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International interdisciplinary programs
in solar-terrestrial physics operated by SCOSTEP

1976-1979:
1979-1981.:
1982-1985:
1990-1997:
1998-2002:
2004-2008:
2009-2013:
2014-2018:

IMS (International Magnetosphere Study)

SMY (Solar Maximum Year)

MAP (Middle Atmosphere Program)

STEP (Solar-Terrestrial Energy Program)

Post-STEP (S-RAMP, PSMOS, EPIC, and ISCS)

CAWSES (Climate and Weather of the Sun-Earth System)
CAWSES-II (Climate and Weather of the Sun-Earth System-lI)

VarSITI (Variability of the Sun and Its Terrestrial Impact)






VarSITIl has 4 scientific projects

VarSITI Leaflet (distributed in Dec 2015)



e How well do we understand how Sun works?

e Can we predict Sun’s activity? Are we entering a grand
“Maunder-type” minimum, or just a secular “Dalton-type”
minimum? Input for climate models.
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Hotta et al. (Science, 2016): High-resolution modeling of solar magnetic field at high
Reynolds numbers (small scale dynamo acts as large diffusivity).
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- Predictions of sunspot cycle 24

Pesnell [SolPhys, 2012]



SEE

Can we predict solar activity in the following cycles?

ISS1/VarSITlI Forum on future

evolution of solar activity,
2016, ISSI, Bern, Switzerland

The next two cycles will not be high, but not a beginning of a grand
Maunder type minimum.

Most likely that cycle 25 will be of the same height as cycle 24, and the
next one may be a bit lower.

There is some probability of a Dalton type minimum.

We cannot predict beyond cycle 25 or at most 26.



SEE Predictions of
sunspot cycle 25

Cameron et al.
(ApJ2016): Cycle 25
prediction based on
axial dipole moment.

- moderate amplitude,
not much higher than
that of the current
cycle.

lijima et al.

(AA2017)

Cycle 25 prediction
63+11.3 based on axial

dipole moment.

Kakad et al. (SolPhys2017)

Shannon Entropy—Based
Prediction of Solar Cycle 25



SEE

ZEARUE

Miyake et al. (Nature, 2012)

Super flare seems to occur in AD775 from '*C record in
tree rings.



SEE

Maehara et al.
(EPS, 2015):

Notsu et al.
(19t Cambridge
WS, 2016)

Steller flare observation indicate super flares can occur.



International Study of Earth-Affecting
Solar Transients ISEST/MiniMax24



How well do we understand the relation between solar
events and the geoeffective disturbances?

SUN
Electron Heat Flux )LE

Shock CME

Plasma Counterstreamin
Electrons

Can we predict a CME’s magnetic field based on its solar origin?
Can we predict a high speed stream’s speed?
Do we know what happens to them during their way from the Sun to the Earth?



http://solar.gmu.edu/heliophysics/index.php/ISEST
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ISEST

This wiki is specifically for data sharing and discussion forum of the ISEST program. We encourage everyone to upload any data pertaining to ICMEs to this wiki and to
discuss events freely in the discussion section of each page. Please do not alter any data that is not yours without the express permission of the uploader. For any
questions of using this Wiki, email Phillip Hess at phess4@gmu.edu

The ISEST/IMiniMax24 (International Study of Earth-Affecting Solar Transients) is one of the four projects of the VarSITI (Variability of the Sun and Its Terrestrial Impact) & program,
which runs from 2014 to 2018. The VarSITI is the current scientific program of SCOSTEPR (Scientific Commitiee on Solar-Terrestrial Physics &.

Goals and objectives: Understand the propagation of solar transients through the space between the Sun and the Earth, and develop space weather prediction capability.

Questions: How do coronal mass ejections (CMEs) and corotating interaction regions (CIRs) propagate and evolve, drive shocks and accelerate energetic particles in the
heliosphere?

Dataftheory/modeling: Establish a database of Earth -affecting solar transient events including CMEs, CIRs, flares, and energetic particle events based on remote sensing and in-
situ observations from an array of spacecraft, run observation campaigns such as MiniMax24, develop empirical, theoretical, and numerical models of CME propagation and
prediction, validate models using observations.

Anticipated outcome: A comprehensive database of Earth -affecting solar transients will be created, and space weather prediction capability will be significantly improved.
Co-leaders: Jie Zhang (USA) (jzhang?@amu.edu), Manuela Temmer (Austria), Nat Gopalswamy (USA)

Working Group Leaders: (1) WG1 (Data Group): Jie Zhang (George Mason University, USA); (2) WG2 (Theory Group): Bojan Vrsnak (Hvar Observatory, Croatia); (3) WG4
(Simulation Group): Fang Shen (CSSAR, China); (4) WG4 (Event Campaign Group): David Webb (Boston College, USA); (5) WG5S (Bs Challenge Group): Spiros Patsourakos
(University of loannina, Greece); (6) WG6E (SEP Group): Olga Malandraki (National Observatory of Athens, Greece); (7) MiniMax24 Campaign: Manuela Temmer ( University of
Graz, Austria)

Scientific Organization Committee members: (1) Ayumi Asai (Kyoto University, Japan); (2) Mario M. Bisi ( RAL, UK); (3) Kyungsuk Cho (KASI; South Korea); (4) Peter Gallagher
(Trinity College Dublin, Ireland); (5) Manolis K. Georgoulis (Academy of Athens, Greece); (6) Nat Gopalswamy (co-leader) (NASA/GSFC, USA); (T) Alejandro Lara (National
Autonomous University, Mexico); (8) Noe Lugaz (University of New Hampshire, USA), (9) Alexis Rouillard (CNRS/IRAP. France); (10) Nandita Srivastava (Physical Research Lab,
India); (11) Manuela Temmer (co-leader) (University of Graz, Austria); (12) Yuri Yermolaev (Space Research Institute, Russia); (13) Yu-Ming Wang (Univ. of Science and
Technology. China); (14) David Webb (Boston College, USA); (15) Bojan Vrsnak (Hvar Observatory, Croatia); (16) Jie Zhang (co-leader) (George Mason University, USA)



ISEST/Minimax24

Data, Campaigns, WGs
e ICME/CME Lists
* Event Data

e WGI1 (data)

e WG2 (theory)
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Gopalswamy et al. (GRL, 2014): CME size difference by different background pressure
condition in Cycle 23 and 24.
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- GCS modeling results using the simultaneous view from three spacecraft
- (STEREO B left, LASCO middle, and STEREO A right) on 1 October 2011.
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Left: Interplanetary
propagation of the CME

, FREE 2 under study (red line) tracke
Olo i e : — using SATPLOT j-maps.
' - ' Top right: Conversion result
from the derived elongation

(a) Central filament channel as observed in SDO/ATA 304 A around the main angle using several methods
sunspot of NOAA 11305 before the flare-CME on 1 October 2011. (b) NLFF with different assumptions

model magnetic field lines outlining the observed filament channel. The color- on the CME geometry (FP,
coded background resembles the SDO/HMI vertical magnetic field, scaled to HM, SSE — for more details

see Section 2.4). Bottom
right: DBM graphical output
(swe.uni-graz.at) using the

12 kG £2kG . (c) Orientation of the coronal magnetic field (orange arrows)
in a vertical cut through the model volume above the path outlined as a white
solid line in (b). (d) Orientation of the coronal magnetic field as in (c), but with .

h itude of the total electric current density shown as color-coded parameters derived from the
the magnitu ol GCS model fit as initial
background.

values.

Temmer et al. (Sol.Phys, 2017, ISEST special issue): Flare-CME Characteristics from Sun to Earth



Pomoell and Poedts (J. Space Weather Space Clim. 2018): EUHFORIA: European heliospheric
forecasting information asset (3D coronal and heliospheric model)



Specification and Prediction of the Coupled
Inner-Magnetospheric Environment
(SPeCIMEN)



How well do we understand what happens in the Earth’s

magnetosphere based on inputs from the Sun and solar wind?

Can we go from modeling to predictions?
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SPeCIMEN

In a—e the highly energetic
electrons measured by REPT
sensors throughout the
mission never seem to extend
inwards of L = 2.8. This forms a
particularly clear and sharp
boundary for the
ultrarelativistic electrons as
shown in c—e.

Baker et al. (Nature, 2014): Discovery of sharp inner boundary for the ultrarelativistic

(E>5MeV) electrons in the Earth’s radiation belts.



SPeCIMEN

Kasahara et al. (Nature, 2018): Arase (ERG) show one-to-one correspondence between ELF/VLF
chorus waves and electron fluxes in the loss cone.
-> evidence of pitch-angle scattering to cause pulsating aurora.



VERSIM

(VLF/ELF Remote
Sensing of lonospheres
and Magnetospheres)

1ttp://www.iugg.org/
AGA/iaga_ursi/versi
m/index.html



Role Of the Sun and the Middle atmosphere/
thermosphere/ionosphere In Climate (ROSMIC)



Gray et al. (Rev. Geophys., 2010)
How well do we understand solar variabllity effects on the middle
and lower atmosphere?
Solar versus anthropogenic Influence on Climate in the
Context of Weak Solar Activity



particle precipitation
from the magnetosphere

magnetosphere

plg

lonosphere

* Ozone

atmosphere

middle Andersson et al. (Nature Comm., 2014):

First evidence for radiation belt electron

precipitation impact on atmospheric ozone
in long term.

troposphere ‘
Polar region
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Figure 2. Linear temperature trend from the quarter century data set with 11- and 7-
parameter analyses, respectively denoted as F-11P(90-14_Avg) in black solid circles
and F-7P(90-14_Avg) in black open circles. Shown for comparison are those data
published based on an 18-year data set denoted as F-11P(90-07) in red solid squares
and F-7P(90-07) in open red squares.

She et al. (AnnGeo, 2015): long-term trend of mesopause temperature based on 25-year Na-

lidar measurements.



Yigit et al. (JASTP2017, special issue ) review of vertical coupling



Challenging topics during and after VarSITI
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Shiokawa and Georgieva (PEPS, 2021)



We encourage communications among
different fields to promote interdisciplinary
studies

(1) mailing list
(2) web site
(3) newsletter
(4) financial support
(meetings, database, and campaign)
(5) database collection
(6) capacity building



(1) Mailing List (that defines the members of the program)

The VarSITI mailing list consists of the following 5 addresses.

(a) varsiti_all[at]isee.nagoya—u.ac.jp: all VarSITI

(b) varsiti_seel[atlisee.nagoya—u.ac jp: SEE

(c) varsiti_isest_minimax24[at]isee.nagoya—u.ac jp: ISEST/Minimax24
(d) varsiti_specimen[at]isee.nagoya—u.ac.jp: SPeCIMEN

(e) varsiti_rosmic[at]isee.nagoya—u.ac.jp: ROSMIC

* (a) Contains all names in (b)—(e).
% Scientists listed in this mailing list are also shown in the VarSITI
website as the members of VarSITI and its Projects.

VarSITI : 1112 members from 71 countries
SEE : 633 members from 63 countries
ISEST/Minimax24 : 774 members from 63 countries
SPeCIMEN : 618 members from 61 countries

ROSMIC - 823 members from 67 countries



(2) Web Site
VarSITl web-site http://www.varsiti.org/




(2) Web Site
VarSITl web-site http://www.varsiti.org/
181,591 visits from January 1, 2014 to May 31, 2019

monthly visits

Geographical
distribution of visits
June 7-8, 2019

One specialist (Mitko Danov) was hired to construct/maintain this website by BAS
and SCOSTEP grants.



(3) Newsletter VarSITl newsletters

v Articles

v'Highlights of young scientists
v'Short news

v"Meeting schedule

4 issues per year (up to vol.21)

Editors Newsletter
secretary
Kazuo
Shiokawa Mai Asakura
Katya Ayumi Asai
Georgieva
Miwa Fukuichi

One secretary was hired to edit this newsletter by ISEE.

: C e Megumi Nakamura
This secretary also maintain the mailing list. g



VarSITI Newsletter vol.1-21

Articles: 60 articles from 24 countries

Highlight of young scientists: 49 articles from 22 countries
Meeting reports: 85 articles from 28 countries
Short news: 24 articles from 8 countries



(4) Financial Support (meetings, database, and campaign)

For the 5—year duration of the VarSITI program
we have organized or supported

e 64 meetings or sessions
including VarSITI2016, VarSITI2017, VarSITI2019

e 16 databases
e 1 campaign
1 interdisciplinary project



(5) Database Collection
A collection of solar-terrestrial databases at VarSITI’s web site

This effort to collect VarSITI-related database was initiated after the SCOSTEP-WDS
workshop in 2015. Co—chairs ask the VarSITI members to provide information of these
databases via the VarSITI mailing list. Some database supported by SCOSTEP/VarSITI

funding are also added.



List of the collected database

SPe
database/missi .. ISES ROS .

database
visualisation
tool
database
visualisation
tool
database
visualisation
tool

database
. X : magnetosphere
visualisation

and ionosphere
tool ' i
database— sun and
multi heliosphere
databas
K terplanetary
multi

database— interplanetary and
multi magnetosphere

. . . . magnetosphere
web—based data visualization tool http://spidr.ngdc.noaa.gov/ ar 2

and ionosphere
magnetosphere
and ionoerhere

interactive data analysis tool on web— http://ergsc.stelab.nagoya—
browser u.acjp/analysis/ergwat/index.shtml.en

magnetosphere

Autoplot data visualization tool http://autoplot.org/ i
® = ® & and ionoauhere

SPEDAS data visualization tool http://spedas.org/blog/

HELIO Heliophyiscs Integrated Observatory http://hfe.helio—vo.eu/Helio/
m ;;Zrljcmuous Selere wifael emel dal= chiz e http://spdf.gsfc.nasa.gov/data_orbits.html

solar wind and magnetospheric

CDPP . .
observations from space instruments

http://cdpp.eu/

ACE Lists of Shocks. magnetic clouds.




(6) Capacity Building (Schools organized by VarSITI Co—chairs)

Sept 2017: Ota, Nigeria, 38

July 2017: Irkutsk, Russia, 35 students from 5 countries students from 7 African countries

Sept 2015: Abuja, Nigeria, 65 students
from 7 African countries

March 2018: Bandung, Indonesia,
40 students from 7 Asian countries.

March 2015: Bandung, Indonesia, 39
students from 9 Asian countries.



VarSITl has 4 scientific projects

VarSITI Leaflet (distributed in Dec 2015)



The SCOSTEP Next Scientific Program

PRESTO:
Predictability of the variable Solar-Terrestrial
Coupling
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