( The 8t CCMC Community Workshop IS -,_E

;T!) 11-15April, 2016, Annapolis, Maryland E—
Opportunities for CCMC-PSTEP

Partnership

Kanya Kusano

Institute for Space—Earth Environmental Research

s
e S =



Outline

= Introduction to PSTEP
= What is PSTEP
= Motivation, Objectives & Organization
= Strategies and Roadmap
= PSTEP Models
s CCMC-PSTEP Partnership

= Possible collaborations
= International Framework for Coordinated Model

4/10/18



|SSE

FEIMIRRITH T

Introduction to

PSTEP

Project for Solar-Terrestrial
Environment Prediction




Research & Operation

“understanding” “predicting”

science forecast
research operation
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History of Flare Prediction Skill

2 ™,

3 .

YohkoH

Forecast Skill

vﬁ 2014, NOAA Space Weather Prediction Center, Boulder, CO,

http://www.swpc.noaa.gov/content/solar-activity-forecast-verification 4/10/18
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Research & Operation

“understanding” “predicting”

Appli€cation of forecast results fc ience

science forecast
research operation

Physics-based Model
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Project for Solar-Terrestrial Environment Prediction (P
supported by a Grant |n-A|d for SC|ent|f|c Research on Innovatlve Areas fr O

[ Objective 1)« development wp [ Objective 2]

To answer fundamental
qguestions of solar-terrestrial
environment:
B The onset mechanism of solar flares

m The mechanism of radiation belt
dynamics

m The physical process whereby the sun
affects climate

To build the base for next-
generation space weather
forecast system
m Useful prediction for each industrial
activities
m Physics-based assessment of severe
space weather disaster

Physics-based Prediction

+

Observation Network & HPC




© PSTEP Network -
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Project for Solar—Terrestrial Environment Prediction

e 20 Institutes & 90 Researchers
« Grant-in-Aid for Scientific Research on

Innovative Areas from MEXT/Japan
(2015-2019) T‘ﬁ"“ !

AL JMA

Kyoto U
RIHN g4 Lk lcnibau
Hiroshima U NICT JAMSTEC
NAOJ U Tokyo
Kyushu U @ Osaka P U ISAS/JAXA RIKEN
@ Hyogo P U ENRI Musashino A U

Q

U U EC Sekei U

[> |IS2E Nagoya
§TEL FEH R BT ISE E

(Institute for Sun-Earth Environmental Research)
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Organization of PSTEP

International
partners

Steering Committee
Kusano (Nagoya U.)

©

Partners in
Industries

——

@ Forecast systems to meet the needs of society, Assessment of severe space weathe

AO01 Space Weathe

A02 Solar-Storm group B A03 Geomagnetism group
@ Ichimoto (Kyoto Univ.) (/0 Miyoshi (Nagoya Univ.)
Short-term Flare & CME [ Flare prediction Particle model Radiation in space
Now-casting of Magnetosphere Mod GIC
(sr:;ce) m%del " solar storm lonosphere Model lonosphere dis.
weather Hinode, SDO, ground-based
\ observations / ERG ground based obs.

©)

r Forecast Operation Group

Ishii (NICT)

i —

= =

A04 Solar cycle and climate , Yoden (Kyoto Univ.)

Long-term Hinode, SDO, SORCE
(space Meteorological data

climate) \

Solar cycle model

' Earth-system model

— Prediction of next cycle

— Solar inf. to cIimate

Research Units (proposal-based)

\\




(2 Short-term prediction (Space Weather)

AOL_Operation Group

A02 Solar Storm (PI: Ichimoto)

.% 4834 44 (Kyoto. Nagoya. JAXA, NAOJ. NICT. JAMSTE

Prediction of Solar Flare & CME

3D B model and data-driven simulation

vr [km/s] 2015.03.07 00:00UT

CME prediction model

Hinode

Data-driven
simulation of

: flare
Kusano, etal. 2012

Now-casting of Solar Storm
Assimilation of CME b/w network observation and model
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SMART Hida observatory NIC o diakast Nagoya Univ. \) ° ] dg . N— measurement of
Doppler measurement of filament © - 1°F. €50 2 25 IPS observation of Im‘é'rt:c‘i?c')e conauctivity vyalidation GIC
velocity 5 solar wind Global magneto-

A03 Geomagnetism (Pl: Miyoshi)

24874 . EH#ESHE (Ngoya. Tohoku. Kyusu, Kyoto. NICT, ISAS. MC)

Prediction of radioactivity in space

Short-term prediction of radiation belt and SEP
i
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=2 d Physics-based
ERG(2016) modeling
first measurement of wave-
particle interaction

Prediction of ionospheric disturbance
predicting meso-scale disturbance and propagation

&

Inter-scale
coupling

C)

Radiation belt
model including
nonlinear
acceleration

lonosphere-
Atmosphere global
connection model

(GAIA)

Evaluation
at L1

0 KFEERE (km) 4
Plasma bubble

Prediction of geomagnetically induced current

Local model of GIC taking into account of conductivity distribution

shperic model

Bbservatio

bng-variati

A04 Solar Cycle Group




Flare Trigger Models

= Kusano+2012, Bamba+2013, Inoue+2016
S e

flarestrigger
ion

Ex 0.5 1.0 1.5 2.0 2.5(x10?)

Distribution of
possible flare
energy on the
parameter space
of trigger field
structure
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Solar Wind & CME Model

S

magnetic cloud
(spheromak)

+X(HGI)

X(HGI

observation V/
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osphere-

lonosphere Coupled Model
(Shinagawa+ 2011)

multi_scale ial Plane: T = 1750 s

Global MI-coupling Model
Ebihara and Tanaka (2015, JGR)

The evolution of auroral breakup with

substorms. .
HL o)

MAGDAS/OMTIs Map

(MaGnetic Data Acquisition System/Optical Mesophere Thermosphere Imagers)
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Local bubble model
(Yokoyama et al. 2015
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| contours by solid curves on magnetic equatorial planes at T = 0, 500, 1000, 1250, 1500, 1750, 2000, 2500,
ours are drawn every 30 V. Tick marks on each contour indicate the direction of electric field vectors.

Ground-based
Observation network
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(3 Long-term prediction (space climate)

| prediction

w2 aoam

Kyoto. Nagoya.

a5 Prediction of C

Active Region Count
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1980 1985 1990 1995

World largest solar
dynamo simulation
(Hotta et al. 2016

Science)

w.io3s Jejos

3D dynamo model
Using K-comp




System map of PSTEP models
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International frameworks

network

center
I-CCMC ?




Project for
PSTEP Solar—Terrestrial Environment Prediction

PSTEP is a hew nation-wide project in Japan
for space weather & space climate study.
PSTEP aims to synergistically improve both our
scientific understanding and predictive
capability. The international joint activity is
very important for PSTEP.




(1) Forecast Operation Group

P.

AO01

Mamoru Ishii (NICT)
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Socio-Economic System

to build the base of next-generation space weather forecast

evaluation

B Forecast systems to meet the needs of society,

B Assessment of severe space weather

Satellite&Aviation

Prediction of Radioactivity Prediction

on flight'track

prediction

Power grid

EBARHPEYZIA
of GIC

feedback

Radio wave simulator

GNSS & Comm

Integration of Physics-based Models

A02 Solar Storm

flare prediction model
CME prediction model

integration evaluation

A03 Geomagnetism
Radiation prediction model
GIC prediction model
lonosphere model

AN AN

A04 Solar cycle

Solar cycle model

Earth system model




