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ENRI 1onospheric density profile measurements

-

* 3-D ionospheric density profiles are very useful for radio
applications (such as communications or GNSS

augmentation) as well as ionospheric scie(gl\cI
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ENRI GNSS tomography

-

* GNSS tomography is a powerful technique to reconstruct 3-
D ionospheric density profiles from total electron content

(TEC)measurements.
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*  Objectives: Make 3-D ionospheric density profiles available
by tomography in real-time
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ENRI Real-time ionosphere monitoring
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Real-time GNSS measurements from 200 . . ) .
selected GEONET stations Real-time 2-D ionosphere disturbance monitoring
[Saito et al., ION ITM 2014]

* ENRI has developed a real-time 2-D ionospheric disturbance
monitoring system using real-time data from 200 selected

GEONET stations. [Saito et al., ION ITM 2014]
- can be expanded to a real-time 3-D ionospheric tomography

system
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ENRI 3-D tomography

-
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ENRI Tomographic reconstruction volume
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ENRI

L‘4/Ieridional cross-section (136°E)

Lon:136, Date:2016-03-17-05-30
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Realtime tomography results

(b) Latitudinal cross-section (35°N)
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/—\ NICT ionosonde stations
ENRI Validation | |
La/lonosonde

Vertical HF sounder

- Peak density can be precisely
determined.

- Bottom-side profile can be
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Validation results
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ENRI Real-time web interface
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* Preliminary real-time web interface
- On-demand plotting of zonal, meridional, and horizontal
cross sections and vertical profile

http://www.enri.go.jp/cnspub/tomo3/plotting.html
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http://www.enri.go.jp/cnspub/tomo3/plotting.html

2016 FE4 R M) 7 ILAA LY

hitp://www.enri.qo.jp/chspub/tomo3/

2016F6 A27H DA

09:00UT
18:00LT

kT4 75 o
300km ALT

NS0 w1550 saod 1497K

Lat:36, Date: 2016-06-2700.00

RBE-mE
36N LAT

Electron density [2/m3]

150
Langtitudedegres]

Loncl36, Dete:POL6-06-3 F.ob-00

mi-mE o i
136E LON Em; L300

£

LattJdeldegree]

o 3 1
0T E !
0.6
=
0.5
a4 .
IEN

1960 1850 ddol L487H

09:15UT
18:15LT

Lat:36, Date: 2016-06-2700.15

150 135 140
Lorgitude] deg res]

Lorcidn, Dete:POL6-068-3T.08-15

x5 &0
Latitude[degres]

Electron density [em3]

3.6
A8y

108

Electron density [e/m3]

09:30UT
18:30LT

) | |
1300 1850 idol 1450

Diate:2016-06-27.00. 30

159 155
Longtitude] degres]

Loncl36, Deve:d0i6-06-3 F.08-30

L.attJl:Ielﬂegree]

m-uu.i
-

E £ § 8

Altmude [knn|

.
= H N oW B ow

—E X & Fith

09:45UT
18:45LT

11

~

Elesctron density [efma]

]

1!‘"'—. 1 g L o
13070 A3 140l 14570

[abe: 20 16-08-27.00.45

135 140 148
Longtitude] degras]

Lone196, Deve: FO16-06-3T.08-45

g

waa 7
z
_ 500 1° s
£ 5z
5
Eum '45
£ H
% 300 3§
i
200 15

1

100

=

£

B

35 0
Latitucie[ degres]



e |
ENRI Potential use of tomography
L/

% lonospheric science
- 3-D structure of traveling ionospheric disturbances (TIDs)
- lonospheric climatology with tomography of archived
GEONET data

* Engineering application
- Better ionospheric correction for single-frequency GNSS
- HF radio wave propagation prediction

ION GNSS+2016, Portland, 13-16 September 2016
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ENRI Summary
-

* Real-time 3-D ionospheric tomography system over Japan
has been developed.
- Every 15min with about 10min latency

% Tomography results are validated with independent
measurements
- In good agreement
- More validation works planned

* Scientific and engineering applications are provisioned.
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A new ionospheric storm scale (I-scale)

GEONET TEC (Jan 25 - Jan 30, 2017), Quasi-Realtime Version
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TEC monitoring system in NICT
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“A new ionospheric storm scale based on TEC and foF2 statistics”, M.
Nishioka, T. Tsugawa, H. Jin and M. Ishii, accepted to Space Weather



TEC [TECU]  TEC [TECU] DST[nT]

TEC [TECU]

100 -
200 ¢

2015
16 Mar 17 Mar

Motivation

18 Mar 19 Mar 20 Mar

100 F |
0F \

a¢g]

N\

37°N

iE
16 Mar
Positive storm

c C L
<

S viar 19 Mar 20 Mar
Negative storm

TEC in the Japanese sector
during the St Patrick’s day storm
— Observation
— median of 27 days

6

K index

3

0

» Ionospheric storms have
no clear definition.

» lonospheric parameters
largely depend on local
time, season, and latitude.

» It is necessary to
investigate the
jonospheric parameters
statistically in order to
define an universal
jonospheric scale.



Data set and methodology

[Data Set]
» 15-minute TEC for 18 years from 1997 to 2014 (TEC,,.).

[Methodology] Distribution of Prgc
(29°N, Feb-Apr, 201ST)
» Percentage deviation of TEC from the reference, ——— ———
Prec, IS used to describe ionospheric state.
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150 i
Prec= TEC ps-TEC, [ :%
TECrer 100} ' %
> The reference value, TEC. is defined as a : | 5
median of TEC,,. at the same local time and _ | &
latitude in the past 27 days. 0 z

» Since distributions of P are different
among different seasons, local-times, and jgp
latitudes, Pgc is normalized by o. The
normalized P;gc is used to determine an I-
scale. It is defined by setting thresholds to 90 (days) x 18 (years)
the normalized numbers to seven categories: ~1600 samples

I0: Quiet state
I,1, I;2, I,3: moderate, strong, severe positive storms
Iy1, I2, Iy3: moderate, strong, and severe negative storms

50 >100
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I-scale
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» This ionospheric scale

does not depend on
season/LT/latitude.

Positive and negative
storms during St. Patrick’s
day storm were 1,2 and
I3, respectively.
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Active Region Evolution and Solar Flares

Energy storage and evolution of sunspot Intermittent Flares

Solar flare
(NoRH data)

(Hinode/SOT) (Hinode/XRT)

To predict the maximum class of flares within the next 24 hours !!

£ Time variation of soft X-ralemitting recurring flares (X:1, M:2, C:14)
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Daily Space Weather Forecasts

Sunspot Num. & Hit rate of flare predictions in 2013~2014

s 2100 1200 #sunspot (monthly ave.)
°\° ! [——

& 80| " Tokyo

f 60 100 Bolder (USA)

T i o —  Sydney

.5 el —s  Brussels

% 20t 00 Beljlng

@ - oo (Jeju 2015~)

o 0} -

94 WA WA 12A 1A 28 3R 4R 5H 6A A BAm

Month (2013 Sep — 2014 Aug)

Manual Prediction:
Hit rate~60-80% U

True Skill Score: F‘

TS5~0.5 : @ B
(-1.0<TSS<1.0) “l SWC

ISES/RWC |PN NICT



Flow chart of Flare Prediction System
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Machine-Learning

(1) To construct algorithms that can learn from and automatically make classification

or prediction on known/unknown data.
(2) To classify and predict the complex data, beyond the human processing capacity.

@® Suppo.rt Vector @ k-Nearest Neighbor 3 Ensemble Learning
Machine (SVM) (k-NN) (ERT: extra random trees)
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Statistical ma
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Prediction Results & Evaluation

- We divided the database of features randomly into training/test datasets
with the ratio of 70 : 30. We evaluated the prediction results with TSS.

Observation @® True Skill Statistic
flare no [by Hanseen & Kuipers '65]
— @
e 5| TP FP
o ¥ TSS = ili
S o TP + FN FP+TN
£ <| FN | TN TSS = 1 means 100% Hit prediction
full shuffle (1 hr)
SVM Observation KNN Observation ERT Observation
flare no flare no flare no
- @ - - b
2 é 144 15 2 é 146 6 2 E 130 1
T o T o S o
s < 18 54439 £ € 16 54448 = < 32 54453
TSS=0.889 X flare TSS=0.927 TSS=0.802

* We achieved TSS =0.927 - world top-class score.
* In our model, kNN showed better score than SVM, ERT.




Operational Prediction (week shuffle)

Magnetic filed of sunspots does not change so much within 24 hours, so
it’s not good to divide the data just before a flare into training/test data
sets. Therefore, we adopted the week shuffle for operation evaluation.

training Test dataset
AJ‘ "UT T Random shuffle with week unit
[similar to Kyoto-model, Muranushi+'15]
SVM Observation KNN Observation ERT Observation
flare no flare no flare no
- @ - @ - @
2 = 39 10 S &| 59 15 S =& 34 2
2 2| 26 |26335 2l 6 |ae330| B 2| 31 |[26343
[ [ O
1S5=0.600 T55=0.907 TSS=0.523

*In operational model, we achieved TSS = 0.507

cf) Bobra & Couvidat’1l5 TSS=0.76, Muranushi+'15 T55=0.75

- world top-class !

*kNN is the best, among the three machine-learning methods.




Importance Ranking of Features (from ERT)

Ranking
1.

SIS 1 B W

P e fd fed e
B2 W N =R O

15.

Features
Xhis
Xmax1d
Mhis
TotNL
Mhis1d
NumNL
Usflux
CHArea
Bave
Xhisld
TotBSQ
VUSflux
Bmax
MeanGAM
dt24SavNCPP

Total 50 features

0.0519
0.0495
0.0365
0.0351
0.0342
0.0341
0.0332
0.0235
0.0230
0.0224
0.0199
0.0196
0.0193
0.0179
0.0171

Importance

/ N\ \

"Flare history (total, 1day),
*Max X-ray intensity 1 day before

Total length of Neutral Lines
*Number of NLs

- Unsigned magnetic flux,
-averaged/max Bz

Chromospheric Bright Area

Total magnitude of Lorentz force

*Mean angle of field from radial

*Sum of the modules of the net
current per polarity



