50.53 23.64 291 |141.52(+5.3%) 1.05 3.14 mixer- 9 | 41.81 40 |141.22(+7.7%) 1.05
concatenate- 16| 50.50 2386 253 | 125.16(+16.2%) 1.00 2.9 concatenate- 16 | 43.96 35 | 118.45(+22.6%) 0.97
mixer- 16 | 50.54 23.90 241 120.74(+19.2%) 0.98  2.90 mixer- 16 | 44.32 34 111.68(+27.1%)0.96  2.73
2024/09/26 14
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Prediction Results and Error Maps of the Different Backbones With/Without Mixer Layer
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Spatial Dependence for Global Total Electron Content of lonosphere
(@)Ground Truth Mean at Low Solar Activity ~ (c)Prediction Result Mean at Low Solar Activity (¢) Prediction Error Mean at Low Solar Activity
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Seasonal Dependence for Global Total Electron Content of lonosphere
(@) Observation Ground Truth ar Low Solar Activity — (c) Model Prediction Result at Low Solar Activity  (¢) Model Prediction Error at Low Solar Activity
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Diurnal Dependence for Global Total Electron Content of lonosphere
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HELRAERRL—F—EXAL—45—
ERAWV:=TSA4 bV FEBEICEITS
R MR K R REFEDERA

i PR - T GRS -
BRI « AEHRER (Bl BR) - 10z G R)

(HRIEE) EBHR (A)

(FRZRHARD) 202248 FE-2024 4R

(HRRER) L—FJE— o0 T EEE L RRIERKBREORSR

(HRARE) Fif—

(HRHEHE) BRBSA BBBRSA BOBZSA BEAXBSA, BRMSA, HARLSA, ZBESA,
SERBSA, HEXRSA 1

RRL—F—ERRL—F—OHEAR Fy TS5 —HERA
(2023££1 R ~)

%X Doppler radar (X)
MU radar (f##46.5 MHz, % #6.45m) VHF A

(20230 V) KR ERRL—FOIBEHE F v T 5 —HERAEMH D BKBEORYT: CPUERE OB FYSEREAEH

BEBRERAN? AEZRLTVD BREER"
@ 20184 7AFHAARER (Yokoyama et al. 2020; Tsuji et al. 2020)
@ *3OSKM#K(20134) (Gochis etal. 2015)

@ /RFRAVHIK(2010%) (Houze et al. 2011, BAMS)
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Houze et al.
(2015)

. (0197 (k)
WREYE m_{ 0.93 (k)

« BERRKHTF O SHE

> 5
> Hoh

HONEE R DR T EREDEL

Locatelii and Hobbs(1574) DY relation

Rz A (2004) 40
351
s 104
Hoh el

gio

m i

Fall speed [mis]
5

RN BEKX, HEHUN HER, MEAN, KA 00"
—HEEIEL —EEIFEL

10
Diametermm]

#8821 %5 (conical graupel) :Vt = 1.2DJ%5

REZHAES K (snow) :Vt = 0.79D%27
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Fabry and Zawadzki (1995)

Long-Term Radar Observations of the Melting Layer of
Precipitation and Their Interpretstion

FREDERIC FABRY AND ISZTAR ZAWADZEY

biamscripd eceived 16 Febeusry 194, in il foem 22 By 1994)

ered by the VPR. With its much longer wavelength and
its capability of recording full Doppler spectrum, the
profiler compensates for the main weaknesses of the
VPR: measurements of the full Doppler spectrum of
echoes through a vertical column allow us to measure
the fall speed of hydrometeors (and hence help in de-
termining their type ). Sometimes, clear air echoes may
be strong enough to be detected in precipitation, and
hence updraft or downdraft velocities can be measured.
Finally, its much larger wavelength makes it insensitive
to attcnuation and effects of departures from Rayleigh
scattering. Unfortunately, the profiler has a poorer
space -time resolution than the VPR, and the two ra-
dars are 30 km apart. However, similar signatures are
often seen on the two radars a few minutes apart, thus
providing complementary information on the phenom-
«cna observed. Such a combination of measurements is

T T T i s e meaningful only when the lifetime of the phenomena
V is of long duration so that the effects of its evolution
- = may be neglected.
30 km BN FZERE !
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& X Doppler radar (X)
MU radar (/§##46.5 MHz, ##%6.45m) VHF A
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o 1 8IE|MU L— & _ j‘f“]ﬁj(/x—\ L= y — ﬂ‘ D r7 A (26-27/09/2024) and turbulence based on data collected by the VHF Middle and Upper atmosphere (MU) radar from 2.025 to 19.875 km
altitude during several days per month over 35 years (1987-2022).

Using MU radar data (1987-2022) to re-examine
the seasonal dependence of atmospheric parameters

Hubert Luce', Hiroyuki Hashiguchi', T. Tsuda'
Research Institute for Sustainable Humanosphere (RISH), Kyoto University, Japan
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ar data for ST mode (1987 2)
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Figure: Number of hours of observations per (e): A linear relationship b.etwe.en AR and PF is different for each Ri L
season and the slope decreases with Ri: AR ~ C(Ri) x |PI|
ST o o5 1 s
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f spectral slopes S, nd U frequency spectra (0.

1-day time series A 35-year averaged W frequency spectrum

o= (~321 000 spectra)
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02,5 (TKE) and & = 0.6407,,,, S (main features): s 2
- are enhanced below the tropopause for all months and maximum in spring :’ ‘“':n« ¢ e o N o

- are minimum in summer in the troposphere and just above the tropopause for all months freauency (ey hr')

Frequency (cy hour )

- are enhanced in winter (and early spring) above 14 km. (= likely GW breaking)
- show a high (anti) correlation with the Richardson number Ri (0.51-0.58)

NB: Most GW theories predict 0 slope for (intrinsic)

Frequency spectra using different spectral estimators to reduce
frequency spectra.

the impact of data gaps
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asonal variability of Sy & Sy
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! below the tropopause and in the
i stratosphere in winter.

' (2) Energy for W does not show
J - substantial increase in winter/spring
Totindecs below the tropopause but a
significant  increase  in  the
stratosphere in winter.
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(3) The mean (total) energies of M
and Z are equivalent in the whole
column (but M is lower than Z in
0.66.0 hr band).
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Seasonal variability of energies: definition of anomaly
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why this
minimum?

MVy(U)

0 2 w0 e & o
Wind speed

0 w0 w0
Wind speed -—)|

Because U does not "structure”" GW properties,

we define a yariance anomaly:
W = @')? = MY,(U)

‘Where MV, (U)(Minimal Variance) is given by a 3-
degree polynomial (dashed line).
independent of U

W s

Seasonal variability of momentum fluxes

p<UW'>and <U'W'>. pP<V'W>and <V'W'>.

E} (1) A westward flux is observed in the whole colum above 4 km and for all seasons (but is maximum in winter above
the tropopause (consistent with e.g. Fritts et al. (1990) and Murayama et al. (1994) with the MU radar)

(2) The meridional flux is slightly Southward above the jet-stream but significantly Northward below (not reported
until now (?)).
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asonal variability of body force (acceleration) 55 =5 5 (WY (p(vwy)
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Summary and conclusions

(Fritts etal, 1990) Fukao et al., (1988) (Fritts et al, 1990)

Fus-tip didz (» UW>)

Fu=-tip didz (p <VW>)

Fukao el (1955)

3 (ks e, 1990) (uly, 15-19, 1985)
3
l (March1956) PTW (N®)
« > a8

- R ST
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s o ff N
g : { N B iy
< 4 w0 o
o0 oW
. - el b Fu"\{
R T
3 D371 2 T . 6 30 e S o 1) ¢ -
e oy
e il Fu (ms™ doy™')

E} (1) A Eastward acceleration is observed below the jet-stream (confirmation) but mainly from Nov to Jun (seasonal assymetry)
(2) A strong Northward acceleration is also observed around the jet-stream altitude (not reported until now (?)).
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(1) The climatological values (35 years, 1987-2022) of atmospheric parameters from MU radar revealed/confirmed
enhanced mesoscale activities below the tropop and jet-sti in winter/spring and above the jet-st in winter
(but they may differ in nature). A tropospheric Northward momentum flux appears to be responsible for a Northward
acceleration around the jet-stream of the same order as the well-known d leration below the jet-st

(2) These motions are closely iated with enk d Il-scale turbulence estimated from the Doppler spectral
width (likely due to ent d co ive/st instabilities generated by le motions. This observation is also
qualitatively consistent with some GW theories (e.g. saturated-cascade similitude theory of Dewan (1997)).

(3) These analyses do not consider the intermittency of the turbulence and meso-scale motions, which is very
important for the inter ion of the relationship between the cli logical values (more to come...).

(4) The analysis of annual trends between 1987 and 2022 is made difficult by the intermittent sampling (~5
days/month) of the radar (not shown), but it is still one major objective of the present studies.
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FE/KBRDOATINEFROHETE -2

Estimation of Vertical Air Motion within Precipitating Clouds
Using the Equatorial Atmosphere Radar in Combination
with a Boundary Layer Radar -2

FEL! - HH—' - Christopher R. Williams? - TR « #1521
1 REPAF AT IRIRS IR,
3 FRIAFIREED

niversity of Colorado Boulder,
REDAF LT EBRTFR

AFRDER
KB

+ BKBOROFHREECEDIEARN (SA—5

- B, BESBICENRERT — 528D TENBH TR, BKR
([CBIS BERTEHIID IR0

+ 50-MHz#HDARL —4 — &R\ CHENTTRE

EAR O E5E
EFERRRHPLD

taff and Houze (1991)

15 g b e 2

GEA=]EY

50-MHzEL—4%—
o KRELT : BrageBELOEGEIC LDHEE
HAIRBHDT A wF+ >4 (single-frequency method)

« [E/KBEF(ERayleighBYEL BRI (CEGA

SE4THAFE  Nishi et al (2007), Mega et al. (2012)
+ EARTHE UIZARIBEROT — 5% ER
- WEREER - FBTHE
— REARIDART (C(ZEHVRN

A 4

ARFEOEN
B KBS DENE & AR (CHEE 9 B FADBIFE

(Mega et al., 2012)

[RRIFHEFES %G
- E—Un2D53
- IEROKEEN TRRAICIND

stratiform convective
41 1T ik

3003198 1905 1. EAn

Hesgh tkm)

pward

AR L —45 —=ZAzihE

4

- INEROHTEEN TRRAICIND
(RLERE(HE THRE)

=< default parametar (standard)
— default paramets sl +

T Ry TS —RE( Gauss T« v T+ > (C K BHEEND)

200311166 Kotoksbang (Vertical Mode)

W ‘|

54 S

Lo Teme

Aitude fkm)

AR L —4 —ZARBETREEDS

2E—0DTA YT A2 (WebRFIT—%)

+ 2HOFILSREDN &/(SA—FDBEARVODIF TR
HRESEOMERER, FUOLHC RN EFILERDBLET
HoT, [HO] EXINESHEHBTERBVDTSS, BREDT—
SNSNSA—SEIETBHACH, #ESNE [HORED] EFIL
MREENFAEENEH DL BRI,

Spectral Density (d8)
3 2 3

20 o F)
Doppler Velocity (m/s)

w1 (2021) (Sato et al. 1990)

 NSA=INEL TrvTa 2INRELRBL

Percentile occurrence

: missing valu
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BARDL —5 —%HHTS (dual-frequency method)
Boundary Layer Radar

EARDIEECRE

KA FOMEFE I NUIERayleighBRELOHELAIT B
FEKAIFOMEAE LIRFNUE BrageiEL 2 881 9 3180
C3 (E—IHRWEEESLY)

provided by Peof! Hashiguchi

g AT B Specifications of the BLR
Location EAR neighborhood
Frequency 1575 Mz
2 Output Power 2kW

100m ~ 6 km (~ Dec. 2003)
100m ~ 9 km ( Dec. 2003 ~)

Observation range

» dual-frequency method
e.g) 50 MHz & 920 MHz / EAR & BLR

» 50-MHzH L —4 —DIART MUCT 1LY
=M. RayleighBE 2T O

Doppie vetecay s

- EEFNEFODRVBFINHSNTZ

Distance resolution 100m " Doppler Velocky (mia)
+ BLR's il 0.27 mis
th, 20 1 b i 8
7 8
SATHAZE -2 & SATRAZE -3 &
B [
o — _ ® Williams et al. (2018): (W18) o7 CEEES ==
HECSALTFH) > 35 GH20 I O 0 7« SECEDN 53 M
« 2DDE—UHNARE (B LX) > 50-MHz#E L —4 —~i@(e.g., EAR) :
RayleighBELDE— I LERAAZ LY (BTR) < w > BUBETEST “peak’ & “valley” ZIRH TS .
. BIBOMEESRETES ix T
« “valley HEBRAR & F(F EF EETER Ml P AR

) Pt ety 4] et
( provided by Dr. Williams )

> WI2ZfEX (E L0

h 4

2DOFE (W12&W18) DfEAEDE
Sk THEBEDBE LHHIFTES

AR TIRET 3F &

FEOME
UFZZELUTHEDT
BLROE—JDEHE
EARDE—UD¥ - 18
- BESEOEGE

o g

10

2003/11/06 (Nishi et al. 2007)
v RayleighBELOFZEEZM D IRV THETET TS

convective

2003/11/06 20:05 TL

stratiform
200371106 2314 TL

Height (km)

" o
©: sngle-trquencymethod -
i e S

38
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Measurement Uncertainties -1 @

Single-frequency method (C TR/ A 72D 82 hiEE TS (Williams 2012)

JEE# > Uncertainty
nEE
“conditional observation”
measurement uncertaint
(SNR & A 1Lz 1
X Occurrence, IREZDRE

SNR \

Measurement Uncertainties -2 @

v IS4 RN RIFE Teonditional observationDEIEHT70% £
v 4.5km ETFER/ A T ZANHD
Conditional observation (L3513
Conditional observation D& WEMBOZE (dual - single)
S E
By §
a,
2 ]
A
b Esf
o
{
H =
b=l
» L —3 3 ) )
plowaweny Def. Vel. [mis)
1 =5 o Fri 14

13

EARDEBRIE— R @

EREORIE - SEHRTCERT 35X TERT 3UENSD
[. Standard mode :  SHREBERIOAE:. FEE(CHRR ] HEEHRRATC (A
{+ Vertical wind mode FERINARLY, SREDTEEAINE | P
i+ FDI: CGHSROHIRITI(S) BN RN
Standard Vertical wind ‘ F'ngh
‘mode mode interferometry )
Observation time 81.92s 7864 s 131s
Doppler velocity range -12.4~12.3 -52~51ma -126~124mls
mls
Doppler velocity 0.195 m/s 0.041 m/s 0.024m/s
resolution
Npp 256 512 1024
N 32 128 64
Nvmh 5 3 5
ipp 400 ps 400 ps 400 ps.
" i 4 15

14

FEATHHZE LD -1

FECLDMEBEERT D

Mega et al. (2012)
. WI2EBMTHWEBECERNTRENRBoeh
- FHOHRECHERNTHEEGFESH
« 6km& D LOEE

Mogaotal.  Nishietal.
(2012) (2007
BRAHAR Dec. 12, 2008 Nov. 6, 2003
EARDBRIE— K FDI Standard &
Vertical
BLROME ~9km ~6km
WebZAHF—%
QE-UDT1y . A
T 2)
— e, "
FHCIBHEE B (B 2)

15

FATHAFT E DR -2

Mega et al. (2012) EDLEE

Mega et al
2012075

(Mega et al., 2012)

ARROFETHE

A (i

e add
wtad|

L oa il s
- (Mega et al. 2012)

-

16

FATIAFT & DEER -3

v FRICIBMEELI—HLTNS
v MEELD LOBET. WR2ICEANTHEDE LAHS5ND

SHEROBRITE (k3 0) Mega et al. (2012) O TEAH(C 1T SRMSE

| =

} sty

\

17
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FATHFRE 2 -1 (F518)

FECIDMEEBELRT D

Mogaetal.  Nishietal.
(2012) (2007)
ARATHAR Dec. 12, 2008 Nov. 6, 2003
Nishi et al. (2007) EARDIBE— K 1 Standard &
— . _ Vertical
+ WebRT—5QE—-DIDT 1 vT 1 BLROBE ~9km ~6km
SO EDLER WebAHF—%
- Standard mode DWECRIREN RV 2572077 b s
= o A
FWIC &SI A B?)

FATIAFT & DLEEL -4

v Web7—4 (2E—DDT 1 vF«>D) [N
T, RIBEHDRL<RO TS

median filtered (standard mode)

Percentile occurrence

19

SEATHHFE & DEEER -5
vV 2E-UDT 4 vT 4 2D ERIEEDRE
v Vertical wind mode & Standard mode(3FEFZED:EE

IEROFMF (kD) Nishi et al. (2007) OHEEFE(CX T SRMSE

— stanard s study)

20

Kototabang
: EAR (47 MHz)
BLR (1.3 GHz)

010813 1200 UTC

MUL—4 — (46.5 MHz)
LQ7 (1.3 GHz)

-

Darwin
: 50 MHz Profiler
920 MHz Profiler

+ LQ7s maximum

21

RRENB 2 WA (CHETE I S FIADBIR
« WI2EWISDRmE#MSIesh, MEEHEAENDETRE
- RTEMEROHTERENWES DT MR U

- WEULASTIEROMEEL. FEICLBHEEMENEDTHO.
WebAFT—4 & D RIBODRNEDTH D=

« Standard mode(C KDIEEMTEHHIRMEENSHD . REFRBDAE
WADIEANRETES

Future prospects
. ESISTR
- BEKSRTAICEY DHETRRT

23
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Ka ## 2 B OBERBRE L L BBy —Y o FiEokkst

A28 OR B BE UE 5 K )

1. IZLHIZ

414, 5GI6G B BhiE(E T AT A TIE, HIEREIEL, FHBML TORY N —I AT AOFEN TSNS, Z
NEDU AT AT, # 1L 2 (GEO), Kk A 2 (LEO), BIOE @ E 77 b7 4+ — L& (HAPS) DA %
ENnDIEH R R b —Z(NTN) S B &8l R7- 2B 2 0ND[1]. ORI R Ry T —271%
Gbps LA EDH ERry N — 2L 208203500, 328 O A AT Ku 45 (14/12GHz) 75 Ka #r
(30/20GHz) LA L THHMLENHD. /E-T, A1k 5G/6G DifE Ry N —27 T, Ka 45 (30/20GHz) 7>5H k0
JEE O E W Q HERe V ORI HIL RN RIAEND. ZOEKT, 10 GHz L L85 T3 A+ DR
B [2] BNETETERA LA S.

AWETI, KIRESGERE KF ER)I ) T 1988 4E205 2023 4E(2/ T CHIES L Ku 1 BS ik E
¥ (11.84 GHz, MR, 1114441.3°) & 1986 47> 2006 4120 T Ka #y CS B —= 1% (19.45 GHz, MR,
{15 49.5°) OB a2 W T, SOIZE LD 30 GHz <° 40 GHz CHAE 32 &2 D0
THEE A T-DOTHET5.

1 2. AR —Y 7k

& D1 RO BN D[Rl — 5 AV MM O 2 [RIRR D F& 705 J& 1 $5 D 1% R0 O HE & V38 I SA 7
—VZEZIVITOND. JAEE fi OO f, [SxTDREIEE O BB A T —) 7L TR
ITU-R B 5 BN LV IR AN RSN TN D.

Ay = Ay(@2/ @y)' 010240 1)
fZ
o) = oz O]

H(pq, 0, A) =112 % 10_3((.02/([)1)0'5((/)1141)0'55 3)

TIT, A A, FENENEABEL £ f, [GHz] (kT D KNI 0 BRI [ 3010 O H e 1 T,
O & @ ITENTNEWE fi & £ ICHL TR THEALND. BID, fi =11.84, f, = 1945 91U,
Ku # BS FEI [ MR AL 2> DIRMERES O Ka fi7 [ RIE A, O BRI 7M1 0555 ATREL 7220, Ka i CS
%&@%fﬁﬂﬁjﬁﬂiﬁﬂﬁl @é%il%ﬁﬂf%ﬁfu \ AZI — AZ sin4-1.3°/ sin49.5° ThE.2 b5,

— 77 AR T T S S D BRI O AR R4S, MR [mm/h] (SdLRATEZ NS,

a =aR? dB/km @
AL, FERRSREEAY R [mm/h] OO Ku i Ka H ORI, [ 4, 4, £T5&

Al = alelLl [dB] (5)

AZ = aszsz [dB] (6)
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TRIND. ZZT (ag, b)) & (ay, by) 1%, TNEI Ku firk Ka i OWEREICH T HEHTHY, 3F
HHORFHIZR TR A THD Id B (Joss-drizzle: FEF) . MP % (Marshall-Palmer : fE#ERY) | 3 O8N Jt
4 (Joss-thunderstorm: Z5 A (25 L TR 1 ORTEUE CTH- 26N 5. /2, Ku 4 BS OMBOERK R L, 115
km FEETHY, Ka # CS DOlEKR X L, = L, sin41.3°/sin 49.5° CH- 2 b5, -, Ka Hiia &
A, VX Ku R Ay KD, WS IZI W TR — OB NTREE A E L TE(5)&£(6) TR ZIHETHERA
TEHAEIND.

Ay )bz/b1

a1l

4, =a, ( L, @

ZIZTUITU-R BYE ISR BN Ar — ) 710 (1) T, el A RIS EHI I DB IR 00 SRS R
RSTEN G- 2 S5NDDIZKEL, R T T I LB B IR, B120E 145 R o ) E il oo W
IZRBWTC, 3 BEO TR ET M U TR A — ) TN E 25N DICEEEET 5.

F 1. Ku# Ka TR O 4 ik 53 41 (DSD) D /& 45

A URE) | A DSD a b

BS Ku #f Jd: 0.01086 | 1.187
(M) 11.84 GHz | MP: 0.01766 | 1.216
44 41.3° | (aq, by) Jt: 0.02027 | 1.150
CS Ka #f Jd: 0.04218 | 1.143
(M) 19.45GHz | MP 0.07032 | 1.105
4 49.5 (az, by) Jt: 0.06957 | 1.033

1 1%, 1988 25 2006 AL TIHIESNZ Ka 1 CS & Ku #5 BS OREFIE O W BRI %
fili L CoR & 7 %5 fife S g T [R) L 0 B3GR &2 - 3, IR Ml #R 1. 5 98¢ (Joss-drizzle : Jd) | 42 M7
(Marshall-Palmer: MP) . 35X TV Ri% (Joss-thunderstorm) OAFERI7e 3 FEIAD TR 2546 (DSD) 1253
PRI O Y e RO FGRIE CTHD [4], Tz, ST ITU-R BIE O EAr—V 2 7285 T HIE T
H5 [3].

1 X0 BRI o e RO R 2 RESEFL TR, ZOZEEIFEIL MP RUIZITHEY T 5F
PIED £10%LL EIZEL TWDZEND D, 72120, ZRHORT, i Lito 3 FEO YA X0
(DSD) (ZHS<HEREOFIANICH DI EN 3D, K 1 ZSHICFELLADE, Ka #7 T 10~15dB LA L7 E | &
DFE PR BN K EL IR D LA D P EL L OFE OB 2720 | A ISR Rons, 7o
21X, 1992 4 (a, )& 2003 4F(d, fif ) TIFERE LS K &R dd BUZI-S<DITH L, 1988 4 (a.
) | 2004 47 (d, 7R) TIXFIZ/hELAeD, LA I ARNTIE ST LRSS,

(a) (b) (c) (d)
Neyagawa, Osaka: 1993 — 1997
3/ MP

[
o

Neyagawa, Osaka: 1988 — 1992
MP/

Neyagawa, Osaoka: 1998 — 2002
Jd P77

Neyagawa, Osaka: 2003 — 2006
W/ 2y

[
<}

[
=]

N
o
N
o

N

o

N
o

Ny
o
N
=}

[T

[
o

o

o
o

o

&
o

+—+ 1996
1997

Ka—band Attenuation (CS,19.45GHz) [dB]
Ka—band Attenuation (CS,19.45GHz) [dB]
Ka—band Attenuation (CS,19.45GHz) [dB]

Ka—band Attenuation (CS,19.45GHz) [dB]

o

o

0 0 5 10 15 0 5 10 15
0 5 10 15 o] S 10 15 . .
Ku-band Attenuation (BS,11.84GHz) [dB] Ku-band Attenuation (BS,11.84GHz) [d8]  Kuband Attenuation (BS,11.84GHz) [dB] Ku—band Attenuation (8S,11.84GHz) [dB]

11988 A5 2006 FEEXTITHEONZ Ka#y CS & Ku HY BS DR IBIE O4F [ S5 e SRRl
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3. 30 GHz BX1'40 GHz #DOKERBEHE

AFETIEH, LVEWEEKHECTHD Katir 7T v 7 U7 ® 30GHZ #iL QX7 U7 d 40 GHz
HOBENMEAHEET D721, 2D OFEEEHE ORMEREEZ AT, FRICEREA S —Y) 7
(2 K DR R A T HME O OFE A2 A 7, JEE%IE 30 GHz & 40 GHz & L, 5l & 1% CS & [H
CHifg 495° & L., REEIEAEMREE & Lz, R2ICTNHDEEEA T — Y o ZIZHW - BEER
B DOEH (as, bs) & (a,, b)) % DSD BIZART,

#2. Ka#rl Q # R DA WA 534 (DSD) D EHL.

B ORI) | AR DSD a b

cs* Ka #f Jd: 0.11918 1.0910
(M) 30 GHz MP; 0.18838 1.0308
4 49.5° (as, bs) Jt: 0.16852 0.9441
cs* Q# Jd: 0.23598 1.0512
(M) 40GHz) | MP 0.36232 0.9673
4% 49.5° (ag, by) | 3t 0.30317 0.8714

ZZCIEET 1988 4EM D 2006 41T 1 43 M R CRIE S 4172 Ku i BS (11.84 GHz, {1441.3°) ORI
KU, B SE GO EHRIR AL Id B, MP B BE OVt B o> 3 FiENDZ N2 1A T 30 GHz & 40
GHz @ CS {EHEI (114 49.5°) 12331 ARSI L7~ (¥ 2 L[¥ 3 13# 24 30 GHz & 40 GHz D3
AICBIFLEED BS BT OGS RMRMER EOBBRERLELOTHD, K 2 LXK 3 L0, Ku #F 11.84
GHz & Ka i 19.45 GHz D555 DA FEOFREH AL LIRERIC IRV REREBZ TR T8, Wi 3
FE4H D DSD O PGB AS /R T #aPHIC AT T DI EN 0D, EI-INOLDOMEITAEITELALILS DSD O # 2%
2T, 4 DSD I T HIENS A7 R0 R R (R PR 46) DI ARSI RV ED ZEDVREIN T
%R

(a) (b) (c) (d)
e Neyogawo, Oscko: 1988 - 1992 Neyogowo, Osoko: 1993 - 1997 60 Neyogowo, Osokae: 1998 - 2002 Neyagowo, Osoko: 2003 - 2006
7 60 60
- 4 Jd ﬂ' @9 — Jd 3
@ ™ MP, / MP —
g g 1/ k) / g
= 50 ~50 ~ 50 /o ~ 50
T E z z
3 8 M 8 2 8
) 40 " 40 / " 40 " 40
4 % a @
e S < e
§ 30 3 € 7 c
2 g 30 830 § 30
3 7 S e mu-R I Y // MmU-R s + /S - mu-R 3
e
1) <€ $ c
220 7 s—e 1988 e s—eo 1993 £ o—e 1998 s
Z +—o 1989 z2 o—o 1994 2 s—e 1999 %20
o . :33? N ——a 1995 ® »—a 2000 -
— —r +—+ 2001 e
810 1992 810 1997 810 2002 310
1
< L) N <
0 0 0 0
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 ° 5 10 15 20
Ku-band Attenution (BS,11.84GHz) [d8] Ku=band Attenuction (BS,11.84GHz) [¢B] Ku-band Attenuction (BS,11.84GHz) [d8] Ku-bond Attenuation (BS,11.84GHz) [d8]

2 1988 £E725 2006 £EIZFFHAV2 BS DFERNIRIE L 30GHZ OO HE E fIE oD 4 [ 55 i ] #=f1

(a) (b) (e) (d)
Neyagawa, Osaka: 1988 — 1992 Neyagawa, Osaka: 1993 — 1997 Neyagawa, Osaka: 1998 — 2002 Neyagawa, Osaka: 2003 — 2006

100 100 7 100 100
g %0 g 3 B
= 80 o i =
g & & ¢
g 7 2 g g
%] ] %] 73
S 60 S e e
§ s0 $ 8 $
L E E g

3

< 30 b3 = z
o o °
§ 2 5 g z
3 3 3 3

1
g ' g e g

0 0 (] 0

0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 o] 5 10 15 20
Ku—band Attenuation (BS,11.84GHz) [dB] Ku—band Attenuation (BS,11.84GHz) [dB] Ku—band Attenuation (BS,11.84GHz) [dB] Ku—band Attenuation (BS,11.84GHz) [dB]

3 1988 4F7»h 2006 FICAFDAVC BS ORI S 40GHZ OHETE IF O AR ] S5 ] 34
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Iz, K 412K 2 X 3 THLNTAED (a) 30 GHz & (b) 40 GHz (28115 Ku #f BS BEEEIHD
JAR IR — Vo XD HE RO EEEZ DO JHV O L BiEE % BS MR L TRd, £ 5 13RI
12U Ka 1 CS(19.45 GHz) DRI DA A — Vo 7 k> THEES =40 (@) 30 GHz & (b)
40 GHz ITHITHHEEMEDOFEIEEZDEVDEBEIEL T, SHIZK 4.73(a) 1% BS 11.45 GHz & CS
19.45GHz DO E B [H O %5 IR fE] 2= 48, [X] 4.73(b) BS DHIEfE L CS DJEIK AT — Vo 7 K HHEE B D S
MRMEICRB T DZENLOBRERERICR T,

4 LK 5 05, EHEEY 30 GHz 725 40 GHz ETHI R T A1 24V CRETREHE E &0 ) O L BiIE
DR, EBEREHEE A REINIZELBIED RERDIEDREND, FEEEITE OFHIH T
@ MP HD DSD IZEDJEWEA — Vo TEOEHIZHY | BRI N FREOSE ORI 3 FED
DSD OEFPHIZ N SZEITRNEE 2D,

@) (b)

Neyagawa, Osaka; 1988-2006 o6 Neyagawa, Osaka; 1988-2006

—~~
&
~—~

(=)}
~

o
=]

5 Neyagawa, Osaka; 1988-2006 Neyagawa, Osaka; 1988-2006
60

Jd Jd
P

P

o
=]

43
o

o

o

&
o

gL 4

>
=}

IS

o

[
o

[
<}

[

<}

N
o

N
o

N

o

o

o

Ka—band Attenuation (CS,30GHz) [dB]
S

Ka—band Attenuation (CS,40GHz) [dB]
Ka—band Attenuation (CS,30GHz) [dB]
Ka—band Attenuation (CS,30GHz) [dB]

0

0 5 10 15 20 0 5 10 15 20 0

0
) 10 1 30
Ku—band Attenuation (BS,11.84GHz) [dE Ku—band Attenuation (BS,11.84GHz) [dB] Ka— bqndsAnenSm.ons(csz709 45265Hz) [dE KoSbundsAner:Sotio:wS(CSZWOQ 45265HZ) 3[ZB]

X 4 (a) 30 GHz & (b) 40 GHz 23115 X5 (a) 30 GHz & (b) 40 GHz IZB1F5
BS (11.84 GHz) F sk 3= 5 DO HETEE, CS(18.45 GHz) BRI =N DOHE EE

[ 6 ()l 1988~2006 | ZAF CHIES 4172 BS Bl & CS B I B RN D A FEIR ] /04 & BS B IC
&% 30GHz & 40GHz D [ I8 SARERE [ =R 0 A OHEE A L0 TRd, IR IE MP BTt —L
Td, 2K 6 (b) (X, 0.01~1.0% D RAREREHZAEIZ 63D 26D JEE B O B R S iR E A 7~ 3,
(4] 20 B R P 3 00 S R F] SR B L 2 B 0 JE i 45 o0 ] CURIT E AR BTN 32 2 & 0355 % ﬁéof 20~
40GHz D14 49.5° ~CFMRIK D FENIEE O Z OO R RIREIZEIL T, X 6 (D)l L7 2 T E R
[CNFFT B2 IR0 RIS DNAZ ED RSN,

(@  Neyagawa, Osaka: 1988—2006 (b)

b0 ) B BEC DR O PRET | T

Neyagawa, 1988-2006
100 T T T L L

©o—=o0 BS

11.84GHz,
&—=a CS (19.45GHz,

e — =—a 0.01 %
= T RAN e e @ gl = 002% i
&, ! = a—a 0.05 %
o | - +—+ 0.10 %
g I s »—x 0.20 %
= £ 60F o+ 050 % T
§ 0.1 i ‘::, L +— 1.00 %
@ L 40 §
) o L
E c
= ‘S5 20 -1
0.01¢ 4 4 |
Lo18 1 I ] 0 s 1 N . A
0 1020 30 40 50 60 70 80 90100 0 10 20 30 40 50
Attenuation [dB] Frecuency [GHz]

[ 6 (a) 1988 47> 2006 A=\ EE AL BS & CS [ R SAFEIREH] #5541 & 30GHz & 40GHz O Fif Rk
% B FEIE 2R OHEEAE . 3L TN(b) 0.01~1.0% O HEET R 72\ V372 [ R ol 5 45 e P =R A,

44



4. 2007 L% OB B ORERBEREHEE

AIEORMHFHIF T, BS(11.84 GHz) & CS(19.45 GHz) FERNIEEIZED MP ¥4 FV = 30 GHz HX&
O 40 GHz DR OHEEEIL AT T DI LRSI, o T, R5FCIE 2007 4 LAKRIZIX CS B
R T E SV TR E OO | BS BRI IXBIE (2024 4F 9 A ) ICE D E TRENIREE L &6 2SI
ESIVTHY, 30 GHz X° 40 GHz DR NIBRHEE 4 5| SHERELATIZEN TR ThHLHEF 2 5, FFIZ 2007
FELLRE BS & RIS ORI RF R 2 KIR A L PO IME 28 2 DT, 30 GHz X° 40 GHz DLV &
JE I 2T OB R R R SR OB IME A1 2 B DN T2 ZENRIE LS 2 D,

7122007 35 2023 FETITHIE L7 BS OB RN & BERTTHRE O R FEIER =504 . BL O
Ko A MP B CE LT A A — U 7% VT BS Tl B S HEE L= (a) 19.45 GHz, (b)
30 GHz, BXUY(c) 40 GHz DEREZ T, ZhbHod Ka #EBE N Q #Hof B OMA IR LFLL
49.5° AR L PRI S EL TD, 7o, i, ITU-R B [3] (249 BS BB DHEE S JE
WA= 7 () L. ’@E;ﬁf'aﬁ@ﬁ&ﬂﬁéﬁf# 0.01% 1 (63.52 mm/h) 725 ITU-R BEICLvHtEEsnT-
BEREIE (48) 2T, SDIZK 8 (1) ICZbhd Ka #iE LU Q H DR IS HE B M 0> R AR =Ry A %
FEOTORT, £721X 8 (b) 1T, 0.01~1.o%®ﬂs$,aﬂ?%ﬁa% X HZNEORE NI R FHEREEZ R T,

(@) Neyagawa, Osaka: 2007-2023 (p) Neyagawa, Osaka: 2007-2023  (C) Neyagawa, Osaka: 2007-2023

T T T T
T T T T T T T T T
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