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WHAT ARE WE MONITORING AND WHERE IN SPACE ?
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Space weather observations, monitoring, forecasting and 

prediction of space environment and its impact on 

technological systems



Operational Responsibilities of a 
Space Weather Forecaster

• Deliver space weather services to customers.

• Make use of available data and model results.

• Analyse current space weather conditions based on 
data and models.

• Prepare a forecast of what is likely to happen in the 
future based on space weather information.

• Package the space weather information as required by 
a customer.

• Send current information, warnings, and alerts to the 
end-users.

• Continuous monitoring of space weather conditions.

• Constant engagement with the end-users.



SPACE WEATHER DATA 



Satellite data

CMECoronal Holes

Magnetic configurationSolar Flares



Ground-based data



Nigeria
University of Lagos (UNILAG)

Ethiopia
SSGI & EORC

South Africa
• South African National Space 

Agency (SANSA)
• National Geospatial 

Information (NGI) TRIGNET

Zimbabwe
Zimbabwe National Geospatial 
and Space Agency (ZINGSA)

Zambia
Kwame Nkrumah University (KNU)

Namibia
Ministry of Mines and Energy (MME)

Botswana
Botswana International University of Science 
and Technology (BIUST)

Gabon
L’Agence Gabonaise d’Etudes et 
d’Observations Spatiales (AGEOS).

Kenya
Pwani University (PU)
Kenyan Space Agency (KSA)

Uganda
Busitema University (BU)

Current Partners:

More to come!

AFRICAN PARTICIPATION – AIN
AFRICAN INSTRUMENTATION NETWORK



Space Weather Models



SPACE WEATHER EVENTS 



Example: Kp and Dst Index for quiet and disturbed days



IONOSPHERIC VARIATION

Matamba, T. M., & Danskin, D. W. (2022). Development and evaluation of near-real time TEC and 

ancillary products for SANSA Space Weather. Space Weather, 20, e2021SW003013. https:// 

doi.org/10.1029/2021SW003013 

The TEC maps are updated every 5 minutes.

Typical day, Kp = 1 and Dst = 5 nT Disturbed day, Kp = 8 and Dst = -104 nT

http://dev2.swc.sansa.org.za/products/gnss/tec2/latest_video2.mp4


✓Rapid fluctuation of radio 
waves caused by irregularities 
of the electron density

✓Cycle slips and loss-of-lock on 
GPS satellite signals can 
increase the magnitude and 
frequency of errors in the 
position estimation

✓Affects the power and phase of 
the signal

✓Dependent on location, local 
time, season, geomagnetic 
activity, and solar cycle

✓ influenced by waves 
propagating through  the 
ionosphere

✓more prevalent at equatorial 
and high latitudes rather than 
mid-latitudes

IONOSPHERIC SCINTILLATION

S4 from Brazil (Kintner et al. 2007)

Credit: Kintner et al. 2009)



Quiet day

Storm day

Single frequency 

handheld GPS receiver

Quiet day

Zoomed

GPS errors due to 
ionospheric 
scintillation



CME ANALYSIS OF THE ARRIVAL TIME

A

B
https://kauai.ccmc.gsfc.nasa.gov/CMEscoreboard/ 

❑ A  CME expected to make a 

glancing blow on 23 March 

2023

❑ High speed stream influence  

from a coronal hole

https://kauai.ccmc.gsfc.nasa.gov/CMEscoreboard/


Geomagnetic Conditions on 23 – 25 March 2023

❑ Planetary Kp index reached 8-, a severe/G3 

storm level. The recorded minimum Dst index 

was -184 nT at 03:00 UT on 24 March. 

❑ Local Hermanus K-index reached K of 6 

which is a moderate/G2 storm levels. 

Planetary Kp and Dst indices



Ionospheric Conditions

❑ Negative ionospheric storm effect for both 

Hermanus and Grahamstown



Ionospheric Conditions - TEC

https://doi.org/10.1029/2019JA027065 

https://doi.org/10.1029/2019JA027065


2024 MOTHER’S DAY STORM EVENT 
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AR3664

❑ Currently one of the most complex regions responsible for the 

major flares. It is the most active and complex region.

AR3663

❑ The region complex (Beta-gamma-delta) configuration.

❑ This region was responsible for most of the M-class and X-class flares.

The Most Active Sunspot Regions

AR3664

AR3663



Solar Activity – GOES X-Ray Flux 

M1.8 @ 07/18:06 UT

GOES X-ray flux showing solar flares for the period 06 – 12 May 2024.

❑ Solar activity was high with  background X-ray flux  at upper C- and M-class levels. 
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AR3664

AR3663



Significant Solar Flares on the Dayside over the 
African region

M1.8 @ 07/18:06 UT
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An X4.5 flare from AR3663 at 06/06:35 UT 

An X2.3 solar flare from AR3664 UT at 09/09:13 UT .

X4.5

X2.3



 Anticipated CMEs
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Solar Wind Enlil Model
❑ SWPC and MOSWOC Enlil model forecasted an increase in solar wind speed to strong levels from the 11th 

to 13th  due to the arrival of multiple CMEs that were mentioned above.

SWPC Enlil model created 11 May 2024. MOSWOC Enlil model created 13May 2024.



Solar Wind and IMF Bz 

❑ The solar wind speed started at 

background  levels , increased to 

elevated  on the 7th  due to HSS 

from CH33+. 

❑ It increased to strong levels  when 

the multiple CMEs impacted Earth 

from the 10th.

❑ Bz reached ~ -50 nT on 10 May due 

to arrival of multiple CMEs that left 

the Sun on 08 and 09 May 2024 

resulting up to a G5/Severe storm.
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Background levels (< 400 km/s)

Slightly elevated (400-500 km/s)

Elevated (500-600 km/s)

Strong (> 600 km/s)



Geomagnetic Conditions 
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❑ Global geomagnetic conditions were mostly at quiet to extreme levels during the week.

❑ Active to G1/Minor storm Interval was observed on 06 May 2024 due to the  HSS arrival.

❑ Active to G5/Extreme  storm interval were observed on 10-13 May due to arrival of multiple 

CMEs from 08, 09 and 10 May 2024

❑ The Dst Index reached a minimum value of -412 nT on 11 May 2024

4 
(Act
ive)3 

(unset
tled)



Auroras Visible in South Africa
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Gansbaai
Bettys Bay

UK

Canada



CONCLUSION 



✓ Space weather data is key

✓ Expand the coverage of ground-based data 

within the African region. 

✓ Model development 

✓ Space weather research, needs analysis and 

impact studies

✓ Space weather information and forecasting 

(interpretation for end-users)

 

SPACE WEATHER OPERATIONAL FOCUS

24/7 Operational 
Space Weather Centre



The Regional Space Weather Centre



Minister of 
Higher Education, 
Science and 
Innovation

Department of 
Science and 
Innovation (DSI)

South African 
National Space 
Agency (SANSA)

Earth Observation Space Science

Space Weather

Space Operations
Space 
Engineering 

Other public 
Entities

Department of 
Higher Education 
and Training 
(DHET)

Tertiary Education 
Sector

Positioning of Space 

Weather within the 

National Landscape 

SANSA OVERVIEW



NAMIBIA

BOTSWANA

MOZAMBIQUE

Cape Town
Port Elizabeth

Durban

Springbok

Louisvale

Madimbo

Grahamstown

Hartebeesthoek

Sutherland

Windhoek

East London

Pretoria

Upington

Grahamstown

SWAZILAND

LESOTHO

Bloemfontein

Hermanus

LOCATION OF SANSA



Key Functions & Roles – Hermanus Facility

✓ Responsible for the Space Science Programme within SANSA

✓ Fundamental and Applied Space Science Research

✓ Provision of a science and applications data platform through the 

operation of a distributed network of geophysical instruments

✓ Space Weather Applications, products and services

✓ Provision of Magnetic Technology products and services 

✓ Postgraduate science student training and other skills development

✓ Science Engagement



Member of ISES 
(Space Weather 
Community)

Space Weather Regional 
Warning Centre for Africa

ICAO Designated Regional 
Space Weather Centre for 
Aviation

24/7 Operational 
Space Weather 
Centre

2007

2022

2018

2010

Space Weather Centre Journey



24/7 Operational Space Weather Project

Ensure required foundation for services
Meet user requirements

Increase products & servicesUpgrade to 24/7 operational centre
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DEVELOPING A CAPABILITY
ISO 9001: 

2015

Products 
and 

Services

African 
Instrumentation 

Network
Skills, 

Capacity 
and 

capability

Communications, 
Business 

Development, and 
Marketing 

ICT 
Architecture

Building 
SWC

24/7 Operational 

Space Weather 

Capability

Provide 24/7 operational space weather services to 

the African region by October 2022

✓ develop capability

✓ derive economic benefit

✓ provide a national 

platform

✓ ensure credibility

✓ fill the expertise gap
✓ provide quality services

✓ contribute to the 

knowledge economy

✓ create opportunities & 

partnerships

✓ increase the value 

proposition of space 

science



SKILLS DEVELOPMENT

Assessment and Evaluation

Soft Skills Training

Technical Training

The role of a Space Weather Forecaster 

Space Weather Forecaster Training Objective



LAUNCH OF SPACE WEATHER CAPABILITY

NOVEMBER 2022



GLOBAL CENTRES 
(provide information from 2019)

1. ACFJ consortium (formed by Australia, Canada, France and Japan) 

2. PECASUS consortium (formed by Austria, Belgium, Cyprus, Finland, Germany, Italy, 

Poland, Netherlands and United Kingdom)

3. United States 

REGIONAL CENTRES
(provide information no later than November 2022)

1. China/Russian Federation consortium (later converted to Global)

2. South Africa

ICAO DECISION (13 Nov 2018)

South Africa, through SANSA, has received designation as a Regional Centre for 

Space Weather Information Provision from the International Civil Aviation 

Organisation (ICAO)



Provider States need to be able to:

A) monitor relevant ground-based, airborne and space-based observations to detect, 

and predict, when possible, the existence and extent of space weather conditions that 

have an impact in the following areas: 

• high frequency (HF) radio communications; 

• Satellite communications;
• GNSS-based navigation and surveillance; and 

• radiation exposure at flight levels; 

B) Issue advisory information

C) Supply the advisory information to appropriate aviation channels

D) Maintain a 24-hour watch

E) Ensure active collaboration with other regional centres and global centres to ensure a 

continuity of information

ICAO - Summary of Annex 3 Amendments 78



ICAO – Space Weather Advisory Information



✓24/7 Operational Centre & capability was launched on 3 November 2022

→ICAO Compliant

→ISO 9001: 2015 Certified

✓Research, Forecasting and Prediction in the domains of

→GNSS (navigation)

→Communications (HF and Satellite)

→Radiation Exposure

✓ Training, Interpretation and User Requirements

✓ SANSA is the lead on MET Project 3

SANSA – Designated Regional Space Weather Information Provider
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NATIONAL, REGIONAL, AND INTERNATIONAL 
PARTNERS 

✓ Air Traffic and Navigation Services 

(ATNS)

✓ South African Weather Services (SAWS)

✓ Department of Transport

✓ National Universities

✓ Space Science Institutes and Universities 

within the African region

✓ African Space Agencies

✓ ICAO Regional Office

✓ SANSA is leading the AFI Region project 

for the African Aviation Sector (MET 

Project 3) 

✓ National SWx Working Group 

✓ Member of International 

Space Environment Service.

✓ Designated ICAO Regional 

Space Weather Information 

Provider

✓ Former Co-Chair of WMO 

Expert Group on Space 

Weather

✓ Other International Space 

Weather Centre and Space 

Agencies



Working in Partnership with ATNS
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SUMMARY

Develop an African Space Weather Capability

o Builds on a research and development legacy

o Meets the requirements for international compliance

o Provides a domestic capability to enable risk mitigation and empowered 

decision making

o Contributes towards the development of a national capability in critical 

skills that improve domestic and regional expertise

o Demonstrates the value in research to operations

o Space weather training and awareness for industry

o Positions Africa to make a significant contribution to the global 

challenge of Space Weather 



THANK YOU

QUESTIONS?
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