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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.
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Dynamo model

Parker 1955, Kleeorin & Ruzmaikin, 1982, 
Kitiashvili &  Kosovichev 2009

Comparison of the sunspot number prediction for Solar Cycle 24 (red 
curve, Kitiashvili & Kosovichev, 2008) and actual observations of 
monthly sunspot number. The blue curve shows the corrected dynamo 
solution according to annual sunspot number (green diamonds).

Uncertainties in Prediction of Solar Cycle 25 using sunspot number records
Early estimates of the properties of Solar 
Cycle 25 (for sunspot number version 2.0) 
1) prediction obtained for observations 

which include the sunspot number data 
up to the solar minimum in 2008 (green 
curve);

2) prediction obtained for the last 
observation during the polar magnetic 
field reversal (purple/violet);

3) prediction obtained using all currently 
available observations up to 2017 (red 
curve).

Blue curve shows the best EnKF estimates 
of the previous cycles based on the dynamo 
model and all available sunspot observations 
(red circles). 

New approach to build a reliable forecast of global solar activity
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Conclusions
To address the need to reconstruct the past 
and current solar activity states, we are 
developing the Global Solar Activity data 
portal, which collects observations from 
multiple sources, such as space missions 
(SOHO and SDO), ground observations, and 
historical data. The developed data portal will 
be publicly available as a part of the NASA 
Helio Portal. The developed data resources 
and new capabilities that are under 
development will improve the predictive 
capabilities of existing data-driven models 
and data analysis techniques, such as data 
assimilation and machine learning, to build 
reliable forecasts of global solar activity.

https://data.nas.nasa.gov/helio/

Coming developmentsthis poster see poster: SH33C-3070

GLOBAL SOLAR ACTIVITY DATA PORTAL: Start page

Data Flow:

MySQL Database

migrate_to_db.pyData sets

GSA Server

Single data files
(e.g. solar irradiance, helioseismology)

Pregenerated 
previews Pandas, fitsio

New data sources & database upgrade

Data Availability
Synoptic magnetograms:
SDO/HMI (LOS & radial component) 
SOHO/MDI (LOS) 
SOLIS/NSO
630.15 nm & 854.2 nm
1083.0 nm
SOLIS VSM 6302L/core Full-Disk Mean Field
WSO Synoptic Magnetic Charts
WSO coronal magnetic field 
(classic & radial field methods)

2010/05/19 – now (CR: 2097 – now)
1996/05/06 – 2010/12/10 (CR: 1909 – 2104)
CR: 1645 – 2135
2003/08 – 2017/10
2005/01 – 2015/07
2003/08/30 – 2017/10/21
1974/04/24 – 2022/05/28 (CR: 1614 – 2258)
1974/04/24 – 2022/05/28 (CR: 1614 – 2258)

Polar Magnetic Fields:
SDO/HMI
SOLIS VSM 6302L/core Polar Mean Radial Field
SOLIS VSM 6302L/core Polar Mean Radial Field 
(Filtered)

2010/05/19 – now (CR: 2097 – now)
2003/08/30 – 2017/10/21
2004/02/26 – 2017/10/22

Subsurface Flows:
SDO/HMI (differential rotation & meridional flows)
Global & local helioseismology 

2010/05 – now (CR: 2097 – now)

Corona Synoptic Maps:
SOHO/EIT & SDO/AIA CR: 1911 – now
Sunspot Number(SSN):
Total SSN
Hemispheric
American SSN
Greenwich

1700 – now
1/1992 – now
1944/12/01 – now
1874/04/17 – 1982/08/14

Solar Irradiance: 
EMPIRE TSI
TSIS TSI at 1AU
Historical TSI Reconstruction
NN-SIM TSI
Composite Solar Lyman-alpha measurements

1947/02/04 – 2017/05/31
2018/01/11 – now
1610 – 2018
1978/11/07 – 2019/03/31
1947-02-14 – now

Radio Flux:
NOAA Solar Radio Flux at 10.7cm
Penticton Solar Radio Flux at 10.7cm
(continuation of NOAA Solar Radio Flux at 
10.7cm)

1947/01/01 – 2018/04/30

1947/01/01 – 2022/08/05
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Evolution of the mean toroidal (panel a) and poloidal (b) fields in the Northern 
and Southern hemispheres based on the field observations for three solar 
cycles, and prediction of the mean toroidal and poloidal field components 

variation during SC24 (Kitiashvili 2020).

Data Visualization:

The dynamical 
visualization was 
implemented with 

Google charts. 

A Python script is automatically generated for selected data sources 
and time range to download the data sets.

Kitiashvili 2016

Methodology of the EnKF method
Used sunspot number 

records

Global
Solar Activity
Data Portal


