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mewe . WHAT IS SPACE WEATHER?

Space Weather refers to conditions on the Sun and in the
solar wind, magnetosphere, ionosphere, and thermosphere
that can influence the performance and reliability of space-
borne and ground-based technological systems.

Space weather is a
consequence of the
behaviour of the sun,
the nature of Earth's
magnetic field and
atmosphere, and our
location in the solar
system.
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%ansa WHY IS SPACE WEATHER IMPORTANT?

« Technology continues to play an ever-increasing role in
our society and the potential for space weather to impact
our daily lives is also growing.

« Technological infrastructure, including the power grid, GPS
and satellites used for communication and navigation, are
vulnerable to space weather effects caused by the Sun's

variabllity.
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Space Weather Centre
launched in December
b 2010

BEH £ Re-launched after
upgrade in April 2018
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SANSA — South African National
Space Agency is the implementing
agency for space related activities
in South Africa
Space Weather falls under the
Space Science Programme of
SANSA
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&=ansa  Space Weather Centre

- Provide forecasts, alerts and warnings to government,
defence and the public

- Delivery of training courses to users

* Provision of space weather information

* Provision of applicable tools to assist users
 Building capacity through internships, bursaries etc

* Developing additional products/services in collaboration
with research group

- Global partnerships to enhance space weather access
(ISES)

« Past focus has been on HF Communication impacts
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Examples of HF Comm related product
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HF frequency predictions Space Weather Website
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Space Weather Warnings

From: SANSA Space Weather Centre E
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From: SANSA Space Weather Centre E
To: Mphao Tshisaphungo

Cc

Space Weather Bulletin

11 Sept 2018, composed at 08:38 SAST

WARNING/ALERT;

Active geomagnetic storm 1s in progress with maximum Hermanus K index of 4 observed. This is due to
coronal hole high speed stream. A possibility of unstable HF communication i1s expected during the

cause of today. Geomagnetic conditions are expected to return to normal conditions by tomorrow, 12
September.

SYSTEMS THAT MAY BE AFFECTED; —

HF Communications.

Prepared by M. Tshisaphungo
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Space Weather Monitoring
Products & Services




Space Weather Monitoring
Products & Services

Constant Monitoring of Space Weather
24/7 On-call System
Alert and Warning System
Interpretation of data to obtain useful
information
Space Weather Training and needs

analysis
el
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SPACE WEATHER INFORMATION

sansa CHANNELS FOR DISTRIBUTION OF

* Website: http://spaceweather.sansa.org.za

* Bulletins

* Warnings

* Predictions

* Media

VIA

Emails, sms
Website posting

Products and Services Space Weather Information » Contact Us ~ Clients ~

Welcome to Space Weather at SANSA

SANSA Space Science is host to the only Space Weather Regional Warning Centre in Africa which operates
as part of the International Space Environment Service (ISES). The Space Weather Centre provides an
important service to the nation by monitoring the sun and its activity to provide information, early warnings
and forecasts on space weather conditions. The space weather products and services are required primarily
for communication and navigation systems, in the defence, aeronautics, navigation and communication
sectors.
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Current Conditions

2014-04-06 06:33:00 UT

Sunspot number: 172
Solar wind speed: 401.0 km/s
IMF Bz: 43nT
Dst Index: -1nT
Hermanus K-index: 0

Space Weather Bulletin

04 April 2014

Several C-class X-ray solar
flares have been detected during
the past 24 hours. Solar activity
is moderate with background X-
ray flux at upper B-class levels.
Geomagnetic conditions are at
unsettled levels. Local HF
working frequencies are highly
elevated compared to monthly
average predicted values.

Twitter
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Industry Partnerships

SECTORS

Defence (safety and security)

Energy (protection of assets)

Aviation (safety of life)

Maritime (oceans protection)
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Industry Conversations

.

Executive Summary

This policy brief addresses the need to raise awareness of
the impacts caused by space weather on the avi
sector. The main recommendation put forward is that
South Africa should align Itself with international standards
for the provision and access to space weather information

ion

in order to meet the International Cwvil Aviation
Organisation (ICAO) recommendations by 2017, and to
protect the vuinerable aress within
additional seven recommendati
would assist South Africa in developing capabilities
strategies and action plans around space weather and its

aviation sector. An
s are Included which

impact on the aviation sector in South Africa.

Space weather refers to the conditions in space; on the
Sun and in the solar wind, magnetosphere, lonosphere,
and thermosphere that can influence the performance and
reliability of space-borne and ground-based technological
systems. Continuous monitoring of the space environment
allows for early warning, forecasting and prediction of
space weather events that could lead to technological and
infrastructure  failure. Due to the increasingly

and systems
of modern society space weather can negatively Impact

yace Weather

: NSA Pollcy Brief

April 2016

numerous sectors, leading to a cascade of operational
fallures. Research has shown that the defence,
communications, navigation, aviation, and energy sectors
are most winerable to space weather effects. The South
African National Space Agency (SANSA) operates the Space
Weather Regional Warning Centre for Africa, under the
International Space Environment Service (ISES), which aims
to coordinate global space weather activities. The SANSA
Space Weather Centre was established in 2010 with the
mandate to (/) develop space weather capabilities within
South Africa, (i) improve the understanding and
awareness of space weather within Africa, and (i) provide
a space weather operational service to government,
industry and the public. It is important to note that space
westher is a global phenomenon with regional impact.

Ground based support and aircraft are vulnerable to space
weather impacts, primarily in four key areas
communication, navigation, aircraft avionics and radiation
exposure. ICAO has recognised the need for the adoption
of procedures related to mitigating space weather impacts.
During the 2014 Montreal Meeting of the ICAO
Meteorology Division a recommendation was passed for

Operational requirements
Legislative requirements Dependencies
User needs
Training and knowledge sharing
Awareness (public,

Executive Summary

This policy brief addresses the need to raise awareness of
the economic impacts that can arise from space weather
events and the national risk that space weather presents
to South Africa. The main recommendation put forward is
that South Africa should identify extreme space weather
events a5 a potential risk to the economy and critical
infrastructure, and therefore appropriate recognition,
understanding and capability development s required in
order to ensure adequate preparedness. NI

e
recommendations are included which would assist South
Africa in developing capabilities, strategies, action and
mitigation plans in order to manage the national risk
presented by the space environment.

Due to the increasingly Interconnected and
interdependent technological systems of modern soclety
space weather can negatively Impact numerous sectors,
leading to a cascade of operational failures. Research has

shown that the defence, communications, navigation,

aviation, and energy sectors are most vulnerable to space
weather effects. Research has also shown that space
weather is 3 global phenomenon with regional impact. The
South African National Space Agency (SANSA) operates the
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Space Weather Regional Warning Centre for Africa, under
the International Space Environment Service (ISES), which
aims to coordinate global space weather activities. The
SANSA Space Westher Centre was established in 2010 with
the mandate to (i) develop space weather capabilities
within South Africa, (i) improve the understanding and
awareness of space weather within Africa, and (i) provide
a space weather operational service to government,
industry and the public

The field of space weather is growing rapidly, with new
discoverles and continuous developments In forecasting
and prediction capabilities which Improve almost daily
There are still many unknowns and a rigorous assessment

of the economic impact resulting from 2 severe solar storm

s 8 work In progress. Some analysis has been done on the
impacts resulting from Geomagnetically Induced Currents
(GICs), however, to a large extent the evidence is stil
anecdotal. This policy brief describes the possible
economic impacts, and presents likely scenarios as well as
discussion points around the risk that South Africa may be
exposed to from space weather,
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decision—makers, leaders, operators)
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1685
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xxx/2017
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1. Purpose

SPACE WEATHER IMPACTS ON AVIATION

To provide an awareness of the potential impacts that space weather events can
have on various aspects of concern to the South African aviation community. To

work towards a common understanding of the compliance

requirements

recommended by the International Civil Aviation Organisation (ICAO) concerning

the provision of space weather information to the aviation industry.

2. Background

2.1 Space weather refers to the conditions on the Sun,

magnetosphere,

in the solar wind,
ionosphere and thermosphere that can influence the

performance and reliability of space — borne and ground based technological

systems.

2.2 The impact from space weather events are known to affect the areas of

communications, navigation,

aviation sector.

radiation exposure, and avionics within the

2.3 South African National Space Agency (SANSA), as the custodian of the only
regional warning centre for space weather in Africa, can provide space
weather related information, training and key impact factors that may be of
concern to the aviation community.

2.4 To ensure that accurate and relevant space weather information is provided,
SANSA needs to understand how the aviation sector operates as well as their
user requirement specifications. To achieve this aim, SANSA has embarked
together with ATNS, on a research project to investigate the impacts of space
weather within the aviation sector.

2.5 The aviation industry has indicated a requirement to be educated on the
potential impact of space weather to their operations.

|ATNS/HO/C15/01

Page 10f 3

20 October 2017




sSsansa

SOUTH AFRICAN NATIONAL

SPACE AGENCY

INDUSTRY PARTNERSHIP: SPECIAL
PRODUCTS

South African Navy

HF Broadcast Communications Tool
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\and the Atlantic Ocean. /

GOES IX"CI])/IF'IUXI (I'I—IFF_TIHIUJE? .dq.ta.) _ Begin: 2017 Sep 5 0000 UTC
/Example of X9.3 —class solar flare \ m _ .
observed on the 6" September 2017 Wi N ik
at ~ 12:04 UT. This is ~15:04 local g I
time. The example shows strong 2 \ MM W k[% \ o
= 107 — _M_ Al o] : W :
radio blackout over Europe, Africa - %1, p ’ ] g
i: L

GOES1S 0.5—-4.0 A
GOES13 0.5—-4.0 A

105:;:' SI — ISe[:Iu 6I U . — | T I ISeIIJ ?I IIIII ISep a
D-region absorption (D—RAP) Updated 2017 Sep 7 23:59:1Z UTC e NOAA/SWPC Boulder, CO USA
The D-region of ionosphere has largest == e ———— [
effect on highest frequency (HF)
Comms and Ilow frequency (LF)

navigation systems. The map indicates
an area of the ionospheric D-region

absorption during a solar flare event T R
as well as the estimated recovery time.

0 L] 10 25 30

15 20
Degraded Frequency (MHz)

Strong X—ray flux Minor Proton Flux
Product Valid At : 2017-09—-06 12:04 UTC NOAA/SWPC Boulder, CO USA




=ansa | |IMPACT ON TECHNOLOGY: GICs

SOUTH AFRICAN NATIONAL

SPACE AGENCY

Estimated Planetary K index (3 hour data)} Begin: 2003 Oct 28 0000 UTC
‘ .

. 9
GO%S ¥ray Flux {5 minute data) Begin: 2003 Uct 28 0000 UTC  GOESTT Proton Flux {5 minute data) Begin: 2003 Oct 28 0000 UTG
107°E H] B 3 10°E /Mf \ H E| st
10730 _ H 10 oW ° M ] 7t -
E = e E z = = = e
- qx = < £ H - 1 2
af - 177 ~ i = 6 ~
h; SR B o |
TLF e : oo b I 3
E 10751 = ! = ! -
E E Eld ERAIR £ 10 a4
E ¥ z Je 8 8 (5} E ]
2ot ) A ] i 3 3 o
=10 EY Y, 5 2 i 4
: ] o 8 2
107’ | ; 1LY Y . J <
VW : b : Y g i 107 S
F - A H = 1
sl - @ I
107k o 10 - a0 | ISR I M I IS T N OO EN
E it Oct 28 Oct 29 Oct 30 cet 31 Oct 28 Oct 28 o et 30 Gct 21
_g 8 Universal Time Universal Time
100 oy - t‘ = - t‘ = . Updated 2003 Oct 30 23:56:03 UTC NOAA/SEC Boulder, GO USA Updated 2003 Oct 31 02:45:02 UTC NOA4/SEC Boulder, CO US4
& = = A"
Universal Time
Updated 2003 Oct 30 23:56:05 UTC NOAL/SEC Boulder, CD USA

ESKOM, Matimba &
Ruacana,

(Photos CT Gaunt)
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« Transformer replacement cost: ~$10 - 13 million

« Transformer replacement time: 12 - 18 months

« 29 October 2003 (Halloween storm), ESKOM 15X 400 KV
transformers failed within a year
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Compass Base Surveys |...« -

AVIATION RELATED SERVICES
5 FOR SUSTAINABLE DEVELOPMENT

Landing Training and [ty
Compass Skills -
Calibration Development



%ansa Space Weather Information for Aviation

SOUTH AFRICAN NATIONAL

SPACE AGENCY

— Space weather phenomenon relevant to the whole flight route has been added to
the general information to be provided to operators and flight crew members.

— Space weather information shall be provided as part of the flight documentation.

— South Africa, through SANSA, has received designation as a Regional Centre for
Space Weather Information Provision from the International Civil Aviation
Organisation (ICAO)

— Space weather advisory information will include one or more of the following

effects:
a) high frequency (HF) radio communications; IMPLEMENTATION IS SET
b) Satellite communications FOR BETWEEN MAR 2019

c) GNSS-based navigation and surveillance; and | (Global) & Nov 2022

d) radiation exposure at flight levels; (Regional)
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SPACE WEATHER DATA

Measuring space from the ground in support of space

weather research and applications

SANSA operates an extensive geophysical instrumentation
network across Southern Africa, Antarctica and the Atlantic
Islands
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measuring space from the ground
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%EHSE TRAINING AND KNOWLEDGE SHARING

o HF
Propagation
Prediction
Training

O Space
Weather
Course for
Industry
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/ Focus areas include: \

Expand on products and services
Expansion of Regional Space Weather Models
Establish Forecast Verification Methods
Space weather data networks
Aviation Sector Focus to meet ICAO requirements

o /
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INTERNATIONAL BENEFIT FOR SW
OPERATIONAL REQUIREMENTS

/

Benefits of working together:
Forecaster exchange for skills development
Sharing ideas for outreach activities around Space Weather
Forecast verification comparisons

Access to industry and industry requirements

~

Providing data to international databases (INTERMAGNET, DIDBASE)

k Participation in international research and operational projects /

N7 SPACE AGENCY
HERMANUS
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Thank you

http://www.sansa.org.za
http://spaceweather.sansa.org.za
http://research.sansa.org.za



