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EXECUTIVE SUMMARY

The Southern Hemisphere polar region is a system of interconnected physical and ecological
components comprising the Antarctic continent, sub-Antarctic islands, the Southern Ocean and the
deep ocean basins surrounding South Africa, along with the overlying atmosphere and the
opportunities to observe the universe from this largely uninhabited location. The human dimension
gives structure to the research investigation, because Antarctica and the surrounding region outside
the countries’ exclusive economic zones are regulated by treaties engraved in the principle of science
for society. The Antarctic region is hence climatically, ecologically and socio-economically linked to
South Africa, and the vast range of disciplines require a holistic approach. The proposed establishment
of the South African Polar Research Infrastructure (SAPRI) will ensure coordination of South African
marine and Antarctic research as a national Big Science programme, providing seamless access to
existing and new research infrastructure required to develop and enhance long-term observations of
South Africa’s polar region.

The SAPRI is designed as a consortium hosted at the South African Environmental Observation
Network (SAEON), which has proven experience in managing infrastructures and will fast-track its set
up and operations. The ultimate objective of SAPRI is to enable balanced research growth across the
polar disciplines, and to maintain and further expand the world-class long-term observational datasets
already established. In addition, SAPRI will transform the access to, and perception of, the South
African polar regions for technicians, engineers, scientists of all disciplines, learners and students,
government, private business and civil society. The establishment of SAPRI will elevate South Africa
into a central role within the Antarctic space, with the produced science and international standing
directly benefiting the governmental strategies for Antarctica and the sub-Antarctic islands. As the
only African player in the polar regions, South Africa will further accelerate the implementation of the
pan-African Science, Technology and Innovation agenda, thus achieving the main imperatives of the
National System of Innovation.

Impact

The SAPRI founding principle is to ensure that the investment in research infrastructures translates
into the generation of science for the benefit of society, retention of capacity and international
recognition of expertise. South Africa has a comparative geographical and historical advantage to
study the Antarctic region and the polar sciences. As one of the first signatories of the Antarctic Treaty,
and through the existence of the South African National Antarctic Programme (SANAP) overseen by
the governmental departments DSI and DEFF, which manages one of the world's leading ice breaker
research vessels, the country has established itself as a major international player. To build on this and
ensure sustainability, the SAPRI represents a strategic step change in the coordination of national
infrastructure for the polar sciences, which is based on a redesign of the SANAP structure within DSI
according to the principles of economy of scale along with transparent institutional agreements
between the SAPRI and its consortium partners. The proposed Rl is conceived to improve coherence
and budget coordination across the SANAP stakeholders and beyond, as well as international
programmes, which is expected to ultimately enable a more favourable environment for innovation,
research and development of human capacity in an area that is not traditionally represented by Africa.
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Through SAPRI, government and the research community will join forces to: (1) contribute to the
national obligations in terms of treaties, international agreements and scientific bodies, by means of
sustained long-term observations and a single entry-point for expert consultations; (2) grow the
scientific understanding of the incredibly large region of ocean and territories surrounding Southern
Africa, through a substantial increase of research outputs and training capacity, and the establishment
of physical and digital infrastructures to simulate the polar environment in Africa and increase the
diversity of contributions; (3) improve the relationship between polar science and society, by showing
the relevance of scientific and operational activities in this region through the Antarctic Legacy and
the use of advanced digital technology; (4) unleash the innovation and commercial potential linked to
developing instruments and services for operating in extreme and remote environments, such as the
design of new sensors, polar vessels and the development of services from digital twin models.

Polar research is built on infrastructures of various sizes, which result from several investment cycles
and are custodied by different players. SAPRI will maximize the return on investment by subscribing
to the main principle of Antarctic expeditions, thus ensuring that several valuable platforms are
exploited at the same time for operational and scientific needs, from large facilities such as ships and
field bases, to medium facilities such as land-based laboratories, ship-based container laboratories
and supply vehicles, down to individual field gear. The establishment of SAPRI will hence create one
of the main pillars for the transition towards a polar institute that would eventually combine the
logistics with the strategic scientific agenda.

Scientific excellence

The scientific plan of the SAPRI follows on from extensive engagement with the Marine and Antarctic
community, from established teams and newly engaged research teams wanting to develop into this
space. The SAPRI will establish scientific excellence in multiple disciplines - from terrestrial science on
the sub-Antarctic Islands of Gough and Marion and Antarctica itself, to ocean physics and
biogeochemistry, through the full suite of ocean trophic levels to the top predators who make the
terrestrial space their breeding grounds, to the deep-seafloor dynamics and ecosystems that exist
here, to the cryosphere, sea-ice dynamics, atmosphere and space physics. Throughout the SAPRI this
scientific excellence will constantly be viewed and communicated in terms of value to society.

The uniqueness of SAPRI is better represented by the concept of unitedness: the creation of a unified
but distributed infrastructure that will coordinate, combine and strengthen the existing fragmented
components. SAPRI is novel because it creates a model in which the scientifically established lines of
research that rely on the observations of essential variables will be transformed into long-term
monitoring structures. This will create new opportunities for research and substantially increase our
understanding of the impacts of global climate change on the regions which impact South Africa, but
also which South Africa are custodian to.

The SAPRI, as systemic innovation, will enable polar research through its integrated facilities (IFs),
which are components combining various kinds of research infrastructures that share common
objectives and/or logistical needs. Four IFs will be coordinated and connected through a hub,
responsible for polar science logistics, data management and administration. One is dedicated to
digital data transformation, product dissemination, training, outreach and societal benefits. Two of
the three research-related SAPRI IFs will ensure sustainability of long-term observations (LTO) on land,
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ocean, seafloor, atmosphere and space, by means of a balanced combination of autonomous devices
and dedicated equipment for fieldwork on the Antarctic continent and on the islands. The third is an
innovation that will bring new opportunities for ice-related research in Africa by establishing the first
sub-zero, temperature-controlled laboratory for the simulation of the Antarctic and sub-Antarctic
environment. Thanks to the Polar Lab, more students, scientists and technicians will be exposed to
polar science and technology without the need to leave the continent and participate in research
cruises to Antarctica. These technologies represent a novel and innovative approach in thinking, which
the SAPRI will develop to support new science on the continent of Africa and gain a deeper
understanding of our regional interest and to increase our scientific reputation internationally.

Management plan

The SAPRI Lifecycle has been designed as follows:

e Currently: SAPRI proposal development and initial stakeholder engagement, which
encompasses the Conceptual and Technical co-design.

e Year 1-3: Setup phase and initial infrastructure procurements. This will begin in April 2021 and
infrastructure required for installation during the SA Agulhas Il dry-dock will be prioritized for
procurement in 2021. This phase also includes continued technical design and establishment
of SLA’s and MoU’s

e Year 4-13: Running phase. Within this phase is the functional running of the SAPRI: all
procurements and replacements of infrastructure, data management, engagements, research
and takeover cruise work, student development and publications. This phase will also start
the consultation towards the establishment of a South African Polar Research Institute

e Year 14-15: Closure or continuation or transition depending on recommendations from
reviewers and consortium investors (DSI, DEFF).

The Management Team for SAPRI, and those advisory structures governing them, are detailed in
Chapters 3 and 4 extensively. The key to effective governance is of course communication and this will
be established and encouraged throughout the SAPRI lifecycle to ensure the effective working
relationships. Key to the success of SAPRI will be the alighment of the endorsed scientific projects with
the infrastructure availability from different partners before finalizing the evaluation process of SANAP
proposals. Access to platforms will hence be maximised through multiple projects’ coordination and
co-design of the expensive Antarctic expeditions. Given the seasonal nature of polar research, this
joint management of resources will also make valuable equipment available to other communities
outside the polar space. The management of observational networks and research platforms done by
the SAPRI will allow the researchers to focus on the new science that will be enabled by the
infrastructure.

All data collected using infrastructure procured through the SAPRI will be made freely available for
use. Certain datasets may be embargoed pending student dissertation write-ups or sensitivities, but
never indefinitely nor for commercial gain. All international data standards and best practices will be
adhered to.
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Governance and stakeholder engagement

SAEON, the host institution of the SAPRI, already manages two Research Infrastructures (SMCRI and
EFTEON) and thus has extensive management experience in this regard. SAEON follows all of the NRF
policies in terms of procurement and financial management, human resources and employment of
staff, and legal framework. These policies will be used in the effective governance and management
of the SAPRI.

A number of advisory panels will be established to govern the activities within the SAPRI: the DSI-DEFF
Steering Committee, the SAPRI Advisory Panel, the SAPRI Scientific Panel, Thematic User Fora and a
structure that has been largely requested by the science community, a SANAP Coordination
Committee that will be responsible for the alignment between science projects and the infrastructure.
This combination of advisory structures will ensure transparent institutional arrangements and
continuous scientific inputs for the expansion of the SAPRI.

Through the drafting of this proposal, the SAPRI has already engaged with over 25 South African
stakeholders (including government departments, Historically Black and White HEls, science councils,
research institutions and non-government organisations) primarily related to the scientific
endeavours of the Rl and thus the infrastructure required. The DEFF provided specific comments on
the fundamental requirements pertaining to logistical arrangements. Once established, SAPRI will
further engage with all stakeholders including national government departments with interests in the
marine and Antarctic space to ensure the national priorities are addressed within the RI. In addition,
international collaborators and potential funders, private enterprise and philanthropic groups will be
engaged to market the Rl but also gain traction and support internationally.

Capacity development

The SAPRI will employ 39 staff members annually to manage, procure, maintain, train, operate and
process data streams stemming from the infrastructure made available through the RI. These include
seven Management Team staff who will manage the relationships, the funders, the Integrated Facility
teams, the outreach, the data management and above all, the expectations associated with the SAPRI.
Additionally, SAPRI will have a minimum of 11 technicians, four interns, four overwinter team
members for top predator research at Marion Island, two administrators and 10 data centre team
members. SAEON will provide specialised services such as IT network administration, data curation,
HR, financials and supply chain management. These positions will be shared with SMCRI and EFTEON.

No direct funding through the SAPRI will be available for student bursaries or post-doctoral positions
owing to the proposal being primarily an enabler of infrastructure and such infrastructure needs to be
maintained for optimal use. However, SAPRI will capitalise on the experience of the Antarctic Legacy
of South Africa to promote humanities and social sciences research and the STEM disciplines involved
in polar sciences. Dedicated training initiatives will enhance the capacity to do science in the polar
environment, either by allowing more students to experience Antarctic conditions in the Polar Lab and
by consolidating the SANAP project SEAmester, the first South African class afloat. SAPRI will work
with the Principal Investigators of the endorsed projects to find and support funding avenues (e.g.
NRF/DSI and PDP bursary schemes) to support training from the BTech / Honours level, right through
to Post-doctoral fellows. Focus will be driven towards Historically Black HEIs and the progression of
Women in STEM fields of study.
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SAPRI’s goal within capacity development is to encourage the next generation through outreach and
engagement to follow STEM pathways of study, make available the required infrastructure and / or
data to research projects for students to undertake their field work and support the career pathways
as best as possible to retain skills to South Africa.

Monitoring, evaluation and risk management

The SAPRI monitoring is based on a detailed plan of stage-gating, reporting structures and analysis of
risks. Overseeing the SAPRI and to ensure it always aligns with National Government Priorities, is a
DSI-DEFF Steering Committee which will receive annual reports on SAPRI progress and will be
instrumental in the five-yearly reviews of the Rl. The SAPRI will report quarterly to the SAEON
Managing Director, the NRF Corporate and DSI funders on progress, to raise any fundamental issues
and comment on scientific excellence achieved. Annually, the progress of SAPRI will be reported to all
stakeholders, any additional funding entities and conservation agencies in terms of permitting
restrictions.

The greatest risks are financial in terms of cuts to government funding for the SAPRI and drastically
unfavourable exchange rates. Additional high risks associated with the impact of SAPRI include
changes in national political priorities, high-level incongruence between government department
funders, failure of funders to contribute and changes in international agreements. These are
effectively out of the hands of SAPRI Management Team and host institution, but will be closely
monitored and mitigation plans developed to support the continuation of SAPRI. The potential failures
to recruit excellent leadership and of the host institution to operationalize systems are risks which
need to be addressed from the outset of SAPRI to ensure the Rl is effective from the start.

Financial plan and budget

The SAPRI budget over its 15-year life-cycle falls just short of R 1.1 billion, while using a staggered
incremental approach of inflation given the difficulties in forecasting economic growth, and thus
inflation, over the next 15 years. The projected running cost of the SAPRI is less than R 60 million per
year, which is exclusive to the current R 130 million annual budget made available for the SA Agulhas
Il and maintenance of the bases at Marion and Gough Islands and Antarctica. The proposed outlay for
capital expenditure, linked to physical infrastructure, amounts to R 386 million. These infrastructures
cover the wide range of scientific disciplines engaged within this document, and further augment the
large and medium infrastructure already in existence and maintained by the stakeholders of the SAPRI.
The balance of the budget relates directly to the human capital, maintenance and support of the
infrastructure purchased and the incredible data management capacity required for such a diverse
entity. Every single one of the over 25 stakeholders engaged in the drafting of the SAPRI stated that
the support required to optimally make use of, maintain, obtain data from and make accessible and
useable to the greater community was instrumental to such an enterprise and should be effectively
budgeted for at similar levels afforded to other Big Science programmes.

From the offset, additional funding avenues for the SAPRI have been identified and in some instances,
already engaged. The first of these is to realign the DSI SANAP-Science funding, which is currently
made available in three-year competitive call cycles, to support long-term projects in terms of running
costs, while making available funding for new and innovative scientific endeavours. SAPRI, through
the proposed integration of the SANAP budget, will take a balanced approach of financing the required
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infrastructure and reallocating funding to science proposals for greater support to research and
innovation in the polar space. Secondly, funding to build the proposed Polar Lab, on premises owned
by the UCT, has been requested from the DHET under the Infrastructure Funding Category Focus Area
“National Academic Priorities” of ~“R 50 million. Finally, funding initiatives from national (e.g. student
bursaries and internships, science funding, etc), international (multinational partnerships, polar
science initiatives, etc), private entities and philanthropic donor grants need to be investigated more
robustly once the SAPRI is established to ensure continuity and longevity, while easing the burden on
central government support.

In conclusion, the SAPRI was co-designed by the Marine and Antarctic community, including
established and newly engaged stakeholders ranging from multi-disciplinary scientists to policy
makers and funders, to develop holistically and in support of one another, a comprehensive Big
Science Research Infrastructure that benefits everyone. If consolidation of the current fragmented
components of polar science in South Africa is not undertaken, then postgraduate students, once
trained, will leave to work within established research facilities who value their skill sets (often
overseas), scientific publications will suffer, multi-disciplinary research and technical innovation will
be stifled, the transformation of polar science will be drawn out and the important link to society will
remain under prioritised. In order to create the Big Science this proposal hopes to achieve, it will
require authentic leadership, dynamic management, innovative thinking, out-of-the-box problem
solving to deal with, not only the multiple stakeholders involved with SAPRI, but the extreme
conditions in which these infrastructural resources will be deployed and used. The outcome of this
will be a co-designed, sustainable and responsive Research Infrastructure which services the needs of
all whilst enhancing what has already been established.
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1 IMPACT

The South African Polar Research Infrastructure (SAPRI) forges close collaboration in marine and
Antarctic sciences between the key role players from government, higher education, science councils,
private business and civil society. The infrastructure and coordination offered through SAPRI will
ensure integration of South African marine and Antarctic research, maximising the science production
and uptake by facilitating access to existing and new infrastructures. SAPRI is explicitly designed to
provide the infrastructure required to develop and enhance long-term observations of South Africa’s
polar region, with the objective of ensuring continuous research growth, maintaining and building on
existing world-class long-term observational datasets and training the next generation of technicians,
engineers, natural, humanities and social scientists. It will ultimately contribute to societal benefits
and the strengthening of South Africa’s Antarctic legacy through science-based advice to policy makers
and international treaties and easy access to advanced data products for downstream utilisation.

Given the diversity of contexts, the impact of the proposed Research Infrastructure (Rl) should be
considered in the national and international framework of Antarctic science and international treaties.
This chapter, beyond highlighting the medium and long-term impacts of the RI, introduces the
multifaceted political and science background pertaining to the establishment of a marine and
Antarctic research facility indicated in the South African Research Infrastructure Roadmap (SARIR)
published by the Department of Science and Technology (now Department of Science and Innovation,
DSI) in 2016.

As a first step, it is necessary to clarify the terminology and geographical ambit of the R, since the
terms marine and Antarctic may have different interpretations depending on the context. Despite the
geographic region designated for Antarctic science being ambiguous (Elzinga, 2017, Figure 1), a
definition is nevertheless required to designate the Rl operational activities. These boundaries do not
however need to be geographical or based on topographical considerations. Antarctica in this context
is considered the main qualifier, but it is not limited to the Antarctic continent, including for instance
the subantarctic islands and the space science that can be conducted on these remote regions.
Similarly, marine in this context extends the area of interest to the oceanic waters surrounding the
Antarctic continent, including the continental shelves? of the South African Exclusive Economic Zone
(EEZ). It is important to remark that even the Southern Ocean is not an official geographic area
identified in the International Hydrographic Organization (latest 1953 edition), even though it is
commonly used in many communities of practice and for some UN Members it might be the official
geographical name?. The current accepted terms in international conventions are Antarctic area or
Antarctic waters and as such are the terms used in the Polar Code (2017)3 of the International
Maritime Organization, indicative of those waters south of 60° South.

The Southern Hemisphere polar region is a system of interconnected physical and ecological
components, in which the human dimension is the collating investigative texture; the term polar
science will thus be preferred in this proposal, as the container of all scientific activities done on the
Antarctic continent (including space science), in the sub-Antarctic islands and in the Southern Ocean,

1 Shallow coastal waters are excluded from this definition due to the existence of the Shallow Marine and Coastal Research
Infrastructure (SMCRI), also established in the framework of SARIR.

2 https://www.jcomm.info/index.php?option=com_content&view=article&id=376&Itemid=100253

3 http://www.imo.org/en/mediacentre/hottopics/polar/pages/default.aspx
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up to and including South Africa’s offshore EEZ regions. The use of this term, not just referring to the
Antarctic system, would also ensure that the SAPRI can facilitate scientific collaborations with
dependent and associated systems in the polar Northern Hemisphere.

For reference, a full list of the acronyms used throughout this document is given in Appendix A.

1.1 STRATEGIC IMPORTANCE

1.1.1 South Africa's comparative geographical advantage

Antarctica is the closest continent to South Africa, at a distance of ~4000 km. Argentina, Chile, New
Zealand and Australia can also claim a direct geographical advantage in terms of access to the Antarctic
continent. This has led to Cape Town being one of the five gateway cities to Antarctica, along with
Ushuaia (Argentina), Punta Arenas (Chile), Christchurch (New Zealand) and Hobart (Australia). These
are official ports of entry* for travels to and from the Antarctic continent, and in addition provide
home ports of departure for most oceanographic expeditions in Antarctic waters.

South Africa is not only geographically close by, but also connected to Antarctica in geological,
astronomical and climatic terms. Southern Africa shares a common geological history with Antarctica
as part of the reconstructed Gondwana supercontinent. This implies that the genesis and distribution
of mineral resources is similar in both continents. This permanently uninhabited large expanse of land
is surrounded by the Southern Ocean, the only large basin of the world ocean that runs uninterrupted
along a series of parallels circumnavigating the Antarctic continent and linking the Pacific, Indian and
Atlantic Oceans. The Southern Ocean and Antarctica constitute the Southern Hemisphere polar
system, a region that plays a major role in regulating global climate which is, in addition, particularly
sensitive to environmental stresses such as climate change.

The Southern Hemisphere polar region is an important window into geospace, especially for
monitoring the geomagnetic field and the variations of the ionosphere and upper atmosphere. Events
on the sun can be measured from this vantage point by investigating cosmic ray activity, furthering
our understanding of climate variability. Polar regions have a huge climatic relevance in an
anthropogenically changed climate due to the so-called polar amplification and ice-albedo feedback.
In addition, they regulate mid-latitude weather and modulate climatic trends such as the
precipitation-drought cycles, especially in countries bordered by large oceans like South Africa. The
Southern Hemisphere polar system has a large buffering capacity due to the wide oceanic area
involved, which has been identified as a major storage of heat and carbon of anthropogenic origin.
This region covers approximately 20% of the world ocean surface and is responsible for approximately
40% of the oceanic uptake of anthropogenic carbon and 75% of the stored excess heat generated in
the lower atmosphere (Gruber et al., 2019 and references therein). The system of currents is therefore
of major interest for the redistribution of these stored amounts. The Antarctic continent is also
surrounded by the largest expanse of seasonal sea ice on Earth, which is directly connected to the
system of continental ice sheets and the protruding ice shelves (the largest reservoir of freshwater in
the climate system). After an apparent expansion of sea ice extent persisting since the beginning of
satellite-based records, characterised by large annual variations, in the last 5 years Southern

4 https://antarctic-cities.org/the-project/
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Hemisphere sea ice has experienced a decline comparable to that observed in the Northern
Hemisphere (Parkinson, 2019).

In this context, the geographical advantage of South Africa within the Southern Hemisphere polar
system gains a more dominant role, as delineated in the Marine and Antarctic Research Strategy
(MARS?®) and the South African Antarctic and Southern Ocean Research Plan® (2014-2024) prepared
for the National Research Foundation in 2014 (Skelton et al., 2014). These documents, together with
the science plan proposed and successfully executed by the Southern Ocean Carbon and Climate
Observatory (SOCCO) funded by the DSI Grand Challenge and an updated vision of Antarctic research
proposed by the South African scientific community (Ansorge et al., 2017) have guided the meta-
design of this proposal. In addition, the Department of Environment, Forestry and Fisheries (DEFF) has
recently submitted for public consultation a draft document for an Antarctic and Southern Ocean
Strategy 7 (ASOS) that involves the major governmental entities. The ASOS focuses on the
administrative component of Antarctic activities and further highlights the concept of geographical
advantage. Through a definition of the South African interests in Antarctica, it recognises the
fragmentation of the current structure (see also the next section) and proposes a possible way forward
which has been taken into consideration in preparing this proposal.

Beyond the status of an Antarctic gateway and the historical role of South Africa in Antarctic
exploration, exploitation and accessibility, it is the configuration of active climatic systems around
southern Africa that makes the country’s positioning unique. The crossroad of different systems (the
Antarctic Circumpolar Current and the Southern Ocean, the Agulhas Current and the Benguela
Current) which connect the tropical Indian Ocean to the temperate South Atlantic and the polar frontal
zone, makes the region one of the most interesting ecosystems in the world ocean from a scientific
and socio-economic viewpoint, with a large abundance and diversity of marine living resources
(Rogers et al, 2020). The proximity of the Southern African sub-continent to the Antarctic makes it an
advantageous location to study the seasonal distributions of ocean-basin migratory species such as
the large baleen whale guild of the Southern Ocean. Sub-Antarctic islands such as the Prince Edward
Archipelago interspersed within this distinctive environment provide unique laboratories for the
exploration of this globally important system and for studies on its response to climate change.

The most recent perspective on Antarctic research for the 21° century (Kennikutt et al., 2019) gave
pressing evidence that the “popular beliefs that Antarctica is pristine, stable, isolated, and reliably
frozen” does not hold anymore, if it ever did. The Antarctic region is constrained by a lack of critical
observations, which would inform our system understanding and the proper calibration of Earth
System models that will allow us to improve the reliability of future projections. The geographical
advantage of South Africa is hence of major relevance since access to Antarctica and surrounding
oceans is still one of the major challenges in implementing the scientific roadmap.

5 https://www.nrf.ac.za/sites/default/files/Marine%20and%20Antarctic%20Research%20Strategy%20Final.pdf
6 https://www.nrf.ac.za/sites/default/files/Antarctic%20and%20Southern%200cean%20Research%20Plan.pdf
7 https://www.environment.gov.za/sites/default/files/docs/draftantarcticasouthern_oceanstrategy_asos.pdf
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Figure 1 Antarctica and the Southern Ocean, with the boundary established by CCAMLR (from Hennings et al.,
2017). The region of interest to this proposal extends further north, to include the deep ocean surrounding
South Africa.

1.1.2 Beneficiaries

To better understand the multiple beneficiaries of the SAPRI (Table 1), it is relevant to illustrate the
political and administrative context in which the Rl will operate, and the involved stakeholders.

South Africa is one of the 12 original signatories of the Antarctic Treaty®, which evolved into a system
of several components termed the Antarctic Treaty System (ATS). It remains the only country from the
African continent to be a part of the ATS, giving it a crucial role in representing the entire region. The
ATS ensures "in the interests of all mankind that Antarctica shall continue forever to be used exclusively
for peaceful purposes and shall not become the scene or object of international discord." The Treaty
withholds any legitimacy of territorial claims and applies to the area south of 60° South Latitude,
including all ice shelves and islands (Figure 1). Military activities are prohibited except in support of
science; commercial exploitation of resources on the continent and the ice shelves is precluded
(Joyner, 1991). The ATS is an international legal framework by which the parties exert their presence
in the Antarctic region through continuative research activities. Therefore, it promotes scientific
research, the exchange of data and international cooperation. South Africa is represented in the ATS
by the Department of International Relations and Cooperation (DIRCO). According to their website®
“scientific research conducted in Antarctica is of benefit to South Africa as it is to the other littoral

8 https://www.ats.ag/e/antarctictreaty.html
9 http://www.dirco.gov.za/foreign/Multilateral/inter/ats.htm
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states of the Southern Hemisphere and indeed to the entire world as results are analysed and utilised
internationally.” However, the latest framework documents promulgated by DIRCO do not report
specific references to a long-term international Antarctic strategy (Sidiropoulos and Wheeler, 2016),
which is instead proposed by DEFF in the ASOS document.

Several international bodies have emanated from the ATS. South Africa is a member of the
Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR °), which is
composed of 26 Members and 10 Acceding States. Based on the best available scientific information,
the Commission agrees on a set of conservation measures that determine the use of marine living
resources in the Antarctic. The current official boundaries of Antarctic research are the ones defined
by CCAMLR (Figure 1), and the working groups in the scientific committee are very active in their work
towards the establishment of Antarctic marine protected areas. South Africa is represented by the
DEFF (the Chief Directorate - Specialist Monitoring Service sits in the Commission and the Chief
Directorate - Oceans and Coasts represents the country on the Scientific Committee). Of interest to
this document is also the membership of South Africa within the Council of Managers of National
Antarctic Programs (COMNAP ). This is the international association that brings together countries of
the ATS with a national Antarctic programme. DEFF is the South African representative through its
Chief Directorate - Specialist Monitoring Service. Presently, 29 ATS nations operate about 100 facilities
through their National Antarctic Programs, both seasonal (summer-only) and year-round. Finally,
South Africa is a member of the International Whaling Commission and South African scientists have
played an important role in the IWC Scientific Committee, including within the IWC’s current Southern
Ocean Research Partnership and historic International Decade of Cetacean Research (IDCR) and
Southern Ocean Whale Ecosystem Research (SOWER) initiatives.

In response to the ATS obligations, South Africa took responsibility for a Norwegian base on Antarctica
in Dronning Maud Land in 1959/60 and made it a permanent base (now SANAE IV). Through a series
of programs, the country finalised the current South African National Antarctic Programme (SANAP %2
in 2003. South Africa has also established a permanent base on Marion Island (Prince Edward Islands)
since its annexation in 1948. This is a South African territory included in the Antarctic waters within
the CCAMLR boundaries. In addition, the South African Weather Service (a public entity overseen by
DEFF) currently leases and manages a weather station on Gough Island (a United Kingdom territory)
in the South Atlantic. Since 2003, the SANAP functions have been distributed between the Department
of Science and Innovation (DSI) and the DEFF (Figure 2). The latter institution retains responsibility for
all logistics, and infrastructure maintenance is operated by the Department of Public Works and
Infrastructure (DPWI). DSI retains responsibility for the scientific research component. The DEFF
SANAP component (hereafter referred to as SANAP-Logistics) has maintained South Africa’s research
presence in Antarctica and on the Prince Edward Islands, as well as the official representation of South
Africain the international bodies indicated above. The scientific research of SANAP (hereafter referred
to as SANAP-Science) and the administration of grants on behalf of DSI is operated by the National
Research Foundation (NRF). SANAP-Science calls currently follow a three-year cycle including specific
consultation with SANAP-Logistics. Access to infrastructure by South African and international
scientists currently is linked solely to NRF-funded SANAP-Science projects. To put the level of
investment into perspective, before the impact of the COVID-19, the direct research funding for
SANAP-Science was ~R18 million per year, while SANAP-Logistics was ~“R130 million per year. The

10 https://www.ccamlr.org/
11 https://www.comnap.aq/
12 https://www.sanap.ac.za/
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latter comprises the logistics support for the Antarctic and sub-Antarctic presence, which is one of the
fundamentals for participation in the ATS and the annexation of the Prince Edward Islands territory.
SANAP-Logistics manages the South African icebreaker SA Agulhas 11*® providing 160 days of ship time
annually, with one day of ship time currently costing approximately R500,000. An additional 60 days
of ship time on the SA Agulhas Il have been made available in recent years for dedicated scientific
expeditions in the Southern Ocean through DSI/NRF funding. In general, only science projects funded
through the NRF SANAP-Science call have had access to the 160 days of ship time closely associated
with base logistics administered by DEFF. Since 2015 the additional SANAP-Science ship time has been
open to scientific participants outside the SANAP-Science circle of projects. From 2016, the NRF
SANAP-Science budget also funds SEAmester, a very successful postgraduate “class afloat” that
introduces marine science as an applied and cross-disciplinary field to students on board the SA
Agulhas Il (Ansorge et al., 2016). One additional component of the SANAP-Science budget is dedicated
to the maintenance of the Antarctic Legacy of South Africa

Vessel
Management

DPWI
Base
management

Helicopter
Management

DEFF
SANAP logistics

SANAP science

Figure 2 Main institutional and logistic components of SANAP. DSI: Dept of Science and Innovation; DEFF: Dept
Environment, Fishery and Forestry; DPWI: Dept of Public Works and Infrastructure; PEIAC: Prince Edward
Islands Advisory Committee; SG: Surgeon General; SANDF: SA National Defence Force; SAWS: SA Weather
Service. Helicopter and vessel management are externally contracted entities through SANAP-Logistics.

In practice, the South African support and contribution to Antarctic research and associated
international obligations are distributed among a large number of institutional and scientific parties,
as illustrated in Figure 2. SANAP is therefore an extended network of organisations, which is currently
regulated by agreements between individual parties and a loose regulation of the access to national
infrastructure. The South African scientific community is involved as an advisory component of the
Prince Edward Island Advisory Committee (PEIAC), with executive powers chaired by divisions of DEFF.

13 https://www.sanap.ac.za/explore/vessels

26


https://www.sanap.ac.za/explore/vessels

South African Polar Research Infrastructure (SAPRI) proposal — February 2021

Only scientists from the funded SANAP-Science projects can access the SANAP-Logistics infrastructure.
They are invited to the planning sessions of the annual relief voyages to Antarctica, and they are
usually reserved 10 berths depending on the conditions. Vessel and helicopter management is
operated by DEFF depending on the SANAP-Logistics needs and commissioned to external contractors.

A shortcoming of the current setup is that any additional cost beyond the maintenance of the Antarctic
presence guaranteed by DEFF is expected to be covered by the DSI/NRF portion of the SANAP-Science
funding. This includes logistics support for scientific research (e.g. helicopter or terrestrial transport
for Antarctic field work), as well as procurement and maintenance of specific gear for scientific
operations and sampling, and salaries for overwintering science personnel. The latter item does not
include additional costs such as insurance, evacuation, medicals, etc. which need to be covered as
extra costs by the respective science organisations contracting the personnel.

Antarctic research comprises multiple disciplines and a wide geographical ambit. The scientific and
academic boundaries in Antarctic research are often stronger than the political boundaries, and they
influence the scope of inquiry (Elzinga, 2017). Much of the planning in the international context has
been designed around the Scientific Committee on Antarctic Research* (SCAR), an international body
operating within the International Council of Science. SCAR was founded on disciplinary bases,
through the establishment of permanent Science Groups on Geosciences, Life Sciences, Physical
Sciences, and Humanities and Social Sciences. South Africa is the only African country that is a full
member of SCAR, with good standing due to its status as original signatory. This gives the country an
international visibility, recognised by the participation of South African scientists in SCAR bodies. The
South African National Committee for SCAR is currently hosted by the SANAP-Science component
without a specific budget item. Individual South African scientists are currently involved in several
action groups and high-level standing committees, although their coordination is unstructured. Given
SCAR’s geopolitical role in the ATS, it is worth capitalizing on this scientific and political advantage,
while also contributing to the transformation of global Antarctic science.

In an effort to coordinate this fragmented landscape, the Marine and Antarctic Research Strategy
(MARS) was constructed from the bottom-up, and finalised top-down?** in consultation between DSI
and DEFF. The Antarctic and Southern Oceans research plan (Skelton, 2014) was consolidated into a
combined strategy including the coastal components of marine science. A major purpose of this
strategy was to provide an overarching policy framework for a wide range of pre-existing programme
and project-level plans, policies and strategies. In relation to the administrative and policy component,
MARS identified horizontal priorities for delivering the strategy. Among them, Intervention 1:
Coordination and Governance indicated the appointment of a marine and Antarctic research steering
committee. The committee was meant to ensure that logistical needs for researchers were aligned
with receptive capabilities of the line departments and research entities. As indicated in the
document, “[...] coordination will ensure that research grants awarded by the funding agencies are
aligned with available logistical support. This has been a major challenge for researchers and
government administrators alike, where research and logistics were not seen to be aligned,
particularly for Antarctic related research.” Indeed, Intervention 5: Infrastructure and Research
Platforms highlights the existence of a rich suite of platforms for Antarctic research, indicating that
the Government has invested heavily in the provision of research infrastructure platforms. According
to the MARS document, the coordination of their deployment is considered critical to maximise the

14 https://scar.org/
15 https://pmg.org.za/committee-meeting/20904/
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outputs that could be derived from them. At the time of writing of this proposal, a preliminary line of
coordination has been established between DSI and DEFF to manage the SA Agulhas Il calendar, one
of the largest and most expensive infrastructures for Antarctic research.

Table 1: Preliminary list of SAPRI beneficiaries.

Beneficiary Type Beneficiaries and target groups

Government (incl. Department of Science and Innovation

subsidiaries and Department of International Relations and Cooperation
parastatals) Department of Environment, Forestry and Fisheries

Department of Water and Sanitation

Department of Public Works and Infrastructure

South African Weather Service

South African National Space Agency

South African Institute for Aquatic Biodiversity

South African Environmental Observation Network

National Research Foundation

Council for Scientific and Industrial Research

Department of Arts and Culture

South African National Biodiversity Institute

International bodies Antarctic Treaty System (AST)

Commission for the Conservation of Antarctic Marine Living Resources
(CCAMLR)

Council of Managers of National Antarctic Programs (COMNAP)
International Whaling Commission (IWC)

International Oceanographic Commission (IOC) of UNESCO
Global Ocean Observing SYstem (GOQS)

World Meteorological Organisation (WMO)

Scientific Committee on Antarctic Research (SCAR)

Scientific Committee on Oceanic Research (SCOR)

Southern Ocean Observing System (SOQOS)

International Long-Term Ecological Research (ILTER)

Industry Small and medium enterprises in the field of ocean technology
Vessel management: African Marine Solutions (AMSOL)
Commercial fisheries

Oil and gas exploration companies and consultancies

Antarctic Logistics Centre International

Small and medium enterprises in the field of Antarctic tourism
Renewable energy companies in support of sustainable base power
supply

Ship designers, operators and managers

Academia and Any South African institute of tertiary education involved in the polar
Research Institutions science or technology and innovation space. Given the diversity of
disciplines in this space, a large number of academic groupings will
ultimately benefit from the infrastructure. Those that have shown
interest already include:

. University of Johannesburg

o University of Pretoria
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. University of the Witwatersrand

. Rhodes University

. Nelson Mandela University

. University of South Africa

o University of Fort Hare

o University of Cape Town

. Stellenbosch University

. Cape Peninsula University of Technology

International Universities and research institutions already collaborating
with the SA community from their countries are listed in Figure 5 and
Figure 6.

Society Secondary education teachers, for content and improved literacy e.g. in
traditional fields such as geography, life sciences, maths, chemistry and
physics (STEM), but also business innovation, technology, computer
skills and coding

Tertiary education lecturers, for content for all disciplines represented
in the SAPRI, including natural and social sciences, as well as data, law,
history, arts, and business schools

Law and policy makers

The general public interested in global change and the Blue-Economy as
well as the exceptional ecosystems of the polar oceans

Human health studies in extreme environments

Arts and culture organisations

Museums and galleries

International Association of Antarctic Tour Operators

Cape Town City Council as a Gateway City

1.1.3 Business justification

1.1.3.1 Value proposition

SAPRI proposes a step change in the coordination of national infrastructure for the polar sciences,
which is based on a redesign of the SANAP structure according to the principles of economy of scale.
The proposed Rl is conceived to integrate the NRF-based SANAP-science budget items into the SAPRI,
favouring the alignment between the science plans and the infrastructure for polar research. This
proposal follows the successful management model of the multi-disciplinary African Coelacanth
Ecosystem Programme (ACEP)*® funded primarily by DSI through the NRF-SAIAB national facility, but
using research infrastructures from numerous governmental agencies and partners. Given the much
larger context of polar research, the SAPRI proposes to further expand this model towards the creation
of a common coordination space where scientific projects from different sources can access
infrastructural resources and benefit from a co-design approach to research. This concept moves
away from the simple model of a centralised hub holding infrastructures and making it available to
competitive users, in recognition of the complexity of designing polar expeditions and the need to
create equitable access to resources. Through SAPRI, the scientific productivity of core research
infrastructures managed by SANAP-Logistics will be further valorised as also envisaged in the ASOS
document. The polar research capabilities will be enhanced by applying a phased approach to: 1)
establish coordination relationships with existing infrastructure and their stakeholders; 2) maintain
and further expand the network of polar long-term observations; 3) align the infrastructure availability

16 https://www.saiab.ac.za/acep.htm
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with the independently evaluated research projects run by the Rl users and 4) continuously
incorporate new infrastructure based on innovative technologies, improved scientific understanding
and new users. The long-term datasets resulting from SAPRI will be discoverable, accessible, reliable,
extendable, usable, reusable, integratable and downloadable for further use in research, modelling,
education and decision making.

The proposed coordination and rationalisation effort detailed in Chapter 3 aligns entirely with the
strategic guidelines indicated in the white paper on Science, Technology and Innovation’. In
particular, the SAPRI is designed to improve coherence and budget coordination across the SANAP
stakeholders (SANAP-Science, SANAP-Logistics and the national and international scientific
community), which is expected to ultimately enable a more favourable environment for innovation,
research and development of human capacity in an area that is traditionally represented by Northern
Hemisphere countries. The establishment of SAPRI will thrust South Africa into a central role for
accelerating the implementation of the pan-African Science, Technology and Innovation (STI) agenda,
thus achieving the main imperatives of the National System of Innovation.

Research and innovation infrastructures are recognised drivers of knowledge generation (see footnote
17). In addition, an infrastructure that coordinates world-class, system-wide research in Antarctica
would strengthen perceptions among its citizens that South Africa is an innovative country acting as a
global citizen with a clear commitment to ocean, ecosystem and climate stewardship. The innovation
drive is an essential ingredient for remote and autonomous data collection, particularly in the context
of Antarctic science where direct collection of data through human activities is either challenging or
impossible. This innovative approach to data collection is embedded in the UN Decade of Ocean
Science®® project of The Digital Ocean. The SAPRI would therefore represent a grand contribution of
South Africa to this decade-long international endeavour to create the science we need for the ocean
we want. This concept provides the foundation for polar science in the SAPRI design. Whenever
possible, observational platforms will be turned into the modern concept of digital twins, which are
virtual models of real physical systems, items or processes that are achieved through real-time
communications and Internet of Things'®. Digital twin technology will bring polar infrastructures and
the data they collect to the hand of researchers and the wider public. A digital model of the SA Agulhas
Il and the stations will allow training and familiarisation of new team members and field assistants
with the environment. This feature will also be used in museums and online virtual experiences. The
societal benefits are further illustrated in Chapter 2.

1.1.3.2 Public good

Antarctica is a public good by definition. Antarctic science is framed in the principle of science for
society, due to the special connotation of the Antarctic continent and polar spaces in general. There
is no direct commercial exploitation of Antarctic resources, but Antarctic presence and the knowledge
and understanding generated by science have always been considered as an indicator of the scientific,
political and societal standing of any country participating in the ATS. As such, the proposed Rl is by
definition conducive to public good enhancement and preservation, as it would consolidate the South
African presence in this space by enlarging its local and international support base in the scientific

17 https://www.gov.za/sites/default/files/gcis_document/201912/white-paper-science-technology-and-innovation.pdf
18 https://www.oceandecade.org/

19 For a popular introduction to digital twin technology see
https://www.forbes.com/sites/bernardmarr/2017/03/06/what-is-digital-twin-technology-and-why-is-it-so-
important/?sh=3b4141552e2a
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community and civil society. This has been fully detailed in the extended list of beneficiaries in Table
1 and in the related section.

Understanding polar landscapes has an ultimate bearing on the public good of South Africa. This
includes the common ancestry of the continental landmasses, its importance and still not well
understood role in global and regional climate through carbon - climate feedbacks, its growing
contribution to sea level rise, its own sensitivity to climate change through changes to circulation, sea-
ice, storm characteristics, ocean acidification and the unique biodiversity of the sub-Antarctic Islands
and the Antarctic continent itself. The historical, legal and cultural frameworks through which all these
concepts are understood is also relevant to the public good. Africa is widely predicted to be the
continent worst affected by climate change, an effect of both continental characteristics and politico-
economic vulnerability, which is in turn the result of racialised histories (Hulme, Doherty, Ngara, New,
& Lister, 2001; van Sittert, 2015). Antarctica is hence becoming more central to the earth’s and
particularly South Africa’s future in a time of planetary change (Kennicutt et al., 2019).

o : Capacity building in
Polar research Sustainability of New infrastructures, polar research for
coordination and long-term polar innovation and transformation and

logistics observations engineering societal awareness

Coordination of SANAP Coordination and

science planning and logistics maintenance of long-term
Improved alignment between observation systems
available infrastructures and Data management and
endorsed projects curation of the National
Relationship with Antarctic Data Centre
stakeholders for service Dissemination of
provisions downstream data products

Development and
implementation of Digital
Twin Tech for inclusivity

First cold-lab facility in
Africa for simulation of
polar environments

and capacity building
Continuation and
consolidation of Antarctic
legacy awareness program
International relationships

Robotics and loT for
seamless data transfer
Deep-ocean observation
facility

Figure 3 The 4 main pillars of SAPRI. They illustrate the conceptual context that has been considered in the
design of the Rl and the proposed components.

Even without climate change, understanding Antarctic processes is crucial for the South African public
good. The Southern Ocean is critical to the planetary heat and carbon cycles. Meteorological systems
which build over the Southern Ocean and South Atlantic for example, directly influence the mid-
latitude cyclones and thus rainfall over the Western Cape and into the interior. Also, the study of space
physics over the poles directly influences safe passage of passenger planes as they travel across the
earth. The study of the geology and geomorphology of Antarctica directly impacts our understanding
of how our Earth formed, influencing shared knowledge of our common ancestry, recognising that in
geological supercontinent studies, Antarctica is a near white “jigsaw piece” with only cryptic exposed
clues as to where it fits in. The study of marine top predators helps us understand their feeding habits,
impacts of historic exploitation and associated recovery, and areas of ecological significance (Hindell
et al. 2020), which in turn informs us of planktonic blooms driving production in the vast Southern
Ocean and the draw-down or re-fertilisation of iron and other co-limiting trace nutrients related to
these blooms. The study of biogeochemistry and carbonate chemistry informs us of the anthropogenic
impact in the Southern Ocean, which ultimately affects global ecosystems. We are also directly
responsible for the conservation and longevity of plants and animals residing in those areas that South
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Africa has been entrusted to safeguard. Antarctica serves as a test case, as the only continent currently
not owned by any country and previously uninhabited, for historical, legal and philosophical studies
of colonisation and ownership in the Humanities.

1.1.3.3 Services offered

The SAPRI is meant to become the collating agent between SANAP-Science and SANAP-Logistics. The
main services are framed in 4 main pillars of operations as depicted in Figure 3:

i o

Polar research coordination and logistics

Sustainability of long-term polar observations

New infrastructures, innovation and engineering
Capacity building in polar research for societal benefits.

These services will be embedded in a series of integrated facilities that are fully described in Chapter
2. We highlight here some illustrative examples of the type of services for each pillar.

Polar science coordination and logistics

This set of services is currently distributed between SANAP-Science and SANAP-Logistics. The SAPRI
aims at restructuring the SANAP-Science component and supporting the joint coordination office with
SANAP-Logistics. This is summarised in the following points:

Endorsement of national and international scientific projects that align with the SANAP
science plan, currently defined by the MARS document;

Dedicated office to coordinate the infrastructural needs of SANAP-endorsed projects
(expedition planning, access to large infrastructure, equipment clearance, etc.), in close
collaboration and agreement with the mandate of the SANAP-Logistics component and the
ASOS proposal. This will include the support of a science Logistics Coordinating Officer, who
has been a vital missing link over the past years;

Access to facilities managed by the SAPRI and facilitating the access to other national and
international Rls. This component will ensure equal distribution of SAPRI facilities among the
endorsed projects beyond SANAP, as well as making instrumentation that is not deployed
during the seasonal polar activities available for other existing research programmes in South
Africa;

Availability of specialised polar garments and gear for field expeditions in addition to the
SANAP-Logistics stocks. This will complement the current service offered by SANAP-Logistics
and will ensure the appropriateness of gear for scientific work.

Management of long-term observation networks and product dissemination
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Integration of science-driven existing polar observational networks of recognised scientific
value and/or national interest into a coordinated workflow that will ensure their long-term,
economically viable sustainability

Management of designated long-term observational systems in terms of instrumentation,
data communication, overwintering personnel and coordination between other institutional
stakeholders (e.g. SAWS, SANSA, DEFF, SMCRI, SOCCO)

Preservation of metadata, data, multimedia data and, where applicable, digital links to
physical samples (stored in external, organised collections facilities) through the SAPRI data
facilities
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Dissemination of downstream data products (observational and model-based level 3 and 4
products, see Chapter 3) that have been proven scientifically effective and can be
incorporated in the SAPRI data processing

Technical service that will support polar equipment with regard to ensuring that they are well
maintained, calibrated, have established standard operating procedures and technician(s) to
assist in deployment during the endorsed projects

Provision of equipment and technical support for the observation of remote environments,
the deep-sea and the geology/glaciology of the Antarctic region.

New infrastructures, innovation and engineering

Creation of the first laboratory on the continent for the simulation of polar environments, the
training of polar scientists and the design and testing of instruments and material for extreme
conditions;

Calibration and testing of instrumentation for extreme environmental conditions within the
temperature-controlled facility. This service will be offered at minimal cost for the consortium
partners and commercially charged to external customers (other international institutions and
private companies);

Preservation and storage of ice and geological samples at the temperature-controlled facility.
This is free of charge or at minimal cost for the projects endorsed by SAPRI, and it will be
offered to external customers at commercial rates;

Establishment of an interdisciplinary team of engineers that will support the development of
new equipment and infrastructure for collecting data in polar regions and remote
environments in general. This will include the design of new instruments and sensors for
multidisciplinary research;

Expertise in polar navigation and improved methods for designing polar vessels in maritime
engineering — especially with regard to ice-going operations;

Establishment of dedicated data scientist(s) to enable the remote transfer and archival of data
by means of digital twin technology and Internet of Things communication;

Coordination with the South African network of nano-satellites for the cost-effective
transmission of real time and near-real time data to the national facilities;

Coordination with the South African National Space Agency (SANSA), in support of space
weather monitoring and forecast services to national and international partners. Space
weather observations have been conducted within the SANAP for the past 15 years and will
be continued within SAPRI.

In addition to the infrastructure which will be made available to support the National System of
Innovation and contribute to a knowledge society, services that will be offered to its stakeholders and
the public by the SAPRI include:
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Training of highly skilled post-graduate students (scientific and technical) and interns in
association with innovative research platforms and sea-going experiences that will add
knowledge and expertise in support of the South African scientific community and Blue
Economy initiative;

The SAPRI will have an enhanced, coordinated and informed voice, supporting government
commitments and participating in international polar and marine programs. This will also
include research in Areas Beyond National Jurisdiction, which is relevant for continental shelf
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claims and will assist other governmental departments such as Mineral Resources and Energy
in monitoring issues related to sea-floor mining and resource exploitation;

e A dedicated Antarctic legacy and Antarctic humanities program, enhancing society's
understanding of the country's polar and marine science achievements, as well as preserving
and communicating the ongoing science activities.

1.1.3.4 Products offered

Several products will be developed under the umbrella of the SAPRI, particularly in collaboration with
small, micro and medium enterprises (SMME). SAPRI would also encourage the patenting process of
said products should this be a possibility, though will not directly fund this. Based on the current
capacity of South African partners, the following list gives an example of the products that can be
made available in the near future:

1. User-specific sensors designed for use onboard autonomous profilers such as Argo floats,
buoyancy gliders and wave gliders;

2. Drifting autonomous buoys to track sea ice movement and properties;

3. Subsurface mooring designs developed for fast-flowing currents, sea-ice movement and
ocean acoustics;

4. Filtration systems for seawater used onboard ships and within laboratories to isolate either
planktonic size classes or specific dissolved materials;

5. Advanced animal tracking and monitoring technologies;

6. Semi-continuous long-term observation platforms;

7. Digital models for material response to wave and ice interactions and applications to maritime
engineering;

8. Long-term science-based data and value-added data products to support policy and outreach
to society.

The research produced by the infrastructure will foster new blue-sky research, which will lead to an
expansion of the set of products.

1.1.3.5 Classical research products

The number of scientific publications on Antarctic science (including the Southern Ocean) is increasing
worldwide. Indicators suggest that Antarctic studies are characterised by stable growth and dynamic
international collaboration (Ji et al., 2014), with an increasing number of articles and citation counts
since 1995. The more productive disciplines are geology, ecology, oceanography and meteorological
sciences. South Africa is 17th in the world in terms of publications with almost 1800 publications,
which correspond to 2.4% of the total (source: Web of Knowledge, search terms: Antarctic* OR
“Southern Ocean”, retrieved in January 2021). The US has 33% of the publications, followed by the
UK, Germany and Australia, all between 10 and 15%. South African bibliometric indicators have
increased, from 30 publications a year in 1995 to more than 90 per year since 2015. South Africa’s
scientific production in Antarctic research is thus growing at the same pace as the other countries
(2019 showed a peak of 119 publications).

It is interesting to note that the installation of research stations and large infrastructures do not
necessarily increase national research productivity in a quantitative manner (Kim and Jung, 2016).
International collaborations seem to supplement the lack of large infrastructures in generating
international recognition and prowess in Antarctic research, as it has been shown for Belgium, the
Netherlands and Malaysia. However, in the case of India and China, infrastructural investments have
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had a direct return since these countries are now within the 20 most productive countries, with India
recently surpassing South Africa despite its much later involvement in the ATS. The steady increase in
publications is also not homogeneously distributed among the disciplines. An analysis of the
distribution in South Africa compared to the world indicates that ecology, geology and conservation
biology are the leading disciplines, with ecology being twice more productive than the others.
Oceanography follows in the ling, since it has been growing consistently since 2015. Life sciences show
the more stable production of scientific outputs over time, largely represented by the work done on
the unique habitat of the Prince Edward Islands.

There are thus different paces in the South African contribution to polar sciences, and SAPRI will
ensure an open, responsive and diverse access to the polar knowledge system and infrastructures.
Urgent measures are needed to prevent losses of unique expertise in fundamental polar fields such
as geology and geomorphology of the Antarctic continent, mostly due to the erratic and limited
logistical support for field observations. Scientific funding to these disciplines has not been maintained
continuously with some cycles having no field-based programs, further exacerbated by the limitation
of basic infrastructure to support such fieldwork.

While retaining existing expertise, the SAPRI strategy of open and distributed access to infrastructures
in partnership with training institutions will increase the focus on inclusivity, transformation and
linkages as addressed in the NSI. This will lead to an optimisation of the various branches of polar
science and the consolidation/promotion of innovative developments such as those done in marine
robotics and sea ice science. There is no Antarctic science without knowledge of cryospheric
processes, and this lack of expertise in the country has prevented South Africa from being able to
realise its potential to be the gamechanger in transforming the polar research system.

Polar science is influenced by scientific curiosity and classic research, but these activities reverberates
in the science diplomacy field. Research in the major part of the geographical region underlying this
proposal is only allowed due to scientific interest and relevance and not as a function of mineral or
product exploitation, sovereign dominance of land or oceanic regions, or similar. Thus, the more
classical research products will naturally be a large part of the output of the SAPRI.

These will include, but are not limited to:

1. Through the long-term observations of essential variables, new knowledge will be generated
in terrestrial, ocean, marine, cryosphere, space science and technology, contributing to a
diverse array of products evidenced by the multiple scientific disciplines listed in the
Introduction. This will include but is not limited to inventories of biogeochemical elements of
anthropogenic origin, seafloor and geological maps, species identification and distribution,
climate change impacts on sea ice, marine and terrestrial habitats as well as the influence of
some variables on climate change. These will be stand-alone products in their own right,
serving societal knowledge, or contributing key input into policy and international polar
agreements.

2. Peer-reviewed research papers will be published in journals promoting science understanding
in the multiple scientific disciplines supported by SAPRI. This understanding will be particularly
impactful given the global significance of the region (highlighted in the Introduction).
Publications will be aimed at both regional and international audiences but will also promote
well-established South African journals where possible. In addition, information around
scientific publications will be made accessible to the wider public in appropriate formats such
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as popular science publications, news articles and websites. The SAPRI and DSI will be suitably
acknowledged in all such publications.

Observational and modelling based products (machine learning, re-analysis etc) that support
both the research and societal climate assessment, prediction and ecosystem management
policy needs.

Standards and Best Practices, new methodologies and technical aspects of the work
undertaken in the various disciplines will be published, in line with the IODE Ocean Best
Practices System?° to promote quality data products and continuity.

Human Capital Development through training of highly skilled interns, post-graduate students
at Honours and master’s level, as well as Doctoral and Postdoctoral researchers in support of
socio-economic development. The Introduction lists ten South African universities already
engaged with the SAPRI and this will be enhanced through the SAPRI capacity development
plan. This also excludes the large number of international universities already or likely to
become involved with key investigators within SAPRI including African institutions e.g.
Mozambique, Namibia, Kenya. Given the multidisciplinary nature of the SAPRI, the active
participation of female students and young researchers, as well as those from disadvantaged
communities will be fostered from the very beginning of SAPRI.

1.1.3.6 Collaborative space

SAPRI will encompass several stakeholders, partners and entities, who are situated geographically
across South Africa. Most notably in terms of physical space where infrastructure will reside and be
worked with, the following spaces apply:

1.

East Pier warehouse - in collaboration with DEFF, a number of pieces of infrastructure will be
stored here, prepared for deployment and maintained thereafter. Infrastructure to be housed
here includes the container labs (if enough space available), mooring equipment and Argo
floats. The exact space to be made available still needs to be negotiated with DEFF. Should the
improved logistical capacity needed for terrestrial research in Antarctica, be unable to be
housed at East Pier, when not in use in Antarctica, warehousing could be provided at the
DSI/NRF SA Astronomical Observatory facility in Cape Town.

The SOCCO - South African Robotics Ocean Technology Innovation Centre (SA-RobOTIC) - this
facility, which was set up by SOCCO with DSI infrastructure funding is managed by Sea
Technology Services under a collaborative agreement with CSIR, is based at East Pier and
houses the current robotics procured under the Southern Ocean Carbon - and Climate
Observatory (SOCCO), along with a number of other instruments owned by other entities such
as specialised Argo floats, Ski-Monkey camera systems and CTDs. It also conducts innovative
engineering R&D in response to research needs such as high precision sensors, which open
commercialisation opportunities.

SOCCO Experimental Observational Facilities - SOCCO also comprises four experimental
infrastructure facilities that provide ship and land-based observational capabilities: Ocean
CO2; Ocean bio-optics; Ocean Iron and GEOTRACES.

Drifter cage - this small cage storage area houses SVP drifters received by NOAA and is also
based at East Pier. The cage is maintained by the SAWS.

20 https://www.oceanbestpractices.org/
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5. Polar Lab - this innovative laboratory, once built, will be located on UCT grounds and will
become a shared space for recreating polar (ice) environments and temperature-controlled
instrumentation work.

6. BIOGRIP facility - with reference here to the recently established biogeochemistry
infrastructure BIOGRIP, which will be a shared collaborative space for nutrients, isotopes and
general biogeochemistry analyses.

7. Council for Geosciences - for the storage and curation of geological samples, as well as the GIS
facilities and expertise.

8. Seafloor facility - this facility will be based at SAIAB in Makhanda. The team will develop and
assemble the seafloor instruments in this lab and ship to Cape Town where loading will take
place onto the vessel. Some storage for instrumentation to and from the vessel may be
needed at East Pier for this, thus the facility in (1) will also act as a transient facility prior to
and after voyages.

9. Digital Antarctic facility — this facility is initially focused on the SA Agulhas Il and will be
expanded to the other platforms. All digital assets (detail data, raw models, reduced order
models) will be housed at Stellenbosch University, including her data and models. This
laboratory will further function to calibrate all sensors related to the SA Agulhas Il full-scale
instrumentation and her scale models.

10. SMCRI Laboratory - as a partner to the SAPRI, the Shallow Marine and Coastal Research
Infrastructure (SMCRI) facility, hosted by SAEON on the Ocean Sciences Campus of the Nelson
Mandela University, may be considered a collaborative space. There will be a sharing of
instruments, particularly for the Prince Edward Island work, but also of technicians, sample
analysis (nutrients, salinities, microplastics, heavy metals, plankton), etc.

11. SAEON Offices - SAEON will provide office space for the SAPRI hub, initially within the DEFF
building with the Egagasini Node and then in the NRF Cape Town campus when it is finalised.

12. MRI Isotope laboratory - the Mammal Research Institute isotope laboratory at the University
of Pretoria could be seen as a collaborative space to integrate isotopic research from various
SAPRI projects.

13. Facility for Symposiums, workshops and conferences (ex SANAP biannual symposium and
international events such as SCAR and its biannual standing committees and scientific groups
and forums).

1.1.4 Education and Training

South Africa has a unique opportunity to transform the national and international research system,
including the cliché of what an Antarctic scientist should look like. International science bodies like
SCAR are currently focused on increasing the diversity of researchers involved in the far South,
including through programmes like SCAR WIAS https://www.scar.org/antarcticcwomen but there is
more to be done in terms of race and nationality. South Africa could be a leader in the wider call to
imagine a postcolonial Antarctic, or to decolonise Antarctic science, history and art (Dodds, 2006;
Dodds & Collis, 2017; Howkins, 2010; Scott, 2017). South Africa has a key role to play as the only
country in Africa involved heavily in Antarctic research, both acting as a platform for wider African
Antarctic science and changing the perception of the “whiteness of the white continent”.

1.1.4.1 Research

Given the multidisciplinary nature of the SAPRI, the possibility of training technicians, interns, post-
graduate students and employing postdoctoral researchers is substantial (see Chapter 5 for the
detailed plan). Students from Honours and BTech level, through to PhD and DTech level will be
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encouraged with every stakeholder and partner to the project. The SANAP programme has provided
an average of 70 student bursaries per year since 2004. As observed in the varying number of research
outputs in Antarctic research produced annually by South Africa (Section 1.1.3.5), there has been a
similar variability in student numbers linked to the projects that had access to funding. The SAPRI will
ensure continuity of these results, and thus stabilise and further increase the number of students by
allowing a wider community to access polar platforms.

The SAPRI will also encourage stakeholders or Pls to involve postdoctoral researchers in promising and
growing projects to facilitate expansion and maximum impact in achieving research and HCD
objectives. Students and interns will be trained from the development and creation of instruments
through project management, observations and modelling, in situ training (at sea or on the
Islands/continent) all the way through to data quality, processing, archiving and interpretation. The
SAPRI will also support students and interns being trained through DEFF and will continue to foster
and grow the strong co-supervision model that is currently in place. Providing instrument platforms
through SAPRI as well as a coordinated approach to the SA Agulhas Il and hence the Prince Edward
Islands and Antarctica will open access to polar research throughout the country. Peer to peer
collaborations between early career scientists will be enhanced through active involvement in the
Association of Polar Early Career Scientists of South Africa (APECSSA), which will be an integral
component of capacity development and communication through the societal pillar of SAPRI.

In addition, the SAPRI has a strong equity and redress agenda and will actively commit to recruiting
female students and students who have come from disadvantaged backgrounds by utilizing programs
such as SEAmester?! and supporting black academics at HBUs to access the SAPRI platforms. In
alignment with the proposed ACEP model, the SAPRI will engage with the Phuhlisa program?? to design
training in polar science. This approach will be co-generated from the inception of SAPRI to ensure
that the most effective method of engagement is utilised to grow and support a transformed, diverse
polar community.

The SAPRI will also encourage an applied nature to the research projects undertaken, so that students
making use of the SAPRI facilities will be able to put this knowledge into practice once they are
employed. The SAPRI will actively encourage skills development of young technicians, engineers and
scientists with regard to new technologies and industry-endorsed techniques and methods. These
skills will provide an excellent complement to Operation Phakisa Ocean, a major Blue Economy
initiative, that will increase the demand for skills in marine observations and highly numerate marine
science applications to service developing operational capabilities such as the DEFF-led Ocean and
Coastal Information Management System (OCIMS). In addition, such a skill set will ensure that
graduates are eligible to be employed seamlessly anywhere in the world.

The Prince Edward Islands historical monitoring is an outstanding example of how individual scientists
and small teams can make a profound collective impact on our knowledge of sub-Antarctic
environments. As a nation, we cannot rely on single individuals but on a system, because this can
reproduce itself and provide continuity. The existing and new observational platforms identified in
SAPRI will be utilised to train post-graduate students, continuing and enhancing the model proposed
by the SEAmester program (see Chapter 5), hence reaching across all the South African Universities to
inspire and contribute to a knowledge society. The in-situ training and experience gained by

21 https://seamester.co.za/
22 https://www.saiab.ac.za/acep-phuhlisa-programme.htm
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overwintering personnel is truly life-changing for many aspiring researchers and contracted personnel.
Field experience in experimental design, data collection and contextualisation of science in the
environment (and not just in front of a computer) is becoming increasingly rare globally. The continued
support (through SAPRI and HEI) of overwintering personnel at Antarctic and sub-Antarctic bases
constitutes a vital aspect of skills development, life experience and research progress. To date, and
due to these varied and intense experiences, such returning overwinterers have become influential
contributors in various sectors of South Africa and the world, including to public understanding of
science. Not every South African student will, however, have the privilege to visit Antarctica but there
will be many other experiential opportunities offered through the SAPRI, especially through the Polar
Lab, which is a simulator of Antarctic and sub-Antarctic environments.

1.1.4.2 Public understanding of science

Humanities disciplines such as literature, history, archaeology, architecture and the arts, and social
sciences disciplines like development studies, economics, philosophy, anthropology and psychology,
can all contribute directly to Antarctic knowledge production as well as to the public understanding of
polar science in South Africa and further afield. Psychological studies of isolation in overwintering
teams have produced significant results elsewhere but have not yet been conducted on South African
teams. Indigenous knowledge systems about Antarctic-derived weather patterns are the subject of
on-going anthropological research in Chile, Argentina and Australia and will be promoted in South
Africa through the SAPRI communication pillar. There are long histories of, for instance, sailors from
African shores engaged in sealing activities on sub-Antarctic islands, which have yet to be excavated,
analysed and the resulting knowledge disseminated. These could contribute to a broad sense of
national ownership of the region, increasing the motivation to steward and explore.

The Public Humanities programmes of interdisciplinary projects such as the Oceanic Humanities for
the Global South project (www.oceanichumanities.com) have experience in drawing together diverse
knowledge and promoting awareness of science and history, in ways that will contribute to the SAPRI
work. Wider public understanding of Antarctica’s place in South Africa (and South Africa's place in
Antarctica) can also be promoted through a South African Antarctic Artists and Writers Programme,
based on the model of most other countries with Antarctic research programmes (USA, Australia, New
Zealand and UK?3). This is something that the SAPRI communication pillar will initiate by inviting
artists, writers, journalists, and documentary film teams to join research expeditions (with minor
additional expense) substantially enhancing the impact and visibility reaching public audiences
nationally and internationally. As such, the SAPRI would play a key role in facilitating access to
Antarctic research and coordinating the public relations and arts-and-culture-based promotion. This
contributes to raising awareness of Antarctic territories, national pride, scientific curiosity, and South
Africa’s international standing and commitment to environmental stewardship.

According to the World Economic Forum, South Africa is rated last out of 148 countries in terms of the
quality of education for maths and science. Yet, the world is moving through the fourth industrial
revolution, which is heavily reliant on data science, technology and out-of-the-box thinking. Thus, as
a country, we need to address the negative perception of maths and science by providing inspirational
role models and curriculum-based programs which support the teaching of maths and science. The

23 https://www.nsf.gov/geo/opp/aawr.jsp; https://www.antarctica.gov.au/about-us/antarctic-arts-fellowship/;
https://www.antarcticanz.govt.nz/media/community-engagement; https://www.bas.ac.uk/media-post/british-antarctic-
survey-and-arts-council-england-fellowships-3/
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charismatic nature of polar science can be used to attract students to scientific, research, conservation
and maritime careers more generally.

The best approach to this is to showcase these subjects in a way that is engaging, relevant and
attainable. This role in the Antarctic space has been undertaken by the Antarctic Legacy of South
Africa®* (ALSA), which is currently an initiative of Stellenbosch University within the 3-year funding
cycle of SANAP. As part of the wider integration of the SANAP components, SAPRI will make ALSA a
founding pillar of the outreach and science communication activity within the RlI, as further detailed
in Chapter 2. The ALSA model will be expanded to incorporate all the polar science disciplines
represented in South Africa.

Science communication is the key factor, as the public understanding of polar science needs to be well
communicated. The ALSA experience in communicating remote places and the research involved in
their exploration will ensure a coherent approach to the public understanding of polar research. It will
be a focus of the SAPRI through its dedicated component to engage the scientists and technicians from
all the disciplines it represents, along with creative arts teams to create content for secondary
education use. The content should be in the form of documentary-style videos, online engagements
with scientists that involve Q&A sessions, visits to schools that cannot easily visit research vessels,
internships and job-shadow opportunities, demonstration days, etc. A breakthrough in
communication will come from the elaboration of digital twins of the ship, the bases, the Polar Lab
and other platforms, which will allow learners and the wider public to immerse themselves in the
science environment.

Marine and Antarctic science has long been a key component of the SAEON Egagasini’s node education
program and has been integrated into efforts to support curriculum-based outreach and inform
communities. Hundreds of learners and educators have been inspired through visits to the Agulhas |
and Il and a select few have had the opportunity to go to sea on both SEAmester and other research
cruises. The broader SAEON education program team (across the marine and terrestrial nodes) will
work with SAPRI to support science integration into schools and communities.

1.1.5 Employment creation

The SAPRI will directly employ 39 staff over a 15-year life cycle. In the development of the SAPRI, most
institutions interviewed noted the lack of technical resources to assist with data acquisition, sample
analysis, data processing, at-sea work, as well as the terrestrial environments, etc. This would be a
vital area that requires the creation of employment, whether internal to the SAPRI or external. Given
the sporadic need for e.g. sea-going technicians, depending on logistics, it is essential that SAPRI
technicians are multi-disciplinary, able to go to sea and work on a variety of instruments, as well as
process data on land and carry out procurement and asset control. To ensure for this a dedicated
employment plan, which will inherently include training, has been designed to support this
component that is a founding pillar of long-term observations.

In addition to the 11 technical staff, 10 data team members, 2 administration, 4 annual overwinter
team members and 7 Management Team members will be employed. Staff already in place in the host
organisation, SAEON, will contribute and support the SAPRI.

24 https://blogs.sun.ac.za/antarcticlegacy/
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External employment opportunities will be facilitated through SAPRI due to the increased contracting
of SMEs to support the growing needs of the innovative and highly technical nature of the research
supported by the SAPRI, including the development and maintenance of instrumentation. SAPRI will
play a large role in both seeding and potentially supporting the growth of MEs and start-ups outside
(but connected to) SAPRI.

1.1.6 Commercialisation

Science and research in the polar and marine space are usually undertaken over long periods of time
to better understand our planet. Yet, nearly all of our modern-day inventions stem from curious minds
who were able to commercialise their thinking. The two primary commercial outputs envisaged from
the SAPRI would be the development of new sensors, infrastructure or technologies, and the provision
of services to a community greater than those involved with the SAPRI. SOCCO has already
demonstrated the success of basic-science as a platform for technology innovation and
commercialisation. It has started the national and international commercialisation of its in-house CO2
sensors, innovation originally designed and built to address the needs of its robotics observations.
Examples of potential commercial outputs are given below:

o Development of cost-effective new sensors, infrastructures and technologies: there is a niche
in the market with new technologies being developed, but most are typically very expensive
and not all are robust enough for the extreme cold and long deployments the SAPRI would be
undertaking:

O Biogeochemical and physical sensors as payloads on autonomous instruments,
moorings or overside instrumentation

Deep seafloor landers, camera technologies and ecosystem samplers

Diverse mooring technologies and deployment techniques

Sea-ice surface drifters

O Animal biologging and monitoring technology.

® Services and future marketable products:

O Calibration of sensors and infrastructure in temperature-controlled environments
within the Polar Lab
O Storage of temperature-sensitive samples within the Polar Lab

Marine natural products from seafloor biota

o Data science: maximising the value chain from data collection, quality control,
processing and archiving to data products for uptake by commercial / government /
academic and public enterprises

o Development of digital services from digital twin models is a major opportunity-maker
in current business. The implementation of these technologies is not yet
commonplace as most technical activity, especially in the marine sector, revolves
around the creation of efficient real-time digital twins. It is foreseen that digital twins,
packaged to deliver specific digital services, will evolve as marketable products of the
future.

O O O
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1.1.7

Outputs, outcomes and impacts

Table 2 Outputs, outcomes and impacts

Outputs

Outcomes

Impact

Macro-economic
environment

Educational and
public Outreach

Learners encouraged to
take maths and science at
school and to study
science at a tertiary level.

Enhanced public
awareness of South
Africa’s work in the polar
regions.

Higher uptake of maths
and sciences at school.
Improved pass rates and
University exemptions.

Improved public buy-in
for polar activities.

Better qualified
learners for the job
market.

Improved pass rates at
HEI’s.

Awareness and
appreciation of the
environment.

Education and
training through

Number of students
graduated through the

Knowledge base for
global understanding of

Furtherance of South
African interest, skills

datasets will become
available at improved
spatial and temporal

resolution.

Ongoing Essential
variables will be
measured and number of
variables increased. Data
will be high quality, open
access by researchers,
government, industry and
citizen scientists.

regional policies and
public support for
promoting SA’s Antarctic
interest.

Improved understanding
of the ocean
environment around
South Africa and
Antarctica, as well as the
terrestrial, biological and
space environment.
Understanding of the
impact and

research in infrastructure, number of | the Polar region and the | and knowledge
polar region interns and technicians life it supports and development for
trained, publications, changes to the planet. application in the
presentations, but also Polar region.
statistics on their career- | Enhanced representation
track (including future of South Africa in the A base for leveraging
academics, science international polar science-tourism
council and government research. benefits from
lab employees). Antarctica.
A transformed and
diverse polar research
community.
Data Multi-disciplinary Informed Antarctic New business creation

and entrepreneurship,
to exploit the
opportunities created
by the growing
demand for services in
the polar region. Long-
term observations to
detect climate change
in the Southern Ocean
and Antarctic
environment.

Improved use of data
and generation of new
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consequences of global
change.

Released specifically for
innovation and improved
government. Knowledge
of linkages between the
Polar disciplines (ocean,
atmosphere and
biosphere)

products and services
and faster R&D.

Data products and
information for
Phakisa and
information to ensure
environmental
planning in the growth
of polar science.

Informed
macroeconomic polar
policies for
government and
improved marine and
terrestrial governance

New

knowledge,
science and
technology

Intellectual property
protection.

Continued innovation.
Increased publications.

Increased presentations
in the international
arena.

Improved governance.

Competitiveness in the
Polar region supply
markets.

Increased publications in
high impact factor
journals.

Increased collaboration
with international
partners.

Exportincome
growth. Increased
knowledge economy.

Improved
management of
resources, MPAs and
biologically sensitive
regions.

New analytical
services, and
services to
partners

Increased use of
collaboration and
partnerships to develop
mutually advantageous
trade with respect to
servicing different
national interests in the
Polar region. Transform
big data sets into
actionable information.

Broader user base of
analysed datasets.

Positioning the SAPRI as
a competitive force in
international frameworks
of polar science.

Increased data-driven
decision making.

Partnerships with
African and
international
collaboratorsin a
world-wide excellent
science network.
Improved decision-
making and increased
innovation.
Technology transfer.
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Figure 4 Map of the South African scientific presence in polar research. The map shows the location of the
research bases within the region subject to the ATS, the main transects and mooring sites of the
oceanographic programmes and the locations of the glider long term and experimental observing sites
(LTEOS). The extent of seasonal sea ice and the South Africa’s (SA) exclusive economic zone (EEZ) around
mainland Africa (SA EEZ) and around Prince Edward Island are also shown. [This image has been designed

using resources from Flaticon.com]

1.2 SCIENTIFIC

South Africa has a recognised capacity in undertaking long-term observations of the polar
environment as illustrated by the map of its presence in polar research (Figure 4). South African

Transects + moorings
ASCA Line

Good Hope Line
Marion Island Line
SAMBA Line

Glider sites

SAZ — sub-Antarctic
PUZ - upwelling
MIZ — seasonal ice

Research bases
MARION (multiple sites)
SANAE IV (multiple sites)
GOUGH (multiple sites)

Moorings

Marion Island
(oceanography)
Maud Rise
(passive acoustic)

Maximum sea ice
Minimum sea ice
South African EEZ

science and vision within SANAP is summarised in the MARS research themes:

Oceans and marine ecosystems under global change
Earth system observations

Ecosystems, biodiversity and biodiscovery
Innovation and development

Human enterprise
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Box 1, found at the end of the next section, presents an overview of the current and future South
African and international research interests, which will be served and facilitated by the proposed RI.
Chapter 2 will further expand on the excellence and uniqueness of the multiple Rl components.

1.2.1 South Africa in the polar scientific context

Over the past 50 years, multiple measurements of land, ocean, atmosphere and space variables have
been made. In this context, and in the activities presented in Figure 4, we focus on the observations
collected in the framework of SANAP projects since 2003 and on the datasets that have been
coordinated as part of international long-term initiatives. Figure 5 and Figure 6 present a schematic
showing the breadth and extent of long-term datasets that have been, or are being, observed by South
Africa’s SANAP community in the region and sites illustrated in Figure 4. The full details are given in
Appendix B. This is the science universe that the SAPRI intends to integrate, support and grow. These
schematics are not meant to be an exhaustive inventory of all the existing data collected by South
African scientists in polar expeditions. In particular, oceanographic cruises have occupied some of the
transects shown in Figure 4 earlier than shown in Figure 5, but those data have been mostly used
within the teams that originated them. We highlight here the set of data that have been specifically
funded by SANAP and the related earlier programs, and that have contributed to the creation of a
continuous database of national and international interest.

Globally valued long-term climatological and ecological datasets have been generated and maintained
by the South African science community, specifically at Marion - and Gough islands (top panel of Figure
5). They meet South Africa’s (in the case of Marion island) and the United Kingdom’s (in the case of
Gough Island) obligations under the Agreement on the Conservation of Albatrosses and Petrels (ACAP)
and the Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR) and the
World Meteorological Organization. Phenological investigation of vegetation at Marion Island
commenced in the mid-1960s alongside the first detailed invertebrate research. Vegetation and
invertebrate research here has progressed through aspects of physiological investigation related to
climatic changes and tolerance, invasion biology, etc. Top marine predator research (seabirds and
marine mammals) commenced in earnest in the late-1970s/early-1980s. Demographic research on
several of these species have continued uninterrupted to date, providing amongst the worlds’ most
intensive long-term investigations of vertebrate life-histories. Concomitant efforts to better
understand population sensitivities to global change (including climate change) have seen much focus
on foraging ecology and species interactions at the local and regional scales over recent decades. A
broad footprint of international partnerships and collaborations resulting in high impact research
outputs have been heavily dependent on these long-term top predator datasets.

As shown in the bottom panel of Figure 5, since the first decade of this century, a new set of
oceanographic observations has been implemented through national funding linked to the Grand
Challenge and SANAP. Since 2012, the country has operated the SA Agulhas Il, a world-class polar
research vessel equipped with full-depth CTD capabilities, multiple winch systems for over-side
operations of nets and equipment with extensive wet and dry laboratory space. The ship transects
and mooring programs maintained by South Africa, with international collaborators, provide data and
information which serve the global community and have been recognised through international
panels as being essential. This dataset has recently been expanded by the addition of dedicated sea
ice research. All polar institutions in the world run research on ice properties, which represent about
half of the scientific production in Antarctic science. South Africa has primarily relied on external
collaborations for ice-related research. In the past few years, a line of research led to the development
of expertise in cryospheric processes and the deployment of dedicated container laboratories to be
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loaded on the vessel and autonomous ice-tethered devices to observe sea-ice drift. The South African
science community have also developed capacity and infrastructures to analyse key ocean variables
that have the potential to develop into longer-term datasets on nutrients, carbonate chemistry, trace
metals, phytoplankton abundance and primary and secondary production.

SOCCO science aims to understand and predict the changing role of the Southern Ocean in the regional
and global carbon - climate system as well as contribute to closing the observational gaps in time and
space in the Southern Ocean. To support this goal, it has undertaken 2 major long-term observational
initiatives: The ship-based (SA- Agulhas | and Il) underway CO, and physical surface ocean
observations, which has been carried out in almost all the relief voyages since 2008. These data are
integrated as the South African contribution to a globally coordinated gridded data product (SOCAT).
From this SOCCO has developed a machine learning product CSIR-ML6 and has reconstructed the
temporal and spatial variability of ocean CO; since 1985. It is now used globally for ocean science and
to constrain the trends in the global carbon budget and IPCC. The second SOCCO long term
observational effort is based on the deployment of coupled ocean robots (gliders) capable of providing
long-term high-resolution observations of the seasonal variability in the physics, the CO, and
biogeochemistry in the upper 1000m and across the air-sea interface. These high-resolution
observations have been undertaken in both the SAZ and the Polar upwelling zone since 2012. In
addition to robotics and CO,, SOCCO has developed an infrastructure capacity for GEOTRACES, bio-
optics and experimental biogeochemistry that serves as a national asset allowing cost-effective
research and development for powerful multi-ecosystem observations. SOCCO is growing into a global
leader in integrating high resolution observations into machine learning models to reduce the existing
biases and uncertainties in the reconstruction of air-sea fluxes. These reconstructions are
fundamental to understanding and predicting, through improved ocean and Earth System models, the
sensitivity of the Southern Ocean to climate change.

Space physics observations in the southern high latitudes are rare compared to northern latitude
coverage and as such the suite of instruments at the SANAE IV base, Marion Island, and Gough Island
provide unique and valuable data sets (Figure 6). Most of this data is contributed to international
observation networks that cover a variety of topics, e.g. the World-wide lightning location network
(WWLLN; www.wwlln.net), Automatic Whistler Detection and Analysis Network (AWDAnet) for
plasmaspheric modelling, and the SuperDARN radar network, among others. These are all global data
sets dealing with phenomena in both hemispheres. South Africa operates the longest continuously
operational Antarctic neutron monitor in the world; this data is used for heliospheric physics and

modelling related to radiation dose rates pertaining to commercial flight operations. Fundamental
space physics research questions operate on various time scales -- from real time measurements, now-
casting and forecasting of space weather, to monitoring the 22-year solar cycle -- high quality, high
cadence and long-term observational data sets are valuable assets.
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Long Term Observations: Sub-Antarctic Islands
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Figure 5 Historical long-term observations in the sub-Antarctic islands and Southern Ocean. The historical and
ongoing observations are colour-coded according to the general themes in the legend on the right, which
also shows the national stakeholders. Time series ending on the right margin of the graph were supported
within the 2018-20 SANAP funding cycle. The list of international countries collaborating with the national
partners is also indicated. Each bar represents a different dataset that is specifically listed in Appendix B.
(Source: N. de Bruyn)
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Long Term Observations: Antarctic continent
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Figure 6 Historical long-term observations in Antarctica. See caption to Figure 5 for details.
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1.2.2

Scientific impacts of SAPRI on long-term observations

As demonstrated by the successful international repositories (see Chapter 2 and Table D1), the
observational value chain is established only if data are sustainable and integrated into international
observational networks. SAPRI will enhance the value of past and future data, making them more
readily available for creating knowledge.

The SAPRI will create an environment conducive to science by consolidating the following aspects of
long-term observational systems:
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Establishment of a multi-disciplinary network of polar monitoring sites which make use of a
seamless integration of manpower and advanced autonomous observations, information and
communication technologies. The consolidation of existing observational networks will lead
to the development of a durable model for incorporating new observations and data streams
according to a research-to-operation protocol.

More efficient research expeditions, for increased scientific production and capacity
development through the implementation of dedicated science logistics management. A large
portion of human and capital resources is currently employed by scientists to organise and
maintain these expeditions and the observational networks. Precious resources will then be
redirected towards scientific products and training.

Provision and maintenance of advanced vehicles and instrumentation for the exploration and
characterisation of the Antarctic environment through a combination of human-operated and
autonomous devices. Improved efficiency and redundancy of existing and new equipment by
establishing dedicated warehouses for their booking, management and maintenance. This will
alleviate some pressure on the SANAP-Logistics component and ensure harmony and
alignment between the requirements of scientific projects and the infrastructural
components.

Modernisation of existing Antarctic large Rls (ship and bases) will allow remote control of
operations, continuous near real-time data streams and archival thereof.

Establishment of dedicated facilities to perform science and train personnel to operate in cold
environments. This will allow personnel to collect, measure and store ice samples, conduct
temperature-controlled experiments on biological specimens from the polar environment and
to recreate the harsh ice-ocean-atmosphere dynamics for the design/calibration of
instruments and the impact on structures and materials.

Creation of a deep-sea thematic study area, which represents new capacity for South Africa in
the deep polar ocean (200 - 6000 m) but also in the shallower environment of the Sub
Antarctic islands and the Antarctic continental shelf and slope. Deep ocean geomorphology
and benthic ecosystem research in South Africa is in its infancy. A dedicated facility will
develop research projects to explore and quantify diversity in our deep oceans and, due to
the seasonality of access to Antarctica, support complementary research within South Africa’s
mainland EEZ and other areas.
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Box 1: Polar science research framed into the South African MARS science themes (adapted and
expanded from MARS, Skelton et al., 2014 and Ansorge et al., 2017)

MARS Theme 1: Oceans and marine ecosystems under global change

Large-scale ocean circulation and global climate.
The Southern Ocean is a unique part of the
global coupled ocean - climate system in that it
“closes” the ocean circulation on a horizontal
scale by linking all the ocean basins. Vertically, it
closes the meridional overturning circulation
(MOC), a global system of surface and deep
ocean currents. It is the primary mechanism for
the ventilation, transport and storage of heat,
fresh water and carbon throughout the global
oceans, and connects the ocean surface and
atmosphere with the deep oceanic reservoir of
heat, nutrients and carbon. The most dynamic
region of the Southern Ocean—MOC circuit lies
south of Africa. The weather generated in this
area regulates water supply to the Cape winter
rainfall regions and winter snow melt from the
Drakensberg mountains to Gauteng. Similarly,
changes in oceanic circulation patterns within
the region of the Prince Edward Island group is
impacting  the islands’ climate and
diversity/abundance of species that it supports.
To identify the potential drivers of climate
change in this region, we need to improve
understanding of the interplay between the
Southern Ocean and the Greater Agulhas
Current systems which borders the South African
coastlines.

Southern Ocean in the coupled ocean-
atmosphere-biosphere-sea-ice system.
Understanding the links between ocean-

atmospheric physics at the synoptic-seasonal
scales coupled to mesoscale and sub-mesoscale
dynamics are critical to understand and model
the evolution of carbon-climate feedbacks,
ocean, the biological carbon pump, iron
availability, macronutrient and trace element
biogeochemistry, ocean ecosystem functioning.

Extensive multiscale and seasonal investigations
into the sensitivity of large-scale trends in the
Southern Ocean are necessary. About 85% of all
ocean productivity is supported by nutrients
derived from the Southern Ocean. These
nutrients are seldom limiting south of 50°S, yet
phytoplankton biomass remains low as a result
of trace- or micro-nutrients and light limitation.
Through combined observations,
experimentations and empirical models, we can
constrain the exchange fluxes of carbon and
other climate-relevant biogeochemical elements
and help assess the risks associated with
changing oceanic biogeochemical cycles.

Antarctic ice shelves and sea ice and their role in
the global environment. The seasonal advance
and retreat of the Antarctic’s 15 million square
kilometres of sea ice is a phenomenon that
remains under-appreciated, particularly during
winter when access is limited. The use of remote
sensing observations allows capture of the large-
scale and longer-term variations, but this
information needs to be ground-truthed by
appropriate observations. Much of climate
science is dedicated to the study of ice shelves,
and their role in sea level rise. East Antarctica is
undergoing a major decline in ice volume, which
is likely due to ocean warming. Ice shelves may
also be further exposed to the action of waves in
case of sea-ice reduction. In-situ measurement
and long-term monitoring of Antarctic sea is in
its infancy, especially the way it is affected by the
storminess of the Southern Ocean. Sea ice also
acts as a habitat for microorganisms and a buffer
for micronutrients, CO, and trace elements.
There is a clear need for further research to
better understand how these processes
influence the Antarctic cryosphere and its link to
the climate system.
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MARS Theme 2: Earth systems

A window into geospace. Fundamental
questions for space physics include the
mechanisms of coupling between the solar wind
- magnetosphere - ionosphere systems and the
energy transfer between the different layers in
the upper atmosphere. Space weather affects
critical infrastructure such as power grids,
navigation and communication networks and
commercial air traffic. Important research
qguestions include how helio-climate variability
may impact long-term terrestrial climate, or how
best to forecast the severity of impacts on our
atmosphere and technologies from sporadic
solar storms. For example, space weather
observations within the South Atlantic Magnetic
Anomaly where the earth’s magnetic field is
weakest, are critical for understanding the
impact of particle precipitation on ionospheric
scintillation and its impact on satellite
navigation. Space weather modelling and
prediction efforts rely on data from the southern
high latitudes and it is important for South Africa
to establish and enhance its independent
research and development capability in this
field.

A window into earth’s history. By driving the
global carbon cycle, the Southern Ocean has
played a key role in earth’s climate over
millennia. To understand both the magnitude
and rate of current change, the scientific
community needs to delve into the past. Some
of the best-known proxies for past climate are
derived from microbial organic compounds and
metals and their isotope signatures recorded in
microfossils, which serve as a palaeo-
thermometer and record of ice volume, as well
as an archive of past nutrient utilisation.
Similarly, gases trapped in continental ice-cores
provide a CO; and temperature record.

Multiple proxies in sediment or ice cores as well
as dating of these archives, along with eroded
surfaces and deposits allow reconstruction of
past climate evolution, sea ice extent and

In the shorter term, the terrestrial landscape of
continental Antarctica, most visible in the areas
of exposed ground called nunataks, is key to
understanding the earth system’s responses to
global change. Ground temperature
measurements in the region show that the active
layer and permafrost temperatures continue to
increase. Such information has important
implications for understanding  Antarctic
geomorphology, permafrost, the active layer
and water availability in soils, as well as how
these are changing in a warming climate.
Recognising that progressive ice sheet
instability, arising from global warming is
receiving increasing attention, related to this is
the recognition that the heat flux from the rock
substrate underlying the ice-sheet is not
uniform. Consequently, studies on the heat
input from the rock adjacent to and beneath the
ice-sheet base will contribute to understanding
the Antarctic ice-sheet evolution and stability.

In addition to research on earths’ history
informing on climate change scenarios, there
remains a need to obtain better data and an
improved understanding on the common
ancestry of the continental landmasses.
Although the configuration of Gondwana is fairly
well constrained prior to its fragmentation, the
geological processes and distribution of the
continental blocks which led to its amalgamation
are still poorly understood. In this context,
Dronning Maud Land, where SANAE |V is located,
lies in the broad area of the intersection of two
orogenic mountain belts of similar age — the East
African and Kuunga Orogenies. The timing of the
breakup of Gondwana is not well constrained
with new data limited to Dronning Maud Land
suggesting an earlier breakup initiation by ca. 30
Million years at ca 210 My with onshore
paleomagnetic data suggesting that Antarctica
had drifted significantly by ca. 180My. This has
implications for the age of formation of the
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environmental consequences over geological
time-scales of millions of years.

Southern Ocean, ocean floor sediments and
magnetic anomaly patterns.

MARS Theme 3: Living systems

Ecosystem functioning and the response to
global change. The terrestrial ecosystems in the
sub-Antarctic provide valuable opportunities to
study ecosystem responses to global change.
The Prince Edward Islands, in particular, have
experienced warming at double the global
average rate and a decrease in precipitation of
30% since the 1960s. Some biotic (e.g. rapid
upslope expansion of flora) and abiotic (e.g. loss
of ice plateau) consequences of these climatic
changes have already been documented, with
severe impacts on ecosystem functioning
predicted. Furthermore, the study of seabirds
and seals at their terrestrial breeding grounds
provide valuable information on the state of the
surrounding  marine  environment.  Tight
interactions across the food web impact a wide
range of trophic levels, from bacteria and viruses
to apex marine predators. Global warming is
likely to drive important changes in biological
interactions between the components of the
pelagic food webs. Currently, abilities to
reproduce the seasonal cycle of primary
producers with numerical models are limited,
which impacts on the reliability of projected
responses to changes. At the same time, the
microbial community and predators (from krill to
whales) have complex, little-understood
feedbacks that affect productivity and therefore
biogeochemical cycles that are of global
importance.

Sub-Antarctic islands typically have simple
ecosystems, which have been affected by the
variable histories of these islands (continental or
volcanic origin, glaciation, volcanism) linked to
global change. For Marion Island, genetic
diversity is unexpectedly high and notably
structured across the island, while at local scales,

Invasive species on Marion and Gough Islands
are of growing concern as a consequence of the
changes which they effect on native species
(with  documented impacts on seabirds,
invertebrates and plants) and the resulting
impacts on primary productivity, nutrient
dynamics and community composition.

In contrast to several new species becoming
established on sub-Antarctic islands, few alien
species have to date established themselves on
continental Antarctica, although the potential
for the establishment of human-transported
species (and the associated environmental
impacts) may increase strongly under warming
conditions. As a result, these ecosystems are
also particularly well suited for studying the
interplay between climate change and biological
invasions.

Biodiscovery
advances in

and biotechnology. Recent
metagenomics have focused
attention on mining genomes for enzymes,
biocatalytic pathways and bioactive secondary
metabolites with industrial and pharmaceutical
potential, as well as on the potential for gene
discovery in the largely unexplored novel marine
viral genomes. While the sub-Antarctic and
Antarctic regions, including the Southern Ocean
and the sea ice, are thought to be regions of
relatively low higher organisms species diversity,
but high microbial diversity, high levels of
endemism and high levels of functional genomic
adaptation to these extreme environments.
There is scope and capacity within South Africa
to explore the potential of this field. Modern
metagenomic bioprospecting methods have the
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dispersal is influenced by prevailing winds and
local topography. Understanding the exact
drivers of such high diversity and spatial
complexity, as well as the role of local
adaptations, will be important in ensuring the
long-term conservation of biota.

Given their extreme isolation, both Antarctica
and the sub-Antarctic islands also form an ideal
system for understanding invasion trajectories
and for examining the impacts of species
introductions (and subsequent eradication; e.g.
rodents and feral «cats) on ecosystem
functioning.

advantage that they have almost zero
environmental impact — just a few grams of soil
or milliliters of water can generate gigabases of
nucleic acid sequences that can advance our
understanding of polar biodiversity, bio-
economy, and climate change.

MARS Theme 4: Innovation and technology

Technology and engineering. The infrastructure
and logistics supporting polar research are
constantly in need of redesign, maintenance and
improvement. The harsh conditions of the
Antarctic provide an opportunity to evaluate the
most recent designs and adaptation of
technologies and construction materials.

Over and above being infrastructure platforms,
research vessels such as the SA Agulhas Il allow
for multiple opportunities for parallel and non-
exclusive research. Ships can be equipped with
measurement probes which contribute to all the
fields of research listed in Theme 1 and 3, to the
near-real time transmission of data for weather
and climate models, while at the same time
fostering the blue economy and maritime
transport. Today, the SA Agulhas Il (SAAII) is
equipped with +200 engineering sensors. She
boasts an unparalleled full-scale data history
which has proven its crucial utility to validate the
POLARIS Risk Index for the International
Maritime Organization and has led to
internationally published research on
induced propeller moments, wave slamming and
human task performance. This research area
offers unique opportunities for innovative and

ice-

Next frontiers of research aim to fully leverage
the unique advantage of scarce operational full-
scale ship data towards novel research
contributions in shipping. New engineering
models for ships require validation against real
data. The SAAIl, her working environment, her
sensors and her access culminates to data and
matchless practical traction. Furthermore, the
challenging field conditions for research
promote creativity in the development of novel
technologies that can be applied more broadly
and are already generating commercial
opportunities.

Robotics and autonomous observation devices.
Modern technologies are delivering significant
advances in automation and unmanned
platforms that can address our lack of scientific
ability or continued presence through year-
round observations. Such activities in
engineering and robotics have multiple auxiliary
benefits to society by spurring scarce skills in
engineering and innovation that provide positive
spin-offs for the greater South African economy.
It is important that South Africa remains a global
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leading engineering studies; within the South
African context this field is largely unexplored.

leader in the rapidly growing area of specialised
marine technology and robotics.

MARS Theme 5: Human enterprise

Geopolitics and legal aspects. South Africa has
enacted a number of statutes that are directly or
indirectly relevant to this region. It is therefore
essential to monitor and ensure that the South
African domestic legislative and regulatory
framework remains in line with developments in
international law.

Arts, architecture and literature. South African
activities within the humanities in Antarctica and
the Southern Ocean remain insignificant and the
few that have been undertaken remain poorly
recorded. The challenge is to engage with non-
scientists, creating opportunities for artists (such
as writers, poets and musicians) and social
scientists to partake in SANAP voyages to see for
themselves the region and to be involved with
South Africa’s activities within it. This area has
been addressed successfully by other
programmes and South African expeditions are
only recently starting to incorporate these
aspects that will largely enhance the awareness
of Antarctica.

Human history and archaeology. Although
relatively recent, there is a rich history of human
enterprise in the Antarctic and Southern Ocean.
The Antarctic Legacy of South Africa archival
database is an online, open-access tool for
supporting historical, archaeological,
sociological and other research. This research
sub-theme intends to encourage usage of the
resource and to develop and refine this
important asset.

Social adaptation and human impact. The
Antarctic and Southern Ocean is a harsh
inhospitable region in which any human activity
can be extremely stressful and unforgiving. As
such, the region provides a natural laboratory for
studying the human condition under stress
(prolonged lack of daylight, close confinement,
etc.). Also, tourism to the polar region is
increasing and already makes use of South
African infrastructure. The effects of tourism in
these highly sensitive regions of the world need
to be closely studied.

1.3 Soci0-ECONOMIC

South Africa has an interest in ensuring that the ATS continues to be recognised as the only
appropriate mechanism for the management, environmental stewardship and governance of the
region. Hence, Antarctic research takes on a political dimension: if a country’s researchers produce
and disseminate good science that is recognised by the international partnership, this achievement
bears well to the government’s standing (Elzinga, 2016). To this end, the South African government
has indicated its ongoing commitment to continued research through major financial investments in
polar infrastructures, which have generated an impulse in attracting the general public to the
understanding and conservation of Antarctica and the oceans. The STEM disciplines, science,
technology, innovation, engineering, biology, geography, etc., are firmly entrenched within Antarctic

science.
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Some of the ways in which the SAPRI intends to undertake this work includes:

® Promoting awareness through Humanities and Social Sciences research as well as the
incorporation of the successful ALSA initiative, with knowledge dissemination to promote the
STEM disciplines involved in polar sciences

e Foster innovation in communication technology and development of extreme environment
materials/technology with possible commercialisation potential

e Advanced data management and the use of digital twin technology to ensure rapid data
analysis, availability of climate-relevant time series and products for their integration in
decision-support systems

e Establishment and retention of a cohort of African polar scientists with interdisciplinary skills
and exposure to state-of-the-art Rls

e Data arising from the SAPRI will directly contribute to Operation Phakisa and OCIMS,
supporting the development of a Blue Economy within South Africa

e Due to the increasing dependence of modern society on technological systems (e.g. satellite
navigation), which are electrical systems that can be disturbed by external currents and
magnetic field variations, it has become critical to understand the effects of space weather
disturbances on industrial technologies such as aviation, communications, power distribution
and space flight. SAPRI, in collaboration with SANSA, will contribute to the maintenance of
these necessary long-term observations.

1.3.1 Economic contribution

Polar science relies heavily on instrumentation coming from international suppliers and facilities, such
as those for calibration of sensors, based overseas. Through the SAPRI, the aim is to build and retain
capacity in South Africa to create sensitive equipment within temperature controlled environments
and fit for the use in extreme conditions, develop technologies for satellite communication,
biogeochemical sensors for use on autonomous instrumentation, terrestrial photography automation
for ecological studies, and other novel and unique ideas. The community at large has always had to
“make a plan”; a spirit which echoes through the various scientific disciplines. If SAPRI is able to
transform this landscape as envisaged, the benefit in the long term will be a spin-off of small and
medium enterprises that could retain skill and development within South Africa, and attract
international investment.

The remoteness of polar and open ocean operations is a precursor to risk and hence economic losses.
South African Search And Rescue ?° coordinates measures to search for, assist or effect rescue
operations in the case of maritime accidents or incidents in one of the most expansive search and
rescue regions in the world. The navigation of vessels in ice and stormy waves demands some of the
harshest and most contradicting ship design requirements. Vessel operations in ice are not reserved
for polar research, oil exploration and cargo transfer. In Antarctica, tourist activities are growing
rapidly owing to increased traffic from cruise ships under the International Association of Antarctica
Tour Operators?®. From 1998 to 2007 the number of tourist vessels in Antarctica grew from 15 to 55.
In 2018, the same number of vessels delivered 13% more trips, bringing 40% more visitors to visit the
Antarctic continent - that is ~46 000 people. Likewise, enterprise has seen an increased demand for
polar expedition vessels including orders for 14 Polar Class 6, ice-strengthened cruise vessels for

25 https://www.transport.gov.za/web/search-and-rescue/about-us
26 https://iaato.org/
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Compagnie du Ponant, two Hapag-Lloyd expedition ships and luxury yachts such as the Scenic Eclipse
and Crystal Endeavour. Some of these vessels are aiming to operate in Antarctica. The expertise and
knowledge generated by the SAPRI, especially with the digital twin project of the SA Agulhas II, will
contribute to polar shipping and improved design methods. Her ice loading data has already served to
validate the POLARIS Risk Index?’, instituted by the International Maritime Organization to improve
polar safety, and can become an international reference for this industry.

On a broader scale, the data arising from SAPRI will help provide knowledge about weather and
climate patterns, leading to improved forecasting and the information collected from the terrestrial
and marine observations will assist in understanding the impact of climate change on our lands, coasts
and the ecosystems they support, facilitating improved management and sustainable exploitation.

1.3.2 Community engagement

It is imperative to foster a nation-wide sense of ownership of polar spaces and resources, to promote
stewardship and encourage innovation and exploration. To achieve this, it is important to address any
remaining sense of exclusion of particular groups, through research and engagement. Firstly, it is
important to know more about attitudes to polar science among ordinary citizens and where these
come from, which can be achieved through social sciences research. Secondly, we need to create new
narratives of inclusivity and entitlement through the arts and humanities. For instance, women were
not allowed on any Antarctic bases before the middle of the twentieth century, and early South African
Antarctic science did not allow Black participation. Better understanding these histories is important
for finding ways to address them, particularly given South Africa’s current role as representative of
the African continent in Antarctic science and management.

As ALSA recognised when expanding its portfolio from the heritage collection and archival to
engagement and communication issues, polar and marine science, including issues such as ecology on
the sub-Antarctic islands, space physics or seafloor characteristics are abstract concepts when
communities are faced with abject poverty. Yet, SAPRI will almost directly influence all South African
communities. For example, observations of the ocean and land inform our impact on climatic systems
and in the long-term allow the issue of extreme weather warnings and planned mitigation measures
that disaster management teams need to employ. Also, understanding the ecosystems around the
world, regardless of how far away or how extreme, allows scientists to analyse changing global
systems and the impacts on the food web, and inform fishing activities in the long run. The top-down
cascade through the food web trophic feeding level is as important as the bottom-up influence, and
this is not yet very well understood globally especially in pristine environments like the Antarctic
region.

Thus, the engagement of the community, from the poverty-stricken to the policy-maker, is critical and
needs to be addressed at these various levels. As recognised by the recent inclusion of a Marine
Science curriculum in high schools, children should be educated about the ocean and the Antarctic
region, its benefits and its vulnerabilities. Following the successful model developed by ALSA and
through the integration within SAPRI, public awareness will be strengthened through news articles
and documentary film-making, but also with engagements using out-of-the-box thinking - informative
question and answer sessions at local parent-teacher, neighbourhood council or social meetings,

27 https://arcticshipping370project.wordpress.com/data-sources/polaris-system/
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engagement with political parties to include science-based public awareness into party manifestos,
science fairs and exhibitions at shopping centres, etc.

1.3.3 Collateral benefits

Cape Town is already considered an Antarctic Gateway City which is part of an expansion plan
advocated by DEFF. Many vessels already pass through the port to access Antarctica during the austral
summer. However, with the increased capacity development that would come from an enhanced
marine and polar infrastructure setup, and in alighment with the Antarctic strategy proposed by DEFF,
the international attention on Cape Town is anticipated to increase substantially. This will mean more
ships, scientists and teams visiting South Africa which would increase the demand on the marine
industry (ship chandling, repairs and maintenance), the services industry, and tourism.

1.3.4 Well-being

South Africa still has a very long way to go to address the numerous political, race and gender
inequalities and frustrations that prevail. Through the SAPRI, young scientists, technicians and
engineers from all backgrounds and ethnicities, regardless of sex, religion or class, will be encouraged,
taught and nurtured. SAPRI will actively enforce a policy of inclusivity of all to ensure it meets the
ideals of the nation, in a safe environment. The SAPRI will encourage passion and excellence by
engaging with those who are keen to create a legacy of world-class, proudly South African, science.
This ethos will be encouraged from the start and become a cornerstone of the SAPRI.

1.4 RETURN ON INVESTMENT

The SAPRI founding principle is to ensure that the investment in infrastructures translates into the
generation of science for the benefit of society, retention of capacity and international recognition of
expertise. Polar research is built on infrastructures of various sizes, which result from several
investment cycles and are custodied by different players. Given the nature of Antarctic expeditions,
the return on investment is maximised if several platforms are exploited at the same time for
operational and scientific needs, from large facilities such as ships and bases, to medium facilities such
as land-based laboratories, ship-based container laboratories and supply vehicles, down to individual
field gear. The following specific returns are envisaged:

1. SAPRI will be an implementer of the governmental strategic initiatives (MARS and ASOS) and
will provide a channel to coordinate SANAP-Logistics and SANAP-Science, harmonizing
infrastructure management. This will contribute to rationalizing the distribution of costs
between public entities and their relative lines of funding for the benefit of the South African
investment to maintain the presence in Antarctica.

2. The investment in a focused set of Rl platforms for polar research will release the
infrastructural cost from the academic funding cycle and individual science-related projects.
The main benefits include:

a. the possibility to share platforms among various partners beyond the duration of each
project, following a successful model already implemented within NRF with the ACEP
programme;

b. the rationalisation of infrastructural maintenance costs through a centralised system;
the related redirection of core academic funding from infrastructural costs towards
research-based applications;
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d. the enhanced investments that would stem from historical investments in marine and
Antarctic research infrastructure.

3. SAPRI will represent a durable infrastructural pillar towards the constitution of a national
research institute. The proposed two-pronged approach will reduce the amount of a further
marginal investment and will ensure a more rapid integration of the science components on
the backbone of a functioning research infrastructure.

4. SAPRI will represent a local incubator of small, micro and medium enterprises (SMME),
specifically in remote technologies. SMMEs can access services, equipment and support in
product/technology commercialisation. SAPRI will support the transformation of the
demographic ownership profile of technology-based firms (and in particular SMMEs).

5. SAPRI will represent a hub for international communities with the possibility to generate
return on investment through renting of infrastructures and equipment. The cohesive
approach will unlock other potential funding sources from international bodies.

1.4.1 Business justification outputs

SAPRI, once established and running, will contribute significantly to classic research outputs such as
qualified post-graduates and research papers, but has the capacity to generate vast amounts of new
knowledge leading to new ventures. These may be in the form of user-specific services such as sample
analysis and sensor calibration and validation, but also in new products for the research community
and for commercialisation ventures. These have been explored in Sections 1.1.1.2 - 1.1.1.4.

1.4.2 Beneficiaries

Briefly described in Section 1.2 on Socio-economics, and touched on in various other sections, the
beneficiaries of this Rl are numerous. These range from:

1. Academic institutions, their staff and students,

2. Government departments working in this marine and polar space (DEFF, DSI, DPWI and more)
and their public entities (NRF, SAEON, SAWS, CSIR, SANSA, CGS and more),

3. Specifically, the City of Cape Town as a Gateway to Antarctica, but also the other cities and
towns that will host parts of the SAPRI (e.g. the seafloor entity in Makanda),

4. Established SMMEs and those that may be spun-off through the life-cycle of the SAPRI,

5. Secondary learners and the teachers engaging with the capacity development and educations
awareness material,

6. The general public engaging with the public awareness material.

1.4.3 Education and training

This has been discussed in various sections above. However, it cannot be emphasised enough how
important it is to engage with the next generation of technicians and scientists on the beauty and awe
of studying marine and polar science. Structures like the SAPRI can be mobilised to enthuse the
younger generation to engage with the sciences, for example, to strengthen the need to understand
climate change and development of mitigation measures, or to understand food-webs and
consequences of their disruption. In addition, it will be critical to establish an informed cohort of
policymakers, legislators and officials through the development of local research in the Humanities
and Social Sciences, particularly on the legal, historical (including archaeological), geopolitical and
aesthetic frameworks that are relevant to the South African context.
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1.4.4 Research capacity development

The SAPRI has already attracted interest from over 20 institutions in South Africa including historically
disadvantaged tertiary education facilities. Polar and marine science has been led in South Africa
historically by the affluent and more well to do institutions. But this has changed over time, with
institutions from various backgrounds playing a role in the future of this multidisciplinary initiative.
Research expeditions in themselves are valuable for capacity building of overwintering expedition
personnel. As highlighted, APECSSA is already an established portal for early career South African polar
scientists, with international links that can encourage their development and it will form a strong
component of SAPRI.

1.4.5 Commercialisation

This has been discussed extensively and already shown in reality with groupings such as Sea
Technology Services who have developed technologies used within the SAPRI such as glider sensors,
the deep-sea camera and the Ski-Monkey. Many more initiatives like this are envisaged through the
massive amount of new development and skill acquisition planned within the SAPRI. These include
such things as the Polar Lab, new biogeochemical sensor capabilities, new laboratory sample
processing techniques, new laboratory equipment and specialised on-board underway measurement
devices, automated camera traps on the sub-Antarctic islands with satellite communications to South
Africa, and satellite communication technology itself. There have been many ideas suggested through
the proposal phase and development of this SAPRI initiative and many more will likely develop as the
life-cycle of the SAPRI progresses.
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2 SCIENTIFIC EXCELLENCE

The massive undertaking of this national RI, in the context of its geographic extent, multi-institutional
and multi-disciplinary nature, makes a long-term observing-based approach to procuring, deploying
and maintaining relevant and necessary infrastructure of paramount importance. The best (and most
logical) method to determine these long-term observations is that of essential variables?® (Figure 7).
This allows for avoidance of duplication of efforts and an adoption of internationally verified standards
and best practices, thus allowing for easy dissemination and maximum utilisation of data. A number
of international organisations? have assembled and verified the value of essential variables for the
climate, ocean, biogeochemistry within the ocean, biology and ecosystems within the ocean,
terrestrial science (including the hydrosphere, cryosphere and biosphere) and the atmosphere
(including surface, upper-air and composition). Listed in addition to the above are variables related to
space physics and space weather. The essential variables most critical to the SAPRI are listed in
Appendix C. Not all polar scientific research and endeavours fit within this long-term observation of
essential variables approach and while this approach is recommended, it is not prescriptive.

The final decision around the science being carried out utilizing the SAPRI will be agreed upon by the
science advisory panel. The approach of essential variables will however assist the panel by providing
guidance particularly in the initial procurement stages of infrastructure investment.

Upper-air Atmosphere

h. Py b4 ; ‘ /‘\ Atmospheric Composition
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Surface Atmosphere Q ® 9
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Surface Ocean Physics
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Ocean Biology / Ecosystems
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Figure 7 A schematic description of the Essential Variables as defined by the Global Climate Observing System
(GCOS), and focused on the atmosphere, cryosphere, lithosphere (not shown), oceans, anthroposphere,
biosphere, and the hydrosphere.

28 https://www.goosocean.org/index.php?option=com_content&view=article&id=170&Itemid=101;
https://gcos.wmo.int/en/essential-climate-variables;
29 https://gcos.wmo.int/en/essential-climate-variables/table
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2.1 UNIQUENESS AND NOVELTY

The scientific uniqueness and value associated with the SAPRI is its multidisciplinary approach to the
broadly defined polar sciences from a South African perspective. Over 20 universities and institutions
have shown a keen interest in being associated with this work and easily cover most of the essential
variables herein listed. This places the long-term observation approach to developing the research
infrastructure in a position of strength.

The SAPRI is designed to facilitate the MARS science components detailed in Box 1. The relatively small
community associated with marine and Antarctic research in South Africa, as opposed to larger
countries with well-established programs, allows for easy sharing of scientific ideas leading to inter-
disciplinary and trans-disciplinary research. Furthermore, given the historically limited funding
available to research teams, many projects have long benefitted from this ‘shared resource’ way of
undertaking research, allowing for a greater collaborative effort. On the other hand, this small
community is endangered by the risk of losing expertise and the lack of support for turning scientific
achievements into durable observational systems for long-term societal benefits.

In this context, unigueness is better represented by the concept of unitedness: the creation of a
unified but distributed infrastructure that will coordinate, combine and strengthen the existing
fragmented components of SANAP under the MARS umbrella. SAPRI is novel because it will create a
model in which the scientifically established lines of research that rely on the observations of essential
variables will be transformed into long-term monitoring structures and will create new opportunities
for research that have not been done before in South Africa and in none of the developing countries
operating in the Antarctic region.

This will be achieved through the participation of the consortium partners in integrated facilities
coordinated by the Rl host (Figure 8), as detailed in Chapter 3 and 4. The term “integrated facility”
(IF) is introduced here to define a component of the SAPRI that combines various kinds of research
infrastructures sharing common objectives or logistics needs. Two components are responsible for the
coordination of polar logistics, data management and communication. One component is dedicated
to outreach, training and societal benefits. The three research-related components of SAPRI, which
are shown in the centre of Figure 8, directly enable polar research and are framed in two of the pillars
shown in Figure 2, namely sustainability of long-term observations and new infrastructures and
innovation.
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awareness, dissemination, Long-Term Observations Ocean (LTO-Ocean) hosted by SAEON. Runs

human aspects of Ensures the continuity of the established long-term observation the administration and
Antarctic research, networks in the Southern Ocean, sea ice, deep ocean sites and the the communication with
support to ATS policies overlying atmosphere. Maintains the scientific cceanographic the integrated facilities.
and representation in equipment for shipboard sampling and moorings. Develops Users and stakeholders
scientific international innovative observational devices and communication. Manages access the various
bodies. Manages joint specialized equipment and technicians for deep-sea, seafloor and components of SAPRI
capacity building under-ice exploration, ocean mapping and deep-sea underwater through the hub.
programs (e.g. research Operates in close
SEAmester). coordination with
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Long-Term Observations Land (LTO-Land)

Ensures the continuity of the established long-term observation
networks on the sub-Antarctic islands, Antarctic continent and ice
shelves. Maintains scientific equipment/gear for land-based
marine, terrestrial, atmospheric and space observations and
coordinates the supporting personnel. Develops innovative
observational devices and communication. Manages logistic
equipment for scientific research at SANAE IV and Marion Island.

Figure 8 Schematic of the SAPRI Integrated Facilities (IF). The IFs directly linked to research and field activities
are connected by the plus sign, which also shares engineering and technical capacity. Chapter 3 gives a
complete overview of each IF and their organisational structures.

SAPRI will assist the consortium partners to turn the existing science-funded observational networks
of essential variables that have been identified as needing infrastructural support (Appendix C) into
durable and sustainable data streams and products. These variables fall under five thematic study
areas:

1. The land - geomorphology and the underlying geology, cryosphere, ecological studies, plant
and marine mammals, birds;

2. The atmosphere - covering surface, upper air and atmospheric composition;

3. Space physics - most notably that of space weather;

4. The ocean and sea ice - from physics through to biogeochemistry and from microbiome
through to the upper trophic levels;

5. The seafloor and sediment - including geology, geophysics and geochemistry as well as biology
(e.g. benthic organisms).

These study areas have been operationally distributed in the three IFs (Figure 8 and Chapters 3, 4),
according to the infrastructural needs to support the observational networks and the research. LTO-
Land will incorporate and develop the research infrastructures in areas 1-3 which require access to
land-based infrastructures, while LTO-Ocean will combine 4, 5 and 2, the latter in recognition that
atmospheric measurements are linked to different operational platforms both on land and ocean. In
the first phase of SAPRI, these IFs will mostly operate on existing infrastructures (that are currently
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hosted by the members of the consortium) with new infrastructures being added in the setup and
running phases (see also Chapters 3 and 4). The Polar Lab is a new infrastructure that will commence
in Phase 1 and supports all thematic areas, unified by the multi-disciplinary requirements of
conducting research in cold and sub-zero environments.

The value chain of long-term observations cannot be considered finalised without a proper integration
with the data workflow, archival, distribution and innovation in real-time or near-real-time data and
data product availability and accessibility. This function is undertaken by the integrated facility Data,
Products and Societal benefits (Figure 8 and Figure 12). This facility also integrates the final pillar of
SAPRI, capacity building and awareness, as shown in Figure 2. The capacity building will be centrally
organised but distributed to the various science-driven platforms, while the societal and awareness
component will be ensured through the integration within SAPRI of the Antarctic Legacy of South
Africa, currently funded through dedicated SANAP resources.

Antarctic scientists have a great responsibility to popularise and to communicate their research to the
lay public as the public has no or limited opportunities to access the Antarctic region. For this reason,
Antarctic science needs to be simplified and communicated in such a way that it is understandable to
the public through science communication and made interesting and attractive through the arts.
Another novel aspect of SAPRI will be a unified communication role for Antarctic science, and a
promotion of cultural engagement, which is lacking in South Africa. It is acknowledged that the role of
science outreach and awareness is part of SAASTA’s (South African Agency of Science and Technology
Advancement) mandate, however it is still believed that the role of Antarctic science outreach and
awareness in the form of science communication needs to be tightly linked to the research
infrastructures, a role perfectly fulfilled by the SAPRI concept.

In addition to all these factors, the uniqueness of South Africa’s three oceans could and should be
used to develop capacity and transform the science landscape. This is further elaborated in Chapter
5.

2.2 EXCELLENCE

The consortium approach of the SAPRI allows for the research infrastructure to take advantage of the
scientific excellence acquired by the consortium partners. The following sections give an overview of
the excellence and novelty of the proposed IFs.

2.2.1 LTO-Land

This integrated facility focuses on the coordination and management of the land-based observational
networks and the support for research activities needing access to the polar and sub-Antarctic
terrestrial infrastructures. LTO-Land comprises a large variety of research areas with existing capacity.
The IF will enhance the existing capacity, strengthen existing research themes, and allow for the
development of new themes with a focus on local human capacity development and international
collaboration. Each sub-theme within the IF offers its own unique advantages, whereas common
benefits are also visible across themes. As illustrated in the Introduction, South Africa has been
collecting several essential variables from the ones listed in Appendix C and additional ones can be
added that cannot be currently sustained by research-based activities alone. This list also includes
variables that belong to the atmospheric, space and marine realms but that operationally are best
served through land-based infrastructures. A typical example is the study of some marine mammals
and seabirds, which requires sampling operations to occur mostly from land.
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Geographically, LTO-Land operates in three different regions (Figure 4): the Prince Edward Island
system owned by South Africa, Gough Island which is owned by the United Kingdom of which South
Africa leases the land to undertake observations, and the Dronning Maud Land (DML) section of
Antarctica where SANAE IV is located. For this reason, the logistical needs for accessing the research
vessel should also be considered in coordination with LTO-Ocean and the main SAPRI logistics hub.

The LTO IF will enable the continuation of the observational networks of essential variables, fulfilling
their logistics and accessibility needs. Due to their reliance on general research funding lines within
SANAP, some of these networks are at risk of interruption or have already been interrupted, with the
additional impact of the COVID-19 pandemic.

Given the variety of sites and platforms that have been implemented during the years of the time
series acquisition (Figure 5), the specific decision on the selected sites and equipment investment will
be subjected to a dedicated process within the consortium as detailed in Chapter 3.

2.2.1.1 Dronning Maud Land (DML)

® Geology, Geophysics, Geomorphology, Paleoclimates. Antarctica is the most unexplored
continent and the limited occupation of the summer bases can barely provide sufficient
information. Given the geological relevance of DML explained in Chapter 1, these areas are in
need of systematic mapping. In Gondwana reconstruction, three countries share the longest
coastline in contact with Antarctica from ~20°W to ~35°E - southern Africa, India and Australia.
To date SANAP has operated only between ~9°W and ~5°E. Earth science research will
contribute to an improved understanding of the continental geological evolution of DML.
Aspects of the studies will improve our knowledge of correlations between Antarctica and
southern Africa whereas the primary mapping in central DML will produce more detailed
information of the geology of the understudied areas. Systematic mapping will also improve
access to these areas and the overall safety of the national Antarctic program. Three
significant magnetic anomalies have been recognised in western DML, although the nature of
the structures related to each other is unclear. Data collected will contribute to the SCAR CGG
(Geology and geophysics) and AntMAP (digital geological database) programs. The Antarctic
ice sheet is a major driver in global environmental- and sea-level change. Yet virtually no
onshore or offshore paleoclimate research has been conducted in the area around SANAE
IV, and consequently research on paleoclimatic reconstruction will be novel and will
contribute to similar studies conducted elsewhere on the Antarctic continent on modern
climate evolution. SAPRI LTO-Land_will enable this research by integrating the observational
networks established through SANAP-funded projects to ensure sustainability and field
equipment support for collecting the identified essential variables. Major limiting factors are
the short duration of the fieldwork season, which could be extended by using aircraft
transportation, and the lack of appropriate vehicles (e.g. polar tractors like the Pisten Bully
300 and lighter sledges) for transporting scientists and equipment in the field without
resorting to expensive helicopter trips that are not often guaranteed. The experience of
consortium partners UJ, UP and RU in establishing long-term observation stations will guide
the choice of the selected sites and equipment.

® Permafrost and Ice Sheet Dynamics. There is presently a lack of permafrost studies, ice sheet
dynamics research, and glacial and periglacial geomorphological research for western DML.
Cryosphere research is of international significance. Increasing temperatures have led to a
worldwide decrease in permafrost and reduction in ice sheet coverage with melting
contributing to sea-level rise. Research conducted within the area of Antarctica accessible
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from SANAE IV, currently with few observation sites in DML and none (currently) for
western DML, will contribute to our understanding on climate change and permafrost
linkages, as well as bi-polar (southern-northern hemisphere) dynamics and connections.
Datasets on permafrost-active layer dynamics contributed by South Africa until the funding
interruption in 2018 represent the only such datasets for the larger region of western DML.
LTO-Land will re-establish the long-term monitoring permafrost sites and the necessary
equipment/logistics, to ensure continued monitoring of permafrost dynamics in a changing
climate. An additional avenue of potential research includes monitoring ice sheet fluctuations

using sensitive gravity stations which can measure annual ice sheet accumulation/loss. Ice-
specific equipment will be maintained in collaboration with the Polar Lab. Research in these
areas will be guaranteed by the consortium partners from UJ, UP, RU, CGS and UCT.
Terrestrial ecology, Microbiology and Genomics. Research on Antarctic ecology is mostly
directed to the microbial components. The current research focuses on elucidating the effects
of extreme environmental conditions on shaping microbial communities and the nutrient
cycles they mediate, as well as seeking to understand their possible feedback mechanisms.
Microbial ecology research for the poorly characterised western DML region of Antarctica will
focus on sampling ice-free habitat to correlate this with abiotic factors (e.g. soil nutrients,
altitude, temperature, distance from the coast, katabatic wind regimes). The research
generated from this set of essential biological variables will contribute to the SCAR groups
Ant-ERA (Antarctic Thresholds — Ecosystem Resilience and Adaptation) and AntECO (State of
the Antarctic Ecosystem). This component shares the same resources of other terrestrial
research activities, and LTO-Land will ensure maximum integration, maintenance and sharing
of field equipment that is now fragmented between the various participants of the SANAP
research program. Research in these areas will be guaranteed by the consortium partners
from UJ, UP and RU.

Space physics. Essential variables are not internationally available for this discipline. However,
the South African National Space Agency (SANSA) has guided this discussion and provided the
five variables listed in Annexure A. Polar research on the space environment contributes to
space weather forecasting. Space physics research, concerned with the dynamics between
electromagnetic and particle emissions from the sun and the magnetic field of the earth,
requires measurements of the high latitude regions in order to monitor and understand global
space weather phenomena. The polar regions are (geographically) ideally suited to studying
the ionosphere. Due to the lack of infrastructure focusing on such research in the southern
high latitudes, the current installation at SANAE IV is critical to space weather forecasting
and data product generation. Furthermore, solar activity occurs in approximately 11-year
cycles, with the solar magnetic field reversing every 22 years, and as such there is great
importance in observing the relevant parameters over the long-term. SAPRI will collaborate
with SANSA for the maintenance and expansion of the suite of research infrastructure which
is currently sustained by the SANAP science program and will be integrated in LTO-Land. The
consortium partner SANSA has the capacity to further support LTO-Land through technical
expertise. Its technicians can maintain a variety of interdisciplinary instruments, as well as
research and develop new and existing instrumentation.

Meteorology and atmospheric sciences. Robust knowledge of meteorology, long-term climate
variability and trends is sparse for the Antarctic region, mainly due to the scarcity of
observational platforms and reliance on numerical weather prediction and reanalysis
products. The international community through the World Meteorological Organization has
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emphasised the importance of polar predictions3°. The consortium partner SAWS is the
leading authority for meteorological information in South Africa. Its automated weather
station network conducts regular, WMO-compliant meteorological observations, contributing
data into the Global Telecommunication System (GTS) for numerical weather models.
Furthermore, SAWS hosts a Global Atmosphere Watch (GAW) station, which forms part of the
WMO long term climate monitoring program. Polar weather and climate are key
components of the Earth system and their predictability is largely connected to the real-
time availability of data. Maintenance and expansion of currently installed atmospheric,
cryospheric and GAW instrumentation will be addressed. Data from such stations will also
greatly enhance peripheral research themes that require geophysical information to correlate
with specific observation in the field, such as micro-climate investigations, weather drivers of
biological changes, and climate/weather impacts on abiotic environments.

2.2.1.2 Prince Edward Islands (PEI) and Gough Island

This area of polar research will be coordinated clo