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The critical importance of understanding how the Sun operates on global scales derives from the need to forecast the impacts of solar activity on Earth’s environment and space weather and climate. The complexity and multi-scale nature of solar dynamics and the shortage of
observational data limit our ability to build a model that can describe the modulation of solar activity for past, current, and future times. The development of advanced models to predict variations in solar activity requires a comprehensive analysis of the evolution of the Sun from the deep
interior to the corona. At the same time, it is critical to employ historical observational data for many studies, including model calibration and the development of machine-learning techniques for solar activity forecasting. At the present time, despite the availability of a large number of
observations from various data sources, data depositories are scattered, and some historical data are in danger of being lost. Therefore, we initiated the development of the Global Solar Activity (GSA) Data Portal that accumulates diverse data relevant to the global solar activity and
dynamics. The data portal includes observations from space- and ground-based instruments, raw and processed data, including synoptic data, helioseismic inferences, simulations, models, ets. The portal allows users to review data, get data description, perform searches, and download
data products.

GLOBAL SOLAR ACTIVITY DATA PORTAL: Start page Data Visualization:

A Home H il Data @ ~vout GsA OData Sources A Home ‘ ’ il Data CJData Sources

Observations of Solar Activity

Sunspot Number

TSI e
Su nSpOt num ber J\,\ *}F ™9 Wwf‘whﬁkwﬁw / i Filter by Sort by: |Ascending v‘

Global Helioseismology

4

.
*

Global Solar Activity

Data Portal +* Total Solar Irradiance Bt X Filter by ¥ Download Sortby: |Ascending
; " Source
\/ . o o
. ] .. L X 4 5. .
Dhata collection to plcture global solar actlwty of 4 SO I a r WI n d LASP Interactive SOIar |rradiance Data Center q . ; 5y ‘ International v’ - International Sunspot Number cOeffic|ent 3
the Sun. & "
. POla r facu Iae R | A, e _—— Cadence fzz — Total Sunspot ‘N“mber ‘ 18 V’ Helioseismology Graph (18 Coefficients)
View Data ‘0’ . . v o — Northern Hemisphere Sunspot Number
* SU rfa ce magnetlc fleldS L ‘ NP - ‘Monthly ’ 100 — Southern Hemisphere Sunspot Number 90.0
» ‘ 50 v . Latitudes (comma- | S
+* Solar corona _ Z T - Type . AR A S 450 — es 125
. ) ) . . — ¢ e S ‘Hemis e V’ 2015 2020 separated) 1 R—
** Differential rotation = “ , P |
. N ) ] , ‘ . s 30 , any — 84.375
% M eri d IONa | Circu Iat IoNn i ; e o affs AN Ei — Total Sunspot Std. Deviation ;E’\T — 825
(5 o e RV L . 15 — Northern Hemisphere Std. Dev. Type S>: o — 80.625
Categories ape g ‘ o ¢ . The dynam|ca| 10 — Southern Hemisphere Std. Dev. ‘ 0 ’ ‘ 90 ‘ ’{'g — 7875
&8 + » . . . 5 = <
ULYSSES/SWOOPS Sl R visualization was 0 - — 76.875
= B v R F T T T T I T o
Magnetograms Subsurface flows Sunspot Number * = Bav : ; ; 1995 2000 2005 2010 2015 2020 s _ - 75.0
. \ SDO/AIA implemented with Time Average Between Dates S 350 s
<y ' . Ve < c— s
Polar Magnetic Fields Magnetic Helicity Solar Irradiance ) \/ ; \/ . Google ChartS (YYYYMMDD) _—
. , L : 3 r d Sunspot - —_—
Synoptic Maps of Solar Corona . o % ' A ‘any ’ ‘any ’ eg.8rs
g P number Std dev Std dev Std dev #ofobs | #ofobs | #of obs 300 — 675
(SN) total North South total North South - 65'625
A Home ‘ ’ il Data OAbout GSA [CJData Sources ‘ ‘ °About GSA CJData Sources | —_ [l 75 .
1992-01 198.3 67.0 131.3 12.9 7.7 10.8 566.0 -1.0 -1.0 LT L T L L
0.5 0.6 0.7 0.8 0.9 1 1.1
Radius (1.0 = surface of Sun)
Data Sources Query and Download Data 1992-02 2307 9838 131.9 14.5 9.2 1.4 5000  -1.0 1.0
. EIT Synoptic maps
On this Page — = AH | | -
9 e The synoptic maps for CR 1911 - 2042 are represented for calibrated data. = ‘ Data FIOW'
Magnetograms The synoptic maps for CR 2043 - 2055 are represented for preliminary calibrated data. . Magnetograms R
Benevolenskaya E. E. , Kosovichev A. G., Scherrer P. H. 2001. Enter a data type, instrument or observatory.. From | Date 7 YYENMMADD To | YYYY-MM-DD & 8 NeW data sources & database upg I’ade
SDO/HMI synoptic Detection of high-latitude waves of solar coronal activity in extreme-ultraviolet data from the Solar and Heliospheric
magnetograms Observatory EUV Imaging Telescope Filter by s N . : S. I d fll
- B Al - ingle data files
SOLIS lne-of-siaht ApJ 554, L107-L110. — Data sets > mlgrate to dbpy . g . .
ine-of-si ) ) . ; —_—
vnontic g http://sun.stanford.edu/synop/EIT/PDF/apj4.pdf Magnetograms (=) Subsurface Flows (J Solar Irradiance/Radio Flux (=) Solar Corona SO .amng i (eg solar Irradlance, he||059|5mO|Ogy)
ynop Data archive: . SDO/HMI \ /
magnetograms ) Sources Time Format Sources Sources
http://sun.Stanford.edu/synop/EIT/IndeX.htmI MDI i = --jinfp‘tiiLolS Magnetogram (SOLIS) for Cvarrlngt.ovn Rotﬁtif)n 1735' 1850
SOHO/MDI synoptic SDO/HMI (J Date (J EMPIRE SOHO/EIT et S v s 7 T % ' ’
SOLIS 05 > o ey 9‘ v 1000
: M 1 1 ‘ ' = y -\‘ ..;- >y L s !_\' « 500
magnetograms Solar Irradiance and Radio Flux SOHO/MDI Carrington Rotation O TsIs Wavelengths _— T P ok o e R R ) S Pregenerated
. . v % i ._.‘ bt N 3 ‘j“"" ¥ v, .! . - . . ] p u u
Subsurface flows Solar Irradiance SoLIS Type O Historical-Ts| @A Radial ; E’t'u g U SN e L S ‘. revi — MySQL Database Pandas, fitsio
. . ) - . . Types (J Differential Rotation 0 ) 195A . b - o e . o p eviews
Synoptic maps of solar * EMPIRE Total Solar Irradiance (daily): https://lasp.colorado.edu/lisird/data/empire_tsi/ NN-SIM Interpolated polar © 1000
corona e TSIS Total Solar Irradiance (2018-01-11 - current), daily: https://lasp.colorado.edu/lisird/data/tsis_tsi_24hr/ LOS (J Meridional Flow (J 284A

N~

GSA Server ‘

L . : . L . (J NRLTSI2 LOS
« Historical Total Solar Irradiance Reconstruction (1610 - 2018), yearly: https://lasp.colorado.edu/lisird/data/historical_tsi/

e 60 120 1680 240 300 360 e
' i (.aumglo:\ Longitude ) - )
: Dimension . . :
EIT Synoptic maps « NN-SIM Total Solar Irradiance (1978-11-07 - 2019-03-31), daily irradiance + uncertainty Interpolated Polar (J Composite Solar Lyman-alpha D 3044 Start (Carvington) m_
Los m1735f fits

https://lasp.colorado.edu/lisird/data/nn_sim_tsi/ Radial J 1D 0

Solar Irradiance and . () NOAA (10.7cm flux) Magnetic Helicity — SoLIS 1735
redio T Ra({KS)oll:al:jFZ;dio Flux at 10.7 cm (1947-02-14 - 2018- 04-30) , daily adjusted+ observed ) sunpot Number ” 0 Penticton (10.7cm flux) = Helioseismology
Solar Irradiance . Penticton Solar Radio Flux at 10.7cm (continuation of NOAA PR om), Sources O Polar Magnetic Field Coefficient A Python script is automatically generated for selected data sources
Radio Flux 1947-01-01 through 2022-08-05, daily adjusted + observed O International cources 6 and time range to download the data sets.
) American SOLIS VSM 63024 Polar Radial Field 018 bownload ; @ R e
- o SIRVICES  DATAPORIAL _ ACCOUNTS  suepoki |-
Data |Availabilt ) Greenvict WSO Mean agnetc Fekd (1762022 036 e | = e ‘ o B
2 oy p— HELIOPHYSICS MODELING & SIMULATION PORTAL
u -- a e Ttudearehtls High-fidelity modeling and simulation tools that enable research on the interiors and atmospheres of the Sun and other sﬂl?',{r‘
Synoptic magnetograms: | Dl S gh-fideity modeling p -
SO (L0 & recliel compenan) 2010/05/19 — now (CR: 2097 - now) — R
SOHO/MDI (LOS) 1996/05/06 — 2010/12/10 (CR: 1909 — 2104) | )
SOLISINSO CR 1645 - 2135 R o : HELlO PORTAL / Use:rSDocumentation
630.15 nm & 854.2 nm 2003/08 — 2017/10 New approach to build a reliable forecast of global solar activity T 2o iedal e T G A g i el
E 22 Used sunspot number A place to connect observations, theory and technology .
1083.0 nm 2005/01 — 2015/07 2004 o°° . Is - FAQ
SOLIS VSM 6302L/core Full-Disk Mean Field 2003/08/30 — 2017/10/21 Dynamo model Methodology of the EnKF method B 0] BlF o recores o et
WSO Synoptic Magnetic Charts 1974/04/24 — 2022/05/28 (CR: 1614 — 2258) = 1 gar o o " e e—— s Training Webinars
WSO coronal magnetic field 1974/04/24 — 2022/05/28 (CR: 1614 — 2258) 0A 5 _ 0.0 1 ' ' = 1204 &7 % A 2 in the Earth Database of Simulation Can't find what you're looking for?
_ o, =— T/ 3 u qu — e 14 o S ;.0--,:1" n . L Al atasets NAS User Support is available 24x7x365:
(classic & radial field methods) ot =aB+nV-4 g ( )< ( )> 025 dj \w +é; _ (CW)/M ' % 80 3 G g ‘ ~ M q : ‘Data Porta ey - s Pl
Polar Magnetic Fields: OB o4 o, =(7/127p )<h(V X h)> S S M (C;/W)f M"+C¢ 5 i K3 ‘)1' ) ‘:'- i’ : —
SDO/HMI 2010/05/19 — now (CR: 2097 — now) — =G~ +nV’B Od=0 40 = -0.4 1 Fo o aff Tgho, M Jf© Wy
ial Fi _ ot 0z - Tk m S ] 0 BWEReeC N
SOLIS VSM 6302L/core Polar Mean Radial Field 2003/08/30 — 2017/10/21 2 06! b ol etin st g T g e
SOLIS VSM 6302L/core Polar Mean Radial Field 2004/02/26 —2017/10/22 O 1 oB? 5 - / ! years
R, "= amo| BV B)- A K (d,— My’!)| Comparison of th t number prediction for Solar Cycle 24 (red
ldw = L=y — ) mparison n number prediction for r r
Subsurface Flows: ot Amp 10- dw . G(W)dHh(W)dq . ,W,] . W] +. e( S .WJ. ) corvep ) Ksift)iasﬁvili e&SUKssgvic#ev e20%88) c;nod aoct acl) aobsgvations( eof
SDO/HMI (differential rotation & meridional flows) 2010/05 — now (CR: 2097 — now) e  ip A% 41 4F a8 &8 0 &8 ’ y . - |
Global & local helioseismology _ o - - - - i - - - - monthly sunspot number. The blue curve shows the corrected dynamo thisposter  Coming devel ¢ see poster: SH33C-3070
Parker ?955, P.(.Ieeorln & Ruzmalkln, 1982, S solution according to annual sunspot number (green diamonds). orning cevelopments '
Corona Synoptic Maps: Kitiashvili & Kosovichev 2009 T ] Bl st e e e S -
SOHOIEIT & SDO/AIA CR: 1911 —now Uncertainties in Prediction of Solar Cycle 25 using sunspot number records B ArEbes Tredien 1 e " ebse presien || Conclusions References
-I|—-|Ota|' SiN | 1/710909; now 2504 Kitiashvili 2016 Updated prediction ] Cycle 25 (for sunspot number version 2.0) © 2 and current solar activity states, we are| Kitiashvilil.N.2016. ApJ 831, article id. 15.
— NOw ime= L . . © 2 : .. 1T 1t :
American SSN 1944/12/01 — now I TS 1 1) prediction obtained for observations 2 - developing the Global Solar Activity data gggasl_hd‘r’g'l_'é;- & Kosovichev A. G. 2008. ApJ
| rom polar magnetic - . . g, e, . . , - .
Greenwich 1874/04/17 — 1982/08/14 200 - fiekd reversal (time=2015.5) : which include the sunspot number data o S portal, which collects observations from| .. . .. .
] ! up to the solar minimum in 2008 (green ° S _ o Kitiashvili I.N. & Kosovichev A.G. 2009. GAFD
Solar Irradiance: . e prEe pEe, : curve) multiple sources, such as space missions| 103 53-68
i C ast sunspot number a : | ; . s o .
EMPIRE TSI 1947/02/04 — 2017/05/31 § — ] 2) prediction obtained for the last : (SOHO and SDO), ground observations, and| Kitiashvili, I.N. & Kosovichev, A.G. 2011.
TSIS TSl at 1AU 2018/01/11 — now S i observation during the p0|ar magnetic ran S,Cm S— ,SC221 S— |SC23, - - SC?4 - hiStOricaI data. The developed data portal W|” Lecture Notes in PhySiCS 832, p121 .
Historical TSI Reconstruction 1610 — 2018 § ‘ field reversal (purple/violet): 1980 1985 1990 1995 2000 2005 2010 2015 2020 1980 1985 1990 1995 2000 2005 2010 2015 2020 | oublicly available as a part of the NASA Kitiashvili I.N. 2016. ApJ 831,id. 15, 8 pp.
NN-SIM .TSI 1978/11/07 = 2019/03/31 % 100_— N “"WN l;ﬂl, o 3) prediction obtained using a|’| currently ~ North South Hemispheryeesar North South Hemispheres . Helio Portal. The d I d dat Kitiashvili 1.N., 2020, ApJ, 390, Issue 1,
Composite Solar Lyman-alpha measurements 1947-02-14 — now y \ N ; available observations up to 2017 (red = T Initial model solution — Initial prediction of the field elio Foral. € develope ala resources id.36, 15 pp
i ‘ ) i C ted model soluti Predicti f the field with included rtainti ’
Radio Flux: " \p\ \ Wk A curve) o e Obsovatons . = Estmotedanmualobsenatonsoie e |@Nd  new capabilities  that are under| gitiashvili I.N., 2021, MNRAS 505, Issue 4,
i — - o ) l ' . . . . . . il icti -
Egrfﬁﬁtgslggg?ggdﬁéuéli1a(:.178m70m 1947/01/01 = 2018/04/30 : “ N ‘u{‘ \M\“ Blue curve shows the best EnKF estimates Evolution of the mean toroidal (panel a) and poloidal (b) fields in the Northern deve'QPr_”e”t wil _ '_mpmve th_e predictive pp.608_5 6102 -
(continuation of NOAA Solar Radio Flux at 10ATI01/01 — 2022/08/05 .1 Y 1Y, (WA of the previous cycles based on the dynamo and Southern hemispheres based on the field observations for three solar | Capabilities of existing data-driven models | Kleeorin = N.IL,  Ruzmaikin —~A.A. 1982.
10.7cm) o000 2005 2010 2015 2020 2025 2030 Model and all available sunspot observations cycles, and prediction of the mean toroidal and poloidal field components |and data analysis techniques, such as data I\/Iagne_tohydrodynamlcs, 18 116. -
years (red circles). variation during SC24 (Kitiashvili 2020). assimilation and machine |earning, to build TIQGQZOT&AI\\IZ’Q;Q(?]%%C?S\?/SKH ., Ruzmaikin A.
The research is funded by the NASA Heliophysics Support and DRIVE Science Centers Programs reliable forecasts of global solar activity. | | |




