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Mrs Naledi Pandor,
Minister of Science and Technology
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MINISTER’S
STATEMENT

In South Africa, we demand a level of service delivery
and respect for human rights from our leaders and
government. We expect uninterrupted electricity supply,
clean water, enough food to feed our families, a safe
and secure country and employment to address the
challenges facing so many of our people. These are a few
of the important areas where an investment in space can
be of benefit to the country and its citizens.

| have been fortunate to have experienced, as Minister
of Science and Technology, the impact science and
technology has for every citizen. It makes me proud that,
even with a budget incomparable to those of other space-
faring nations, our space agency has positioned South
Africa as a valuable space science research, innovation and
product development agency on the continent.

SANSA has now been operational for five years and
notwithstanding the establishment challenges that faces
any new entity, we have seen many successes emerging
from this growing enterprise. The Agency delivers high
quality, processed satellite data from numerous Earth
observation satellites for use by various government
departments to support decision-making and budgeting
towards service delivery targets. This contributes
significantly towards addressing the needs of our citizens.
The knowledge and tools are addressing the need to
simplify and speed up delivery from government, which
saves public money and time.
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| have always stressed the importance of using science
and technology to improve the lives of our people and
the state of our economy and | am satisfied that through
investment in space science we are moving towards
achieving the desired knowledge-economy in South
Africa while attending to the needs of our citizens.

Theimpactofthe space agency lies notonlyinits high-tech
data and applications but also in its contribution to global
space science knowledge through scientific research and
development, either independently or collaboratively
with other countries. SANSA also continues to cement
South Africa’s role as a participant in the global space
arena through an impressive track record of successfully
supporting international space missions.

There has been steady progress with the construction of
South Africa’s next Earth observation satellite, EO-Sat1, as
well as efforts to develop a local space industry. While |
have stated the need to improve funding for science and
technology in South Africa, | remain confident that we will
be innovative in how we use science to find solutions to
society’s problems.

| express my appreciation to the SANSA Board, outgoing
CEO, his management and staff for their tenacity and
perseverance in contributing to output from space science
and technology for the country and delivering against the
Department of Science and Technology’s strategic focus
area of space.

Mrs Naledi Pandor
Minister of Science and Technology
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Ms Joy-Marie Lawrence, Chairman
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FOREWORD BY THE
CHAIRMAN

Space science in South Africa is exciting, whether as an
investment or career choice, or because it is an endeavour
from which we all benefit.

If | were asked about what will drive future economies, |
would suggest the products, services and opportunities
derived from space science and technologies. Recent
economic and technological advances, such as
transforming our world into a global'village'through global
connectivity, have contributed significantly to how we live
on planet Earth and made our universe more accessible.

Despite political and economic differences, we continue
to work with partners across borders and continents. Who
knows, perhaps in the not too distant future, man could
relocate to distant planets through such partnerships!

At SANSA, however, the goals are closer to home with the
desire to ensure that every South African Rand we spend
has some impact on the lives of our citizens. | am privileged
to have spent another year as Chairman of the SANSA
Board and seen the Agency complete its fifth operating
year successfully. Under the Board's direction and
oversight, the growing maturity of the Agency’s policies,
processes, systems and governance have confirmed its
accountability in the service of humanity.

The management and staff of SANSA continue to display a
passion for excellence in delivering against their strategic
goals and my confidence in a bright future for South
Africa’s young space agency remains unwavering.
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SANSA achieved a high standard of delivery across all key
performance targets in its 2015/16 Annual Performance
Plan. This affirms the Board's belief that despite tough
economic challenges locally and abroad, the desire to
fulfil the Agency's mandate remains a priority for the
Department of Science and Technology and SANSA
employees.

A review of SANSA's performance against strategic
objectives during the past financial year further convinces
me that the Agency has again succeeded in driving
scientific enquiry and knowledge creation, as well as
technology development and innovation. The activities of
the Corporate Support, Space Science, Space Operations,
Earth Observation and Space Engineering programmes
continued to position the country as an active and valued
participant in the community of space-faring nations by
providing stakeholders with useful and impactful products,
services, applications and knowledge. | am confident that,
going forward, the implementation of the new forward-
looking strategy for SANSA will mirror the same high
standard as during the past five years of operations.

Strong leadership and a dedication to fulfilling its
mandate has ensured that SANSA'S space programmes
supported South Africa’s National Development Plan by
contributing to global knowledge, playing a significant
role in international deep space missions and providing
our government departments with the best satellite data,
products and applications to improve service delivery.

| wish to thank the Minister of Science and Technology,
my fellow Board members and SANSA's management,
staff and stakeholders for their continued support of the

2
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Board in its oversight role over the nation’s space agency.
A special note of recognition goes to the outgoing CEQ,
Dr Sandile Malinga, who has been at the helm of SANSA
since its inception in 2010. His leadership and passion
spearheaded a number of significant achievements
and won numerous accolades for SANSA, all of which
have made a meaningful contribution to our country’s
economic and societal well-being. The Board and | wish
him success in his new venture and look forward to
welcoming his successor.

On behalf of the Board, | also convey our sincere
appreciation to all employees at SANSA for their unstinting
contribution towards achieving the Agency’s goals and
improving the lives of the people of South Africa.

Ms Joy-Marie Lawrence
Chairman / Accounting Authority
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Dr Sandile Malinga, CEO
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CHIEF EXECUTIVE
OFFICER'S OVERVIEW

As | reflected on SANSA's activities during the 2015/16
financial year, | was again struck by the impact of our
activities in space science and technology on the citizens
of our country. The passion and expertise of the SANSA
team continues to inspire me every time | speak at a
conference or event, as does the very real public interest
in and support for our research and innovations, as well as
participation in our outreach activities.

| am especially encouraged by our results for the past
financial year, which indicate a significant achievement of
the new targets set to achieve the goals of our 2015-2020
strategy. In addition, SANSA continued to contribute to
the government's national service delivery goals and the
National Development Plan.

The end of the first phase of establishment

SANSA has successfully completed the significant first
five-year phase of its establishment. The journey has been
exciting and rewarding, and although challenging at
times | believe that we have matured into a space agency
on par with our peers internationally. We can go forward
with confidence and a firm commitment to our mandate,

in service of humanity.

Priorities during the past year included the revision
and improvement of existing systems and processes
to use our limited resources effectively amidst taxing
economic pressures. We also developed policies and
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tools for informed decision-making in housing and
infrastructure planning to improve service delivery and
used space weather technologies to improve navigation,
communications and the supply of electricity in the
technology-dependant industries.

Our researchers contributed to global scientific knowledge
in space and Earth sciences and provided government
departments and customers with high-quality satellite
data,
deliverables. These ranged from disaster management,

products and services to achieve national
drought monitoring and the provision of good quality

housing, all of which have affected the lives of our citizens.

The skills and expertise of our space operations team yet
again affirmed South Africa’s capability to reliably and
efficiently provide launch and in-orbit support services
to clients locally and within the global space industry.
The successful continuation of many navigation and
communications services across the world is due, in part,
to the level of service rendered by the SANSA team.

The future of space science in South Africa

As we continue to meet the goals set by the Department
of Science and Technology to ensure that the benefits
of space science and technology reach our people, we
remain cognisant of the future milestones in the space
industry.

Although South Africa, currently, does not prioritise
deep space missions or human space exploration, we
are committed to contributing to the global knowledge
pool about humanity’s existence on Earth and we value
the involvement of our stakeholders towards meeting our

2
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ambitions in this regard on behalf of the country.

This annual report contains an update on the local
satellite development programme, which will provide
South Africa with Earth observation data and products
and undoubtedly include many other significant
achievements by the specialists and support staff at
SANSA, who continuously strive for perfection in meeting

our strategic goals and objectives.

Notes of appreciation

As the first and now outgoing CEO of SANSA, | take
this opportunity to thank the Minister of Science and
Technology and our Board members for guiding and
supporting this Agency in its accomplishments and
significant achievements, as well as encouraging us to
always aim higher. My gratitude also goes to the staff and
management for supporting me in fulfilling my role at the
helm of SANSA. | wish them well on the ‘space’ journey
that lies ahead.

As | move away from SANSA, | look forward to seeing

this passionate young Agency achieve many years of
notable results in service of our people, the global space
community and humanity as a whole.

Dr Sandile Malinga”
Chief Executive Officer
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STATEMENT OF RESPONSIBILITY AND
CONFIRMATION OF ACCURACY

OF THE ANNUAL REPORT

We confirm that, to be best of our knowledge that:

All information and amounts disclosed in this Annual
Report is consistent with the Annual Financial Statements
audited by the Auditor-General.

The Annual Report is complete, accurate and free from
any omissions and has been prepared in accordance with
the Annual Report Guidelines issued by National Treasury.

The Annual Financial Statements (Part F) have been
prepared in accordance with the South African Standards
of Generally Recognised Accounting Practice (GRAP)
standards that apply to a public entity.

The Accounting Authority is responsible for the preparation
of the Annual Financial Statements and judgements
made in this information. The Accounting Authority is also
responsible for establishing and implementing a system
of internal controls designed to provide reasonable
assurance about the integrity and reliability of the
performance and human resources information and the
Annual Financial Statements.

The external auditors are engaged to express an
independent opinion about the Annual Financial
Statements.

In our opinion, the Annual Report fairly reflects the

operations, performance and human resources
information and the financial affairs of the public entity for

the financial year ended 31 March 2016.

Yours faithfully

Dr Sandile Malinga
Chief Executive Officer

Ms Joy-Marie Lawrence
Chairman
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STRATEGIC OVERVIEW

Legislated mandate

Promote the

peaceful use of

space

Support the
creation of an
environment

condusive
to industrial

Foster research
in space science,
communications,

navigation and

space physics

Advance
scientific
engineering and
technological
capabilities

Foster
information
co-operation in
space-related
activities

development
in space
technoogy

Figure 1: SANSA’s mandate.

SANSA derives its strategic mandate primarily from the:
National Development Plan
Ten-year Innovation Plan
National Space Strategy

South African Earth Observation Strategy.

National Development Plan (NDP)

SANSA contributes towards the National Development Plan
(NDP) through creating jobs; improving geospatial patterns
to develop marginalised communities; using space systems
to plan and monitor the backbone national infrastructure;

SANSA Annual Report 2015-2016 °

through
human capital
development,

outreach
programmes

L]

infrustructure
development

providing health surveillance and intelligence through the
use of satellite data; improving service delivery with space-
based performance monitoring; and providing geospatial

decision-making tools.

Medium-Term Strategic Framework (MTSF)

The South African government adopted the Medium-Term
Strategic Framework (MTSF) to help realise the Vision 2030
of the NDP. The 14 key outcomes, associated activities and
targets in the MTSF cover the focus areas in the NDP and
are set for achievement by 2019.



South Africa to be an international Hub for space solutions,
for the world and the future.

Lead and inspire the South African space community to
create a better future.

Organisational structure.

Board Secretary

>

Values

Our values are:
Service
Teamwork
Excellence
Integrity
Respect
Personal growth

Finance & Space Programme
Procurement CFO ED: Space Programme

Internal Audit Manager

Corporate Services

ED: Corporate Services

Earth Observation

MD: Earth Observation

Space Science

MD: Space Science

Space Operations

MD: Space Operations
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Business, goals and programmes

SANSA Corporate Office

Corporate Support Programme

SANSA Earth
Observation Operations Science * Space Programme

Directorate Directorate Directorate

*The Space
Programme
oversees all the
space programmes

Earth Space Space and includes the

Observation Operations Science management of

SANSA's space
engineering activities.

Programme [ p . amme [l Programme

Address South Africa’s challenges through space services and products
Lead high-impact collaborative R&D ona national scale

Develop national human capacity and ensure transformation

Enhance the competitiveness of the South African Space Industry
Develop active global partnerships

Ensure the growth and sustainability of SANSA

Transform SANSA into a high-performance Agency
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STRATEGIC GOAL 1

Address South Africa’s challenges through
space services and products

Space plays a crucial role in providing government with
operational and decision-support tools to address national
priorities and challenges in areas such as natural resource
management, climate change and environmental
management, disaster management, rural development
and urban planning, and national safety and security.
SANSA's primary objective in this regard is to ensure that
space applications are integrated into service delivery as
an indispensable tool for government decision-making
and policy formulation.

STRATEGIC GOAL 2

Lead national, high-impact, collaborative R&D

SANSA believes firmly in the value of fundamental and
applied science to create new knowledge, technologies
and innovation for economic and societal benefit and
increase our knowledge and understanding of the
universe, its sustainability and ourselves. In this regard,
SANSA fosters and leads collaborative, space-related
research and development (R&D) on a national scale with
the primary objective of increasing our national space
research output.
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STRATEGIC GOAL 3

Develop national human capacity and ensure

transformation

We need to stimulate a wide interest among our youth
in science, technology, engineering and mathematics
(STEM) to develop the rare and transferable skills we
need to deliver against the NSP targets. Capacity
development in space-related areas will benefit our space
initiatives as well as contribute to other areas that require
scientists, engineers and technicians. SANSA adopts a
transformation objective in driving human capacity and
skills development initiatives.

STRATEGIC GOAL 4

Ensure the competitiveness of the South
African space industry

The global space industry, with an estimated nett
worth of over $300 billion, is growing at a rapid rate.
New technologies and innovative applications often
transcend space systems to find relevance in sectors such
as medicine, manufacturing, security and energy. SANSA
supports the NSP objective of ensuring that South Africa
captures a reasonable share of the global space market.

STRATEGIC GOAL 5

Develop active global partnerships

Space science and technology, by its nature, is part
of a global partnership. South Africa, through SANSA,
is well-positioned as a strategic space partner for the

2
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African continent, BRICS countries, other continental and
regional blocks and global players in space science and
technology. The socio-economic value of establishing
and maintaining effective and mutually-beneficial
international partnerships are aligned with South Africa’s

strategic priorities and space programme aspirations.

STRATEGIC GOAL 6

Ensure the growth and sustainability of SANSA

SANSA must grow sustainably to remain relevant in the
fast-changing global space market and meet the ever-
changing socio-economic needs of the country. A strong
focus on new business development, effective stakeholder
engagement and results-driven communication to
promote the NSP are imperatives through which the
Agency fulfils its mandate to obtain favourable publicity
and increase brand equity. SANSA pursues a number of

activities that contribute towards its growth in revenue.

STRATEGIC GOAL 7

Transform SANSA into a high-performance
Agency

SANSA drives a number of initiatives to position itself as
a high-performance organisation with transformational

leadership, effective human capital management,

innovative business design and operational and

technological effectiveness and efficiency.

SANSA Annual Report 2015-2016
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IMPROVING HUMAN

Causes of urbanisation

« Population pressure and inadequate S ETTL E M E NTS

social services in rural areas (‘push’

factors). Almost 60% of the world’s population will live in urban
Improvement of living conditions such

as standard of living, well-paid jobs,
more opportunities to find ‘informal’

areas by 2030. The Department of Human Settlements
(DHS) wants to eradicate the country’s housing backlog by

supplying 2,1 million housing units to about 12,5 million
and formal work, better health care

and education (‘pull’factors).
Decrease in death rates while birth
rates remain high.

people in a quality environment with access to services.
A tract of public land (6 250 ha) has been allocated for an
estimated 400 000 low-income and affordable housing
units, with plans to deliver at least 20 000 units per year.

Addressing urban housing challenges

In response to the challenges municipalities face in
dealing with the growth of human settlements around
cities in South Africa, SANSA, in collaboration with the Joint
Research Council (JRC), developed the 2012-2014 Human
Settlement Layers for South African Cities. Results show
the development of human settlements around selected
cities, currently those in Gauteng, as well as Kimberly,
Bloemfontein, East London, Cape Town and Rustenburg.

The DHS, through SANSA, used the latest available SPOT-
5 imagery in the human settlement tool to automatically
detecthuman settlement data around these cities and other
areas of interest. The data assists municipal decision-makers
to plan and manage human settlements in urban areas. The
tool also supports urban spatial planning and development
policies for human settlements, particularly the National
Human settlement growth in Gauteng in 2014 Development Plan (NDP) and the Spatial Planning and Land
Use Management Act (SLUMA), 16 of 2013.

6 SANSA Annual Report 2015-2016
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Almost 1.5 million children (one in four
under the age of six years) experience
stunted growth due to chronic malnutrition.
Food security is on the global policy agenda
and many role players are rising to the
challenge. Locally, the Government’s goal

is to provide all South Africans with access
to safe and nutritious food. Collaboration

in projects such as the University of
Stellenbosch’s strategic food security
initiative, will help us to achieve this.
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ENHANCING
AGRICULTURE
PRODUCTION

South  Africa’s integrated food security strategy
(Department of Agriculture, 2002) identifies inadequate
safety nets, weak disaster management, insufficient
household food production, lack of purchasing power and
poor status as key food security challenges. Crop failures
and post-harvest loss (PHL) further exacerbate this reality.

During the past year, SANSA's work under this theme
produced essential biophysical variables under the Crop
Watch for South Africa (CW4SA) project, funded through
the UK Space Agency’s International Partnerships in Space
Programme (IPSP) with Airbus Defence and Space as

collaborator.

South African farmers and extension services are currently
without access to near-real-time information on field
and crop conditions. This initial pilot study provided key
variables, such as vegetation indices, soil moisture content,
land surface temperature, evapotranspiration rates over
dry-land cropping and irrigation fields in the Free State
province to build a case for a longer-term programme
of agricultural and natural resource monitoring and
assessment.

These indices are a perquisite for, identifying crop types,
estimating plantation areas, monitoring, forecasting and
assessing crop yield and damage or stress.
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Crop stress estimation.

SANSA also developed the Drought Observatory (SANSA-DO), a vegetation change
visualisation tool that shows the temporal and spatial progression of vegetation indices
during the 2014/15 growth cycle.

Maps depicting the change in vegetation over time in South Africa, Lesotho
and Swaziland.




Estimates indicate that the demand
for water in South Africa will reach 17.7
billion m® by 2030. The current supply
stands at 15 billion m3. The effects of
climate change could exacerbate the
problem: even a small decrease in rainfall
(and corresponding increase in irrigation
demands) could result in a water
shortage of 3.8 billion m3.
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IMPROVING WATER
MANAGEMENT

Globally, water resource management is the most
significant challenge in this century and beyond. Water
challengesin South Africaemanatefroma semi-arid climate
and low seasonal rainfall, as well as insufficient aquifers,
a dependence on water transfer from neighbouring
countries (+ 25% of total supply from Lesotho) and water
demands for agriculture, critical industries (mining, power
generation) and large and growing urban centres.

SANSA used Landsat data to identify algal concentrations
and map the water quality in dams, such as the Vaal and
Hartebeestpoort dams. The Single Layer Model (SLIM) unit
of the Department of Water and Sanitation (DWS) uses
these satellite data, provided by SANSA, to regulate and
monitor water use in compliance with National Water Act,
36 of 1998, authorise and license water use for irrigation
and assess the status of small water bodies at municipal
level. SANSA supplied Rand Water with products to
monitor algal bloom in the Vaal Dam and developed
critical information on dam levels in the Free State during
the severe drought in 2015.



Support for Operation Phakisa

The government-initiated Operation Phakisa programme
aims to unlock economic potential within the ocean
environment under South Africa’s jurisdiction by reducing
illegal activities and promoting socio-economic benefits.
SANSA'shigh-resolution satelliteimagery provides synoptic
and repetitive monitoring of the oceanic environment,
which contributes to effective marine protection and the
governance goals of Operation Phakisa.

This, and SANSA's other technical advisory services,
support the development of South Africa’s Ocean and
Coasts Information System, which is a Phakisa-Ocean
Economy deliverable to furtherimprove marine protection
and governance.

Detecting ships with SPOT-6 satellite imagery in the
vicinity of the Cape Town harbour on 25 March 2015

Durban harbour

a SANSA Annual Report 2015-2016



]
[

£

%
%

v
N

3
N
~

A
-"
o,

. .1 r.

SANSA Annual Report 2015-2016 a

ry
-

>

ENSURING ENERGY
SECURITY

South Africa's energy challenges significantly affect its
economic growth. SANSA's products and services supports
government's energy solutions, which include maintaining
Eskom power stations, managing the electricity demand
and enhancing the generation capacity of the national
power grid.

Protecting the national power grid

During the past year, SANSA and Eskom joined forces in
a Memorandum of Understanding (MoU) to protect the
national power grid from the potentially harmful impact
of space weather on utility's Interconnected Power
System (IPS). The collaboration entails data acquisition and
communication, space weather incident management,
including the use of related tools and event alerts, expert
support, joint research and publications as well as public
education and training.

Furthermore, SANSA supplies daily MODIS data that is
used in the CSIR Advanced Fire Information Management
System (AFIS) that warns Eskom and relevant stakeholders
on fire episodes that could impact on Eskom powerlines.

SANSA commissioned a Magnetotellurometer (MT)
station near the Koeberg Power station under a hosting
agreement with Eskom. This is the first MT-station co-
located with a power station that is equipped with a
specialised instrument to measure Geomagnetically
Induced Currents (GICs). These currents can cause
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extensive damage to power transformers and create
IPS instability. Data from the MT station will be used to
estimate the surface impedance of the ground as an
important parameter in modelling GICs in the power
network locally and verifying the algorithms that SANSA is

developing to estimate GICs.

The SANSA and Eskom teams at the signing of the
SANSA/Eskom MoU.

2
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SANSA installed a pair of magnetometers under and near
a power line to measure GICs in the power line. A first for
South Africa, this significant accomplishment proved the
feasibility of using a non-invasive remote sensing method
to measure GICs in the South African energy network
and validated the GIC prediction models that are being
developed as part of national and international space
weather research programmes.

The SANSA magnetometers, installed under the 400 kV
power line near Botrivier in the Western Cape, recorded
significant GICs in the power line induced by a solar storm
on 17 March 2015.

SANSA
in developing a GIC proxy, which is based on solar

researchers also made significant progress
wind measurements, to improve GIC prediction for
space weather applications to mitigate the potentially
devastating impact of space weather events on the

national power grid.

SANSA Annual Report 2015-2016



Satellite-based augmentation technology
aims to reduce air accidents and increase
flight safety. The augmentation of a
global navigation satellite system (GNSS)
improves the accuracy, reliability and
availability of information used for in-
flight calculations.
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ENSURING NATIONAL
SECURITY AND SAFETY

Along South Africa’s borders with Mozambique,
Botswana, Namibia, Lesotho and Swaziland, which cover
approximately 3 500 km, only 19 points are designated for
the movement of commercial goods. SANSA's utilisation
of specialised space-related knowledge is making a
significant contribution to keeping our country safe and
secure —on land, sea and in the air.

Aviation safety

Only 3% of global air traffic crosses the African continent,
yet about 20% of all aviation accidents in the world occur
in Africa. SANSA and UK-based Avanti Communications
have partnered in the SBAS-Africa air navigation project
that uses satellite-based augmentation to improve
aviation safety and encourage positive developments in
the wider aviation sector in the African region.

The project promotes the use of Global Navigation Satellite
System (GNSS)-based flight operations for greater flight
safety and encourages regional integration through new
routes, access to aiReports in remote regions, commercial
opportunities for airlines, reduced transport costs and an
improved response to humanitarian interventions. The SBAS

applications can also be used in other transport sectors.

Maritime and cross-border security

In response to a recommendation by the Department
of Science and Technology, and aligned with Operation
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Phakisa, a SBAS application was investigated for the
maritime domain. As a result, the South African Maritime
Safety Agency (SAMSA) and Transnet National Ports
Authority (NPA) implemented two SBAS trials aboard
the SA Agulhas Il on its voyage from Cape Town to the
Marion and Gough Islands in February and March 2016 to
test the SBAS out-of-range signal performance. The trial
results will inform the NPA's decision about replacing its
Differential Global Positioning System (DGPS) with satellite
technology, as well as the emerging regulations from the
International Maritime Organisation (IMO).

Similar to other countries with vast coastal and other
borders, South Africa is affected by the cross-border
smuggling of illegal weapons and drugs. Using satellite
technologies for maritime and cross-border surveillance
helps the government to protect our ports, coastal borders
and transportation on the high seas.

As a vital service to the maritime sector, SANSA recently
developed a space weather information display system for
the Maritime Control Centre at the Institute for Maritime
Technology (IMT) in Simon's Town. The system, which
displays space weather effects in real-time, is improving
the efficiency with which the South African Navy now sets
communications paths for vessels at sea. SANSA also ran
regular training workshops for defence users to improve
their space weather awareness and high-frequency (HF)
propagation path prediction and space weather data
interpretation skills.

SANSA  provided maritime electric and magnetic
signature management services to the South African

Navy, through the IMT. These included the measuring of
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electric fields around sea vessels to identify problems with
the vessel's cathodic protection system. Left undetected,
these problems can cause significant damage to marine
vessels. Other SANSA services included landing compass
calibrations (approximately 150 per year) and magnetic
sensor sourcing and integration on dynamic platforms
such as satellites and unmanned aerial vehicles (UAVs).

The space environment can impact our technology

capabilities on Earth.
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Defence security

SANSA's space weather information, interpretation and
support services to the South African National Defence
Force (SANDF) included HF propagation path predictions,
which enabled SANDF users (including special forces)
to prepare HF communications plans well in advance of
operations. SANSA also provides the SANDF with space
weather reports to adjust their communications channels
and space weather information that assists with daily
operations and ensures effective communication with
troops and other military personnel on the ground.

During the 2015/16 financial year, SANSA presented 17
training courses to approximately 200 key personnel,
largely from the military sector and involved in safety-
critical activities on aircraft, at its premises in Hermanus.
The commitment by the SANDF to develop the skills of
military personnel to improve national security, equates to
a sound return on investment and increased capability to
fulfil its security mandate.

A training course for the SANDF being presented at
the SANSA offices
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CREATING
KNOWLEDGE AND
SKILLS

Research outputs

SANSA uses a productivity score to measureits contribution
to space science research. This includes papers published
in high-impact, internationally-reviewed journals, as well
as contributions to expert textbooks, NRF ratings for its
researchers and the number of research students who
graduate under SANSA supervision.

During the past year, we contributed to new knowledge in
space science through 26 published papers, approximately
R4.5 million in research grant funding, contributions to two
books, four new NRF-rated researchers and nine graduates.
Our researchers also participated in conferences/
workshops in 10 different countries, including two in
Africa and five in Europe, as session chairmen and/or
delivering papers, posters and invited presentations on
space science research.

Knowledge-sharing and international
partnerships

Foreign visitors to SANSA included researchers from,
inter alia, the UK, India and Japan who engaged with our
research students, university partners, local researchers
and the public. Over 100 international and African
delegates attended four international conferences in
Hermanus. These included the first biennial European

>

Incoherent Scatter Radar (EISCAT) symposium held in the
Southern Hemisphere, which incorporated a radar school
during which international researchers shared specialised

knowledge with local students.

Students and international guests at the EISCAT-42
AM symposium

SANSA researchers participated in three exchange visits
to the UK under the UK Space Agency’s International
Partnerships in Space Project (IPSP) to share knowledge on
forecasting, predicting and verifying space weather events
and assessing the socio-economic benefits of space
weather forecasting, as well as improving partnerships
and knowledge exchange between space agencies in
the USA, UK and South Africa. Reciprocal visits to South
Africa in January and February 2016 contributed towards
enhancing SANSA's knowledge about the impact of space
weather events on the aviation sector. Benefits included
assistance with the development of a value proposition for
space weather and strengthened international relations.

Establishing and fostering global partnerships benefit both
SANSA and South Africa’s space research community by
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creating/utilising unique opportunities for new scientific
discoveries, essential networks and discipline-specific
experiences, as well as driving innovation and technology
applications that benefit society.

Polar space research

SANSA operates 80% of the shore-based scientific
equipment at the South African National Antarctic
Expedition (SANAE) base in Antarctica. High-quality data
was again captured from SANSA's space monitoring
instrumentation during a successful 2015 overwintering
period. The flagship SuperDARN radar project is the
longest-running instrument at the base and the radar
antenna system was upgraded to full-system capability
by the overwintering team in December 2015. The SANSA
team collaborated with Italy’s Istituto Nazionale di Geofisica
e Vulcanologia (INGV) to deploy a new DemoGrape GPS
experiment. This will improve satellite high-precision
positioning, increase the accuracy of satellite navigation
in the Polar region and contribute to developing new

scientific and technological applications in Antarctica.

SANSA engineers working on the digital SuperDARN
HF radar located at the South African Antarctic Base,
SANAE IV
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Two Scanning Doppler Imagers (SDIs) were also deployed
at the McMurdo and South Pole stations in collaboration
with the US Antarctic Programme. This was a significant
milestone as only seven SDIs exist in the world, with two
now deployed successfully in Antarctica. SDI data support
wind and temperature research in the upper- atmosphere,
at a height of between100 and 300 km, where space
weather events affect the atmosphere.

Optical space research

SANSA completed the installation of a state-of-the-art
Optical Space Research Laboratory (OSR) at the South
African Astronomical Observatory (SAAO) in Sutherland.
The facility will provide crucial space science data to meet
national and international obligations, raise the standard
of South African research, supply information about the
Earth's middle and upper atmosphere and enhance
scientific development.

The laboratory will host joint projects with international
partners, including the German Space Agency (DLR) and
universities in the US such as Boston, Clemson and Utah
State. The DLR will use the OSR to track space debris in
a project that could involve a number of South African
researchers, engineers and students.
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During the past year, our researchers also captured the
first ground-based, optical observations of sprites in
South Africa at Sutherland. Sprites are a gas discharge
phenomenon in the mesosphere that is triggered by
lightning strikes and have never been recorded or studied
locally, before now. The observations can be used to
remotely study the middle atmosphere, which cannot be
accessed directly by aircraft, balloons or satellites. New
observations, using multiple simultaneous cameras with

optical filters, will now be undertaken for the first time.

The first South African

image of an isolated
“jellyfish” sprite, initiated

by a single lightning strike,
approximately 300 km north-
east of Sutherland.

A night-vision TV camera was used to capture the first

images of sprites in South Africa
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Remote sensing and malaria research

Despite the apparent progress in reducing the prevalence
of malaria, areas such as north-eastern Kwa-Zulu Natal
and parts of Mpumalanga and Limpopo are still malaria-
endemic. SANSA is collaborating with the Institut de
Recherche pour le Développement (IRD), a French
biomedical and public health research institution, Aix-
Marseille University, INSERM and Centre for Sustainable
Malaria Control at the University of Pretoria to find ways to
eradicate the persistent scourge of malaria in those areas.

The research team identified temperature, rainfall and relative
humidity as the three main climatic factors that favour
the transmission of malaria and is using remote sensing
technology to investigate the impact of climate variability
and change on the occurrence and intensity of malaria.

The technology will assist in monitoring changes in
vegetation and water bodies, as well as the movement of
people by tracking the increase of newly-built structures
in designated areas. In many instances, climate change
has changed the habitat of mosquito breeding sites, while
people with low immunity become exposed to malaria by
moving unwittingly, for economic reasons, to an area with
a high malaria transmission rate.

The research team uses remote sensing technologies to
map the extent of water bodies and vegetation and make
recommendations to the relevant authorities. Identifying
the location of unpolluted dams, streams, riverbeds and
ponds with warm, moist conditions that create ideal
breeding areas for vector mosquitos, as well as where the
clearing of vegetation will create similarly ideal sunlit pools,
can support decisions and assist with planning in the fight
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against this dread disease. The use of space technology
enables informed decision-making and intervention

prioritisation, especially in areas without field data.

Encouraging SMME participation in technology

innovation

SANSA partnered with Airbus Defence and Space (ADS) to
support the launch of The Innovation Hub/City of Tshwane
OpenlX Open Innovation Exchange as an innovation
challenge owner. Given the large resource of multi-sensor
satellite data at SANSA and ADS and significant scope to
increase South Africa’s commercial competitiveness and
societal benefit from Earth observation data, the SANSA/
ADS innovation challenge called for novel multi-sensor
satellite data applications.

The 28 proposals, from 11 start-up, 11 industry and seven
public participants, covered agriculture, information
technology, health, urban planning, climate change,
disaster monitoring and security. Following a rigorous
assessment process, the DroneClouds won with a cloud-
based innovation that uses aerial imagery and satellites to

SANSA Annual Report 2015-2016 e
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identify early-stage plant stress. The application delivers
the processed results on a desktop and mobile app and
can assist farmers to increase crop yields. Early plant stress
identification can inform decisions about water, fertiliser
and pesticides use and potentially save farmers time and
money. The DroneClouds team won a trip to Toulouse in
France for site visits to Geo Intelligence, Space Systems,
Interspace and the Airbus commercial aircraft assembly
line, as well as access to Airbus Group companies to help
commercialise their service.

As the four runners-up, Cognitive Systems (for complex
adaptive systems from complex data streams), GIS Cape
Town (artisanal mining and human rights), Mobbisurance
(mobile-based insurance for emerging farmers) and My
Smart Farm (benchmarking agricultural field performance)
each received a 12-month incubation support package
from The Innovation Hub.

The participants in the SANSA/ADS satellite data
innovation challenge



Student development

The SANSA student development programme is an
important contributor to skills development in the
space sector. During the 2015/16 financial year, SANSA
supported 48 postgraduate students and five interns
in space science, Earth observation and engineering.
As a non-degree granting institution, SANSA’s student
development programme is undertaken in collaboration
with various universities. Depending on their project and
supervision arrangements, MSc and PhD students can
be based at a SANSA facility or their university. Students
benefit through exposure to a research culture and
through working closely with researchers at SANSA, as
well as interacting and networking with international
visitors, often experts in their fields as well as attending
and presenting their work at SANSA-hosted international
conferences.

Students hosted by SANSA

>

The Agency also identifies suitable opportunities for
postgraduate students to increase their exposure and
skills base. During 2015/16, two students attended the
2015 Space Weather Summer Camp in Germany to
accelerate their growth and develop critical skills in space
weather research. SANSA aims to increase the number
of South African students exposed to this excellent
space science knowledge development programme by
becoming a full member in 2016 and hosting part of the
camp in South Africa. The studentship programme has
begun to yield exceptional scientists. In its first two years

of implementation, one of the four scientists completed
studies with a Cum Laude from UKZN.

National Astrophysics and Space Science Programme
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The profile of the 48 postgraduate students supported

by SANSA in the 2015/16 financial year

Student Equity Profile 2015/2016

36%

56%

2% . African

Student Degree Profile 2015/2016

40%

23%

37%

‘ Honours
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Student Gender Profile 2015/2016

75% 25%

. Men

. Women

Student Nationality Profile 2015/2016

15%

85%

’ South Africa ‘ Rest of Africa
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SCIENCE
ADVANCEMENT AND
PUBLIC ENGAGEMENT

During the reporting period, SANSAs science
advancement and public engagement activities reached
15 347 learners in all nine provinces. Specific activities
included a successful National Science Week with 435
visitors attending an open day and exhibitions hosted in
Hermanus and Pretoria.

Youth engagement included reaching 4 504 youths
through National Science Week events in Limpopo, North
West, Mpumalanga, Western, Eastern and Northern Cape;
266 young people from six schools in Kimberley during
the Science Tube science festival in the Northern Cape;
and 186 members of the Zwelihle and Mount Pleasant
communities in the Overstrand District Municipality.
SANSA's mobile space lab also visited schools and
townships in the Northern, Eastern and Western Cape
to introduce learners to space science and technology-

related career opportunities.

Under the aegis of the Women in Physics in South Africa
(WIiPiSA) programme, 24 female Physics students from the
University of Cape Town (UCT) visited SANSA, while seven
of our female researchers and postgraduate students
shared career opportunities for women in science and
technology with over 1 000 learners in George and Knysna.

During 2015, SANSA's popular annual school holiday
programme attracted 117 learners between the ages
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of 6-12 vyears. The learners participated in practical, Building capacity in space science and

curriculum-linked science and technology activities that technology

encouraged and stimulated their interest in space science.
Higher Education Institutions across South Africa

are using SANSA's human capacity development
products. Examples include the Fundisa Disk
and student portal, which were updated in 2015
with newly-acquired satellite data and more
open source software. According to a recent
customer survey, the Fundisa Disk is used widely
by students and for training at universities, most
actively in the environmental science, botany,
disaster management, town planning, geography,
agriculture, education, hydrology and zoology
departments.

During 2015, SANSA published the first South
African Remote Sensing Atlas with an online
version that shows the various applications of Earth

observation data.

Learners participating in SANSA’s popular school
holiday programme in 2015 South African Remote Sensing Atlas
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TECHNOLOGY AND
INNOVATION

Ground stations and hosting services

The successful installation of new antenna at SANSA'S
facility in Hartebeesthoek continues to entrench the
Agency’s global positioning as a leader in this field. During
the year under review, ground segment installations
included an antenna for Spire, an international data
collection and analysis company; a monitoring station for
Japan’s Quasi-Zenith Satellites System (QZSS) to provide
high-accuracy satellite positioning services over almost
all of Japan; a monitoring station for Norway's Kongsberg
Satellite Services (KSAT) as part of its network services for
Japan’s NEC Corporation that is installing the QZSS ground
control facilities globally; and a new antenna system as
part of the CNES CORMORAN project.

In addition, SANSA provided launch, transfer orbit (TOSS),
launch and early-orbit phase (LEOP) and in-orbit transfer

(IOT) support services for 15 space missions during the
2015/16 financial year. Clients included Intelsat, CNES (the

French space agency) and Telesat.

The international installation team

G SANSA Annual Report 2015-2016




Space engineering

Highlights in this area included the development of
life-cycle costing model for the satellite development
programme to assist with the planning and development
of the satellite

The EO-Sat1 satellite contract has, since activation, created
10 new jobs at Spaceteq further 10 jobs within the South
African space Industry that works directly with the EO-Sat
development. In addition to the 120 personnel employed
in South Africa’s space sector, it is foreseen that 40 new
scientific and engineering jobs will be created through
the EO-Sat1 project in the long term. These skills are being
developed to manage any future space-related projects.
Currently, SANSA is supporting seven engineering
students through its HCD programme.

Since the start of the EO-Sat1 project, many SMMEs have
been impacted directly: Four of these include:

Astrofica Technologies (Pty) Ltd (100% Black-owned,
50% Black Women-owned)

Group 6 Technology and Infrastructure (Pty) Ltd (75%
Black-owned)

Luvhone Engineering and Consulting Partners (100%
Black Women-owned)

Connecta (Pty) Ltd (100% Black Women-owned).

Other significant milestones included the procurement of
the optics and sensor engineering model for the satellite
programme; determination of the best options for the
critically important assembly, integration and testing
(AIT) facilities to support the local space industry and
other technology areas in South Africa; a prototype of the
satellite reaction wheel and on-board computer (OBCQ);
and a communications unit for VHF/UHF communications.

SANSA Annual Report 2015-2016 °
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PERFORMANCE
HIGHLIGHTS

SANSA strives to achieve its goals by giving effect to the
following objectives:

promoting the peaceful use of space

supporting the creation of an environment
conducive to industrial development in space
technology

fostering research in space science, communications,
navigation and space physics

advancing scientific, engineering and technological
competencies and capabilities through human
capital development (HCD), outreach programmes

and infrastructure development

fostering international cooperation in space-related
activities.

Space technology for socio-economic benefit

Activities during the past year to address South Africa’s
challenges were focused in four main areas, namely
delivering national geospatial decision-support data
products and land-use and land-cover base information
layers, as well as space weather and magnetic technology

services.

SANSA supplemented its invaluable satellite imagery data
bank with data from various satellites including SPOT,
Landsat, MODIS and CBERS-4 to provide the country and
the region with decision-support products. During the
review period, the Agency distributed 47 485 images and
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empowered decision-makers with geospatial information
and intelligence.

The production of information layers for human
settlements and national water, vegetation and flood risk
management tools were further refined to strengthen
SANSA's service delivery and improve the decision-
making ability of customers in spatial planning and water,
agriculture and disaster management. The completion
of the 2012 and 2014 human settlement information
layers will, for instance, enable a better analysis of
human settlement changes within the context of rapid

urbanisation.

Space weather services and space science research are
valuable contributors to South Africa’s national security.
SANSA provides the South African National Defence
Force (SANDF) with a number of services, including
high-frequency communications prediction, geospatial
information and training.

The new space weather information platform at the
Maritime Control Centre of the Institute for Maritime
Technology (IMT) was developed specifically to facilitate
real-time space weather monitoring to optimise the
communications paths for vessels at sea. The platform is
complemented by a portfolio of magnetic services that
include providing the IMT and South African Navy with
electromagnetic navigation ground support, protecting
South African vessels from corrosion and increasing their
safety and reliability, while saving the country millions of
Rands.

2
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Conducting cutting-edge research,
development and innovation in space science

SANSA's research continued to set new standards in space-
related knowledge, probing the unknown and questioning
the underlying assumptions of our scientific discourse.
First-time achievements included the determination that
the Sudden Stratospheric Warming also affects the upper
thermosphere, which will improve upper atmosphere
composition modelling, and observation of sprites in
South Africa using optical instrumentation.

Ourresearchersalso probed otherareas such asionospheric
densities; the derivation of nonlinear plasma densities
(working with the University of the Western Cape); ion-
acoustic solitons; high-frequency nonlinear waves; sudden
magnetic commencements; geomagnetically
induced currents; the prediction of Induced Electric Field

storm

Components during geomagnetic storms; travelling
ionospheric disturbances to name a few of the many
areas covered. Earth observation research provides new
knowledge about the contribution of Earth observation
data to our understanding of the spatial and temporal
distribution of vector-borne diseases and invasive species
under environmental and climate change conditions.

This wide scope of knowledge creation resulted in
SANSA's productivity score of 1 992. This included 26
research publications in high-impact research journals,
approximately R4.5 million in research grant funding, four
researchers with newly-achieved NRF ratings, two book
contributions and nine SANSA-supervised graduates,
including two PhDs. SANSA researchers also participated
in research conferences/workshops in ten different
countries, including two in Africa and five in Europe.

SANSA Annual Report 2015-2016
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Building capacity and developing skills

Parallel to South Africa’s quest towards a knowledge economy
is the need to develop an extensive knowledge workforce.
In this regard, SANSA's 2015/16 student development
programmes supported 53 postgraduate students and
interns studying space science, Earth observation and
engineering. Addressing the critical skills shortages in these
areas will improve South Africa’s global competitiveness and
reduce the currently high trade deficit in high-tech products
and services.

SANSA also directly engaged with 15 347 youth and
public through various science advancement initiatives
to increase the uptake of science, engineering and
technology at schools and create a wide pipeline of skills
in these areas. The initiatives, such as science exhibits/
festivals, mobile outreach activities and Science Centre
activities, continue to excite, challenge and expose young
people to new opportunities in science and technology.
The Fundisa Disk HCD resources and newly- completed
South African Remote Sensing Atlas are some of the most
sought-after resources at South African universities.

High-accuracy satellite global
positioning system

As in previous years, SANSA'S programmes continued to
position South Africa favourably in the space community
globally. An example is SANSA's collaboration with Avanti
Communications on aviation safety through the SBAS-
Africa project, a crucial air navigation project in Africa.
Since SBAS services also contribute to other transport
domains, a SBAS application in the maritime domain is

also being investigated.

2
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During the past year, SANSA conducted 12 launch
supports, one drift support and two in-orbit tests. Some
of the missions supported included C-Band TOSS support
for Intelsat 34, TOSS support for the ABS-3A, Ku-Band
transfer-orbit support for about ten days and support
for the Jason-3 ocean altimetry mission (ocean surface
topography measurements to support ocean circulation
and climate change research).

The successful delivery of these support services

enable global navigation, communications, science,
environmental management and deep space exploration
and indirectly contributes tothe advancementof humanity
and improved livelihoods. SANSA's navigation activities
also increased with launch and early-orbit phase support

of the Galileo-9 and Galileo-10 satellites.

Positioning SANSA as an emerging space player

SANSA fosters international partnerships to embrace
collaboration with experienced nations, position South
Africaasaspace-faring nation and supportits drive towards
becomingafully-fledged space agency withitsownlaunch
capabilities. SANSA's role within the Committee of Earth
Observation Satellites (CEOS) and particularly as Chair of
the CEOS Working Group on Capacity Building and Data
Democracy confirm its standing within the global space
community and continually opens up opportunities to
support international Earth observation bodies, such as
GEO, and Africa initiatives, such as AfriGEOSS.

During the past year, a number of international research
visitors from the UK, India, Japan and France visited
South Africa to engage with SANSA’s scientists, students,
university partners, researchers and the public.
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SANSA's participation and leading role in Africa through,
inter alia, the European Union-funded and African Union
coordinated programme; and the Monitoring for the
Environment and Security in Africa (MESA) and TIGER
regional and international projects, affirms its position as
one of the leading space agencies in Africa.

SANSA  hosted the TIGER Capacity Building Facility
workshop at the DST with about 30 participants from
African countries (Swaziland, Egypt, Ghana, Kenya, DRC,
Uganda, Ethiopia, Morocco and Madagascar) and water
management professionals in South Africa in attendance.
The main objective of the course was to empower African
scientists to develop their scientific skills and the technical
capacity to make the best use of Earth observation
technology to better understand, assess and monitor the
status of water resources in Africa as well as the potential
impacts of climate change. The recent signing of the
MoU between SANSA and the Botswana Department of
Meteorological Service (BDMS)/SADC-Climate Service
Centre (CSC), representing MESA SADC-THEMA, further
strengthens SANSA's position in Africa.

The SANSA/JICA  partnership
international

remains a significant
partnership. Benefits include hardware,
software, data and tools for processing Synthetic Aperture
Radar (SAR). These benefits have been extended to over
50 national stakeholders through targeted SAR training
workshops and the annual training and tour of space
technology institutions in Japan. SAR training is a national
prerequisite to effectively support Operation Phakisa in

unlocking the potential of South Africa’s oceans economy.

SANSA also hosted six international workshops at its

2
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various facilities with just over 100 international and African
delegates. The events included the biennial European
Incoherent Scatter Radar (EISCAT) symposium, which was
held in the Southern Hemisphere for the first time.

SANSA's partnerships within the African region also
continued to grow, especially in the context of the African
Resource Management Constellation (ARMQ).

Student development, science advancement

and public engagement

SANSA reached over 60 000 learners during five
national science festivals, including the Science Tube in
Thohoyandou and Kimberly, SA Agulhas II exhibition at
Cape Town Harbour, Touwsriver Science Expo and SciFest
Africa in Grahamstown. The engagements included the
SANSA Aspire to Inspire programme, which exposes
learners to different STEM career opportunities. Learners
conveyed their interest in careers through feedback
surveys. These engagements highlighted the importance
of the interface between science and society as part of the
DST Public Engagement Framework.

SANSA gained exposure during a number of successful
World Space Week and National Science Week (NSW)
events including a Space Agency Open Day, local
community expos, public outreach activities and rural
school visits.

The official NSW launch and annual Sasol TechnoX science
exhibition “Today’s minds, tomorrow’s future” were held
in-tandem in Secunda in Mpumalanga. Sasol Techno X
offers themed displays, workshops, tours, talks and hands-
on activities to stimulate the interest of learners, educators

SANSA Annual Report 2015-2016
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andthegeneral publicinthe endless possibilities of science,
maths, engineering and technology. As an exhibitor,
SANSA communicated with more than 700 learners by,
inter alia, using robotic antenna to demonstrate satellite
tracking and discussing the benefits of satellites to society.

SANSAresearchersand postgraduate students participated
inits annual TUTOR programme to assist Grades 11 and 12
learners with curriculum-based mathematics and physical
science. This social responsibility initiative enables learners
to significantly improve their math and science results.

Under the NRF/DST Internship and South African Agency
for Science and Technology Advancement (SAASTA)
Volunteers Programme, SANSA provided four young
unemployed graduates with internships and volunteer
opportunities and took on two students during the
2015/16 summer vacation period. These interventions
provide students with valuable work experience to
improve their employability as graduates.

During the review period, just under 500 members of the
public a