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Executive summary 

The South African Science, Technology and Innovation landscape supports thematic areas in which 

applied science is fostered, with an emphasis on moving science from research to impact. Underlying 

this endeavour are the  deep foundations of science and technology in theoretical and computational 

science. The research capability of the nation depends on the presence of scientists with penetrating 

knowledge of the underlying basic principles and a thorough appreciation of the most recent 

achievements. Traction is needed for the basic sciences to sustain and develop their underpinning 

foundational role. 

The National Institute for Theoretical Physics, NITheP, proved its value because it 1) delivers an 

exceptionally high quantity and quality of research, 2) critically supports world-class human capital 

development, and 3) does so for a relatively low investment. NITheP ranks 3rd among institutions in 

Africa in the physical sciences. NITheP funded 56% of all theoretical physics MSc and PhD students 

supervised in South Africa from 2010-2018, while total NITheP expenditures for 2019 are less than 

R10M. The original proposal envisaged a long-term national institute. In the absence of an appropriate 

funding instrument already in place, NITheP was moved into the CoE framework. This affected 

sustainability. 

South Africa’s institutional landscape of science and technology institutions has expanded far less than 

the scope and scale of its research, scientific and technological activities. NITheP is one of several 

research and development opportunities that are stymied in part because of a lack of scale. The 

strategic intent is to scale up research programmes by improving economies of scale, and thereby 

increase global competitiveness. 

Data Sciences and the Basic Sciences are driving each other in a period of intense growth. It is in line 

with the policy of enhancing coherence and programme coordination to align eight themes: 

theoretical physics, mathematics, statistics, astrophysics, data sciences, quantitative finance, data 

intensive elements of bioinformatics, and climate change modelling, in a single institute. Coherence 

between these would enable an institute to have greater impact on human capital and research 

capacity development, and improve financial sustainability. DSI and NRF have proposed that NITheP 

can be repositioned to strengthen its national impact, on both human capital development and 

research capacity development, and improve its sustainability by this alignment. 

The task 

An Expert Working Group, composed of representatives of the eight proposed themes, was appointed 

to consider the science case. It was tasked to focus on scientific content, considering benefit, relevant 

strategic issues, the institutional structure in each field, collaboration, and increasing research 

capacity. They were requested to consider economies of scale, risks, and, finally, institutional 

structure. This group carried out consultation with the communities of practice in the proposed 

themes.  Its findings are reported here. 

The science case 

The working title “National Institute of Theoretical and Computational Science” was adopted. The 

proposed NITheCS has been considered in terms of the strategic frameworks of Africa, South Africa 

and the National System of Innovation, as well as global science. It fits the strategic case unusually 

well, because it serves the fundamental knowledge base. It produces both research capacity, and 

highly skilled critical thinkers, many of whom enter the economy after their studies. The themes have 
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each been associated with disruptions in global thought or socio-economic conditions. They are bound 

together by their common use of mathematics and by massively complex data-laden challenges. The 

potential impact of the institute has been considerably broadened by the alignment. 

The community in mathematics, the language of the sciences, suggests positioning NITheCS in 

Computational Mathematics. In Statistics, there is an acknowledged shortage of adequately trained 

statisticians. Statisticians fill key national policy roles. Statisticians need to understand modern data 

sciences, and there are rich research opportunities for developing statistics for big data.  

Theoretical physics is well-positioned to make global discoveries in the next decade, not only in High 

Energy Physics,  Space, Gravity, and Astrophysics; Condensed Matter Physics; Computational Physics; 

but also Quantum Information, Atomic, Molecular and Optical Physics, Biological Physics, Materials 

Science, and Plasma Physics. There are strong needs for work with Mathematics, Statistics, Data 

Science, deep learning and Artificial Intelligence. The Astronomy and Astrophysics community sees a 

clear need for a national platform in theoretical and computational astrophysics to support the science 

exploitation of SALT, MeerKAT and the SKA, both to capitalise on the investment in these projects and 

to attract additional investment.  

Climate change is the biggest environmental challenge ever faced by human kind, but there are no 

African-based Earth Systems Models (ESMs) or Global Climate models. NITheCS will not function as an 

Earth System Institute but will contribute to the configuration of a national network for the 

development of the first African-based ESM.  The Quantitative Biology and Bioinformatics community 

needs to develop bioinformatics tools for biodiversity conservation through comparative genomics, 

with the threats of invasive species and wildlife disease. Researchers with large biological datasets 

need the theoretical and computational science skills from Data Sciences.  

In the Data Science in Quantitative Finance thematic areas, the issues at stake are management of 

financial risk, including the stability of the SA financial sector, and readiness of this sector for disruptive 

technology. The 4th Industrial Revolution (4IR) may well be a destabiliser, and risks need to be 

understood. In South Africa, financial inclusion of the majority of the population remains below 

potential. Fintech (financial technology) has great potential to assist in solving this problem, 

specifically for SA conditions.  Data Science is binding strand for all of the themes above, many of 

whom are deeply involved with massive data already. In addition, Data Science poses a rich research 

question echoed by several themes: how does deep learning work? Data Science is welcomed as a 

field with enormous 4IR and socio-economic impact.  

Potentially fertile focus points of mutual interest have been explored and are listed. Collaborations 

with close neighbours in the Science, Technology and Innovation landscape are already strong and 

would be strengthened.  

Potential structure  

In considering a potential structure, a vision was articulated of a leading African Institute of Theoretical 

and Computational Sciences recognised for its excellent and impactful research, training, and 

engagement programmes. The institute must welcome students who bring their backgrounds with 

them, and offer them pathways to their future opportunities. Computational requirements require a 

good agreement with the Centre for High Performance Computing. 

In considering a structural model, a risk was noted that combining such diverse themes might cause 

concerns. In the model proposed, the themes would be united under the portfolios of Research, 

Training, and Engagement. It is an important risk-mitigation strategy that the diversity of the themes 
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in their level of development, vulnerable status, or ability to attract non-discretionary funding should 

be noted, and that evaluation processes must be appropriate to the nature of the theme. 

A Programmatic Model has been proposed for NITheCS, based on consideration of a variety of 

benchmark organisations. Research programmes address focus points, and bring together researchers 

for a period that may be from weeks to months. Training programmes are directed primarily at post-

graduate students, although training may be provided for researchers and post-docs. Engagement is 

high-priority and will need a professional to assist in developing the transformative science agenda 

and running excellent communications with students, and with the community (both scientific, and 

civil society). 

The proposed structure offers the advantages of expanded scale, with accompanying economies. It 

offers increased potential funding sources and sustainability, with DSI as the anchor partner. It 

provides greater national impact on both human capital development and research capacity 

development.  

Recommendations 

The recommendations are outlined here. Full recommendations, with motivation, will be found in the 

body of the report.  

Recommendation 1 Build on NITheP success 
Value NITheP learning 

Value NITheP standing and people 

Transition should be carefully managed 

Recommendation 2 Reconfigure NITheP into a National Institute of Theoretical and 

Computational Sciences 
There is a sound science case 

There is urgency 

There is a national need 

The reconfiguration is part of 4IR 

Experimental resources and computational resources will be accessed outside NITheCS  

Make use of the good strategic environment 

Accelerate the pipeline of scientists 

Recommendation 3 Adopt Key Principles 
Adoption of key principles helps to addresses risks 

Recommendation 4 Adopt the themes proposed 
The eight themes involved in the process are: Mathematics, Statistics, Theoretical Physics, 

Astrophysics and Astronomy, Bioinformatics and Quantitative Biology, Data Science in Quantitative 

Finance, Earth Modelling Systems and Climate Change Modelling, and Data Science. 

Leave room for growth 

Recognise that the themes are fundamentally different 

Use the concepts of themes and focus points 

Recommendation 5 Recognise the risks and evaluate them regularly 
The diverse theme approach is valuable, but careful design and management must be applied  
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Recommendation 6 Adopt a Programmatic Structure 
Four pillars emerge to unify the themes: Africa, Research, Training and Engagement 

Long-term stability is essential for productive theoretical and computational sciences 

Recommendation 7 Offer good quality research programmes with infrastructure in place 
Retain the NITheP Associates and the structure 

Offer research grants to support the programme 

Recommendation 8 Offer Training programmes that attract students: make NITheCS an 

Institute of Choice 
Create value addition for the supervisor and the home university 

Provide enablers for bursaries 

Offer research training for PhD and MSc students 

Offer formal teaching at MSc level and Honours level 

Negotiate credit and subsidies through DSI 

Offer short courses 

Monitor where the students go 

Transform the experience for women and those with family responsibilities 

Recommendation 9 Set Engagement at the strategic level 
Appoint a skilled Engagement manager and make a transformative science case 

Recommendation 10 A recommended governance structure for a Programmatic Institute 
Executive authority 

Steering Committee  

Themes are represented on the Steering Committee 

A powerful Advisory Board 

A Director who lives the vision, and excellent management 

Limited core staffing 

Staffing costs are a watch point 

Risk assessment and mitigation 

Recommendation 11 DSI should focus its effort and resources on an anchor partnership for 

NITheCS, assisting negotiation, protecting Basic Sciences, and its contribution to prosperity 
Anchor funding 

Protect the Basic Sciences in the national environment 

Negotiations 

Strategic role in prosperity 
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1 Background 
 

The South African Science, Technology and Innovation landscape supports thematic areas in which 

applied science is fostered, with an emphasis on moving science from research to impact. Underlying 

this endeavour are the deep foundations of science and technology in theoretical and computational 

science. The research capability of the nation depends on the presence of scientists with penetrating 

knowledge of the underlying basic principles and a thorough appreciation of the most recent 

achievements. Traction is needed for the basic sciences to sustain and develop their underpinning 

foundational role. 

1.1 Purpose of this document 

This document is the final report of Expert Working Group assigned the task of considering the 

restructuring of the National Institute for Theoretical Physics, NITheP.  

The Executive Summary serves as a concise outline, but motivation will be found in the body of the 

report, as will conclusions, detailed recommendations, and risk mitigation strategies. This work is also 

intended to serve as a resource for any further documents, and therefore includes extensive 

appendices for reference purposes. 

1.2 Conventions 

The working name “National Institute for Theoretical and Computational Sciences (NITheCS)”, has 

been adopted as a working title and will be used in the following. 

For ease of reference, the following symbols have been used: 

 A key point: a high level of consensus, an important issue 

A watch point: an important issue that should be handled with care in order to ensure success. 

1.3 NITheP  

The National Institute for Theoretical Physics, NITheP, was brought into existence in 2008 to provide 

coherence to an internationally respected, but fragmented, endeavour [14](extracts are given in 

Appendix D). NITheP arose through collective action in the community of practice of physics, voiced 

through the DSI and NRF, and the reasons for its existence still stand. It is proposed to improve on this 

success by broadening the scope of the Institute. 

The most recent international review [7] found that NITheP is valuable in the short and the long term, 

not only because it is delivering an exceptionally high quantity and quality of research, but it is doing 

so for a relatively low investment. In the review period, 2011-2016, NITheP published 339 papers, of 

which 66% are in the top 30 journals in the field; and NITheP is ranked 3rd among institutions in Africa 

in the physical sciences [20]. In terms of investment, in 2016, between 4 and 6 core staff have 

supported an extended network of 155 people [21] across the nation. Scientometric data will be found 

in Appendix H. 

NITheP has succeeded in becoming internationally respected. It operates on a network of three nodes 

and about 71 individual associates, whose contribution to authorship of papers was 65% in 2017. By 

the time of the review, 74 MSc and 40 PhD students had graduated with the graduation rate in the 

MSc over 90%. The training record, through bursar workshops, Summer Schools, the African School 
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Series, training workshops and research workshops, is viewed as impressive. The internship 

programme has an 80% success rate of interns continuing with a higher degree. NITheP experienced 

both achievements and challenges in the pressing national need for transformation in race and in 

gender and the review made recommendations through which transformation would be considerably 

improved. 

The original proposal envisaged a governance and legal framework similar to those of National 

Facilities within the NRF. In the absence of an appropriate funding instrument already in place at NRF, 

NITheP was moved to the CoE framework, without revision of contracts, in 2012. This has certainly 

caused damaging uncertainty about the lifetime of the Institute. The review noted that “this should 

not be allowed to influence the success and international standing of NITheP, nor the international 

branding that it brings to South Africa … to discard an Institute of this standing because of a 

technicality arising from a convenient management categorisation would ultimately be a waste of 

government investment”. 

1.4 National institutional context 

A 2018 concept paper [11] summarised the context as follows. “Over the last two to three decades, 

South Africa’s institutional landscape of science and technology institutions has expanded far less than 

the scope and scale of its research, scientific and technological activities. Many South African research 

and development opportunities are stymied in part because of a lack of scale, which is an important 

factor in global scientific success. The establishment of institutes is an important intervention in 

scaling up research programmes to improve economies of scale and global competitiveness.” 

1.5 The Big Data context 

Data Sciences and the Basic Sciences are driving each other in a period of intense growth. The strides 

being made in diverse fields, including theoretical disciplines, may depend to a large extent on 

extracting meaning from massive datasets.  It is in line with the policy of enhancing coherence and 

programme coordination to align theoretical physics, mathematics, statistics, astrophysics, data 

sciences, quantitative finance, and data intensive elements of bioinformatics and climate change 

modelling in a single institute, to have greater impact on human capital and research capacity 

development and improve financial sustainability. 

1.6 The Fourth Industrial Revolution (4IR) context 

One million young people will be trained in data science and related skills by 

2030. President Cyril Ramaphosa 

The Fourth Industrial Revolution (4IR) captures the idea of the confluence of new technologies and 

their cumulative impact on our world; it is characterized by a fusion of technologies, blurring the lines 

between the physical, digital, and biological sciences. The  4IR phenomenon manifests as 

an  environment in which disruptive technologies and trends such as the Internet of Things (IoT), 

robotics, virtual reality (VR) , artificial intelligence (AI), nanotechnology, biotechnology, energy storage 

and quantum computing are changing the way we live and work. As with previous revolutions, the 4IR 

creates  new socio-technical opportunities and challenges. For example, robots can be developed to 

do much of the dangerous and tedious work but that may lead to the net displacement of workers by 

machines. This  might intensify the gap between returns on capital and returns on labour, causing 
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greater inequality and potentially disrupting labour markets.  The appropriate response of developing 

countries to the 4IR is heavily debated and beyond the scope of this document.  However, there is 

general agreement that research on 4IR technologies and equipping the country with 4IR knowledge 

and skills is essential. 

In response to the 4IR  challenge, the President of South Africa, Mr Cyril Ramaphosa, has appointed a 

Presidential Commission on the Fourth Industrial Revolution (4IR) which will assist government in 

taking advantage of the opportunities presented by the digital industrial revolution [26]. The task of 

the Commission, which will be chaired by the President, is to identify relevant policies, strategies and 

action plans that will position South Africa as a competitive global player, or, in the President’s words 

“We have in a short space of time and rapidly changing technology advanced from being a nation of 

late bloomers to one of early adopters”. It is clearly necessary to build a base of scientists who 

understand the research and technology and can advise based on truth and evidence rather than 

marketing and show.  

Fundamental changes in the way that national economies function are expected. Four meta-concepts 

have been  defined for actionable policy indications by the World Economic Forum [27]. Resilience 

includes measures in the financial sector to resist economic meltdown and skills among workers for 

learning and adaption. Agility in the domestic market and entrepreneurial culture allows “creative 

destruction” (reorganisation and re-invention) in business, and agility in the labour market allows re-

distribution of talent. The innovation ecosystem covers ICT readiness as well as the factors that lead 

to innovation. A more detailed discussion of SA’s standing in innovation ecosystem measures appears 

in section 8.12.3. The human-centric approach covers health and skills. 

1.7 Repositioning NITheP 

In the environment summarised above, it is suggested by DSI and NRF that NITheP can be repositioned 

to strengthen its national impact, on both human capital development and research capacity 

development, and improve its sustainability [11].  

1.7.1 Concept paper 

Scoping of the reconfiguration and restructuring of NITheP was approved on 10 July 2017. A Concept 

Paper [11]was formulated which identified the concerns above, noted the advantages of economies 

of scale, recognised the extremely constrained current fiscal environment, and therefore 

recommended improved alignment between cognate disciplines. Intelligent use of data provides 

common ground between the related disciplines and themes outlined here.  

1.7.2 Stakeholder Workshop 

A stakeholder workshop was held on 15 February 2018 [12]. The top recommendation was that 

 careful design of the new entity was essential, so that focussed research could be performed 

within an environment based on multiple basic sciences and themes. Attaining a workable balance 

between a diversified scope, and productive research in focus areas, is a critical success factor for the 

new entity; 

there is determination to build on the existing success of NITheP and not lose the investment to 

date; and  
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the new entity should function as a Platform of People, with expertise that serves the broader 

community.   

1.7.3 Task Team 

From the list of stakeholders, a Task Team was distilled in early 2018 with responsibility for governance 

and direction. The Task Team identified eight themes: theoretical physics, mathematics, statistics, 

bioinformatics and quantitative biology, astrophysics, climate modelling, data sciences and 

quantitative finances.  

1.7.4 Expert Working Group 

The Task Team formed an Expert Working Group, composed of representatives of the themes, to 

consider the science case. Terms of Reference are given in Appendix B. The Expert Working Group has 

held three workshops, but has worked largely over email, as well as through meetings and skypes of 

the chair with individuals.  

The members function both as members of a think tank and as representatives for the Communities 

of Practice in their discipline. The members are listed in Appendix C.   

1.8 Consultation 

1.8.1 Communities of Practice of the themes 

Consultation has been undertaken through the Stakeholder Workshop of 2018, in which 

approximately 40 people were involved, and through the group of experts in the second half of 2018.  

The South African Institute of Physics (SAIP), having been one of the three original partners in the 

formation of NITheP,  appointed a Task Team. SAIP has a Division of Theoretical and Computational 

Physics and the chair of this Division has been involved throughout. SAIP conducted a survey of which 

members are active in the fields of theoretical and computational sciences.  

The theme representatives for Theoretical Physics organised broad consultation across the 

community of practice, through a Town Hall meeting. These meetings may be attended by anyone 

interested in the topic. The Town Hall was held at Polokwane in July 2019; members of the DSI/NRF 

Task Team and members of the SAIP Task Team were invited and many attended. 

Other members of the Expert Working Group have consulted widely in their own fields of practice, 

through individuals and with scientific associations and professional bodies.  

1.8.2 Civil Society 

An integral part of the DST Science Engagement Strategy is engagement with civil society [9]. The 

Expert Working Group, after much discussion, has built Engagement into the proposed structure at 

the strategic leadership level, and recommends that the new entity should carefully structure 

significant two-way community engagement. This should be done with the advice of experienced 

science communicators, rather than attempting community engagement through the EWG. 
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2 Groundwork 
Development of the science case does depend on statements of the vision, mission and aims of such 

an institute, and these have been built through the following steps. 

2.1 Drivers 

The identified drivers for the initiative are 

 Capacity development, 

 funding models: efficiency, 

 Africa and SADC,  

 and gaining traction for science policy. 

2.2 Proposed Themes 

The themes identified by DSI, NRF, and at the Stakeholders’ Workshop are listed here for clarity: 

 theoretical physics,  

 mathematics,  

 statistics,  

 bioinformatics and quantitative biology,  

 astrophysics,  

 earth systems modelling and climate modelling,  

 data sciences and  

 quantitative finances. 

2.3 Strategic environment 

In the vision developed by the Expert Working Group there are four top concepts: Africa, Research, 

Training, and Engagement. The environmental and policy summary below therefore begins with 

Africa, provides South African policy, and then tests this in the global context. 

2.3.1 Africa and SADC 

Africa, through the African Union Commission Agenda2063 [2], has set a goal of an educated and 

Science, Technology and Innovation-based revolution to meet its stated aspirations to a prosperous 

Africa1, based on inclusive growth and sustainable development, with well-educated citizens2. 

The first ten years of Agenda 2063 are guided by the Science, Technology and Innovation (STI) Strategy 

for Africa 2024 [1](SITSA2024). Through this reconfiguration, we are able to contribute to Phase 3 of 

implementation, particularly the pillars of providing an enabling environment for STI3, and building a 

strong science culture4.  

2.3.2 Response to strategic positioning and policy: gaining traction 

In response to Agenda2063, South Africa already aspires to be a strong, united and resilient global 

player and partner5. It recognises the need for biodiversity and conservation management, climate 

                                                           

1 Agenda2063 Aspiration 1 
2 Agenda2063 Aspiration 1 goal 2 
3 STISA-2024 Pillar 6 
4 STISA-2024 Pillar 7 
5 Agenda2063 Aspiration 7 goal 19  
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resilience, and natural disaster preparedness and prevention6. People-driven development is built in, 

relying on the potential offered by African people, with goals of full gender equality and engaged and 

empowered youth7. The proposal aspires to contribute to these goals. 

In response to STISA-2024 the primary action is in achieving the necessary critical mass of human 

capital needed8 and curbing the brain drain9, while exercising  trust in the intellectual capacity of the 

sons and daughters of the continent10. Science and research naturally encourage collaboration 

between states in innovation11. In the situational analysis for STISA-2024 it is noted that the basic 

sciences, particularly biosciences, physics and astrophysics, are contributing very significantly to the 

number of scientific papers published. These fields have raised South Africa's international rankings, 

as demonstrated by recent scientometric reports in the Basic Sciences [19]. 

Postgraduate development is fundamental to the reconfiguration of NITheP into a new entity. Of the 

listed themes, the postgraduate pipeline is in greatest trouble in statistics, and urgent measures are 

needed to support this field. The availability of quality post-graduate education is critical to all fields 

and this institute is designed to contribute to doctoral qualifications (as well as others). STISA-2024 

envisages that the perception of the society must value the research profession, so that community 

engagement is to be well-researched and built in to the new structure. An attractive environment will 

be built to draw upon the African Diaspora and the international community. 

Two key points in the White Paper on Science, Technology and Innovation of 2018 [24] are improving 

inclusion (and building more linkages across the NSI), and enhancing policy coherence and programme 

coordination in the NSI12. NITheP was originally put in place to bring coherence to a successful but 

scattered community of individual contributors in theoretical physics, and has done so. The next step 

of bringing together basic sciences and themes brings increased coherence and coordination across 

the theoretical and computational communities. It is noted that the lines between physical science 

and digital science are not so much blurred, as non-existent, in the basic sciences. The proposed 

themes bring enhanced partnerships among NSI actors, including, but not limited to, CHPC, SKA, 

national collaborations, Centres of Excellence (CoEs) and university institutes. Full lists appear below. 

South Africa's response to the Fourth Industrial Revolution will be strengthened by the new entity. 

Artificial Intelligence (AI) and deep learning are implicit components of the NITheCS proposal.  Highly 

skilled graduates will be needed in all sectors to counter the threats, including the amplification of 

prejudice by AI applications, and to take the opportunities to exploit Information, Communication and 

Technology and data ethically and responsibly. 

The spatial footprint of innovative and critical scientific thinking13 is addressed through the national 

nature of the new entity.  Well-thought-out community engagement14 has been part of the new 

structure from the outset. 

                                                           

6 Agenda2063 Aspiration 1 goal 7 
7 Agenda2063 Aspiration 6 goals 17 and 18 
8 STISA-2024 pillar 5 
9 STISA-2024 pillar 4 
10STISA-2024 pillar 1 
11 STISA-2024 Pillar 9 
12 White Paper Policy Intent 3.2 and 3.3 
13 White Paper Policy 4.9   
14 White Paper Policy  4.10 
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The link with the Data Sciences brings new sources of growth15 via collaboration with the Centre for 

High Performance Computing (CHPC), Inter-University Institute for Data-Intensive Astronomy (IDIA), 

a planned Data Science institute at Stellenbosch, and the Wits Data Science Institute. Data Science in 

Finance brings additional  links to the CoE in Maths and Stats, The African Institute of Mathematical 

Sciences (AIMS), the African Institute for Financial Markets and Risk Management (AIFMRM), the 

Centre for Business Maths and Informatics (BMI) and the South African Centre for Epidemiological 

Modelling and Analysis (SACEMA).  

The role of government in protecting long-term thinking within the basic sciences is clear. Examples 

in South Africa are readily provided. The field of statistics has become vulnerable. Basic research in 

Climate Change Modelling has been overtaken by the demand for risk analysis consulting, and it has 

been necessary  to protect the fundamental  long-term research by removing it from the commercial 

environment.  

Basic research is essential for building the South African economy and keeping it 

competitive globally – thus giving effect to the basic social contract between 

science and society. Currently, South Africa has to compete with comparable 

countries across the globe that have been pouring resources into their science 

systems, and have adopted long-term planning and funding horizons. If we want 

to craft an innovative edge, we must make funding for scientific research a 

national priority. White Paper on STI 2019 

 
The policy of expanding research outputs and transforming the research institutional landscape16 is in 

the foundation for this initiative. Outstanding contributions to research outputs have been made 

through NITheP and the positive factors supporting this growth will be retained.  

In the mathematical sciences, gender and race17 are significant issues and best-practice measures 

must be built in to change this. Improving the research system's output of human resources is one of 

the three top priorities: research, train, and engage. Vulnerable sciences such as statistics will 

concentrate almost exclusively on rebuilding the undergraduate and graduate pipelines. It is a central 

role to help students over the barriers known to be experienced in entering postgraduate research 

and mentor them through their early career stages. Attractiveness of science as a career, and the 

welcoming aspect of the new entity, are crucial. To strengthen skills in the economy18, it is noted that 

there are opportunities for employment in several sectors, notably financial. Making employment 

opportunities clear is a crucial element of transformation.  

The new structure is designed to allow a diversity of knowledge fields19 to meet in a stimulating 

environment. Collaborative opportunities are aimed at opportunities to meet the NDP objectives.  

Two potential areas are the benefits of the Data Sciences for society, and the area of poverty and 

climate change. Elements of the open science paradigm are already practiced within the participating 

                                                           

15 White Paper Policy 4.11.3 and 4.11.4 
16 White Paper Policy 5.2 
17 White Paper Policy 5.3 and 5.4 
18 White Paper Policy 5.5 
19 White Paper Policy 5.6 
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fields. The presence of statisticians in the new entity should guard against the potential misuse of 

data.  

Developing a local culture of science literacy and science awareness is an objective to be tackled 

through a carefully designed two-way science engagement policy20.  

The envisaged structure is not a national Facility, but it is a long-term Platform of People and requires 

stability. In terms of science diplomacy21,  NITheP has been extremely well positioned internationally 

and this head-start should not be lost. Extended work with SKA's African project, theoretical physics 

throughout Africa including the African Institute for Mathematical Sciences (AIMS) centres, and the 

East African Institute for Fundamental Research (Kigali), are strong links through the communities that 

are already in place.  

Low-cost high output theoretical sciences not only produce significant contribution to the nation's 

science indicators and ranking, but also provide support and leverage for other facilities and sciences 

across the nation.  

2.3.3 National need 

The country’s socio-economic development goals are expressed in key policy documents: the National 

Development Plan (NDP), the Industrial Policy Action Plan (IPAP), the Strategic Integrated Projects 

(SIPs), and the DST Ten Year Innovation Plan (TYIP). The White Paper on Science, Technology and 

Innovation of 2018 identifies two key points as (1) improving inclusion and (2) enhancing policy 

coherence, and programme coordination. The White Paper emphasises South Africa's response to the 

Fourth Industrial Revolution, and to climate change through the circular economy. 

The environment for innovation relies heavily on the basic sciences and on stimulating opportunities. 

Some innovations from the theoretical and data sciences are suitable for direct implementation, as, 

for example, algorithmic development, data mining, or cryptography. Other results build the 

foundation of science and the understanding of the physical world. Many medical diagnostics, for 

example, would be impossible without quantum theory. 

A sound case for each field to contribute to the South African National System of Innovation has been 

made for each theme. The requirement for theoretical and computational support underpinning 

major African and South African initiatives (e.g. SKA,  SA-CERN and SA-JINR,  CHPC, SANBI) is well 

understood. Novel opportunities for direct support of national priorities are already emerging.  

The role of government in protecting and fostering the Basic Sciences for their long-term benefits22 is 

clear. Applied sciences have close links to the market, but basic sciences, while underpinning the STI 

landscape, are vulnerable to loss of strategic control when short-term consulting income is required 

by a host.  

The restructuring initiative is itself an implementation of the policy of expanding research outputs and 

transforming the research institutional landscape23.  

                                                           

20 White Paper Policy 5.7 
21 White Paper Policy 5.9 
22 White Paper Policy 4.13 
23 White Paper Policy 5.2 
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2.3.4 Science and Basic Sciences in South Africa 

The Basic Sciences Development and Support Framework [10] highlights  the basis of knowledge that 

takes our economy into the future, and support of the vital applied sciences, engineering, and 

technology. A  problem faced by South Africa is that much of the support for the basic sciences is 

currently unstructured and in some instances insufficient, as a result both the related disciplines and 

the associated science, engineering and technology fields they underpin are negatively affected. 

NITheCS is one of the targeted interventions required to ensure sustainable development and support 

of the basic sciences. 

The South African STI landscape supports thematic areas in which applied science is fostered, with an 

emphasis on moving science from research to impact. Underlying this endeavour are the deep 

foundations of science and technology in theoretical and computational science. The research 

capability of the nation depends on the presence of scientists with penetrating knowledge of the 

underlying basic principles and a thorough appreciation of the most recent achievements. Traction is 

needed for the basic sciences to sustain and develop their underpinning foundational role. 

2.3.5 Supporting the STI endeavour 

In terms of research infrastructure, a Platform of People is envisaged. Existing computational and 

experimental facilities will be accessed by collaborative agreements24. Science diplomacy depends on 

scientific capability and success, and novel achievements and offerings must continue to develop. 

Collaborations with National System of Innovation components already exist, and would be enhanced. 

This is not an exhaustive list, but a list of the most closely connected institutes provided by the Expert 

Working Group. 

Table 1 Closely connected entities 

Acronym Entity web address 

AIFMRM African Institute for Financial Markets and Risk 
Management 

http://www.aifmrm.uct.ac.za/  

AIMS African Institute for Mathematical Sciences  http://aims.ac.za  

BMI Centre for Business Mathematics and Informatics (NWU) http://natural-
sciences.nwu.ac.za/bmi  

COE-MaSS Centre of Excellence – Mathematical and Statistical 
Sciences  

https://www.wits.ac.za/coe-
mass/ 
 

CHPC Centre for High Performance Computing https://www.chpc.ac.za/  

CSIR MDS Council for Scientific and Industrial Research Modelling 
and Digital Science 

https://www.csir.co.za/csir-
modelling-and-digital-science 

GCI  Global Change Institute www.wits.ac.za/gci  
iThemba LABS
  

Laboratory for Accelerator-Based Sciences https://tlabs.ac.za/ 

IDIA  Inter-University Institute for Data Intensive Astronomy  http://idia.ac.za 

SACEMA South African Centre for Epidemiological Modelling and 
Analysis 

www.sacema.org/ 

SA-CERN South Africa-CERN Collaboration https://sa-cern.tlabs.ac.za/ 

SA-JINR South Africa-Joint Institute for Nuclear Research 
Collaboration 

https://www.nrf.ac.za/division
/nrf/funding/south-africa-joint-
institute-nuclear-research-sa-
jinr-collaboration 

                                                           

24 Basic Sciences Development Framework 5.8 

http://www.aifmrm.uct.ac.za/
http://aims.ac.za/
http://natural-sciences.nwu.ac.za/bmi
http://natural-sciences.nwu.ac.za/bmi
https://www.wits.ac.za/coe-mass/%0d
https://www.wits.ac.za/coe-mass/%0d
https://www.chpc.ac.za/
https://www.csir.co.za/csir-modelling-and-digital-science
https://www.csir.co.za/csir-modelling-and-digital-science
http://www.wits.ac.za/gci
http://idia.ac.za/
http://www.sacema.org/%0d
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Acronym Entity web address 

SANBI  South African National Biodiversity Institute https://www.sanbi.org/  

 Wits Data Science Institute http://libguides.wits.ac.za/c.ph
p?g=145348&p=953460 

 In the planning stage:  

 planned Data Science Institute at Stellenbosch  

 National Graduate Academy for Mathematical and 
Statistical Sciences  

SASA-NRF-USAf initiative 

 The Teaching Development Grant National Collaborative 
Project:  Strengthening Academic Staff Development in 
Mathematical and  
Statistical Sciences in South Africa 

SASA-NRF-DHET initiative 

2.3.6 Fundamental science and socio-economic development 

The connection to socio-economic benefit is not always made clear for theoretical and computational 

sciences. It is illustrated here by a few very specific examples which would be impossible without 

theoretical sciences and which relate directly to quality of life and the economy.  

2.3.6.1 Example 1 - Internet and mobile broadband 

In 2017, the number of Internet users in South Africa  reached 30.8 million, with 97% of this access 

through mobile broadband. The Internet arose through public funding of scientific needs. Public 

access developed with the invention of the World Wide Web at CERN for particle physics research. 

Fundamental research drove disruptive social and technological change in this instance. 

Access to information through telecommunications is driven by algorithm development in the field of 

computer and data sciences. It is estimated that there will be 22 million smartphones in use in South 

Africa in 2018, and that smartphone connections in Sub-Saharan Africa will double by 2025.  Mobile 

phones are made possible by miniaturised circuit elements that are only one hundred atoms wide, 

which would not be possible without quantum theory and relativity as a foundation. Many phones use 

liquid crystal screens that rely on statistical physics. 

2.3.6.2 Example 2 - The mobile economy 

The contribution of the mobile economy, through productivity gains, depends on security and 

encryption from mathematics and statistics. Blockchain and bitcoin hold implications for Africa, and 

exploitation and protection require the field of quantitative finance, mathematics, computer sciences, 

and data sciences.  

2.3.6.3 Example  3 - Medical diagnostics 

Many modern medical diagnostics depend on theoretical physics. For example, high-risk breast lesions 

are investigated by Magnetic Resonance Imaging with gadolinium enhancement of tissue 

differentiation. Without quantum theory and theoretical physics, this non-invasive procedure would 

not be available to women. MRI itself, with 3D imaging, depends on mathematics originally developed 

in South Africa. 

2.3.6.4 Example 4 - Massive data 

The astrophysics and astronomy communities have become leaders in the extraction of meaning from 

massive data. The full Square Kilometre Array will produce data equivalent to the complete traffic of 

the Internet every second. South Africa has a tremendous human capacity  advantage in data sciences 

in being the site of peta-scale data production, processing, transmission, analysis architectures and 

machine learning.  

https://www.sanbi.org/
http://libguides.wits.ac.za/c.php?g=145348&p=953460
http://libguides.wits.ac.za/c.php?g=145348&p=953460
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In parallel, the financial sector has become the largest sector of the South African economy. This is the 

largest market in the economy for data analysis, and makes good use of data analytics and therefore 

has become a career destination of theoretical and computational scientists.  

2.3.6.5 Example 5 - Policy and validated facts 

Policy development in the political sphere depends on indicators such as Gross Domestic Product 

growth, consumer price index, and unemployment figures. Without statisticians, sound evidence 

cannot be provided, and national decisions are compromised. 

2.3.6.6 Example 6 - Drought and disease 

It is now well-established that El Niño and Southern Annular Mode events change climate and threaten 

Southern African harvests and water security. Increasing the confidence of prediction of  El Niño 

drought years rests on climate modelling, which needs big datasets and significant computational 

resources, and poses challenges for physics.  

With changing climate, disease distributions change. Tracking wildlife disease can now be done by 

cost-effective genetic non-invasive sampling, and is supported by bioinformatics and data sciences. 

2.3.6.7 Example 7 – e-Government 

Provincial departments are rolling out various forms of e-government. E-Government uses ICT and 

computing to provide services to citizens. With a sufficiently high human capacity index enabled 

through the digital revolution, it becomes possible to inform and represent citizens, encourage and 

enable voting, and consult and involve citizens.  

It is noted that the voting process and the census already involve considerable science in analysis. The 

prediction algorithms used during election processes are not dissimilar from those used in, for 

example, modelling confidence in rational drug design.   

2.3.6.8 Example 8 - Disruption 

The best preparation for disruptive innovation is known to be investment in the Basic Sciences. Much 

of the Open Innovation and knowledge-intensive production of this century will depend on people 

who are trained to think using multiple paradigms, and are quick to respond to new modes of thought. 

For example,  theoretical physicists and data scientists have become employees of choice in the 

financial sector, where they apply novel scientific methodologies rather than conforming to 

constrained norms. 

The examples in the paragraphs above have had disruptive consequences in in global history. The 

response of each community depends on its capacity to deal with disruption. Scientists are trained to 

deal with disruption of concepts and frameworks on a daily basis, and they form part of the national 

cognitive ecology. 

2.3.6.9 Different value chains 

In some of the illustrations given, theory is directly connected to the application (Bitcoin), while in 

others (cell phones), a full research, development, implementation and commercialisation cycle takes 

place. In some (contrast media) access by citizens only comes through another sector (public health), 

while in some, the work of the graduates underpins national policy (StatsSA). 
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2.3.7 The pipeline of scientists: current needs 

Improving the research system's output of human resources25 is a pillar of this scientific endeavour 

since the sciences in this initiative all require more research staff coming through the pipeline. In 

strengthening skills in the economy26, theoretical and computational sciences provide critical thinkers 

who are extremely numerate and well-equipped to make novel contributions.  

The best and the brightest of our matriculating and graduating scholars have career paths open to 

them all over the world. They are often those who choose to pursue the most fundamental questions. 

They also, when they have satisfied this urge (to some variable degree), become the most innovative 

participants in the economy. It is vital to attract, retain, and repatriate the best and brightest. A sure 

way of repelling them is to reduce their opportunities, or to neglect their perceptions. Their ambitions 

are frequently to make great impacts: in science, and in human endeavour.  

Initiatives to address these ambitions exist within the university sphere, but are fragmented.  The cost 

to the nation, in poor economic conditions, must be weighed in terms of the relatively low cost and 

high impact of theoretical sciences, and the opportunity cost of losing both exceptional thinkers and 

fundamental advances. 

2.3.8 Prospects for the near future 

It is clear that long-term stability is essential for productive theoretical and computational sciences. 

There are however critical short term needs for South Africa to meet. We do not have 10 years to 

develop responses in the changing climate. There is a critical need for responses on biodiversity, 

invasive species, and wildlife disease. Urgent support of vulnerable disciplines is needed. South Africa 

is well poised for major physics discoveries in the next 3 years, and the opportunities already created 

through existing collaborations (SKA, astronomy, and SA-CERN are examples) cannot be wasted 

through lack of basic support. The Data Sciences are essential to all the listed disciplines, and enable 

new knowledge and additional impact. 

A vigorous appropriately resourced programme of developing expertise with a national footprint is 

vitally important. 

 

2.4 Global context 

The scientific outlook for the proposed themes will be found in section 3. 

2.4.1 Sustainable Development 

Sustainable Development Goals (SDGs) are addressed through this work. SDG 1, no poverty, appears 

directly, in a potential collaboration to mitigate the impact of climate change on vulnerable 

communities, and indirectly through the path out of poverty through education. SDG 5 calls for gender 

equality. Fractions of women in the theoretical and computational sciences are relatively low, and 

initiatives must be taken to overcome the barriers. Big data and basic sciences support SDG 9, 

industries, innovation, and infrastructure. Climate action, SDG 13, will be underpinned through 

modelling research. The outputs and actions of NITheCS will certainly be a contribution to National 

SDG reporting (the first Voluntary National Review has been recently published [3]). 

                                                           

25 White Paper Policy 5.4 
26 White Paper Policy 5.5 
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2.4.2 BRICS 

China and India are taking a common path of rapid technological development in education and 

research. China has adopted an energy mix which is very similar to that of South Africa, although of 

course is orders of magnitude larger in scale. Both emphasise renewable energies, driven in both 

nations by environmental considerations. These are expressed in South Africa through the circular 

economy, and impelled in China by expanding cities and urbanisation.  

In China, the scientific imperative resides within central government. In India, Brazil, and South Africa, 

government takes a consultative view, but remains a custodian and driver of vital initiatives. 

India has made the availability of skilled minds a central factor in its economy: India is renting out its 

technological achievements through the presence of major offices of multinationals, to the extent that 

Vice-Presidents of major firms are located there, and the country benefits from its time zone 

positioning through ICT. 

All BRICS countries pay considerable attention to a future of intellectual capability. There is wealth to 

be generated by consulting to major international operations and international projects. 

2.4.3 OECD 

The most recent OECD country review of innovation in South Africa was published in 2007 [22]. The 

assessment took an evolutionary view, stating that the greatest achievement between 1994 and 2007 

had been to surmount the extremely poor framework conditions of the early 1990’s for the innovation 

system. It noted that a valuable asset was the collection of universities and national institutes – but 

that the collection was too small. The brain drain from South Africa was cited as a threat. While the 

inception of the NSI and NACI took place in the years reviewed, there were indications that resources 

were stretched too thinly over science, technology and innovation. By comparison with other OECD 

countries, South Africa incorporated less holistic governance. Among the many recommendations is 

one that states that intervention is justified to not only to fund research, but to make sure that the 

innovation system functions as a whole. 

2.5 Extended vision for NITheCS 

Given the above, we formulate a general vision. The new institute will bring together Theoretical 

Physics, Mathematics, Statistics, Astrophysics, Bioinformatics/Quantitative Biology, Quantitative 

Finance, Earth System/Climate change modelling and data sciences. We want to argue these 8 fields 

belong together in a single institute and this argument will necessarily have aspects that are general, 

talking about synergies and commonalities between these different fields and specific, talking about 

strengths of a given field. This first section is a collection of ideas that are general. 

Firstly, it intuitively makes sense to bring together these different sciences together, in view of the 

way that these different fields are practiced. Each of them involves abstract thought using equations 

and algorithms. Each of them requires high-level workshops both for training and for collaborative 

research. The crucial resources of each are the practicing scientists and not expensive equipment. 

There are some natural synergies where these fields complement each other. For example, when 

marketing to industry the fundamental questions of physics at the smallest scales of the Universe, a 

description of the big bang, or a fundamental theory for deep learning, don’t yet have immediate 

translation into industrial applications. On the other hand, these are questions that will attract, inspire 

and sustain our smartest young graduates who may otherwise seek opportunities abroad. Likewise, 
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questions that are of interest to industry – specific applied skills in big data, statistics or quantitative 

finance, are not always able to attract the imagination of our smartest young graduates. 

 In this way we see that there are significant synergies that can be exploited when we consider 

the marketing and fund raising strategies that the new institute could pursue. 

The reality is that a significant fraction of our most talented students, committed to pursuing 

fundamental science when they enter their PhD, change their minds for various reasons, and they 

often land up pursuing an applied route when building their career. By placing these different research 

areas together under one roof, we will create a unique research institute – a world first – that allows 

us to attract the very best and train them for careers in both fundamental and applied science. This 

creates a new pathway from applied to fundamental; and lowers the barrier between the two, so that 

students who have been trained on answering deep fundamental problems (which will produce 

formidable problem solvers) can also pick up the applied skills needed to contribute to industry 

immediately upon leaving PhD.   

The new institute can be used as a vehicle to drive the development of human capacity. Training of 

students requires developing high-level skills and these require intensive teaching and tutorial time. 

This can be shared, and will ultimately lead to students with a much broader background, and 

consequently with much richer thinking skills. For example, consider statistics. A joint course could be 

considered which describes how statistical mechanics in theoretical physics is used to obtain 

thermodynamics, together with big data studies of how statistics are used to spot a signal buried in 

noise (both the SKA and SA CERN play a role here), together with the fundamental theory from 

statistics underlying random variables and how we work with them. Courses of this type would be 

unique simply because nowhere else in the world have these different areas been so closely knitted. 

In South Africa, we face some formidable problems that will only be solved by remarkable problem 

solvers with an understanding of the local context. This institute, because it brings together these 

different disciplines in such a close way, will be an incubator providing the ideal environment to grow 

and develop the problem solvers we need. 

New problems require creative and novel solutions. It is not possible, a priori, to predict what ideas 

and approaches will yield fruit. As the dust settles, it may become clear that tools, techniques, or ideas 

from a related but distinct field are required. A good example of this are the emerging synergies 

between theoretical physics and deep learning. At present deep learning is mysterious – it is a 

remarkable tool, allowing machines to outperform humans when completing specific high-level tasks. 

Synergies like this will develop spontaneously and are difficult to predict. By housing these closely 

related but clearly different fields, the chances of recognizing these synergies is enhanced, as is the 

potential to pursue and develop them as they arise.  

Many institutions bring excellence together under one roof to grow a science. The new institute will 

be novel in that it does this simultaneously for a number of different research fields. This may well 

give the new institute an advantage in the international community. 

2.6 Key principles 

2.6.1 Building on success 

The best aspects of NITheP should not be lost, and the learning from its successes should be kept. 

The learning from NITheP is valuable and the challenges that NITheP has experienced should be 

addressed. 
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2.6.2 Using what we have; existing recognition 

Existing recognition and branding should not be undervalued. NITheP has built international 

standing for South Africa and its theoretical abilities.  

2.6.3 Engagement 

This new entity will develop processes for sustainable, beneficial and robust civil society 

engagement, as an African institute.  There are special opportunities for partnerships in Africa, 

including through the close relationship with SKA. 

2.6.4 Long-term stability and longevity 

It is clear that long-term stability is essential for productive theoretical and computational 

sciences.  

There are however critical short term needs for South Africa to meet. Responses to climate change 

must be developed over a much shorter time scale than 10 years [5, 13].There is a critical need for 

responses on biodiversity, invasive species, and wildlife disease. Urgent support of vulnerable 

disciplines is needed. South Africa is well poised for major physics discoveries in the next three years. 

The Data Sciences are essential to all the listed disciplines, and enable new knowledge and additional 

impact. 

A vigorous appropriately resourced programme of developing expertise with a national footprint is 

vitally important. 

2.6.5 Human capacity development 

 All themes require HCD in some form but there is a marked contrast in the human capacity aspects 

of sciences.  

In recent decades, Statistics, as a field, has suffered neglect and is now listed as a vulnerable discipline. 

In this case, the priority is to repair the pipeline at graduate level. In other cases, such as Astronomy, 

determined collaborative initiatives have commissioned the pipeline and simultaneously achieved a 

good level of transformation, but the need for transformed senior scientific leadership remains 

significant. 

2.6.6 Emerging fields 

Some fields are so new that a small community stands at the beginning of the developmental road. 

Quantitative Finance is an example of a field in its initial phase. In contrast, other fields are supported 

by organised and hard-working communities of practice (COP). NITheP was proposed by such a COP 

as a critical step to coherent development in South Africa. 

 In terms of NITheCS, it is beneficial to create a useful alliance while recognising that the themes 

have different natures.  

2.6.7 Evaluation 

The themes are at different stages of development in South Africa. If a case is to succeed for NITheCS, 

it is accepted that the themes fulfil different roles, will generate different impact, and should be 

judged by appropriate evaluations. A one-size-fits-all approach will not work.  
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 Evaluation in terms of separate themes will be likely to suppress collaboration between themes. 

This has been demonstrated in many universities and science organisations. NITheCS holds a portfolio 

in science, not a set of production-oriented cost centres. 



22 
 

3 Development of the science case 
The EWG was asked to extract the key messages from each thematic area and integrate them into a 

succinct and coherent document for the DSI. This appears in section 8, Table 3 Summary of the science 

case across the themes, science content, and Table 4 Summary of the science case across the themes, 

research capacity building and HCD, and institutional landscape.  

The purpose of this section is to record the motivation and thinking for the themes and collaborations. 

3.1 Preliminary remarks 

In some cases, it is not clear whether the theme is a fundamental discipline or a new applied science. 

Many mathematicians, statisticians and physicists have entered the economy in the financial sector, 

and the connection with the Data Sciences is now quite clear. There is also is a close, in fact a very 

close, relationship between these Data Sciences and Theoretical Physics, and many theoretical and 

computational aspects are held in common. Both have fundamental characteristics and both have 

commercial applications.  

In the discussion of what constitutes a fundamental discipline, or whether the themes are at different 

stages of development, it is practical to recognise that the suggested themes for NITheCS have 

common ground and are able to provide mutual benefit. 

3.1.1 Themes and Focus points 

A focus point is a smaller well-defined scope than a theme.  It has associated research questions, and 

it is a focus of effort and investment by the Institute. It may involve both internal capabilities and 

external collaborators. As an illustration of how the scheme has worked, the focus areas in the current 

NITheP space are these. 

 In Theoretical Physics, the existing focus areas are 

o Statistical and Condensed Matter Physics  

 phase transitions and transport 

 Energy materials (UV, UL), Density Functional Theory and DFT computation  

o Quantum Information and Computation  

 Open Quantum systems (UKZN), Biological Quantum systems (UKZN)  

o High Energy Physics and field theory  

o String Theory and Matrix Models  

 Phenomenology (Wits, UCT), Non-Perturbative Quantum Field Theory (Wits, 

UCT) ,SA-CERN and SA-JINR data analysis  

o Theoretical astrophysics and cosmology (UKZN, SKA).  

 
In a Quantitative Finance and Climate Change collaboration, a possibility is, for example, 

o Insurance for vulnerable communities against catastrophic climate-related events. 

 A focus point may involve an external partner.  
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Figure 1  A focus point may be within a theme , or collaborative  

 

The themes are presented in no specific order. 

3.2 Mathematics 

3.2.1 Science content 

Mathematics is the language of the physical sciences. More generally, from finance, to climatology, 

to data science, mathematics is the foundational language of all theoretical sciences. Without input 

from the mathematical sciences, there can be no real progress in any of the other theoretical sciences. 

As a corollary, it will be key to the long-term sustainability of NITheCS to be more inclusive of the 

mathematical community in South Africa. Implicit in this statement is that under NITheP, the 

mathematical community was largely tangential and evolved essentially independently from NITheP. 

This should be redressed in the future. 

Quite abstract mathematics can solve problems in varied areas, through unexpected links that only 

emerge during research.  The ability to do this depends on the freedom to pursue promising areas. 

It is suggested that the field in which NITheCS is best positioned is Computational Mathematics. There 

are two aspects of the relation between computing and mathematics which are in this field27.  

“Computational applied mathematics” in the present context may be taken to mean the application 

of mathematics to allow and improve computation in applied fields. It involves mathematical research 

in fields  in science and engineering in which computational plays a central role28. It involves analysis, 

development of new numerical methods and algorithms, and symbolic methods. A better 

mathematical understanding of the problem, and of the structure of the data, may lead to innovative 

numerical techniques. Novel capability can be developed, i.e. the ability to solve problems that have 

not been solved computationally before. Efficiency and improved accuracy of computational methods 

are hallmarks of the field.  

Computational mathematics also refers to the use of computers for mathematics itself. This includes 

the use of computers for mathematical computations (computer algebra), the study of what can (and 

cannot) be computerised in mathematics (effective methods), which computations may be done with 

                                                           

27 https://en.wikipedia.org/wiki/Computational_mathematics 
28 https://math.duke.edu/research/computational-mathematics 

https://en.wikipedia.org/wiki/Computational_mathematics
https://math.duke.edu/research/computational-mathematics
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present technology (complexity theory), and which proofs can be done on computers (proof 

assistants).28 

An example from Theoretical chemistry comes from Graham Richards, Oxford U., member of AIMS 

Board, who designed a screen saver29 that performed structure-based rational drug design on the grid 

computing basis, using resources provided by volunteers. The screensaver project was the biggest 

computational chemistry project ever undertaken, and led to the spin-out company Oxford Drug 

Design. 

A good South African example is that of the comment of a mathematician working on the software for 

computational of an integral kernel in a South African commercial system used in determining normal 

aeroelastic modes of aircraft: “Why is this numerically calculated? An analytical solution has been 

known since the 1980’s”. 

3.2.2 Fundamental questions, gaps 

a) Machine learning is a new area of considerable interest. For example, involvement  is 
beginning between Machine learning and Mathematical Finance (AIMS,  Actuarial Science 
Department at UCT). 

b) Image processing is of special interest at  AIMS, U. Stellenbosch, and Applied Mathematics 
Departments that are involved in modelling. At the high throughput end of image processing, 
AIMS has a collaboration with Pixar30. 

c) An alignment with Earth Systems Modelling would be of interest, working alongside – possibly 
– Earth Systems Modellers, physicists, and theoretical computational scientists. One 
possibility is an exploration of mutually interesting aspects of turbulence. 

d) Algorithmic models: computational time can be reduced by using better algorithmic structure. 
CFD (Computational Fluid Dynamics) is a prime area for investigation (there is interest from 
Stellenbosch U., and CFD is a research field at UCT, Wits, CSIR, NMU and UKZN). 

e) Cryptography is critically important in both civil and defence applications. Algorithmic 
developments arising in mathematics might assist in reducing computational intensity. 

f) Topological Data Analysis is an alternative method to statistical clustering  offer new methods 
of analysing high-dimensional data sets. It has been used in SA to identify, for example, 
markers for breast cancer31. If it were possible to predict which class of tumours is always 
benign, it would be possible to identify through the marker whether patients are in that class, 
and avoid unnecessary chemotherapy. 

3.2.3 In your thematic domain and context, what makes sense for NITheCS? 

By narrowing the field to "Computational Mathematics", one is able to be as inclusive as sensible as 

well as offering the possibility  for relevant involvement from the mathematics community. 

Areas related to Theoretical Physics and Earth Systems modelling are good targets for Computational 

Mathematics. 

3.2.4 Benefit and Impact 

Impact of computational mathematics is through both direct and indirect routes: positioning South 

Africa in terms of research achievement, and enabling computational achievement in science and 

engineering.  

                                                           

29 http://research.chem.ox.ac.uk/graham-richards.aspx 
30 https://www.pixar.com/ 
31 e.g. J. Murugan and D. Robertson, https://arxiv.org/pdf/1904.11044.pdf 

http://research.chem.ox.ac.uk/graham-richards.aspx
https://www.pixar.com/
https://arxiv.org/pdf/1904.11044.pdf
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3.2.5 Relevant International institutes 

Entity Web address 

The Fraunhofer Institutes https://www.fraunhofer.de/en/institutes.html 

Heidelberg Interdisciplinary Centre for Scientific 
Computing (IWR) 

https://typo.iwr.uni-heidelberg.de/research/ 

 

3.2.6 Relevant National Institutes 

Entity Web address 

AIMS https://aims.ac.za/ 

COE-MASS  https://www.wits.ac.za/coe-mass/ 

Universities  
 

3.3 Statistics 

Many mathematical scientists remain unaware of the expanding role of their 

field, and this incognisance will limit the community’s ability to produce broadly 

trained students and to attract more of them. 

The Mathematical Sciences in 2025 [6] 

3.3.1 Outline 

Statistical science provides a wide range of concepts and methods for studying situations subject to 

unexplained variability. Such considerations enter fields ranging from particle physics and astrophysics 

to genetics, sociology and economics, and beyond; to associated areas of application such as 

engineering, agriculture, and medicine, in particular in clinical trials. Successful application hinges on 

absorption of statistical thinking into the subject matter and, hence, depends strongly on the field in 

question and on the individual investigators. Statisticians need to face the challenges of specific 

applications and, at the same time, to develop methods and concepts that, with good fortune, will be 

broadly applicable. 

Statistical science adopts a data-analytic framework in answering questions posed by frontline 

scientists, biologists, astronomers, economists, etc. It spans almost all areas of scientific quantitative 

inquiry. Its future depends on the future of science, in particular of scientific technology. New 

technologies allow scientists to collect huge data sets, and this is accompanied by a flood of questions 

which the statistician is charged with answering. 

3.3.2 5 key recommendations  

a) Statistical science to be a key science component, for which specific capacity would be funded, 
independently of universities and other research institutions to address national needs. 

b) Advocate for the importance of the skills mix (computer science, statistics and domain 
knowledge (the scientific question). 

c) Value interdisciplinary work and tools development. 
d) Develop professional training programs to upskill in computing (e.g. cluster computing/high 

performance computing). 

https://www.fraunhofer.de/en/institutes.html
https://typo.iwr.uni-heidelberg.de/research/
https://aims.ac.za/
https://www.wits.ac.za/coe-mass/
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e) Fund hackathon-type activities. 

3.3.3 Fundamental questions / gaps 

Statisticians have the data-analytic tools and the statistical thinking, but need to enhance their own  

understanding of modern data sciences. Statisticians need to up-skill in modern computing, especially 

data management, databases, analysis of large datasets using cloud computing, etc. 

The conventional statistical methods (estimation and inferential) may not be applicable in the era of 

big data. This will require the development of new methods. Some core inference and design issues 

in big data include speeding up algorithms, and new statistical methods for the analysis of distributed 

data. Some key methods to be developed include data visualization, statistical inference for high-

dimensional regression, and statistical inference for big data. 

For the same reason, a national conversation should be stimulated on what part of classical statistics 

training to leave out in big data courses. Techniques that are not appropriate may include  linear 

regression, normality assumptions for statistical modelling or multivariate analysis.  "Statistics as 

usual” is inadequate for several of the problems that involve even moderately big data. In addition, 

in  the light of big data, many classical hypothesis-testing procedures are no longer meaningful: p-

values are not valid indicators.  

3.3.4 In your thematic domain and context, what makes sense for the NITheCS? 

NITheCS should provide the statistics community with resources to conduct cutting-edge research and 

the opportunity to interact with scientists and data scientists, which would not otherwise not be 

possible at local institutions. There is therefore a clear need for capacity and infrastructure 

development for NITheCS to play this role.  

3.3.5 Benefit and Impact 

There is a current acknowledged shortage of adequately trained statisticians. There are also requests 

from the physics community, in particular, for "in-service" training in statistical fundamentals, and 

techniques, which will improve their understanding of how to apply – and how not to apply – statistical 

analysis in their own fields. 

a) Contribute to building critical statistical skills (human capacity development; students and 
academic success). 

b) Advance the development, application, and communication of cutting-edge statistical 
research and training.  

c) Encourage multi-disciplinary collaborations with leadership in statistical science and data 
science, SKA, and MeerKAT.  Promote linkages between statistical and data sciences and 
research in academia, industry and government. Solutions to fundamental research questions 
require a mix of statistical thinking, computer science and domain knowledge.  
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Figure 2  Maths, computing and data science through the Statistics lens 

3.3.6 Relevant International Institutes 

Entity web address 

The Canadian Statistical Sciences Institute 
(CANSSI) 

http://www.canssi.ca/ 
 

Fields Institute for Research in Mathematical 
Sciences 

www.fields.utoronto.ca/ 
 
 

National Institute of Statistical Sciences https://www.niss.org/ 
 

The Pacific Institute for the Mathematical 
Sciences (PIMS) 

http://www.pims.math.ca/  

Statistical and Applied Mathematical Sciences 
Institute (SAMSI) 

https://www.samsi.info/  

The Isaac Newton Institute for Mathematical 
Sciences 

https://www.newton.ac.uk/ 
 
 

 

3.3.7 Relevant National Institutes 

The NGA is a consortium or network of universities aimed at general postgraduate training in statistics, 

mathematics and data science and staff development. The latter programme has been on-going for 

several years, under the name the University Capacity Development Programme (UCDP) funded by 

DHET, and run from the University of Pretoria. 

The NGA is envisaged to have 3 academic committees for the disciplines: statistics, mathematics and 

data science. These committees with be in charge for the training programmes for their discipline. In 

this regard, the data science academic committee has recently proposed a National collaborative Data 

Science PhD Programme (in the form of a structured PhD in data science),  as none exist within the 

country. This proposal is under discussion with stakeholders. 

Entity web address 

National Graduate Academy for Mathematical 
and Statistical Sciences  

SASA-NRF-USAf initiative 

The Teaching Development Grant National 
Collaborative Project:  Strengthening Academic 
Staff Development in Mathematical and  
Statistical Sciences in South Africa 

SASA-NRF-DHET initiative 

http://www.canssi.ca/
http://www.fields.utoronto.ca/%0d
https://www.niss.org/
http://www.pims.math.ca/
https://www.samsi.info/
https://www.newton.ac.uk/%0d
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Centre of Excellence – Mathematical and 
Statistical Sciences (COE-MaSS) 

https://www.wits.ac.za/coe-mass/ 
 

South African Centre for Epidemiological 
Modelling and Analysis (SACEMA) 

www.sacema.org/ 
 

Institute of Chartered and Certificated 
Statisticians of South Africa (ICCSSA) 

https://www.iccssa.org.za/ 
 

CSIR Modelling and Digital Science https://www.csir.co.za/csir-modelling-and-
digital-science 

 

 

3.4 Theoretical Physics 

3.4.1 Outline 

Theoretical Physics is a discipline that underpins the physical sciences, and as such is an essential 

support platform for many national flagship programmes. Theoretical physics is a fundamental science 

with insights that have often driven experimental programmes leading to technological spin-offs.  

Theoretical & Computational Physics activities contribute to the development and strengthening of 

high level numerical and analytical capabilities in South Africa with specific focus on theoretical and 

computational physics and their direct application in related scientific fields. The development of 

national competence in these skills is closely allied to the emergence of many new numerically and 

computationally intense fields and disciplines in South Africa, and their application across an ever-

widening scope of activities, such as climate modelling, the financial service sector, automated 

manufacturing, and bioinformatics. 

The digital economy and its technologies on all aspects of modern life is strongly informed by scientific 

advances in numerical and computational intense disciplines and development of high-level skills. 

Thus, the activities of Theoretical & Computational Physics platforms are closely linked to the 

emergence of the Big Data economy. 

Computational Physics is the third mode of Physics, which is generally required in validating 

Theoretical Physics and connecting theoretical physics to experiments and observations. The 

emergence of quantum information, communication, and quantum computing—whose fields tie 

together all three modes of physics—will bring great technological spin-offs leading to greater 

efficiency in business planning and growth, capital allocation, novel materials discoveries, and many 

more. 

3.4.1.1 Background 

South Africa has made a long and distinguished contribution to theoretical physics, and is well 

positioned for major contributions in the near future. 

The heritage begins with the arrival of R. W. James, and runs through Jack de Wet’s input, to the 

critically important Spin-Statistics Theorem, to Stanley Mandelstam’s significant generation of new 

knowledge, to the many researchers working in theoretical physics today.  It is vital to support and 

protect this heritage as well as its current healthy community of researchers. 

 

https://www.wits.ac.za/coe-mass/%0d
http://www.sacema.org/%0d
https://www.iccssa.org.za/%0d
https://www.csir.co.za/csir-modelling-and-digital-science
https://www.csir.co.za/csir-modelling-and-digital-science
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Theoretical & Computational Physics is one of the South African Institute of Physics Divisions. In 2004 

DST, NRF and SAIP gave birth to the project “Shaping the Future of Physics In South Africa” [14]. The 

international panel recommended the establishment of a national theoretical physics facility as a user 

platform for theoretical physics in South Africa. The National Institute of Theoretical Physics was 

established in 2008 with the mandate to promote and coordinate research programmes and to foster 

education in theoretical physics. 

In addition theoretical physics research is conducted as part of the SA-CERN programme, the SA/JINR 

programme, the SKA, and others. This interface between theoretical physics and experimental physics, 

astrophysics, and other programmes is recognized worldwide as a crucial part of any healthy science 

community. For example, the CERN Theory Group was founded in 1952, a full two years before CERN 

itself was formally created in Copenhagen, under the guidance of Niels Bohr, one of the preeminent 

theoretical physicists of the last century. 

3.4.2  Fundamental questions, gaps 

The nature of theoretical physics research is fundamental, and foundational. The types of questions 

asked by theoretical physicists— 

a) How can we reconcile General Relativity and Quantum Mechanics?  

b) What is the nature of Dark Matter and Dark Energy? 

c) Are there new states of matter at ultrahigh temperatures and densities?  

d) How did the universe begin, and how did the universe evolve with time? 

e) How do complex quantum systems work, e.g. in biology? 

f) How can we use quantum systems to convey information and to compute? 

—yield emergent fields of research, and have unexpected spin-offs. The research itself should be 

judged by the progress towards the goals as opposed to their immediate achievement and 

commercialisation. As a result, it is important to identify particular themes of research relevant to the 

South African theoretical physics community but not to restrict the novelty of the research. The nature 

of theoretical physics particularly lends itself to a programmatic approach. The future management 

team then can decide how best to focus efforts with the themes outlined here and then support those 

within the institute’s various programmes. 

3.4.3 5 key recommendations or high-level comments 

The Theoretical and Computational Sciences Division of the South African Institute of Physics 

conducted a nation-wide survey of the Theoretical and Computational Physics community. Areas of 

particular strength in the country include research into  

a) High Energy Physics, which comprises Nuclear Physics, and the physics of Particles and 

Fields;  

b) Space, Gravity, and Astrophysics;  

c) Condensed Matter Physics; and  

d) Computational Physics.  

e) There are important additional contributions made in the areas of Quantum Information; 

Atomic, Molecular and Optical Physics; Biological Physics; Materials Science; and Plasma 

Physics. 
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Figure 3  Results of the countrywide Theoretical Physics research area survey conducted by the 

Theoretical and Computational Physics Division of the SAIP 

 

The national needs are 

a) Increased research capacity and high quality capability 

b) Continually growing engagement with the broader community, including strong outreach 

c) Maintenance and development of strong international linkage 

d) Integration of physics education into physics teaching and learning 

e) Co-development of curricula in the context of Africa, sharing of teaching materials across 

universities in line with the Physics Benchmark Statement. 

3.4.4 In your thematic domain and context, what makes sense for NITheCS? 

There is therefore a growing need for a solid platform in theoretical and computational physics to 

support national flagship scientific programmes such as iThemba LABS, SKA, SALT, SA-CERN, SANSA,  

SARAO, etc.  The need for the theoretical physics theme, now proposed as part of NITheCS, has 

emerged in reports and reviews from the earliest days.  

It is useful to recall that even fifteen years ago, the “Shaping the Future of Physics in South Africa” [14] 

foresaw the expanding importance of computer and information sciences and as well as information 

technology.   The recommendations of the “Shaping” report denoted by (4.4) and (4.5) called for 

attention to the need for national investments in digital infrastructure and accessible connectivity, 

Today the promise envisioned by these recommendations have come fully into being with widespread 

recognitions of the importance of Big Data, deep learning, and Artificial Intelligence (AI).  Bringing in  

computational physics together with other theoretical and computational sciences in an integrated 
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form to explore and investigate fundamental physics is critical.  For example, in the USA, there has 

been a noticeable trend with Microsoft and Google employing significant numbers of students trained 

especially in theoretical physics to engage in data science.  The natural research questions and training 

pursued in theoretical physics by students, both at the graduate and undergraduate level, have proven 

to these premier IT corporations the value of degree holders in theoretical physics as these businesses 

pursue their interests both in product development and deployment.   

This symbiotic relation works in both directions.  Within the new entity, theoretical and computational 

physicists will be afforded the opportunities to take advantage of the new tools of quantum 

information theory, quantum computing, Big Data, et.c,  to investigate data sets with billions of pixels 

of data. This type of challenge has been taken up previously by experimental high energy physicists as 

well as physicists engaged in simulation32.   

A number of supporting statements will be found in Appendix E. 

3.4.5 Benefit and impact 

South Africa is well poised for significant impact in the global and African knowledge bases. It is one 

of the top 2 publishing disciplines in South Africa (bioscience is the other) [19]. The value of the 

investment in this positioning should be exploited vigorously. 

Support for human capital development leads directly to broad economic development.  For example, 

it is estimated that every 1USD invested in fundamental physics research leads to 7USD of economic 

growth in the United States. 

In light of the growing demand for data scientists, there is a need for a pool of numerically and 

analytically skilled researchers and trainers and educators to strengthen the knowledge base 

component of South Africa’s economy. The Theoretical & Computational Physics Division of SAIP in 

collaboration with NITheP, SA-CERN/Theory, SA-JINR/Theory, SKA/Theory and other Computational 

Physics establishments should provide a very efficient source for such a pool of workforce due to low 

capital investment required and the multi-faceted nature of training that develops mathematical 

modelling and problem solving skills. 

3.4.5.1 The graduate pipeline, research capacity, and research quality 

NITheP successfully supports theoretical physics students in three ways: 1) through training 

workshops, 2) its internship programme, and 3) bursaries. 

Formal classwork in physics in South Africa usually ends with the Honours degree. The amount of 

knowledge required to perform cutting edge theoretical physics research is immense; postgraduate 

degree programmes in the rest of the world have formal classwork at least through the MSc. NITheP 

has helped fill this knowledge gap with schools for students, in which eminent world researchers teach 

South African students the latest advances in theoretical physics. These schools bring together 

students from institutions across the country to interact and learn together. See the picture below, 

which was taken from a NITheP-supported school. The flagship programme is the Chris Engelbrecht 

Summer School, now in its 30th iteration, and at which 51 students participated in 2018. 

                                                           

32 The previous three paragraphs were authored for this report by Prof. S.J. Gates 
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Figure 4 Students from across South Africa learning the fundamentals of theoretical high-energy 

nuclear physics 

Between 2009 and 2018, NITheP provided the funding to support 91 MSc and PhD student 

graduations. NITheP provided bursary funding for 56% of all theoretical physics MSc and PhD students 

supervised in South Africa from 2010-2018. A loss of this financial support for theoretical physics 

students would be disastrous for the country’s theoretical physics capacity. 

There are many reasons why continued support the training of new theoretical physicists is needed in 

South Africa. South Africa currently is well respected and has high impact in theoretical physics 

research. Research is generally produced by post-graduate students. Support of post-graduate 

researchers in theoretical physics is therefore required to maintain the heritage and international 

recognition of South African theoretical physics research.  

This healthy community must also be replenished with new blood and talent as the current academics 

age. The replacement of old faculty with new provides an opportunity to transform the demographic 

profile of South African theoretical physics research to reflect the demographics of the broader 

society. The students trained by South Africa are of top international quality: out students have gone 

on to further post-graduate and post-doctoral positions at Oxford, Cambridge, Stanford, Berkeley, etc. 

This pipeline of talent will bear fruit as these South Africans return to the country to take up academic 

positions. But the throughput is tenuous; it is critical that the flow of students and the international 

research networks that have been nurtured by South African academics continue to be supported.  

 

Figure 5   (Left) SA-CERN/Theory students have taken up academic positions across Africa. (Right) SA-

CERN/Theory students have come from across Africa 
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South Africa also currently strongly supports several large experimental programmes, including 

activities at CERN, the SKA, etc. It is widely recognized that a robust experimental programme is greatly 

enhanced by communicated with an engaged theoretical community.  

3.4.6 Internship programme 

In the NITheP internship programme, students from all over South Africa have the opportunity to 

travel to, and work on, a project under the supervision of a faculty member of a different institution. 

This supported travel cross-pollinates knowledge in the country. But, most important, the programme 

is extremely successful at retaining students in theoretical physics, especially students from rural 

universities. In 2018, 13 students worked as interns, 8 from Limpopo and Venda; 12 of these students 

chose to continue their postgraduate studies in physics. 

 

Figure 6 Members of the 2018 NITheP Internship programme at Mandela University 

3.4.7 Engagement 

The following pictures illustrate some small sample of these types of events. Prof A Muronga inspires 

rural learners to pursue a career in science in order to benefit themselves, their families, the broader 

South African society, and the world scientific community. 
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Figure 7  Schools outreach by Prof A Muronga 

Outreach is recognized as a critically important component of theoretical physics. There is a long 

history of theoretical physicists engaging with the broader public, from Einstein to Feynman to 

Stephen Hawking and Brian Greene. The importance of this component has long been understood by 

physicists in the context of South Africa. Often, young learners are unaware of the brilliant career 

opportunities provided by a degree in theoretical and computational physics. Further, outreach 

provides learners with specific examples of successful theoretical and computational physicists that 

can be role models for them. And many people in the broader South African society are unaware of 

the important impact South African theoretical physics plays in the international science community 

as well as the major socio-economic benefits seen at home from the work of theoretical and 

computational physicists. 

Public lectures are given in Cape Town, e.g. about “The Physics of a Trillion Degrees” and how South 

Africa is leading the world in understanding some of the fundamental, emergent properties of the 

particles that make up 99% of the visible mass in the universe. 
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Figure 8  Public outreach in Cape Town 

3.4.8 Relevant International Institutes 

The Abdus Salam International Centre for 
Theoretical Physics (ICTP) 

http://www.ictp.it 
 

Aspen Center for Physics, USA https://www.aspenphys.org 

Kavli Institute for Theoretical Physics (KITP) https://www.kitp.ucsb.edu/ 

African Institute for Mathematical Sciences 
(AIMS) 

https://www.nexteinstein.org/ 

The Institute for Advanced Study , Princeton, 
USA 

http://www.ias.edu/ 

CERN, The European Organization for 
Nuclear Research  

https://home.cern/ 
 

JINR, Joint Institute for Nuclear Research, 
Russia 

https://www.jinr.ru/  

MeerKAT and SKA https://www.skatelescope.org/ 

International Centre for Theoretical 
Sciences  

https://www.icts.res.in/ 

Tata Institute of Fundamental Research  http://www.tifr.res.in/ 

Joint Institute for Nuclear Research  http://www.jinr.ru/about-en/ 

Isaac Newton Institute for Mathematical 
Sciences 

 https://www.newton.ac.uk/ 

Munich Institute for Astro- and Particle 
Physics (MIAPP) 

 http://www.munich-iapp.de/ 

Lorentz Center  https://www.lorentzcenter.nl/ 

3.4.9 Relevant National Institutes 

Entity web address 

National Institute for Theoretical Physics 
(NITheP)  

http://www.nithep.ac.za  

iThemba LABS https://tlabs.ac.za/ 

SA-CERN https://sa-cern.tlabs.ac.za/ 

http://www.ictp.it/
https://www.aspenphys.org/
https://www.kitp.ucsb.edu/
https://www.nexteinstein.org/
http://www.ias.edu/
https://home.cern/
https://www.jinr.ru/
https://www.skatelescope.org/
https://www.icts.res.in/
http://www.tifr.res.in/
http://www.jinr.ru/about-en/
https://www.newton.ac.uk/
http://www.munich-iapp.de/
https://www.lorentzcenter.nl/
http://www.nithep.ac.za/
https://tlabs.ac.za/
https://sa-cern.tlabs.ac.za/
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Entity web address 

SAAO https://www.saao.ac.za/ 

SARAO http://www.ska.ac.za/sarao-2/ 

SALT https://www.salt.ac.za/ 

SANSA https://www.sansa.org.za/ 

African Institute for Mathematical Sciences 
South Africa (AIMS) 

http://aims.ac.za  

CHPC https://www.chpc.ac.za/ 

All University Physics departments and 
schools 

 

 

3.5 Astronomy and Astrophysics 

Astronomy is based on observations – but we need the tools to find the 

information in vast datasets, to interpret it and to produce wold-class science 

from it. These tools are theoretical – physical modelling, simulations and Big Data 

science – and they are as important as the facilities that deliver the ‘raw material’ 

of observations. Furthermore, advances in Astronomy theory, especially in 

simulations and Big Data, are highly transferrable, leading to innovative spin-offs 

in many other areas. 

Quoted from the executive summary of the National Strategy for Multi-

wavelength Astronomy [8] 

3.5.1 Outline 

South Africa’s geographic advantage with access to the southern skies, and high-level government 

support and infrastructure investment, culminating in world-class research infrastructure such as the 

South African Large Telescope, MeerKAT and the Square Kilometre Array, has transformed the 

scientific landscape in South Africa. The National Strategy for Multi-Wavelength Astronomy [8], 

commissioned by the department for Science and Technology, outlines the priorities of the astronomy 

and astrophysics community of South Africa for the coming decade.  

On the topic of Theoretical and Computational Astrophysics, the national strategy states the following 

(see Section 6.3 of the strategy): “Internationally competitive science requires world-class theoretical 

capacity to exploit world-class data. Theoretical modelling and simulation are essential for optimising 

the science returns from the major instruments we are investing in, and there is a strong theoretical 

base for us to build on.”  

The following key success factors for Theoretical and Computational Astrophysics are identified in the 

national strategy for multi-wavelength astronomy, relevant to the current discussion around the 

National Institute for Theoretical and Computational Sciences: 

a) Sufficient high-performance computing power and ICT expertise for computational research 
at universities and facilities 

b) The need to capitalise on the investment in MeerKAT to ensure we play a leading role in SKA 
science 

https://www.saao.ac.za/
http://www.ska.ac.za/sarao-2/
https://www.salt.ac.za/
https://www.sansa.org.za/
http://aims.ac.za/
https://www.chpc.ac.za/
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c) Strengthening international science collaborations in theory that are relevant to the key 
priority areas (cosmology, galaxy formation and evolution, and stellar and compact object 
astrophysics)  

d) Increased research productivity and enhanced quality and impact of publications in 
theoretical modelling and simulation, following on greater funding for research groups. 
 

In all of this, human capacity development and transformation play a critical role in the training of the 

next generation of scientists. Here we can build on the successes of the SKA human capital 

development programme and the National Astrophysics and Space Science Program. 

3.5.2 Key recommendations or high level comments  

There is a clear need for a national platform in theoretical and computational astrophysics to support 

the science exploitation of SALT, MeerKAT and the SKA.  

 

A strengthening of theoretical and computational astrophysics is needed in order to capitalise on the 

investment in MeerKAT and SKA. This development should be aligned with the National Strategy for 

Multi-wavelength Astronomy, and with the development of NITheCS, and should build on existing 

strengths/models for theory support of big science projects, e.g. SA-CERN/Theory (see Section on 

Physics). 

 

The development of a community of theoretical and computational astrophysicists should go hand in 

hand with a postgraduate capacity development program.  

 

In terms of data science, astronomy and astrophysics lends itself for cross-disciplinary research in data 

visualisation and statistical inference for big data (see section 3.3, Statistics).  

3.5.3 Fundamental questions / gaps 

The National Strategy for Multi-Wavelength Astronomy has identified three priority areas for South 

African Astronomy, namely 1) Cosmology, 2) Galaxy formation and evolution, and 3) Stellar and 

compact object astrophysics.  In each of these areas, fundamental questions about the nature of the 

universe and its constituents (stars, galaxies, dark matter, dark energy etc) are the science drivers for 

programs on SALT, MeerKAT and the SKA (details appear in the strategy). 

Quoting once again from the National Strategy for Multi-Wavelength Astronomy, the importance of 

theoretical and computational astrophysics cannot be understated. “To maximize the science output 

of these facilities [SALT, MeerKAT, SKA], we need to build on the strong theoretical expertise in South 

Africa to complement observational Astronomy. Theory – including simulations and Big Data Science 

– is essential to optimize the science returns from the major instruments we are investing in. Theory 

allows us to forecast, interpret and exploit data – and it requires only relatively modest investment, 

with very high returns”. 

3.5.4 In your thematic domain and context, what makes sense for the NITheCS? 

The astrophysical interpretation of observations from SKA, MeerKAT and SALT requires adequate 

theoretical and computational models. It is likely that the presence of NITheCS and the increased 

international impact of South African research in Astronomy and Astrophysics (as demonstrated by 

the recent CREST analysis of Astronomy and Astrophysics in South Africa) will lead to added 

investment. Astronomy and Astrophysics in the SKA and LSST era will make extensive use of machine 
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learning, and it would be to the benefit of the community for them to interact with data scientists 

with strong foundations in statistics. 

3.5.5 Benefit and Impact 

Better fundamental theory and computation would enable South African Scientists to exploit the data 

flowing from the observatories, and the multi-messenger collaborations. 

An interaction of NITheCS with NASSP, in terms of research capacity generation, would be very 

beneficial; NASSP is meeting its equity targets of 80% black students and 50% female students, and 

can certainly pass on best practices to NITheCS; it was possible, in the last few years, to fill all the 

NASSP scholarships with South African citizens. NASSP covers Honours and Master’s programmes, but 

not PhDs. It is, however, an excellent feeder program for the PhD programmes at universities across 

South Africa, building on the networks of partner institutes. 

Winter Schools are extremely beneficial in engaging with the HBU Honours classes: the universities of 

Limpopo, Venda and Fort Hare, and others,  have been engaged. About 40 to 50 students attend. Prof 

Thebe Medupe and Prof Saalih Allie are instrumental in making this successful.  

3.5.6 Relevant International Institutes 

Entity web address 

The Abdus Salam International Centre for 
Theoretical Physics 

http://www.ictp.it 
 

Aspen Center for Physics https://www.aspenphys.org 
 
 

Kavli Institute for Theoretical Physics (KITP) https://www.kitp.ucsb.edu/ 
 

International Astronomical Union Office of 
Astronomy for Development 

http://www.astro4dev.org/ 

3.5.7 Relevant National Institutes 

Entity web address 

National Institute for Theoretical Physics 
(NITheP)  

http://www.nithep.ac.za  

African Institute for Mathematical Sciences 
(AIMS) 

http://aims.ac.za  

Inter-University Institute for Data Intensive 
Astronomy  (IDIA) 

http://idia.ac.za  

National Astrophysics and Space Science 
Programme (NASSP) 

https://www.star.ac.za/ 

 

 

http://www.ictp.it/
https://www.aspenphys.org/
https://www.kitp.ucsb.edu/
http://www.astro4dev.org/
http://www.nithep.ac.za/
http://aims.ac.za/
http://idia.ac.za/
https://www.star.ac.za/
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3.6 Bioinformatics/Quantitative Biology 

3.6.1 Outline 

Bioinformatics is a discipline integrating aspects of Mathematics and  Computer sciences for analysing 

complex biological datasets. It includes mathematical modelling (climate change), statistics 

(demographics), software development (visualisation of data), and data  mining, etc.  

3.6.2 5 key recommendations or high level comments 

a) Bioinformatics is a key computational science component, for which specific capacity would be 
funded, independently of universities and other research institutions to address national needs. 

b) Bioinformatics serves as a link to support critical biology based research programmes (e.g. Health 
based initiatives) based on the Ten-Year Innovation plan termed “Farmer to Pharma”. 

c) Sufficient service provision is lacking in the Bioinformatics context especially for new users (e.g. 
students who range from biologists with no prior computing exposure, to computer scientists with 
no biology background) of this growing discipline. The current National Bioinformatics Support 
Platform (BSP33) could be expanded within NITheCS to cater for this. 

d) There is a need to cater for a broad range of mathematical applications (as is the case with 
Bioinformatics) which have different requirements. 

e) South Africa’s investment in research and infrastructural capacity for the bioinformatics 
community, to date,  must be consolidated within an improved managed structure. 

3.6.3 Fundamental questions / gaps 

How can Bioinformatics tools and applications can be developed to address issues relating to 

biodiversity conservation (comparative genomics), invasive species and wildlife disease? 

The biological sciences are moving towards greater implementation of data from multiple sources to 

provide greater impact and understanding of systems, rather than organisms. Additionally, there is 

also a move toward studying the entire genomic complement of organisms, rather than individual 

genes. Both of these approaches extensively utilise the Computational Sciences and result in increased 

outputs as well as impacts. 

Given the complexity of the field of bioinformatics there are often new developing  aspects that 

researchers encounter, which requires re-learning or upskilling. Often these skills exist within the 

other programs forming part of the NITheCS. Classical examples of overlaps would include techniques 

that data scientists apply, particularly when we enter the big data arena. In the greater scheme of 

things bioinformatics tools would therefore represent the same principles applied by data scientists, 

but in this case, it is written from the perspective of a biological context. The general skills set from 

data scientists would therefore often serve as a good basis for developing new tools for Bioinformatics 

and supports significance interaction between these two. 

Apart from the data sciences skills, another example of a technique that is taking hold in the 

Bioinformatics arena is machine learning. This is, given that the bioinformatics research base is 

broadening to research areas which contains significantly large datasets, usually of a complex nature. 

Additionally the questions often relate to what the specific patterns are that start to emerge between 

different experimental datasets. In these circumstances, utilising subsets of datasets are vital as points 

of reference to utilise machine learning, in order to identify patterns in the data, which is then easier 

                                                           

33 http://bio.chpc.ac.za/ 

http://bio.chpc.ac.za/
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identifiable in the larger datasets. All of the role-players in NITheCS, who have expertise or exposure 

to machine learning techniques, would therefore be ideal partners for the Bioinformatics aspect. 

3.6.4 In your thematic domain and context, what makes sense for the NITheCS? 

NITTheCS should provide bioinformatics support that would assist researchers utilising large biological 

datasets, but who do not have the necessary theoretical and computational science skills for analyses 

of this nature. There is therefore a clear need for capacity and infrastructure development for NITheCS 

to play this role.  

3.6.5 Benefit and Impact 

a) Socio-economic: The use of data analysis for decision making in management of our national 
biodiversity, in order to benefit the entire South African community 

b) National:  contributes to multiple national imperatives including health and agriculture 
c) Academic success: critical skill required in research as data is increasing in size and complexity 
d) HCD: bioinformatics studies can go on to contribute in different spheres of society (eg. health, 

agriculture, justice) 
e) Quality of life and business: The development of health industry businesses, focused on precision 

medicine, is starting to take root in the South African context, and is reliant on the availability of 
human and infrastructural capacity in Bioinformatics. 

3.6.6 Relevant International Institutes 

Entity web address 

EMBNET https://www.embnet.org/wp/ 
 

Welcome Sanger Institute, UK https://www.sanger.ac.uk/ 
 

The European Bioinformatics Institute https://www.ebi.ac.uk/ 
 

The National Center for Biotechnology 
Information 

https://www.ncbi.nlm.nih.gov/ 
 

Swiss Institute of Bioinformatics https://www.sib.swiss/ 

 

3.6.7 Relevant National Institutes 

Name of 

Person Entity website 

Nicky Mulder UCT Computational Biology 

Division http://www.cbio.uct.ac.za/  

Alan 

Christoffels 
SANBI, UWC 

https://www.sanbi.ac.za/  

Hugh 

Patterton 
Stellenbosch University / 

Tygerberg 
https://www.sun.ac.za/english/faculty/science

/sci-bioinformatics/research  

Gerard Tromp Stellenbosch University / 

Tygerberg 
https://www.sun.ac.za/english/faculty/healths

ciences/Molecular_Biology_Human_Genetics/b

ioinformatics/investigators  

https://www.embnet.org/wp/
https://www.sanger.ac.uk/
https://www.ebi.ac.uk/
https://www.ncbi.nlm.nih.gov/
https://www.sib.swiss/
http://www.cbio.uct.ac.za/
https://www.sanbi.ac.za/
https://www.sun.ac.za/english/faculty/science/sci-bioinformatics/research
https://www.sun.ac.za/english/faculty/science/sci-bioinformatics/research
https://www.sun.ac.za/english/faculty/healthsciences/Molecular_Biology_Human_Genetics/bioinformatics/investigators
https://www.sun.ac.za/english/faculty/healthsciences/Molecular_Biology_Human_Genetics/bioinformatics/investigators
https://www.sun.ac.za/english/faculty/healthsciences/Molecular_Biology_Human_Genetics/bioinformatics/investigators
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Name of 

Person Entity website 

Scott 

Hazelhurst 
Wits Bioinformatics 

http://www.cs.wits.ac.za/~scott/  

Fourie 

Joubert 
Bioinformatics and Comp Bio – 

FABI, UP 
https://www.up.ac.za/the-genomics-research-

institute/article/1929131/professor-fourie-

joubert  

Tulio de 

Oliveria 
KRISP, UKZN http://www.krisp.org.za/people.php?fullName

=de%20Oliveira%20T  

Ozlem Tastan 

Bishop 
RUBi, Rhodes University 

https://rubi.ru.ac.za/people/academic  

 

 

3.7 Data Science in Quantitative Finance 

This section has been provided with additional space because the topic may be less familiar to the 

scientific community. Concise summaries will be found in section 8.4, Table 3 Summary of the science 

case across the themes, science content and Table 4 Summary of the science case across the themes, 

research capacity building and HCD, and institutional landscape. 

3.7.1 Outline 

3.7.1.1 What is Data Science? 

Data Science is a multi-disciplinary field consisting of a number of disciplines (e.g. Applied 

Mathematics, Statistics, Machine Learning, Operations Research, Artificial Intelligence, 

Supercomputing, Data Warehousing) that are used in an interdisciplinary way to solve problems in 

various application areas (e.g. health sciences, telecommunications, finance). Its primary aim is to 

extract insight from data in various forms, both structured and unstructured. At the core is big data 

that is stored in various ways and exhibiting complex many-to-many relationships, which is made more 

challenging by the ever-increasing requirement to process these in real time to support what is known 

as “instantaneous” decision-making. It falls well within the scope of the theoretical and computational 

sciences. 

3.7.1.2 What is Quantitative Finance? 

One of the possible application areas of the working group has been identified as Quantitative Finance. 

One of the definitions of Quantitative Finance, also referred to as Mathematical Finance, is a field of 

applied mathematics concerned with the mathematical modelling of financial markets, more 

specifically derivative pricing. Closely related is the field of Computational Finance, which may be 

defined as the study of data and algorithms currently used in finance. While most of the finance sector 

is concerned with actually making transactions that range from stock trades to corporate acquisitions, 

the computational side of the profession is more concerned with algorithms (like robo-trading 

algorithms), and the computer software that powers the modern financial world. Another closely 

related field is Quantitative Financial Risk Management, sometimes defined as the use of data to 

determine asset value, probability of loss, and associated risk(s) in trades, portfolios and enterprise-

http://www.cs.wits.ac.za/~scott/
https://www.up.ac.za/the-genomics-research-institute/article/1929131/professor-fourie-joubert
https://www.up.ac.za/the-genomics-research-institute/article/1929131/professor-fourie-joubert
https://www.up.ac.za/the-genomics-research-institute/article/1929131/professor-fourie-joubert
http://www.krisp.org.za/people.php?fullName=de%20Oliveira%20T
http://www.krisp.org.za/people.php?fullName=de%20Oliveira%20T
https://rubi.ru.ac.za/people/academic
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wide. Especially in banking and insurance, it has become very important in the determination of capital 

levels that banks should keep aside to guard themselves against extreme losses. Nowadays many 

universities present degrees in Quantitative Finance and Risk Management and often the material is 

related or overlaps with what is typically taught in actuarial programmes. Although actuarial science 

has traditionally focused on predictive modelling in the insurance environment, the scope thereof is 

now much wider. Generally the application of quantitative methods in finance encompass all the 

above. 

In the light of the above discussion, Quantitative Finance will be interpreted in its widest sense as 

being the application area of Data Science (i.e. quantitative and computational methods) in Finance. 

3.7.2 5 key recommendations or high level comments 

What are the 5 fundamental areas where Data Science disciplines should be developed in order to 

address financial problems pertinent to South Africa? 

3.7.2.1 Risk Analytics 

The financial sector is all about the management of financial risk, which can lead to innovative 

products or tools and techniques to mitigate risk. Following are examples of some key focal points 

within this focus area.  

a) Insurance companies provide products to customers (individuals and corporates) that 
safeguard them against national disasters like earthquakes, floods and storms. Climate change 
is now posing an ever-increasing risk of flooding in low-lying areas and models are needed to 
quantify the probability and impact of such risks.  

b) Due to several financial disasters, the banking sector is worldwide under the scrutiny of 
regulators and has to adhere to various accords.  

c) The regulators (e.g. Reserve Bank in South Africa) are worried about systemic risk, the risk that 
a banking system within a country collapses and need tools and techniques to assess such risk.  

d) Banks and insurance companies need to mitigate the risk of adverse losses and keep enough 
capital that can safeguard them against extreme losses, should it occur.  

e) In the same vein, all banks need to assess the creditworthiness of their clients (individuals or 
corporates) when they issue loans or other financing products.  

a) Increased regulation is placing more pressure on financial institutions and is prompting use of 
new technologies such as big data to mitigate risk and improve governance. For example, to 
demonstrate good governance, risk, and compliance (GRC), you need a real-time picture into 
your entire financial operation. Using big data in financial services can bring together all the 
GRC data for analysis. This minimizes risk and promotes compliance in the event of an audit; 
all the performance data is on one place for easy access. 

b) One of the best ways to fight cybercrime is with early detection. Banks are prime targets for 
cybercriminals and fraudsters, and any kind of public breach creates a lot of embarrassment, 
bad publicity, and unwanted scrutiny. 
 

For all of the above, decision models are used to assist in the decision making process and these 

models use a multitude of variables and data sources. At the heart of the model, building process lies 

data science and big data. In order to assist the financial sector, a deep academic understanding of 

data science, big data, risk types and risk analysis are required in order to determine how it may be 

used to guard financial sector against risk and increase competitiveness of the local sector, which is a 

fundamental gap in this scientific knowledge base of this focus area. On the benefits side, a specific 

issue that could be important for an emerging economy such as South Africa is to research how the 
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unbanked population could be reduced. This will entail research into alternative methods for assessing 

credit worthiness of clients. 

3.7.2.2 Composite/Pooled Financial Data Bases 

The second focus area within this theme is closely related to the first one, but has a stronger cross-

industry/national focus. As a first example of a key focal point in this focus area, note that although 

banks and insurance companies collate a lot of data that can be used to innovate new products or aid 

in more effective and even real-time decision making, there is a serious need that data between banks 

and insurance companies should be shared world-wide to address pertinent risk issues. 

a) An example of a key focal point in this focus area is that all banks have to safeguard themselves 
against operational risk losses, and regulators require that the amount of capital needed is 
the aggregate loss that will not be exceeded in a 1000-year period. This means that a bank 
should at least have 1000 years of data, which they do not have, but a way to get around it is 
to pool all the data that could possibly be acquired from similar banks. Hence the origination 
of the so-called ORX database34 and SAS OpsRisk Global Data35. In the banking sector, there 
are areas where the pooling of data is required, but the data has to be scaled so that it is 
applicable in a South African context.  

b) Intra-day real-time trading algorithms (so called robo-trading) are being developed globally 
using machine learning and artificial intelligence techniques. There exists no database in South 
Africa where such trading algorithms could be developed and tested – a significant gap in the 
knowledge base of this focus area. In order to compete in international markets, such a 
Fintech capability is needed but of paramount importance is to acquire or built such a data 
base of historic and real time data. The obvious benefit of such a capability is that it would 
place South Africa firmly as a value-adding member on the world stage in this focus area. 

 

The Banking Association of South Africa is assisting banks in collating data sources but do not have the 

capability to really assist the sector in the scientific analysis of data. Therefore, a scientific capability 

is needed to support the association in these endeavours.  

In conclusion, note that the need for pooled databases is universal over the local and global financial 

sector and but do not really need a separate basic research focus area and it can easily fit in under the 

other focus areas. 

3.7.2.3 Real time Fraud detection and security 

Early detection of cybercrime is critical for banks as prime targets for cybercriminals and fraudsters. 

In fact, Mandiant’s 2013 Threat report [17] indicates that 63 percent of all data breaches are reported 

by third parties, and the median number of days before detection is 243. Clearly, banks have a vested 

interest in any technology to identify and prevent a data breach or fraud. The techniques and skills 

developed in this area should be portable to other industries also. 

 The techniques and skills developed in this area should be portable to other industries also. Using 

big data in financial services promotes better detection and security. Big data makes it possible to 

capture real-time activity and detect anomalies in the shortest possible time, detecting fraudulent 

behaviour before any harm can be done. Analytics also provides a deeper understanding of potential 

vulnerabilities so financial institutions can tighten their security against future attacks. 

                                                           

34 https://managingrisktogether.orx.org/ 
35 https://www.sas.com 

http://www.nytimes.com/2014/08/28/technology/hackers-target-banks-including-jpmorgan.html?_r=0
https://managingrisktogether.orx.org/
https://www.sas.com/
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3.7.2.4 Financial technology (fintech) 

Fintech is a term used to describe new technology that seeks to improve and automate the delivery 

and use of financial services. 

Customers demand, fast-evolving technology and business opportunities continue to drive the growth 

of Fintech. The Internet of Things and Smart Phones are disrupting traditional insurance companies 

and banks through innovative new products and services in the financial services industry. Already 

BitCoin, distributed ledger technology (e.g. the blockchain), peer-to-peer lending over the internet, 

and many other new developments are disrupting the financial industry globally.  

The attraction of Fintech lies in its potential to challenge how and by whom 

financial services are delivered, resulting in the re-imagining of financial services 

and the questioning of the status quo. The mantra of Fintech is ‘cheaper, faster, 

better, simpler, easier-to-access, and on-demand services delivered through a 

combination of mobile and online platforms’.  

COEFS research report [23] 

The gaps in this focus area are similar to those in the Pooled Data Bases focus area, namely lack of 

cutting-edge knowledge and skills. The benefits are also similar – apart from being acknowledged a 

value-adding member in the world stage, there are real, practical and significant benefits to the South 

African community in the delivery of improved access to savings, credit, insurance, payment, and 

investment products and services., many of whom remain unaware of how some of these may 

transform their lives. 

Note that access to financial services is essential to development efforts. In South Africa (and across 

Africa) financial inclusion remains below potential – partly due to the challenge for financial 

institutions in developing products for the low-income mass market. Fintech may assist in increasing 

financial inclusion among all citizens of South Africa. 

3.7.3 Fundamental questions / gaps 

Specific gaps, in summary, are: 

a) Establish the core competencies and know-how required to support this thematic 
area. 

b) Identify the key risk technologies necessary to safeguard the financial industry 
against potential threats.  

c) Identify the key fintech technologies that could potentially disrupt the financial 
industry (e.g. blockchain). 

d) Establish which global databases may be analysed and exploited to the advantage of 
the local financial industry. 

e) Establish pooled data bases if global data is not available or not relevant to the South 
African financial services industry. 

f) Create innovative ways of inclusion of the entire South African population in the 
finance sector. 
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g) Interaction with industry on the identification of the key research focus areas and 
problems. 

3.7.4 In your thematic domain and context, what makes sense for the NITheCS? 

The NITheCS brings together the mathematical and computational science know-how that is the basis 

of the Data Science in Quantitative Finance thematic area. This thematic area can build on and expand 

the only DSI programme currently supported in the field of Finance, namely the DST Applied Risk 

Research Programme (ARRP). For readers unacquainted with the programme, detailed are provided 

in Appendix E. The ARRP started in 2012 when Absa and the DST (Department of Science and 

Technology) signed a memorandum of agreement to cooperate in various fields for the betterment of 

the South African economy as a whole, with one of these being HCD. The DSI identified the Absa risk 

research programme at the BMI Centre as deserving of additional funding for the basic and directed 

research activities to strengthen the national capacity in this area. The programme was extended to 

include other industry players than Absa, and also other Universities. The programme involves close 

co-operation with the banking sector of South Africa, and especially the Banking Association of South 

Africa (BASA) and the BankSeta.  

This programme was funded by the DSI since 2012 and the contract will lapse at the end of 2019.  

BASA, an association that has been created to focus on the interests of the banking sector, has recently 

established a Centre of Excellence in Financial Services (COEFS (https://www.coefs.org.za/research/ ). 

See for example the recent report ([23]) on the impact of the 4th Industrial Revolution on the Financial 

Services Sector. Related reports by the World Economic Forum are also listed under the references. 

COEFS has expressed a keen interest in furthering the ARRP. The ARRP has established a unique 

research governance process of fostering industry and academia interaction which is well documented 

in various policy documents that address issues of governance, funding allocation and a detailed 

process of handling industry research issues and matching it with research capabilities of various 

universities. The ARRP managed to involve 15 institutions (government and companies) and 8 

universities in this risk research initiative. The policies and processes developed have succeeded in 

matching the industries requirements with that of the expertise that exist at the various universities 

in South Africa. 

 The framework developed by the ARRP could be easily adapted and/or improved to cater for the 

above-mentioned Data Science in Quantitative Finance (DSQF) focus areas. In addition, the vision for 

DSQF could well be to use the ARRP framework and adapt it to make provision for collaboration with 

existing entities like the CoE in Maths and Stats (Wits), AIMS, UCT, and the various Data Science 

entities supported by the NRF/DSI.  

3.7.5 Benefit and Impact 

 Broadly speaking the benefit from this theme is that it can assist the financial services sector in 

performing relevant research and developing the relevant skills that could improve the stability of the 

South African finance industry.  

Also, it could develop innovative ways of improving inclusion of all people in the financial services 

sector. 

3.7.6 Relevant International Institutes 

Field Entity Web address 

Risk Analytics ETH Risklab in Zurich https://risklab.ch/ 

https://www.coefs.org.za/research/
https://risklab.ch/
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Field Entity Web address 

Volatility Lab at the Stern 
Business School, New York 
Mathematisches 
Forschungsinstitut 
Oberwolfach (MFO), Germany 
 

https://vlab.stern.nyu.edu/ 
 
https://www.mfo.de/ 

Composite 
Data Bases 
 

ORX data base 
SAS OpsRisk Global Data 
GCD Data Base of Global Credit 
Data 
Historical Intraday Data Bases 
 

https://managingrisktogether.orx.org/ 
https://www.sas.com 
https://www.globalcreditdata.org/ 

Fintech 
 

JPMorgan Chase campus for 
Financial Technology, Silicon 
Valley 

 

3.7.7 Relevant National Institutes 

Entity Web address 

COE-MaSS 
AIMS 
African Institute for Financial Markets and Risk 
Management AIFMRM (UCT) 
Centre for BMI (NWU) 
Wits Data Science Institute 
 

https://www.wits.ac.za/coe-mass/ 
https://aims.ac.za/ 
http://www.aifmrm.uct.ac.za/ 
 
http://natural-sciences.nwu.ac.za/bmi 
https://www.wits.ac.za/wids/ 

 

In South Africa, AIMS has a Financial Mathematics focus in their training programme, and  a Risk Lab 

exists at the Centre for BMI at North-West University, A number of local universities partake in the 

DST Applied Risk Research Programme that is being funded until 2020 by the DSI. It should be noted 

that most SA universities have training programmes related to the classical definition of Quantitative 

Finance (Financial Mathematics), but only a few have Quantitative Risk Management training 

programmes. Almost all universities has a dominant focus on the academic discipline rather than on 

the requirements of industry. Included in the references is the bible of risk analytics in banking written 

by McNeil et al. (2015). 

Many new Fintech start-up companies are reported every day. As far as local universities are 

concerned the Fintech field is quite new and the efforts into understanding various aspects of Fintech 

is centred in a few individuals scattered all around the country. 

AIMS has a Financial Mathematics focus in their training programme, and  a Risk Lab exists at the 

Centre for BMI at North-West University, A number of local universities partake in the DST Applied 

Risk Research Programme that is being funded until 2020 by the DSI. It should be noted that most SA 

universities have training programmes related to the classical definition of Quantitative Finance 

(Financial Mathematics), but only a few have Quantitative Risk Management training programmes. 

Almost all universities have a dominant focus on the academic discipline rather than on the 

requirements of industry. 

https://vlab.stern.nyu.edu/
https://www.mfo.de/
https://managingrisktogether.orx.org/
https://www.sas.com/
https://www.wits.ac.za/coe-mass/
https://aims.ac.za/
http://www.aifmrm.uct.ac.za/
http://natural-sciences.nwu.ac.za/bmi
https://www.wits.ac.za/wids/
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3.8  Earth System Modelling including climate modelling 

 

Climate issues will not sit by quietly until we have some spare time to address 

them. 

Connie Hedegaard, Commissioner for Climate Action, European Commission [5] 

3.8.1 Outline and status quo 

Climate change is the biggest environmental challenge ever faced by human kind. It is a problem of 

global reach, yet the research effort to mitigate this reach and anticipate its impacts is 

disproportionately centred in the Northern Hemisphere and in developed countries.  

Global climate models (GCMs) have become the main tools to project future climate change. Based 

on the laws of physics applied to the atmosphere and oceans, GCMs effectively solve a large set of 

partial differential equations with numerical methods. Such methodologies require the ocean and 

atmosphere to be discretised into a finite number of grid points, with the number of points (and thus 

the spatial resolution of the model) strongly determined by the available high-performance computing 

resources. In addition to the dynamic kernels of GCMs, these models employ extensive physical 

parameterisations schemes to describe processes that cannot be resolved at a given grid resolution, 

such as cumulus cloud convection, cloud microphysics, solar radiation propagation, sub-mesoscale 

mixing in the ocean and boundary layer turbulence in the atmosphere. GCMs that also include 

comprehensive descriptions of ocean and atmospheric chemistry and in particular the carbon cycle 

are referred to as Earth System Models (ESMs). ESM projections of future climate change have 

become critical to inform climate change mitigation and adaptation policies, through the Assessment 

Reports of the Intergovernmental Panel on Climate Change (IPCC), which functions under auspices of 

the United Nations Framework Convention on Climate Change.  

At the time of the last IPCC Assessment in 2014, Assessment Report Five (AR5), there were no African 

based ESMs or GCMs that participated in the climate change projection process. Moreover, of the 

about 30 GCMs/ESMs that participated in AR5, only a single modelling system was based in the 

Southern Hemisphere (at the Commonwealth Scientific and Research Organisation  - CSIRO – in 

Australia). 

The development of ESMs requires multi-disciplinary research across the fields of climatology, 

oceanography, ecosystem processes, atmospheric chemistry, ocean chemistry, numerical 

mathematics and high performance computing.  Internationally ESM development centres are 

typically large and well-staffed institutes consisting of tens to hundreds of researchers that collaborate 

across disciplines to contribute to the configuration and continuous improvement of the ESM. These 

institutes usually possess in-house super-computing capabilities dedicated to ESM development and 

application. ESM application is targeted at the delivery of climate change projections and related 

climate services, to inform  on climate change impacts and climate change mitigation and adaptation 

policies. 

No single institute in South Africa independently has the critical capacity and sheer numbers of staff 

to develop an ESM. The last few years have seen the emergence, however, of a network of 

organisations that has the potential to develop the first African-based ESM. Important developments 
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in this regard are the configuration of the Global Change Institute (GCI) at Wits, a multi-disciplinary 

institute active in ESM development and the generation of climate services, the Southern Ocean 

Carbon and Climate Observatory (SOCCO) of the DSI/CSIR with its focus on carbon cycle modelling, 

the CSIR’s Climate and Air Quality Research Group with its programme of Earth System Model 

development, the South African Weather Service’s new focus on atmospheric model development 

and the Applied Centre for Climate and Earth System Sciences, with its extended HCD programme that 

directly supports the Earth Sciences in South Africa. The NRF’s new Earth System Science Research 

Programme is effectively fostering a formal collaboration between the GCI-Wits, SOCCO-CSIR, UCT 

and UniVen in the field of Earth System Model development.  

3.8.2 High-level comments and recommendations 

 The development of the first African-based ESM is long overdue.  

Similar initiatives are in an advanced state in other developing countries such as India (at IITM) and in 

Brazil (at INPE). Such a modelling system can potentially provide critical guidance on future climate 

change impacts in Africa, and inform on climate change mitigation and adaptation policies. No single 

institute in South Africa independently has the critical capacity and sheer numbers of staff to develop 

an ESM. It is thus recommended that the development of such a modelling system take place through 

a network approach with a number of South African research organisations participating in the 

collaboration to configure and continuously develop an African-based ESM. 

3.8.3 Research gaps 

Numerous research gaps in the understanding of future climate change in Africa imply that the 

development of an African-based ESM should be a research priority towards informing on climate 

change adaptation and mitigation. These research gaps include: 

a) The Southern Ocean’s role in the global carbon cycle 
b) Potential Marine Ice-sheet instability in Antarctica 
c) The Agulhas current and Benguela upwelling systems under climate change 
d) Land-surface change (including vegetation change) in Africa under climate change 
e) Changing properties of cumulus convection and thus rainfall patterns in Africa under climate 

change 
f) Changing teleconnections of global modes of variability such as ENSO and SAM to Africa under 

climate change 
g) Regional atmospheric chemistry in Africa under climate change 
h) Tipping points in the African climate system with respect to water security, the sustainability 

of agriculture and human health. 

3.8.4 Earth System Modelling and NiTheCS 

Given the current indications around NiTheCS staffing and funding over the next few years, in 

combination with the vision of it being a multi-theme institute, it seems unlikely that NiTheCS will be 

able to function as an Earth System Institute with the tens to hundreds of staff members required to 

build and maintain a state-of-the-art ESM. Rather, it should be investigated to what extent NiTheCS 

can contribute to the configuration of a national network of organisations contributing to the 

development of the first African-based ESM. Moroever, NiTheCS may host and point scientists 

targeted with specific contributions to the development or application of an ESM. Two possibilities 

are high-performance computing specialists focussing on the scalability and parallel processing 

aspects of the ESM and specialists focussing on linking ESM products to fields of application, with 
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Financial Risk Management being a primary candidate within the current themes being considered 

within the NiTheCS framework. 

3.8.5 Benefits and impact 

Earth System Model development is an endeavour powerful in fostering multi-disciplinary research 

across the disciplines of climatology, oceanography, ecosystem processes, atmospheric chemistry, 

ocean chemistry, numerical mathematics and high performance computing. Such a modelling system, 

if developed through an African and Southern Ocean lens, can provide valuable insights into the likely 

impacts of future climate change in Africa and globally, thereby informing climate change adaptation 

and mitigation strategies. 

3.8.6 Relevant International Institutes 

More than 30 international institutes/centres exist that have extended capacity in ESM and GCM 

development. These include the following. 

Acronym Entity Web address 
CSIRO, Australia Australia’s national science agency 

 

https://www.csiro.au/ 

ECMWF, EU European Centre for Medium-
Range Weather Forecasts 

https://www.ecmwf.int/ 

GFDL, USA Geophysical Fluid Dynamics 
Laboratory, USA 
 

https://www.gfdl.noaa.gov/ 

IITM, India Indian Institute of Tropical 
Meteorology 
 

https://www.tropmet.res.in/ 

INPE, Brazil Instituto Nacional de Pesquisas 
Espaciais, Brazilian National 
Institute for Space Research 

http://www.inpe.br/ 

JAMSTEC, Japan Japan Agency for Marine-Earth 
Science and Technology  

http://www.jamstec.go.jp/e/ 

MeteoFrance, France Meteo France http://www.meteofrance.com/ 

NCAR, USA National Center for Atmospheric 
Research, USA 

https://ncar.ucar.edu/ 

NCEP, USA National Centers for Environmental 
Prediction, USA 

https://www.ncep.noaa.gov/ 

UKMO, UK United Kingdom Met Office https://www.metoffice.gov.uk/ 

 

3.8.7 Relevant National Institutes 

Entity Web address 

Global Change Institute (GCI), University of the 

Witwatersrand 

https://www.wits.ac.za/gci/ 

Southern Ocean Carbon and Climate 

Observatory (SOCCO) of the CSIR 

https://socco.org.za/ 

https://www.csiro.au/
https://www.ecmwf.int/
https://www.gfdl.noaa.gov/
https://www.tropmet.res.in/
http://www.inpe.br/
http://www.jamstec.go.jp/e/
http://www.meteofrance.com/
http://www.meteofrance.com/
https://ncar.ucar.edu/
https://www.ncep.noaa.gov/
https://www.metoffice.gov.uk/
https://www.wits.ac.za/gci/
https://socco.org.za/
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Entity Web address 

Applied Centre for Climate and Earth System 

Studies (ACCESS)  

https://www.csir.co.za/applied-centre-climate-
earth-system-science 

CSIR Climate and Air Quality Modelling Group https://www.csir.co.za/natural-resources-and-
environment 

South African Weather Service atmospheric 

model development Group 

http://www.weathersa.co.za 
 

University of Pretoria – Department of 

Geography, Geoinformatics and Meteorology 

(focus on dynamic meteorology) 

https://www.up.ac.za/geography-
geoinformatics-and-meteorology 

University of Cape Town – Marine Science 

Institute (focus on sea-ice modelling) 

http://www.ma-re.uct.ac.za/ 

University of Cape Town – Climate System 

Analysis Group – expertise in atmospheric 

processes 

http://www.acdi.uct.ac.za/acdi/centres/climate-
system-analysis-group-csag 

North West University – Department of 

Environmental Studies - focus on atmospheric 

chemistry 

http://natural-sciences.nwu.ac.za/unit-
environmental-sciences-and-
management/climate-change-air-quality-and-
impacts 

University of Venda – Geography Department – 

focus on atmospheric circulation 

http://www.univen.ac.za/about-
univen/schools/school-of-environmental-
sciences/geography-and-geo-information-
sciences/ 

3.9 Data Sciences 

Everything about science is changing because of the impact of information 

technology and the data deluge. 

Jim Gray, Turing Award Winner 

3.9.1 Outline 

Data science is an interdisciplinary field, using scientific methods to extract knowledge and insights 

from data, both structured and unstructured. This science unifies statistics, data analysis, machine 

learning and their related methods to understand and analyze actual phenomena with data. The 

relationship between the constituent components is depicted in Figure 9. Figure 10 provides a slightly 

different perspective, which also includes the overlap with Big Data. Big Data Analytics can be 

considered Data Science but the latter extends Big Data Analytics. Figure 11 provides the most 

appropriate view for positioning Data Science in the NITheCS with Data Science at the intersection of 

all the other data driven research.  

For example, data scientists may work with domain experts to understand the business and get the 

data, then incorporate statisticians and data engineers for exploring and cleaning the data, then also 

https://www.csir.co.za/applied-centre-climate-earth-system-science
https://www.csir.co.za/applied-centre-climate-earth-system-science
https://www.csir.co.za/natural-resources-and-environment
https://www.csir.co.za/natural-resources-and-environment
http://www.weathersa.co.za/Documents/AnnualReports/SAWS_AR_2017_2018_v40.pdf
https://www.up.ac.za/geography-geoinformatics-and-meteorology
https://www.up.ac.za/geography-geoinformatics-and-meteorology
http://www.ma-re.uct.ac.za/
http://www.acdi.uct.ac.za/acdi/centres/climate-system-analysis-group-csag
http://www.acdi.uct.ac.za/acdi/centres/climate-system-analysis-group-csag
http://natural-sciences.nwu.ac.za/unit-environmental-sciences-and-management/climate-change-air-quality-and-impacts
http://natural-sciences.nwu.ac.za/unit-environmental-sciences-and-management/climate-change-air-quality-and-impacts
http://natural-sciences.nwu.ac.za/unit-environmental-sciences-and-management/climate-change-air-quality-and-impacts
http://natural-sciences.nwu.ac.za/unit-environmental-sciences-and-management/climate-change-air-quality-and-impacts
http://www.univen.ac.za/about-univen/schools/school-of-environmental-sciences/geography-and-geo-information-sciences/
http://www.univen.ac.za/about-univen/schools/school-of-environmental-sciences/geography-and-geo-information-sciences/
http://www.univen.ac.za/about-univen/schools/school-of-environmental-sciences/geography-and-geo-information-sciences/
http://www.univen.ac.za/about-univen/schools/school-of-environmental-sciences/geography-and-geo-information-sciences/
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incorporate mathematicians and computer scientists in modelling and visualizing the results before 

iterating through the steps until the outcome has been reached whether that is a predictive model or 

the resolution of a data centric research problem that constrained research in  one of the other fields 

in the NITheCS.  

  

 

 

Figure 9 Maths, computing and data science 

through the Data science lens36 

Figure 10.  Relating Data science to big data 

 

 

Figure 11 Data science as a synergy of different disciplines37 

 

 

                                                           

36 https://www.shellypalmer.com/data-science/s 
37 Source: http://www.prooffreader.com/2016/09/battle-of-data-science-venn-diagrams.html 

https://www.shellypalmer.com/data-science/
http://www.prooffreader.com/2016/09/battle-of-data-science-venn-diagrams.html
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For this reason, data science research  should be housed in a multi-disciplinary institute such as 

NITheCS. Turing award winner Jim Gray imagines data science as a fourth paradigm of science 

(empirical, theoretical, computational and now data-driven) and asserts that everything about science 

is changing because of the impact of information technology and the data deluge. 

3.9.2 5 Key recommendations or high level comments 

Data science is a field with enormous potential socio-economic impact. It is also a multi-disciplinary 

field that up to now has developed without a real coherence between these disparate areas of activity. 

It is important to imagine the future for Data Science, in South Africa, which involves articulating a 

vision for where the field might be in 10-15 years from now. Further we should identify the steps that 

NRF/DSI specifically (but others as well) could take now and in the future – consistent with the NRF 

and DSI’s mission in the areas of research, education, workforce development, economic 

competitiveness, national security and more – to help realize this vision. 

As the plan for data science is mapped out, NITheCS should be aware of possible industry partners 

and these should be involved in every step of the process, to ensure buy in by our potential industrial 

partners. We want our partners to feel some ownership of the NITheCS activities, both to secure 

funding for the institute and to ensure the industrial competitiveness of the institute. This will also 

prevent NITheCS from becoming a purely academic exercise, largely divorced from South African 

society and its needs. 

Data science efforts should support fundamental science activities including the SKA and the SA-CERN 

consortium, both of which generate enormous data sets. 

Target existing or new programs to develop data science curricula, at the undergraduate level, and 

research into data science at the postgraduate level, at previously disadvantaged institutions. Provide 

mechanisms for research partnerships between existing research activities and these institutions.  

Explore international synergies. South-south interactions (with both India and South America) make 

sense. Explore possible high-level collaboration with China. 

3.9.3 Fundamental questions / gaps 

a) What are the core competencies and skills required to support the data science requirements of 

the NITheCS (for selected themes) and how can those be provided?   

 This will require engagement with the other research components so that these requirements 
are abstracted from active research projects and the competencies and skills can be sourced 
as required.  
 

b) What are the standards and best practices in the acquisition, storage, maintenance and curation 

of diverse types of research data in South Africa to ensure compliance with international and local 

ethical, privacy and security requirements?  

 That will require interaction with institutes like Data Intensive Research Initiative of South 
Africa38 which focuses is on data services, repositories and national strategic frameworks for 
data intensive research.  
 

                                                           

38 https://www.dirisa.ac.za/ 

https://www.dirisa.ac.za/
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c) What data science competency is required on postgraduate research level for researchers 

involved in data-driven projects and how can that be achieved?  

 This will require interaction with universities and institutions offering data science 
qualifications or employing data scientists. The outcome would be a status quo report 
together with recommendations.  
 

d) How to utilize the rules and principles of Mathematics and Statistics in Big Data mining and 

interpretation? This is addressed under Sections 3.2 and 3.3 above. 

 
e) How to use knowledge from Big Data analysis in real-life applications? This involves things like 

deep learning and artificial intelligence. How does deep learning work?  

 This last question in particular is multi-disciplinary, in line with the culture of the institute. 

3.9.4 In your thematic domain and context, what makes sense for the NITheCS? 

Data science could be considered as an independent theme focusing on state-of the art problems or 

it could be considered as ‘in service’ theme within the  NITheCS where the research problems are 

identified from local researcher projects and local issues. The latter does not limit the impact or 

international success in any way but it ensures that the investment produces locally relevant research. 

Alternatively, the focus could be on socio-economic development. For, example data acquisition, 

management, governance and data driven decision-making in support of citizen science projects in 

local communities to improve transparency and citizen involvement.  

3.9.5 Benefit and Impact 

The Data Science discourse has not reached maturity, and there are still many disagreements about 

the exact definition and boundaries. However, there is general agreement that the scientific extraction 

of data from ever growing, bigger data sets and the building of computational models to support 

evidence-based decisions  is critical to current and future research progress. Furthermore, data 

science competency would ensure a competitive advantage in researching South African, African and 

international issues.  

Big data is another approach towards doing research, complementing what already exists. It motivates 

the change and upgrade of research methods, promotes and makes it easy to conduct interdisciplinary 

research, helps to nowcast the present and to forecast the future more precisely. In this vein, first Big 

Data architectures designed for specific fields are being proposed in order to surpass the previously 

mentioned challenges and make the most of the data available with the aim of nowcasting and 

forecasting variables of interest [15]. 

A fundamental theory for deep learning remains to be developed. Very basic questions, like what a 

good architecture for a neural network is, how many networks should be stacked to reach the optimal 

depth, which weights in the network are important and which can be discarded, remain out of reach 

of what we can presently answer. Very recent remarkable progress (Mehta and Schwab, 2014 [18]) 

suggests that deep learning proceeds through a mechanism uncovered by Kenneth Wilson NL known 

as the renormalization group. The recent discovery shows that the equations describing deep learning 

achieved by stacking restricted Boltzmann machines can be mapped into the equations of the 

renormalization group flows. If this connection between the two fields leads to a fundamental theory 

of deep learning, it will have enormous socio-economic benefits. South Africa must be represented in 

this effort to ensure that we do not lose out.  
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Figure 12 Deep Learning key terms explained39 

 

 

3.9.6 Relevant International Institutes 

Entity Web address 

Centre for Data Science, University College, 
London, UK 

https://www.ucl.ac.uk/data-science/  

The Alan Turing Institute, UK https://www.turing.ac.uk/ 

The Stanford Institute for Human-Centered 
Artificial Intelligence, USA 

https://hai.stanford.edu/ 

Berkeley Artificial Intelligence Lab, USA https://bair.berkeley.edu/ 

The Wadhwanai Institute for Artificial 
Intelligence, India 
 

https://www.wadhwaniai.org/ 

 

3.9.7 Relevant National Institutes 

We must be mindful of the existing and planned structures in SA. Data Intensive and computational 

science structures already exist and have significant capacity and more are planned.  

Entity Web address 

CHPC https://www.chpc.ac.za/ 

IDIA: Inter-University Institute for Data-Intensive 
Astronomy (UCT, UWC, UP) 

https://idia.ac.za/about-us/  

Data Science institute at Stellenbosch  

Wits Data Science Institute https://www.wits.ac.za/wids/ 

 

                                                           

39 https://www.kdnuggets.com/2016/10/deep-learning-key-terms-explained.html 

https://www.ucl.ac.uk/data-science/
https://www.turing.ac.uk/
https://hai.stanford.edu/
https://bair.berkeley.edu/
https://www.wadhwaniai.org/
https://www.chpc.ac.za/
https://idia.ac.za/about-us/
https://www.wits.ac.za/wids/
https://www.kdnuggets.com/2016/10/deep-learning-key-terms-explained.html
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The proposed new Wits Institute for Data Sciences will not only provide a “big data” service to many 

other academic disciplines at Wits University. It will also contribute to the body of academic 

knowledge in this field. The Institute will be built on the recognition that, in today’s world, 

collaboration is the most effective way to generate meaningful knowledge. The Institute will seek 

partnerships locally and globally with universities, governments, corporates and other stakeholders. 

It does not make sense to replicate these structures. We should partner with them appropriately. 



56 
 

4 Collaborative opportunities 
The intention of this section is to illustrate some potential internal collaboration focus points, without 

making promises before the Institute is in place. A summary will be found in section 8.4, Table 3 

Summary of the science case across the themes, science content. 

4.1 How does deep learning work?  

Deep learning is a broad collection of techniques that use multiple layers of representation to learn 

relevant features directly from structured data. These techniques have recently produced record-

breaking results on a diverse set of difficult machine learning tasks in computer vision, speech 

recognition and natural language processing. One question that the Institute maybe be well suited to 

tackle, crucially because of its interdisciplinary character, is: 

 Why are the deep learning techniques so successful at feature learning and compression? 

This question is both fundamental and simultaneously one that promises significant practical 

applications. It’s fundamental because, at the time of writing this proposal, despite the enormous 

success of deep learning, almost nothing is understood theoretically about why these techniques are 

so powerful at feature learning and compression. It promises significant application because insights 

into how deep learning works are needed to optimize both the architecture of neural networks and 

to optimize their training. If training could be optimized, to the point that real time learning is possible, 

deep learning will become a new technology that will find application in almost every sphere of our 

lives. The applications mentioned here are actively being pursued: applications in healthcare (breast 

or skin-cancer diagnostics, mobile and monitoring apps, prediction and personalised medicine based 

on biobank-data, macrogenomics, ...) voice search and voice-activated assistants, automatic machine 

translation, image recognition, advertising, predicting earthquakes, and many more.  

The possible research to be undertaken by the Institute would be to explore recent proposals 

suggesting that deep learning is intimately related to one of the most important and successful 

techniques in theoretical physics: the renormalization group (RG) of quantum field theory and 

statistical mechanics. RG is an iterative coarse-graining scheme that extracts relevant features as a 

physical system is examined at different length scales. An exact mapping from the variational 

renormalization group to deep learning architectures based on Restricted Boltzmann Machines 

(RBMs) has been proposed. The perfect arena to explore and extend these connections is provided by 

spin systems at critical points where they undergo a second phase transition. RBMs can be employed 

to learn the features of these spin systems and the dynamics of the learning process can be explored 

and understood using techniques developed in Theoretical Physics. Indeed, there are well devloped 

techniques (the so called conformal field theory) that would allow a nuanced and sophisticated 

analysis of the different scales appearing in the problem and consequently would support (and 

develop and explain) the connection between RBMs and RG, or rule it out. This is potentially a very 

high impact deliverable from the Institute.  

4.2 Insuring vulnerable populations against catastrophic events: Quantitative 

Finance – Climate Change 

Changing climate patterns mean increased variability in weather: severe storms are likely to occur 

more frequently, and the weather becomes less predictable. Very few village dwellers have any 

insurance. Financial risk assessment in a changing climate is a topic within the NITheCS scope. Could 

municipalities take out insurance for vulnerable populations in the future? 
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An ASSAf workshop in 2018 brought together many stakeholders in the area “Poverty, Inequality and 

Climate Change”. The contrast is stark between the resilience of well-insured individuals in high-

income countries (for example during 2018 hurricanes Michael and Florence),  and low-income 

communities with low protection from government (for example the 2018 flooding by the Niger and 

Benue Rivers in Nigeria).  

4.3 Topics in the Astrophysics – Data Science area 

Central in the NITheCS discussion for astrophysics should be a focus on the development of scientific 

leadership on the African continent in theoretical and computational astrophysics and related data 

science topics relevant to the Square Kilometre Array and multi-wavelength astronomy in South Africa 

(Decadal Plan in Multi-Wavelength Astronomy: DST [8]).  

4.3.1 Time Domain Astrophysics and the intelligent Observatory 

SAAO is developing the concept of an intelligent observatory in the era of SKA and LSST. The LSST 

(Large Synoptic Survey Telescope) is expected to report of order 1 million astrophysical transients each 

night. In the forthcoming era of multi-messenger astrophysics, new astrophysical discoveries are made 

through the ability to manage complex data through machine learning and artificial intelligence. 

Telescopes at SAAO including the Southern African Large Telescope, will be triggered by alerts from 

SKA, LIGO/Virgo, LSST, and will work together as one intelligent observatory scheduling follow up 

observations of unique objects that allow new insights in astrophysical processes.  

4.3.2 Machine learning in Astrophysics / Data Fusion of complex data sets 

Computational astrophysics at the intersection of Data Science is focusing on machine learning and 

data fusion of complex data sets. Expertise in this field exists in pockets in South Africa (SARAO, AIMS, 

IDIA, and various universities) and should be developed further under the umbrella of NITheCS.  This 

could be build into an MSc in Data Science program (HCD component). 

4.3.3  Computational Astrophysics – dynamical simulations supporting SKA science 

Dynamical simulations of complex and dynamical astrophysical systems are essential to interpret 

MeerKAT and SKA data sets, ranging from large cosmological simulations associated with galaxy 

evolution over cosmic times, to the modelling of accretion and outflow processes in stellar 

astrophysics.  Expertise in this field is limited in South Africa to a few key people at SAAO and some 

universities, and should be further developed under NITheCS. This could be linked to existing HCD 

programs in Astronomy (e.g. NASSP). 

4.4 Data Science in Bioscience 

Given the complexity of the field of bioinformatics there are often new developing  aspects that 

researchers encounter, which requires re-learning or upskilling. Often these skills exist within the 

other programs forming part of the NITheCS. Classical examples of overlaps would include techniques 

that data scientists apply, particularly when we enter the Big Data arena. In the greater scheme of 

things bioinformatics tools would therefore represent the same principles applied by data scientists, 

but in this case, it is written from the perspective of a biological context. The general skills set from 

data scientists would therefore often serve as a good basis for developing new tools for Bioinformatics 

and supports significant interaction between these two. 
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4.5 Machine Learning in the biosciences 

Apart from the data sciences skills another example of a technique that is taking hold in the 

Bioinformatics arena deals with machine learning. This is, given that the bioinformatics research base 

is broadening to research areas which contains significantly large datasets, usually of a complex 

nature. Additionally the questions often relate to what the specific patterns are that start to emerge 

between different experimental datasets. In these circumstances, utilising subsets of datasets are vital 

as points of reference to utilise machine learning, in order to identify patterns in the data, which is 

then easier identifiable in the larger datasets. All of the role-players in the NITheCS, who have 

expertise or exposure to machine learning techniques, would therefore be ideal partners for the 

Bioinformatics aspect. 

4.6 Machine Learning in Mathematical Finance 

Involvement is beginning between Machine learning and Mathematical Finance.  

A target for Quantitative Finance and Data Science might be pooled database analysis. 

4.7 Computational Fluid Dynamics and Turbulence models 

 A new look at the mathematical and data science fundamentals of CFD, in the light of new 

developments in those fields,  may be a useful project. 

Turbulence models cause problems in the validity of CFD in applications from Earth Systems Modelling 

to Aeronautics. Empirical turbulence models abound, but each has been developed for specific flow 

conditions (internal or external flow, Mach number and Reynolds number ranges, pressure gradient 

conditions, shock separation, transition conditions, etc.).  In application domains, a mathematical or 

phenomenological model is adopted, usually by testing a chosen set of well-known alternatives 

against a relevant experimental validation case. Alternatively, simple flow cases can be run with 

extremely costly Direct Navier-Stokes models, or with costly Large-Eddy Simulation.  

An alignment between mathematicians and Earth Systems Modellers would be of interest, working 

alongside – possibly – physicists, and theoretical computational scientists.  
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5 Institutional models 
 

The EWG offers some institutional considerations in this section. A series of steps is followed, 

summarised in successive sections, to converge on a structural recommendation that suits the scope 

of the institute.  

We begin by tackling the main make-or-break issue to emerge from discussions, and 

recommendations emerging from this consideration. The EWG found it necessary to formulate the 

vision, mission and aims of such an institute, from which at least one possible structure has been 

unfolded. 

5.1 Benchmarks and models 

Considerable effort has been undertaken in finding benchmark models, including those in developing 

countries. Members of the group and Thabo Radebe have been most helpful in providing detail. 

Accumulated benchmark data are listed in Appendix A for the use of future committees. 

5.1.1 NITheP  

The current NITheP model has been very productive and it has been made clear above that the EWG 

strongly supports retaining the best aspects of NITheP and continuing its best practices. An extremely 

brief outline of the NITheP structure appears in Appendix H, based on self-assessment and review 

reports of 2017 [21, 7].  

The hub and spokes model, on which NITheP is based, is partly an effort to share the faculty among 
three separate geographical locations. Each node has post docs supporting the researchers. A strong 
Associate network, long-term visitor grants, research workshop grants, bursaries and intern grants 
(for students in core areas and supervised outside core areas) extends its reach outside the nodes. For 
some associates, the network has functioned well. The probability of winning funding dropped as 
financial constraints grew, and financial sustainability is key to the national institute concept. 
 
Advantages and disadvantages appeared in the implementation of the hub-and-spokes model.  

“The distributed structure is an innovative structure that, in my opinion, is ideally suited to the South 

African scope and size of its science community, in a given field. Coupled to the establishment of an 

associates' body, it makes possible for its activities in this field of research to have a national, broad 

based impact, as opposed to a localized (or only for a few) benefit." Appendix H 

The EWG consulted the Directors of NITheP on what problems arose as consequences of the 

distributed structure, and whether and how they were overcome.  

“The only issue was the ‘hub-spokes’ model in which one tertiary institute hosted the hub and carried 

a bigger weight.  It would have been better if all the partaking institutions hosted entities of the same 

shape and size so that the function of the ‘hub’ e.g. the directorship could rotate on a 3-5 year time 

scale.” Appendix H 

The EWG did not pursue the hub-and-spokes model for the proposal below. However, the importance 

of the national reach of the institute is undisputed. 
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5.1.2 Task Team Proposal  

The EWG thanks the Task Team for its input for a possible structure and it will be apparent that  there 

is a great deal of commonality with the Programmatic proposal developed below. The significant 

difference is in the programmatic approach, with limited resident staff, in contrast to a significant staff 

complement with less emphasis on programmes. In particular, one difference is in research 

programmes as a way of generating new knowledge within focus points. 

5.1.3 Other models considered 

The Super-lean model consists of a prestigious Director and an administrative support staff, and its 

function is to fund programmes. This model has been rejected on the grounds that it creates an 

organisation similar in function to the NRF.  

The footprint model consists of NITheCS as a permanent structure in strong partnership with existing 

distributed  centres, e.g. the Centre for Climate Change modelling. A constant flow of people would 

be maintained.  Elements of the Footprint model appear in the proposed structure below. 

The model called “One Big Institute” is based on a single physical building in which residents undertake 

the mission of the institute. This model is not considered appropriate at the present in South Africa. 

Most of the benchmarks considered to date are outside the developing world or BRICS. Further 

benchmarks are: IMPA Brazil40, The Tata Institute of Fundamental Research in India41, The Institute for 

Theoretical Sciences, ICTS, India42 and The Chinese Academy of Sciences Institute of Theoretical 

Physics43. 

5.2 Principles: the deep learning of NITheP 

There are fundamental lessons learnt through the experience of NITheP that should be built into 

NITheCS44.  

 

Elements that have been stressed include inclusivity, fairness and impartiality, and the creation of a 

feeling that researchers are not threatened. This is hard work for management but pays off in quality. 

The following key guiding principles are essential. 

1. The institutional culture has to be inclusive, not exclusive.  
2. Transparency of the different activities and of decision-making is essential. The correct structures 

must ensure transparency.  
3. Complete management impartiality.  
4. Mechanisms for the management of each focus or theme are required.  
5. People should feel comfortable in the institution.  
6. Management has to set the culture.  
7. It has to be recognised that it is impossible to support all programmes at the same time on the 

same basis.  

                                                           

40https://www.natureindex.com/institution-outputs/brazil/national-institute-for-pure-and-applied-
mathematics-impa-mctic/52b0fad5140ba0e549000000 
41 http://www.tifr.res.in/ 
42 https://www.icts.res.in/ 
43 http://english.itp.cas.cn/ 
44 Courtesy of Prof Frikkie Scholtz, Director, NITheP. 

https://www.natureindex.com/institution-outputs/brazil/national-institute-for-pure-and-applied-mathematics-impa-mctic/52b0fad5140ba0e549000000
https://www.natureindex.com/institution-outputs/brazil/national-institute-for-pure-and-applied-mathematics-impa-mctic/52b0fad5140ba0e549000000
http://www.tifr.res.in/
https://www.icts.res.in/
http://english.itp.cas.cn/
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5.3 A potential make-or-break issue and the road to solution 

 

 

 “Careful design of the new entity is the top make-or-break item 

to emerge from the Stakeholder Workshop.” 

 

Both the Stakeholders, meeting Feb 2018, and the Expert Working Group, have been concerned 

about the problem that a broadly-themed institute may dilute the science produced, to the extent 

that the initiative fails. Some space is therefore spent here to unpack the concern and the 

recommendations for future reference. 

Advantages of the diverse approach include the following. 

1. Fostering the theoretical sciences, as well as increased coherence; support for Basic Sciences 
and SA initiatives 

NITheP is seen as valuable. There is an urgent need for long-term sustainability. 

Broadening the scope offers economy of scale, enhanced impact and relevance, as 

well as building on success, existing recognition, and branding. 

There is a rich group of people/contributors in this scheme, that would be available 

for potential collaboration and skills transfer across disciplines.  

2. National STI landscape needs 
The knowledge base component of SA needs an efficient source of a pool of numerical 

and analytically skilled researchers; this is an essential support Platform of People for 

many national and international flagship programmes. 

3.  The influence of Data Science on all aspects of modern life 
This is exactly the right time to exploit data science links. Many are in place in these 

themes already. 

4. Potential Funding sources are more diverse. 
 

Disadvantages are expressed as below. 

1. Dilution and focus: dilution of effort and funding might prevent success 

The successful aspects of NITheP may be lost if they are not explicitly built in. 

“A manner in which to broaden the activities of NITheP without loss of focus while 

promoting excellence in research needs to be found.” 

2. Dilution and funding 

“A concern is that the limited funding would result in the available funding being 

diluted to the extent that no area was meaningful.” 
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3. Existing entities 

“Data Intensive and computational science structures already exist and have 

significant capacity and more are planned…It does not make sense to replicate these 

structures. We should partner with them appropriately.” 

“Both from the research point of view and financial point of view … one needs to find the right 

balance between broadening the scope of NITheP activities to include other Theoretical and 

Computational Sciences, and retaining a focus on research and capacity building in specific areas or 

with a modus operandi that will actually make a difference in a broader SA context. “ 

“Attaining this balance is now the biggest factor in the success of the new entity and the continued 

contribution of Theoretical Physics to a respected international profile.“ 

Stakeholder workshop 

 

 The consensus is the view that the diverse approach is valuable, but very careful design and 

management must solve this  issue. 

 

Potential approaches have been considered.  

1. The Eyes-open approach: adopt a set of principles and guidelines specifically for this problem. 
 

2. The Focus Point approach outlined in Section 3.1.1 above allows themes and collaborations 
to identify fertile areas as focus points. 

The focus areas constitute a portfolio. Funding determines what projects can be 

addressed in the portfolio. Key areas can be prioritised. 

This would be a sensible approach, particularly in the instances where specific themes 

already have existing resources available in related programs. 

3. The Phased approach: design for success with phased implementation. 
There is, however, recognition for the fact that certain priorities, specifically in the 

initial stages, should be a consideration. Supporting a number of high profile projects 

(In those themes that have the requisite reputation already) which can be successfully 

executed, would further serve to allow for the scenario of “growing from strength to 

strength” and would raise the profile and attract further future support.  

There is therefore perhaps a scope for an internal review cycle where theme priority, 

based on performance, can then be reconsidered. 

4. Founders’ Agreements 
Replace some themes with collaborative agreements with existing entities: perhaps 

refer to “founders’ agreements”, and suggest a plan from there. This 

recommendation may fit the mathematical theme well. 

5. Well-managed Agreements with mutual benefit 
 It is noted that specific themes already have existing resources available in other 

programs, and have a space to function in, but theoretical and computational aspects 

of these themes would be nurtured in NITheCS in terms of foundations of the Basic 

Sciences. This recommendation may fit Bioinformatics specifically, and CHPC in all 

themes. 
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 Implementation plans will need to treat these issues with due care. 

 Finally, the major resolution came from discussions proposing a structure that is built around the 

vision components of Research, Training and Engagement, supported by excellent management.  This 

is the structure described below. 

The following sections describe the steps taken toward designing an appropriate structure. 

5.4 Whom does a National Institute serve? 

A National Institute serves the public in South Africa. It does this by contributing to economic success, 

innovation, international competitiveness, quality of life, and opportunities. National Institutes 

protect the public interest where science is involved, and they do this by safeguarding evidence-based 

reasoning, scientific logic, and by providing intelligible access to scientific knowledge. 

The scientific community provides this service, and an Institute provides this community with  national 

coherence, an enduring institution holding knowledge capital, and a Platform of People. 

Institutes contribute to the international endeavour in science, and the global scientific agenda. South 

Africa is well-positioned to provide unique value and to reap the benefits of belonging globally. 

A National Institute also serves students across universities, through  

 opportunities for studies of the highest quality,  

 meeting the great aspirations in science,  

 contact with staff and students from multiple institutions, 

 career access through the community of practice,  

 career opportunities through the future growth of the Institute and 

 opportunities to reach out to the broader community and share their growing knowledge. 

5.5 Vision  

To be a leading African Institute of Theoretical and Computational Sciences recognised for its excellent 

and impactful research, training, and engagement programmes. 

5.6 Mission  

To build human and research capacity in Theoretical and Computational Sciences and to enhance 

scientific innovation, transformation, and socio-economic development. 

5.7 Four pillars emerge 

 The Institute is in Africa and thought must be devoted to the nature of a welcoming Institute 

environment serving the people, and scientific advancement, of Africa. 

 Three science portfolios, Research, Training, and Engagement, have emerged. These unite the 

themes and collaborations. 

5.8 Aims 

A set of aims has been built around these, and will be found in point form in Appendix I. General aims 

are to strengthen the basic sciences that provide the foundations for science in South Africa, to  

address socio-economic development through training and research, and to underpin and support 

major science programmes.  
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Direct contributions to scientific knowledge reside in the Research portfolio. The means of achieving 

research ends rest on providing high-calibre active researchers. NITheCS provides coherence and 

critical mass to this endeavour, in the same way that NITheP provided coherence and strength to what 

was previously a diverse set of smaller research groups. There is a strong view to the future for young 

and innovative thought leaders in Theoretical and Computational Sciences who foster excellence and 

impact. The concept of the Platform of People is also aimed at providing a source of expertise which 

feeds into broader national scientific policies and goals. 

The Training Portfolio establishes the pipeline through undergraduate, postgraduate, postdoc and 

early career stages, taking account of the particular barriers known to occur en route [25]. The  support 

of HDUs is included as an explicit aim. 

The Engagement Portfolio stands at the same strategic level as Research and Training. Simply outreach 

is of course included, but a much deeper engagement of inreach, outreach, and two-way 

conversations with the local community and the African continent are envisaged.  

5.9 Requirements 

The shape of a structure is dictated by its function. Institutional design should be based on a design 

cycle that includes evaluation and re-design, and not just on a first proposal. Therefore, functional 

requirements, interface requirements, and constraints, based on the aims, have been developed 

against which a candidate structure can be tested. An extended account is provided in Appendix J.  

5.9.1 Functional Requirements 

A set of general requirements arising from experience is set out here. 

 A leader that lives the vision!  

 Support from higher authorities, especially in the first 5 years.  

 Long-term Stability. 

 Long term plan to realise the vision. 

 One or two long-term funding partners. 

 Adherence to government objectives and policies. 
 

In terms of management, the most fundamental requirement is that the staff team is strong, have the 

right  skills, and share the leader’s vision. The principles on organizational culture in Section 5.2 have 

been incorporated  in the management requirements.  

A science culture provides the supporting foundation for this institute. Decisions must be scientifically 

sound; impact is considered, but basic science must be fostered in line with the aims. Evaluations of 

themes and focus points should not be performed on a one-size-fits-all basis, but on scientific 

priorities. 

What does it mean to say that the Institute must have an African character? A set of guiding principles 

should be developed. Is it envisaged that the founders would reflect on Africa’s knowledge-driven 

base and its needs, in order to make a maximum contribution in theoretical and computational 

sciences. It is necessary to respond to inequalities in South Africa, to embrace the development of 

HDUs and schools, and to increase the number of graduates in theoretical sciences. It is important to 

reflect on decolonisation, in terms of local relevance and global competition. 

Clearly defined focus points and a critical mass of active researchers are essential to the Research 

portfolio. The Institute should be attractive to young researchers as part of a transformed 
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representation. The environment should be stimulating and conducive to original work; the group was 

clear that two factors are important in this respect. One is that is that it should be a refuge from the 

daily pressures of academic, or industrial life, especially administrative demands. In the present 

circumstances of protest, it is also advised that it is secure. There should be mechanisms to attract 

researchers into collaboration on focus points that make scientific sense. 

In the Training Portfolio, vulnerable disciplines should have top priority. It is essential that students 

should feel welcome and part of the Institute; ideally, the Institute would be sited there there is a buzz 

of students. The results of science education research do not always make it into successful 

implementation, but an atmosphere can be create where teaching and learning is a subject of interest 

and discussion.  

Because Engagement has a strategic role equal to Research and Training, it should be put in skilled 

hands for innovation. 

The analysis of Jordan et al. (2003)[16] on assessing and improving the effectiveness of national 

research laboratories is a useful reference for detailed design. 

5.9.2 Interface Requirements 

Excellent agreements with Universities must be in place for the supply of students, balanced across 

South Africa, to be established. It is essential to monitor the subsequent employment of students to 

understand where theoretical and computational graduates are going, in terms of sector, country, and 

success. 

The South African network should be balanced across the nation and communication should be 

excellent. Support for workshops, conferences and events is required. Agreements for the theoretical 

and computational support with the initiatives mentioned above will be put in place (including but not 

limited to CHPC, AIMS; SKA, SANSA, iThemba LABS, SA-CERN, SACEMA, AIFMRM, BMI, GCI, ACCESS, 

IDIA, and SANBI). The African network will require extensive active support. Focussed and active 

support of the international network will be needed.  

It is envisaged that the Engagement Portfolio will provide skilled translation of science for society and 

vice versa. The host community should be aware of the function of the Institute. 

5.9.3 Constraints 

The major constraint is funding. The issue of diverse themes has been addressed in section 5.3; it is 

recommended that structuring the institute around Research, Training and Engagement will assist 

solution of the problem together with the other recommendations in that section. 

The head start and momentum of NITheP is valuable and should not be lost. 

Good governance should be achieved with the minimum interruption of the work of good science. 

5.10 Methodology for potential structure 

The process for formulating and testing the structure is outlined below. 
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Figure 13 Methodology adopted for considering structure 

The structure has been built from the point of view of the users: researchers, students, and the 

community. 

The experts, as a working group, think big and think for the future.  

It is not impossible, in a constrained financial environment, to start with initial affordable 

opportunities, but the EWG see a need for this institute and are determined to recommend a viable 

structure with which to proceed. 

5.10.1 National character: National Asset, a User Facility 

 Maximum autonomy should be sought. 

The institute should have the character of a User Facility45, to which any researcher in South Africa can 

have access. Fund allocation will be long-term and strategic in nature.  It is envisaged that this institute 

has the potential to grow into a major independent entity launched from DSI-NRF.  

“Essentially, it needs to be a national facility (like iThemba or SKA …) with a 10-15 year funding renewal 

window … .”46 

 

“ …  It is difficult to imagine a localized National Institute.  In such a model, extreme care will have to 

be taken to ensure that the benefits are felt nationally and to prevent the perception that the Institute 

is ‘owned’ by a particular tertiary institution.” Appendix H 

 

                                                           

45 “A NUF is a location, real or virtual, with a thematically chosen set of tools/instruments that can be used by 

any South African researcher, academic or industrial.” A detailed description of National User Facilities will be 
found in the Report of the International Panel on Shaping the Future of Physics in South Africa [14].Appendix 4. 
46 Prof Thierry Dauxois, Appendix E. 
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6 Programmatic approach 
 

Through the steps above, the EWG arrived at a proposal that NITheCS should be designed on a 

programmatic model. The closest benchmark is the Kavli Institute of Theoretical Physics, in Santa 

Barbara, USA. This model has the advantages of having been tested, having been successful, and being 

flexible. It is suggested that this model may be suitable for South Africa, and suitable for fulfilling the 

steps from the vision to the requirements and constraints above. 

In the following subsections the envisaged structure is described. The terminology is clarified below. 

Table 2 Terminology for Programmatic  approach 

Programme Activities in research, training, or possibly engagement, conducted by the 
institute for those it serves: researchers, students, and possibly community.  

Theme A long term, sustained initiative, within the Basic Sciences and Computational 
Sciences, requiring long-term foresight and planning. 

Portfolio Research, Training and Engagement are the three science Portfolios, 
supported by the Management Portfolio. 

Focus Point A strategically chosen high impact scope of science focus 

 

Programmes may consist of  

 courses of any kind 

 training programmes, and 

 research interactions. 
 

There may be dedicated support from NITheCS but self-funding is used where possible.  Training 

programmes may be in the form of block teaching. There must be guaranteed participation of HDUs 

in all aspects of programmes.  

6.1 General remarks on the structure 

This is institute has the character of a National Asset, and should be able to function as a User Facility, 

to which any researcher in South Africa can have access. Fund allocation will be long-term and 

strategic in nature.  It is envisaged that this institute has the potential to grow into a major 

independent entity launched from DSI-NRF.  

 The three science components of the vision in Research, Training and Engagement are managed 

and overseen in a single space. This contributes to preventing silos among the themes. 

6.2 Research programmes 

Research aims are to 

 provide high-calibre researchers 

 provide coherence and critical mass for future leading Theoretical and Computational 
scientists who foster excellence and impact 

 provide a source of expertise which can feed into broad national scientific policies and goals. 
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Research programmes address focus points, and bring together researchers for a period that may be 

from weeks to months. Considerable flexibility must be built in, since themes have different 

requirements. A programmatic environment for research has been successfully operated by the Kavli 

Institutes47. For NITheCS purposes, in South Africa and Africa, the requirements from the researchers’ 

point of view have been put together. It is suggested that institutions should be able to bid to host or 

organise a research programme, on a focus point that has been approved by the governance structure 

(below). There should be an active visitors programme that brings people from around the world to 

share their new and exciting ideas. 

Participants publish under dual affiliation of their home institution and NITheCS. 

A programmatic environment for research has been successfully operated by the Kavli Institutes. The 

EWG has listed components of the ideal environment as follows.  

 Sound scientific programme strategy 

 Good  quality programmes 

 Grants for programmes (to attend, and to host) 

 Infrastructure is in place – fast network, local computing, expertise to help get up and running 

fast 

 Presence of post-docs and students, both resident and visiting:  the creation of a buzz 

 One is surrounded by worthwhile people 

 Access to expertise 

 Enabling environment 

o really good management makes access smooth 

o easy airport access 

o accommodation 

o family-friendly 

o an attractive place to spend time 

 publish with joint affiliation, home and NITheCS 

 Well-thought-through: unintended consequences have been explored. 

It is noted that a family-friendly environment can be a game changer for parents, and, since women 

are the primary parent in many cultures, for women. The Kavli Institute provides partial grants for the 

travel of children on programmes of the order of a month or more long. In addition, in Africa, a woman 

may belong to a culture where she must travel with a chaperone, or she must convince her family to 

allow permission to travel. As an agency with flexible grants, NITheCS will have the ability to make a 

plan to extend opportunities and change gender balance, and extend inclusiveness to incorporate 

more attendees from developing countries. 

A state-of-the-art canteen is a conducive environment for students, researchers, and institute staff. 

6.2.1 Associates 

"The key success of NITheP was to build and sustain a large and very loyal network of associates.  This 

has tremendously contributed to NITheP’s national and international impact through capacity building 

and research outputs."   Appendix H 

                                                           

47 https://www.kavlifoundation.org/institutes 

https://www.kavlifoundation.org/institutes
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In the case of NITheP, a body of associates has been established, spread across the county and based 

in their own institutions. The NITheP review found that the Associate network had suffered in recent 

years since the funding constraints prevented full operation as envisaged. 

The feature of the Associate network is a valuable aspect of NITheP, in establishing its national role, 

and in maintaining close contact with HDUs.  The Associates should be retained and expanded. 

6.2.2 Grants 

Research grants should be offered to support both programmes and research at home universities. 

6.2.3 Balance 

 This report devotes a good deal of space to Training, below. This should not be construed as 

implying that Research is less important. It does, however, indicate that Training in current 

circumstances is complicated, and that the EWG explored a variety of implications for NITheCS. 

6.3 Training programmes 

Training aims are to 

 achieve equitable participation for all communities in SA  

 establish the pipeline, [school to] undergraduate to postgraduate to postdoc and/or early 
career and 

 support HDUs. 
 

Training programmes are directed primarily at post-graduate students, although training may be 

provided for researchers, post-docs, and, in the future, school teachers.  

Training programmes may be credit-bearing through agreements with universities. There are already 

established pathways and pipelines via SA-CERN, SKA, etc.,  which might be termed the secondary 

space for training. 

The student has a home university with which she or he is registered. Student training may include 

specialised courses and upskilling (e.g. machine learning), a visit with a supervisor, or training on 

relevant techniques and skills not offered at a home university. The time scales may be from weeks 

(or even days) to months or semesters. Monitoring and evaluation should be carried out, and a process 

used to make the results of evaluation useful. The offerings should provide programmes that can 

variously be described as: niche, quality, attractive, of a leading nature, unique, transforming, and 

lifting. 

6.3.1 Who teaches? 

 This model is based on bringing in teachers, rather than appointing many residents.  

In the context of decolonialisation, it is recommended that  co-curriculation be used to engage 

students in the learning and teaching process. Curricula should be shared, and built into online 

learning where appropriate. Coaching in facilitation skills will be made available to those teaching 

courses. 

Curricula should be shared, and built into online learning where appropriate. The group has 

considered bursaries and enablers. Students bring their background with them, and are moving 

towards many destinations, including becoming professional scientists, heading for science practice 

in industry and the economy, or going to participate in policy design or staying in academia. Research 
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training falls under the Research portfolio, but the Training Portfolio may offer formal Master’s level 

block teaching, short courses, and may possibly offer Honours level training, web-based training, and 

teacher training. 

 

Bursaries, grants and interns are included under the training portfolio. 

6.3.2 The scientific knowledge base 

The institute is certainly aimed at producing people who  

 know their field,  

  can talk across boundaries,  

 are diverse in their origins, 

 talk about challenges and consider impact before starting, 

 make directed impact and carry their research through, 

 are thinkers, and critical thinkers. 

The aim is to produce world class scientists, and  a world class science knowledge base. These people 

increase our scientific knowledge base. They contribute to the economy. Knowledge transfer by the 

institute comes through impact (of many types), service provision, and the aims of the  funding 

environment at the national level. 

6.3.3 The student’s point of view 

The training programme offering has been drafted with reference to the needs of students. The 

following insight is offered. 

 An African welcome 

o I do much better in a welcoming environment. The people and spaces are important. 

o Accessibility: I’m free to engage, and don’t have to spend time trying to find out how 

it works. Admin works smoothly. 

o Those who are going to interact with me know who I am, where I’m coming from, and 

how I got here. 

 I must be able to go back to my home university.  

o I have an alliance with my supervisors. 

o I am not afraid to apply: my supervisors encourage me to apply. 

o What I need, but don’t have in my curriculum at my home university, is accessible 

here. 

 Clear credit must be obtained for long programmes. 

 Programmes provide upskilling on my project and bridge knowledge divides that I may 

encounter.  

 The advantages to me include that I learn from my peers. 

 Unlock my future! 

o Where do I go now? The roads ahead are articulated. I can find my  vision. 

o Do I have the means to get there? 

o I need someone to communicate with me about the opportunities. 

Intentions are to bridge gaps in terms of challenges and preparation of the student, provide learning 

and training that fit into the student’s programme, and offer useful training that enables the student 

to interact across disciplines or themes. 
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6.3.4 Value addition for the supervisor and the home university 

 Supervisor’s fellowships might allow the supervisor to go with the student, for upskilling, meeting 

the top people in the field, wider exposure to the field and to different themes, and potential 

collaborations. The supervisors benefit and the programmes at the home university benefit; 

momentum in research is built. 

It is known, from NASSP, that people returning to their home institution usually find that they have 

less time for research than they had hoped for due to their teaching loads.  The value of NITheCS 

as a refuge may be exploited here.  Grants for return visits should be specifically available to unlock 

research completion and publication. 

An opportunity for the first scientific talk of the student, outside the home university, is given in a safe 

environment of critical thinkers. A conference paper may arise. There is significant exposure of the 

student to the top people and to other students; friendships sometimes drive science output. 

6.3.5 Bursaries and enablers 

 Enablers are needed: accommodation is part of the bursary. Other enablers, like transport, are 

considered.  

 Communication between NITheCS and students is a key enabler and must be given due attention 

in designing the management processes. 

Bursaries have conditions for spending time at NITheCS. 

Bursary management recognises that a student may have applied for many bursaries of different 

origins, and is designed to cope with these situations fast. Students are often in transition; articulating 

choices and opportunities helps students to change direction or confirm their choices.  

Some students will come on their own bursaries, because NITheCS and its courses are attractive: it 

becomes  an Institute of Choice. An example of the arrangement is the DST-NRF-UWC Flagship in 

Critical Thoughts48, with its programmes like Think Tank and Be At the Chalkface, is a good model. 

 It is recommended that parental leave be built in to NITheCS grant systems. The NRF now provides 

doctoral and post-doc grants with maternity leave. This is a welcome acknowledgement that people 

encounter growing child and family care responsibilities at this stage of life. 

6.3.6 PhD level and Master’s level research training 

Research training is offered through research programmes, and through upskilling and 

interdisciplinary courses. There is some debate over sandwich programmes49, in which a student 

moves between the home institution and NITheCS; there are advantages in exposure and opportunity, 

and disadvantages in distraction. Master’s degrees may have both research and taught components. 

6.3.7 Formal teaching at Master’s level 

Block teaching should be available within the programme structure. Some courses will be offered 

because they are not available at the home university, e.g. Quantum Field Theory. Some core courses 

                                                           

48 http://www.chrflagship.uwc.ac.za/about/flagship/ 
49 e.g. Dar-es-Salaam and Uppsala Universities 

http://www.chrflagship.uwc.ac.za/about/flagship/
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can be offered50. The development of new interdisciplinary programmes should be encouraged51. All 

should be possible in the NITheCS implementation model.  

Credit should be attached: there is a great advantage in this being an initiative from DHET/DSI, so that 

negotiations between Science and Technology on one hand and Higher Education and Training on the 

other can be facilitated. Subsidy for courses at NITheCS should be assigned for the time that the 

student is based at NITheCS, based on FTE calculations. Again, there is an advantage in this being an 

initiative from DHET/DSI. The degree is awarded by the home institution and the student has to return 

to that institution. 

6.3.7.1 Possible topics 

NITheCS should choose carefully from the possibilities. 

 Courses in partnership with, and sponsored by, industry. It may be appropriate to charge for 

some courses; it may be appropriate to take over a sector of specialised training for 

companies without short-changing the basic sciences. It is essential to work out the value to 

the partner of these courses: “so what”, for industry? 

 Courses for under-prepared students  and under-prepared young researchers, remembering 

that students bring their own particular backgrounds with them. 

 Focus point courses: e.g. Quantitative Finance for scientists. 

 Courses may be given in partnership with other institutions52. 

6.3.8 Formal teaching at Honours level 

Similar methodologies can be envisaged for Honours courses. 

6.3.9 Teacher level 

It is possible that training could be offered in the science space specifically for teachers, in terms of 

training the trainers (and retaining the trainers through interest and opportunity in their profession)]. 

Integrated science and teaching skills would be offered. The training should be comparable to that 

available abroad, and should acknowledge our history in South Africa. There is an expectation that the 

institute would seek funding outside the regular funding for this purpose. 

6.3.10 Short courses 

Short courses require a strategic approach in the forethought space, rather than being undertaken as 

an afterthought. Short courses can be: 

 domain introductions, e.g. machine learning for all, bio for all 

 cross-disciplinary, e.g. maths for biosciences, computing for bioinformatics (“we know the 

biology, but we can do things better and faster with parallel processing”); examples exist in 

the cross-disciplinary nanophysics, nanobio and nanochem courses 

 soft skills  

 Undergraduate-level, offered in partnership with a university, and 

 at an HDU in partnership. 

                                                           

50 e.g., at NASSP; a 6-month course in Financial Mathematics at SU; and SU offers some courses to AIMS students.  
51 e.g. new Master’s degree at IDIA; multi-node Master’s degrees, where “node” is used in this context to indicate 
institute and university; Master’s degree in e-science, which incorporates sciences and humanities 
52 e.g. possible Graduate Academies in Mathematics and Statistics 
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The purposes include stimulating conversations, and stimulating collaboration. Courses could be 

directed at introducing new science and answering impactful questions, and especially at producing 

unique people and unique thinking. 

A useful example is that of APTS53 central courses in statistics in the UK at 3 universities, organised in 

4 blocks. Supervisors pay if these courses are needed by the students. There are about 120 students 

in a block, and they are high quality. A similar model could work well for setting a good foundation in 

scientific graduates through NITheCS. 

6.3.11 Winter Schools 

Winter Schools are ideal programmes for transformation and learning. The Chris Engelbrecht School 

has a distinguished history and should be retained. 

6.3.12 Web-based learning 

The principle behind offering online training is to make knowledge widely available. Online training 

should be offered and should be integrated into short courses, teacher training, and Master’s level 

teaching and learning. Curriculum material can be shared through online training. Modules can be 

completed to upskill anyone, and to increase employability. A good fraction of computational skills 

training can be run online. 

6.3.13 Where are the students going? How do we know where they go? 

Among the aims of the Training portfolio is to foster diversity, and leadership diversity in science in 

SA.  Therefore, some vocational elements may be provided in Training Programmes, but science is 

the dominant and primary aim of the institute.  

A natural path within a focus point research area would be to complete a PhD and move into 

academia, and then establish a track record with the assistance of a programme such as nGAP54 over 

the next 3 to 5 years, with the development of a long-term alliance between the home institution and  

NITheCS.  With family responsibilities, this traditional route is not available to many students, 

especially women. Recognising and respecting these facts of life, and helping returning students, is a 

key aspect of the welcoming institute. 

Note that to qualify for registration as a Professional Natural Scientist, which is compulsory for 

practising scientists under SA legislation, certain levels of scientific course content are required and 

should be checked55.  

                                                           

53  APTS is a programme for new PhD students (in statistical sciences) in the UK. It is coordinated from 

Universities of Warwick, Oxford and Cambridge (they are in fact the trustees of the programme). However, it is 
open to all statistics PhD students in the UK and any of the 4 residence weeks can be held in any UK universities 
that is willing to host it. https://warwick.ac.uk/fac/sci/statistics/apts/ 
54 https://www.nrf.ac.za/content/new-generation-academics-programme-ngap-funding-guide-2019 
55 https://www.sacnasp.org.za/why-register In SA, it is mandatory for all practising natural scientists to be 
registered in terms of the Natural Scientific Professions Act, 2003 (Act No. 27 of 2003) (Sections 18 (1) and 
20(2)(a). 

https://warwick.ac.uk/fac/sci/statistics/apts/
https://www.nrf.ac.za/content/new-generation-academics-programme-ngap-funding-guide-2019
https://www.sacnasp.org.za/why-register
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6.4 Engagement 

Engagement aims are to 

 provide two-way communication, in terms of inreach, outreach and local community 
engagement 

 interact with the African continent. 
 

Engagement is seen as high priority and therefore must have its own portfolio. Much useful learning 

on engagement may be provided by NASSP, including engagement with universities on training, and 

industry, the destination of some of the students.  

 

NITheCS should attract those who have not previously been involved with NITheP. It is an enabler for 

people to carry things forward within their own environments. The HDUs will be brought on board. 

6.4.1 Appointment 

 The appointment of an experienced Engagement manager is advised.  The Engagement manager 

will need to help to evolve a transformative science case, to interpret science to the community, and 

to interpret the community to the Institute. The Engagement manager will assist in leading toward 

the issues that we have as Africans. The diversity of the institute, and how to influence it, falls in this 

scope. 

Like the other leaders, the Engagement manager will need to have authentic values. He or she will 

need to have the talent to understand the science and convey it without watering it down: there 

should never be an attitude that conveys from any theme “I am a theorist, and you will never 

understand”. Several institutes and universities already have training in place to assist scientists to 

develop two-way communication skills. 

6.4.2 Africa 

“The Institute should reach out into Africa. There are many African scientists who are working in sheer 

isolation and will benefit enormously by having an affiliation with the Institute. Theoretical and 

Computational sciences are more accessible to students and academics working at many institutions 

in Africa as it is much harder to grow the experimental sciences in Africa for the obvious reasons of 

costs.”56 

6.4.3 Stronger engagement with HDUs and Universities of Technology 

“A future NiTheP would have to be much more focussed and adapted in its funding instruments for 

the aspect of the broader benefit and larger footprint and higher inclusivity. … One has to use the 

excellence in the established institutions, and internationally, exported in short and medium term 

visits to the institution that needs building.”57 

6.4.4 Include Civil Society and Industry 

Engagement should extend to two-way communication with civil society and industry, as envisaged in 

the quadruple helix model. The question “What does this do for my village?”, as asked in the White 

                                                           

56 Prof Nithaya Chetty, Appendix E 
57 Prof Simon Connell, Appendix E 
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Paper process, is one than can be addressed. The opening of opportunities, and therefore the road 

out of poverty, includes the engagement with industry and the tracking of the experience of 

graduates. The influence of climate change on poverty and inequality is a key topic. 

Inviting communities into the scientific method, and evidence-based reasoning in a changing world, 

are key in all forms of engagement. 

6.5 Governance 

The governance structure is seen as including the following elements. 

6.5.1 Executive authority 

The way in which the legal environment is set up has an important effect on the way in which the 

institute will function for compliance, auditing, fiduciary, accountability, contract purposes and  

employment. Possible owners include an independent trust, a university host or a national facility 

host. Ownership should have executive representation. The workshop agreed that among the most 

important issues is maximum autonomy for the institute in its strategic direction as a national asset. 

The science programme must be the dominant factor in decisions. 

6.5.2 Steering Committee and Theme Representation 

The Steering Committee has an executive function in strategy and oversight. Its scope includes all 

programmes, research, training, engagement, and budget approval. Themes are represented on the 

principles of equality and cooperation. The Steering Committee members include the Theme Leaders, 

DSI-NRF representatives, the Director, ex officio, and management, ex officio, called as needed. The 

Steering Committee reports to the Executive Authority on which the owners are represented.  

Among its duties, the Steering Committee is responsible for driving the themes, collaboration across 

the themes, and for ensuring coherence across the Portfolios of research, training and engagement. 

Some of these functions are carried out by a similar committee at NASSP58, and there is learning 

available for NITheCS from NASSP. 

6.5.2.1 Theme Leaders and Themes 

The themes are selected Theoretical and Computational sciences, each with a community of practice. 

 Representatives of the scientific community in the themes, Theme Leaders, are needed to provide 

deep knowledge of at least part of the scope of the theme, and foresight on potentially fruitful 

programmes.  It is recommended that Theme Leaders, as representatives of the Themes in the 

governance structure, be elected by a committee or through the community of practice, and that a 

call for nominations would take place (the model is based on that of CERN59). Theme Leaders should 

have a well-defined term of office, and succession planning should be in place. From the experience 

of communities of practice,60 the EWG recommends that at any time there should be a Past Theme 

Leader to offer experience, a Theme Leader taking care of executive functions, and a Theme Leader-

                                                           

58 As an example, at NASSP, the Academic Steering Committee sets up the models and the programmes, add 
nodes to the model, and makes it work through MOU, accreditation, and support mechanisms.   
59 At CERN the position of the “themes” is occupied by the experiments ALICE, ATLAS, CMS and the Theory group. 

Each of these elects a leader. 

60 e.g. the South African Institute of Physics, SAIP 
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Elect who is learning the ropes of both strategy and operations. The example could be useful for 

continuity of the long-term research required by NITheCS. 

In this Programmatic model, the Theme Leaders are not long-term staff. The workload placed on 

Theme Leaders therefore should be designed to be reasonable, even though they bear high 

responsibility.  

Theme Leaders may have divergent financial models, depending on the national needs of their fields 

and potential impact areas. Models across themes must be flexible. Industry incentives may be 

appropriate within themes. Care has been taken in developing the Programme structure model to 

avoid the development of silos among themes. A loose structure is recommended for the themes. A 

model in which a new theme can “dock in”, or an existing theme can “dock out”, should be envisaged.  

 Some themes will make considerable use of CHPC facilities, and very good agreements with CHPC 

are required. 

Please note that: 

1. The landscape is not the same in the different themes. 

2. Key Performance Indices should be co-developed by NITheCS and  the community of practice 

for each Theme.  

6.5.3 Advisory Board 

The Advisory Board is not executive, but makes powerful recommendations. Those people on it are 

distinguished scientists; they have scientific influence, and they act as ambassadors for the institute. 

There are also influential thought leaders in, for example, industry. The members of the Advisory 

Board are champions for science and innovation and are passionate about their roles. This board 

includes the Director, ex officio, and the Portfolio Leaders for research, training and engagement, ex 

officio, called when required. 

The Advisory Board is responsible for strategic scientific directions, the quality of science at the 

institute, strong values for the institute, transformation in the knowledge and industry contexts, South 

African needs and research, training and engagement strategies. The Advisory Board should prevent 

the institute from wandering off the scientific mission.  

The Advisory Board makes recommendations to the Steering Committee. It meets quarterly. 

6.5.4 Director and Management  

The Director should be extremely high profile, and should live the vision of the institute. The Director 

will be responsible for the welcoming atmosphere in the institute, especially for students.  The 

Director should have the stature that defines the institute and attracts scientists to it. The prospective 

student will be asked – “Why are you going there?”. For the leading institutes of the world, the answer 

is usually along the lines of “Because that’s where Jane Goodall works”, or “It’s the best”. 

An excellent manager is vital. In addition to the usual management responsibilities, the Manager will  

assist in building and maintaining the welcoming character of the institute and its prestige. 

In accordance with the vision, mission, and aims, the structure is then organised around the Portfolios 

of Research, Training, and Engagement, and Management, as shown below. Management functions 

should include fund raising as well as programme support and the necessary HR and financial support.  
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Figure 14 Directorate and management within the Programmatic model 

6.5.5 Management Committee  

The Management Committee deals with operations, detailed finance, and decisions on day-to-day 

issues. 

6.5.6 Programme Committees 

Each programme will be run by a scientific committee, whose duties include equitable selection of 

participants on the basis of their applications. 

6.6 Staffing 

Long-term appointments on the staff could make use of prestigious Joint Appointments, secondments 

of 3 to 5 years, SARChI chairs, secondments through existing Centres, or buy-out of time. It is 

important that joint appointments or secondments bring advantages to the home institution, in terms 

of more research or training or engagement for the home institution, possibly subsidy, and, not least, 

glory. 

"The appointment of researchers allows for the broadening of the scope of research under a general 

field of research at Institutions where nodes are placed, and also allows for increased regional capacity 

for support of associates' driven initiatives."   Appendix H 

At the end of an appointment, secondment or buy-out, an individual should be able to return to 

his or her home institution without loss of seniority, evaluation points, or opportunity. Negotiations 

with home institutions, with the help of DSI, would be advantageous to all parties. 

The EWG is concerned that the salary component in an institutional budget, under present 

circumstances in any project or programme funding in SA, is inclined to outgrow its host, putting 

pressure, in this case, on funding for  students, associates,  interns, grants and programmes.   

Director

Research Training Engagement Management

Fundraising

Finance

HR

Programme
support
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Figure 15 Sketch illustrating salary pressure on the budget of a theoretical institution. Numbers 

illustrate typical growth rates of budget items at present 

Part of the intention of the programmatic approach is to keep the initial employment budget relatively 

low for the establishment phase. The other solution is to find new funding sources for salaries and for 

the balance, recognising that this is easier said than done. 

 Post-doc, doctoral and intern appointments are essential. 

6.7 Alliance model 

 A close consortium with a university or universities, or a national facility, may be sought. Experience 

has shown that that it is unhelpful to the institute’s aims to be perceived to be dominated by one 

university, since the profile that is conveyed is no longer one of national engagement or service to the 

scientific community across the nation. An alliance model, can, however, be constructed. A good 

working example is provided by IDIA, the Inter-university Institute for Data-Intensive Astronomy, with 

SAAO, AIMS, UWC, UP, UCT and the DSI, as well as the company SAP61. 

6.8 Strategic location 

A strategic physical location for the institute must be  neutral, and capable of hosting programmes. 

 Dedicated space is needed for the institute to collect people and establish an identity. There is also 

space in multiple universities or institutions.  

At least one building is needed to provide a home for the institute. Universities and National Facilities 

could be invited to bid for the provision of a home for this new National Institute. There is also space 

in multiple universities.  

It is important to preserve the neutral, national, aspect of NITheCS, while having the advantage of 

being surrounded by a stream of students generating a buzz. 

 A vibrant student atmosphere is important to support a high level of transformation. 

The advantages of siting NITheCS in or near a university partner include the student pipeline, shared 

investment, and integrity, but a risk is that the national institute is perceived as belonging to the 

university. University “closeness” is an advantage and the presence of university representatives on 

decision-making bodies would be useful.  

A national facility provides a neutral location, but does not necessarily provide the stream of students 

that is sought. 

                                                           

61 https://www.idia.ac.za/about-idia/ 

https://www.idia.ac.za/about-idia/
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Other suggestions are: 

 the Innovation Hub,  

 on the perimeter of a partner university, or 

 near AIMS 

 the opinion has been offered that: “Given South Africa’s history, there will always be questions 

raised about where the new Institute is located. I think that one should plan on a highly 

delocalized system with research groups being located at various different universities and 

national laboratories”. 

6.9 The Programmatic Process 

Broad funding calls would be issued over the web for applicants who wish to organise or host research 

and training programmes. The calls are based on projects determined by the governance structure 

described above. Prospective programmes may be investigated in preparation, for example by interns.  

Researchers and students would apply on the web for grants or funding to attend training 

programmes, or would cover costs of time, travel and accommodation from their own sources. 

Decisions are taken through the governance structure below, emphasising equity, and taking care not 

to favour research-heavy institutions but to build capacity at HDUs. Scholarships should be available 

across different institutions. Leveraging funding for programmes is mentioned below. 

6.10 Funding, sustainability, and phasing 

A multi-themed approach does offer broader funding sources, but critical mass in some fields must be 

developed.  

Sources of funding fall into broad categories: 

 the strategic long-term anchor, DSI-NRF 

 leveraged national  funding: CoE and institute collaboration, Joint Appointments, 
secondments, SARChI chairs, secondments through existing Centres, NRF instruments 

 private sector funding, particularly for attractive programmes, visitors, etc. 
 

Building the structure around programmes provides good offerings to attract international investors.  

 It is highly likely that different themes will be able to attract private sector funding on different 

scales, and that funding for themes will become disparate. There are at least three risks.  

 The first is that the basic science themes would be allowed to dwindle on the basis of their 

attractiveness to the private sector, in comparison with themes that are in direct contact with 

industry; Data Science and Quantitative Finance are examples of vigorous young fields which are 

attracting investment. An example in which this has occurred is policy over the previous decade in 

which some basic sciences became vulnerable, while applied sciences were fostered. 

Allowing vulnerable sciences is counter to the fundamental intention of the Institute, in terms of 

fostering the basic sciences as the necessary foundation for science, engineering and technology.  

 The second risk is that consultation would dominate the ability to perform research in theory and 

computation in the themes. This problem has already been encountered in ESM and Climate Change 

Modelling, where there is a ready demand for consultation services at the CSIR which overwhelmed 

the urgent endeavour to provide the basic modelling infrastructure of an African ESM, and led to the 
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migration of the research capability to the GCI (Global Change Institute). If the research environment 

is not guarded rigorously, similar problems will develop at NITheCS.  

 The third challenge is the management of an income gap between themes. Private sector income 

usually comes with specific deliverables, and is not discretionary. Once again, the evaluation of themes 

must not suffer on the basis of close links to the market in some themes, and indirect links in others. 

An example is Statistics; the urgent endeavour must be to rebuild research capacity, and this aim must 

not suffer on the basis of one-size-fits-all evaluation. 

In the short-term, phasing may be considered to work towards a fully-functioning structure. Sustaining 

a long-term institute within the MTEF has proved to be difficult, and is likely to recommend that in the 

long-term, the institute would work towards a more enduring status within the DSI structures. 
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7 Risks and mitigations 

7.1 Insecure or diminishing anchor funding 

In any institute of this for the major risk is funding. It has been emphasised that very different uptake 

or delivery routes exist for impact in different disciplines. Some of these are rapid (such as uptake of 

fintech), while others involve commercialisation, regulatory approval, or policy uptake by government 

departments. A viable case for the involvement of private partners can be made for each theme, 

noting that long-term stability is the key for basic sciences. 

 DSI curates technology  and science, including Basic Science, for national needs. It is the anchor 

client for this national institute.  

7.1.1 The CoE instrument  

Section 1.3 notes that NITheP was intended to fall under a governance and legal framework similar to 

those of National Facilities within the NRF. National Facility funding at that time did not envisage that 

a National Platform could consist only of people, without  major capital or running costs. Therefore, 

in the absence of an appropriate funding instrument already in place at NRF, NITheP was placed in the 

CoE category. It is noted above that this was a major cause of damaging uncertainty in both funding 

and lifetime of NITheP.  

 There is a real risk that the same problem could reoccur for NITheCS. 

 It is recommended that the best way to solve this problem is to formulate an instrument for a 

nationally functioning Platform of People. 

 

7.1.2 Timelines 

Sustaining a long-term institute within the MTEF has been shown to be difficult. NITheCS is likely to 

operate on 3-year approvals from the Medium-Term Expenditure Framework (MTEF).  

 It  is recommended that in the long-term, NITheCS would work towards a more enduring status 

within the DSI structures. One method is to operate on a 5-year timeline through the Estimates of 

National Expenditure (ENE) Framework. 

7.1.3  What priorities exist when constraints are imposed by funding? 

For a successful Institute, some items are at the top of the priority list. In a perfect world there would 

be funding for everything; in an imperfect world there is partial funding. In this case, we need a plan 

as to what to prioritise; cuts should not be made randomly.  

The priorities are these. 

 Prioritise South Africa over Africa 

 Prioritise transformation/human capacity development 

 Decent student grants  
o If science is to become a career of choice, it must be recognised that students have 

family obligations that affect career decisions 

 Travel grants 
o Whatever the form of the Institute, it is absolutely necessary for scientists and 

students to interact face to face in a stimulating environment. 
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 A Director 
o The overall Director must hold international scientific respect, and have a talent for 

dealing with people, both staff and students, in turbulent times 

 The leaders of themes must have standing in their fields, and be willing to seek mutual 
benefits across fields.  

 

There is the need to weigh the cost of faculty, and the impact this will have, versus workshops and 

teaching buy out, and the impact this will have. 

7.2 The multi-theme approach 

There is a risk that a broadly themed entity may dilute the science produced, to the extent that the 

initiative fails. This may occur through various causes, including through pressure on limited resources 

and funding, or internal dissention. 

Strategies for coping with the diverse theme question will be found in section 5.3. Those that have 

been put forward are: 

1. Manage the institute though the portfolios of Research, Training and Engagement, which 
unite, rather than divide, themes.  

2. Adopt a set of principles and guidelines specifically for this problem. 
3. Place the Theme Leaders together at the strategic level, in the Steering Committee.  
4. Foster respect for the Advisory Board’s advice on strategic scientific directions, quality of 

science, strong values, and transformation. 
5. Use the principles in Section 5.2 of inclusivity, impartiality and transparency. 
6. Foster a science culture in which decisions are made on a sound scientific basis. 
7. Identify fertile areas of mutual interest as focus points. 
8. Design for success with phased implementation. 
9. Use Founders’ Agreements and well-managed collaborative agreements with existing 

entities. 
 

7.3 Theme disparities in funding 

Section 6.10 above shows the origin of three risks to themes (and focus points). 

1. Basic Science themes may be allowed to dwindle on the basis of their attractiveness to the 
private sector, in comparison with, or competition with, themes that are in direct contact with 
the private sector.  

2. In the quest for funding, consultation may come to dominate the ability to perform research 
in theory and computation in the themes.  

3. How is private sector income managed between themes? Private sector income usually comes 
with specific intentions, contracts, or deliverables, and is not discretionary. 
 

Examples have been given in Section 6.10 showing that these risks are real. The following  mitigation 

steps are advised. 

1. DSI curates technology and science, including Basic Science, for national needs. It holds 
responsibility for protection of the Basic Sciences in NITheCS. 

2. It is recommended that the Advisory Board should be explicitly tasked to monitor the health 
of the Basic Sciences and theoretical and computational research, and to act to protect the 
science and research agenda. 
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3. Similarly, the Director, Manager and Fund-raiser must be made aware of this concern, and be 
tasked with implementing the protection of the Basic Sciences and theoretical and 
computational research. They are responsible for contracting for the best success of NITheCS 
in fulfilling the vision, mission and aims. 

4. Themes should be engaged in developing their own appropriate performance indicators and 
proxies. The Director and Manager should respect the differences between themes. 

 

7.4 Finding the right Director 

A Director with scientific stature is needed to make NITheCS the Institute of Choice. The Director 

should be knowledgeable in the South African situation, and should have the interpersonal skills to 

set up a warmly welcoming African institute.  

The percentage of women is low in the fields in NITheCS. One of the primary factors observed globally 

is a leader who will be proactive on behalf of women, a leader with whom difficult issues can be raised, 

and one who will find ways of addressing concerns in a way that benefits everyone in the workplace. 

7.5 Good intentions, difficult implementation 

The EWG recognises that it will take determined effort and significant resources to meet the vision 

that has been set out.  

7.6 SA falls behind 

Balancing the detailed risks for NITheCS is the risk that South Africa loses its competitive edge in 

scientific innovation as the world moves ahead. Section 8.12 includes a discussion. 
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8 Conclusions 

8.1 Alignment with strategy 

The proposed NITheCS has been considered in terms of Africa, South Africa and the NSI, and global 

science. It appears to fit the strategic case unusually well, because it serves the fundamental 

knowledge base. It produces both research capacity and highly skilled critical thinkers, who are known 

to enter the economy after their studies. The themes have each been associated with major 

disruptions in global thought or socio-economic conditions. They are bound together by their common 

use of mathematics and massively complex data-laden challenges. 

The proposal to found such an institute came several months before the Presidential initiative to 

understand and exploit the Fourth Industrial Revolution to South Africa’s advantage, and will provide 

experts who understand the scientific foundations of 4IR. It has been said that the best approach a 

country can take to prepare itself for disruptive change in technology is to foster its basic science 

capability.  

8.2 What is the role of NITheCS in 4IR? 

Like all massive technological disruptions, 4IR originated in research and innovation in basic sciences, 

applied sciences, and engineering. It is part of the role of NITheCS to provide scientific advisors. 

1. If nobody understands 4IR scientifically, misconceptions predominate among decision 

makers. 

2. Don’t get left behind. South Africa needs prosperity and therefore must have the knowledge 

to increase its competitiveness in global terms. 

3. How do we find a way for our solutions in Africa and South Africa? An institute with an 

African character and high-level science is perfectly positioned to provide foresight. 

4. NITheCS should make its scientists available as experts to socio-economic strategic planning 

groups, and ask them to bring back the geopolitical picture to guide thinking. 

8.3 What is the urgency? 

We cannot wait for some spare time to deal with climate change, 4IR, protecting the stability of SA’s 

largest industrial sector in finance, threats to biodiversity, or exploitation of our massive scientific data 

beyond SA’s borders. We can use scientific enterprise to advance South Africa’s prosperity and 

international standing. 

8.4 The scientific case for each theme 

A scientific case has been established for each theme. The listed themes are already overlapping in 

many instances and new collaborations can be developed. There is a good scientific case for these 

disciplines to work together, and additional interactions will develop within the new entity.  

Key messages are shown in Table 3 and Table 4, in a succinct and coherent form. Since this is an 

abbreviated visualisation across eight questions and eight themes, the style is necessarily telegraphic, 

and the reader will find references to sections where the meaning is unpacked. 

For the science case, Table 3 shows strategic issues, benefit and impact (both for the nation and for 

the field), five key recommendations or high-level comments, fundamental questions or gaps, and 
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collaborative opportunities arising from NITheCS. Each theme representative was also asked: In your 

thematic domain and context, what makes sense for NITheCS?  

Theme representatives were also asked: How can  NITheCS be used to strengthen Research capacity 

and HCD? This information is provided in Table 4. The institutional context in South Africa and 

internationally is shown in this table. There are strong collaboration partnerships already in existence 

with the institutions named, and others could be formulated and initialised through NITheCS.  

8.5 Benefit and impact 

 



86 
 

Table 3 Summary of the science case across the themes, science content 

Theme Strategic issues and benefit, impact Recommendations, Gaps, Focus 
points 

What makes sense for NITheCS? 
Collaborative opportunities arising 
from NITheCS  

Mathematics Strategic Issues: 
1. Increased Inclusivity of Maths in 

Scientific community 
§3.2.1 
 
Benefit and impact: 
1. Positioning SA in terms of 

research achievement 
2. Enabling computational 

achievement in science and 
engineering 

§3.2.1 
 

Focus Points: 
1 . Machine learning in Mathematics  
2. Image processing 
3. Turbulence 
4. Algorithmic models in CFD 
5. Cryptography 
6. Topological Data Analysis  
§3.2.2 

NITheCS: 
Position NITheCS for Computational 
Mathematics  
§3.2.1 
Collaborative Opportunities: 
Theoretical Physics 
Earth Systems modelling: CFD, 
turbulence 
Data Science: Machine learning in 
Mathematics 
Topological Data Analysis 
§3.2.3 
 

Statistics Strategic issues:  
1. Acknowledged shortage of 

adequately trained statisticians 
2. Statisticians need to understand 

modern data sciences 
3. "Statistics as usual” is 

inadequate for big data 
§3.3.3 
 
Benefit and impact: 
1. Rebuild research capacity 
2. Statisticians fill key national 

policy roles 

Kay Recommendation: 
Emphasise research capacity 
development. 
1. Specific funding for a key 

science component to address 
national needs 

2. Advocate importance of skill 
mix 

3. Value interdisciplinary work and 
tools development 

4. Upskill statisticians in 
computing 

5. Fund hackathon activities 
§3.3.2 
 

NITheCS: 
NITheCS should provide the 
statistics community with resources 
to conduct cutting-edge research 
and the opportunity to interact with 
scientists and data scientists 
§3.3.4 
 
Collaborative Opportunities: 
Data science + SKA + MeerKAT 
Develop Statistics for big data 
Link statistics and Data Sciences for 
academia, industry and government 
§3.3.3 



87 
 

Theme Strategic issues and benefit, impact Recommendations, Gaps, Focus 
points 

What makes sense for NITheCS? 
Collaborative opportunities arising 
from NITheCS  

3. Statisticians to fill requests for 
in-service training for physicists 
and others 

4. Provide cutting-edge statistical 
training 

5. Link statistics and Data Science 
for academia, industry and 
government 

§3.3.5 

Theoretical Physics Strategic issues: 
1. Exploit investment to date 
2. Increase research capacity and 

capability  
3. Hold and increase international 

profile 
4. Full engagement in SA 
§ 3.4.1 
Benefit and impact: 
1. Enhanced quality and impact of 

publications 
2. Major discoveries 
3. A transformed and functioning 

graduate pipeline 
4. Engagement in outreach with 

schools 
5. Public understanding of science 
6. High economic multiplier 
§3.4.5 

Key recommendations: 
1. Increased research capacity and 

high quality capability 

2. Continually growing 

engagement  

3. Maintenance and development 

of strong international linkage 

4. Integration of physics education 

into physics teaching and 

learning 

5. Co-development of curricula in 

the context of Africa, sharing of 

teaching materials  

§3.4.3 
Focus Points: 
1. High Energy Physics 
2. Space, Gravity, and Astrophysics 
3. Condensed Matter Physics 
4. Computational Physics 

NITheCS: 
1. Solid platform in theoretical and 

computational physics to 
support national flagship 
scientific programmes such as 
iThemba LABS, SKA, SALT, SA-
CERN, SANSA,  SARAO, etc.  

2. Need for Big Data, deep 
learning, AI, quantum 
information theory, quantum 
computing, to investigate data 
sets with billions of pixels of 
data 

§3.4.1 
Collaborative opportunities: 
Data Science and machine learning 
with data-intensive high energy 
physics and astrophysics 
§3.4.4  
Mathematics with Theoretical 
physics 
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Theme Strategic issues and benefit, impact Recommendations, Gaps, Focus 
points 

What makes sense for NITheCS? 
Collaborative opportunities arising 
from NITheCS  

5. Quantum Information; Atomic, 
Molecular and Optical Physics; 
Biological Physics; Materials 
Science; and Plasma Physics 

§3.4.3 

§3.2.2 
Statistics education for physicists 
§3.4.5.1 

Astronomy and Astrophysics Strategic issues: 
Align with National Strategy for 
Multi-Wavelength Astronomy 
 
Key success factors are 
1. Sufficient high-performance 

computing power and ICT 
expertise  

2. The need to capitalise on the 
investment in MeerKAT to 
ensure we play a leading role in 
SKA science 

3. Strengthening international 
science collaborations in theory, 
that are relevant to the key 
priority areas  

4. Increased research productivity, 
enhanced quality and impact of 
publications in theoretical 
modelling and simulation, 
following on greater funding for 
research groups. 

§3.5.1 
Benefit and impact: 

Recommendations: 
1. There is a clear need for a 

national platform in theoretical 
and computational astrophysics 
to support the science 
exploitation of SALT, MeerKAT 
and the SKA 

2. A strengthening of theoretical 
and computational astrophysics 
is needed in order to capitalise 
on the investment in MeerKAT 
and SKA 

§3.4.2 
 
Priority areas, National Strategy for 
Multi-Wavelength Astronomy: 
1. Cosmology 
2. Galaxy formation and evolution,  
3. Stellar and compact object 

astrophysics 
§3.5.3 

NITheCS: 
1. Astrophysical interpretation of 

observations from SKA, 
MeerKAT and SALT requires 
adequate theoretical and 
computational models 

2. Increased international impact 
of South African research likely 
to lead to added investment 

3. Extensive use of machine 
learning, benefit of interaction 
with data scientists with strong 
foundations in statistics 

§3.4.4 
Collaborative opportunities: 
1. Cross-disciplinary research in 

data visualisation and statistical 
inference for big data  

§3.5.2 
Collaborative opportunities with 

Data Science  
2. Time Domain Astrophysics and 

the intelligent Observatory 
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Theme Strategic issues and benefit, impact Recommendations, Gaps, Focus 
points 

What makes sense for NITheCS? 
Collaborative opportunities arising 
from NITheCS  

1. Increased international impact 
by South Africans 

2. Interaction with NASSP 
beneficial especially in terms of 
transformation 

§3.5.5 

3. Machine learning in 
Astrophysics / Data Fusion of 
complex data sets 

4. Computational Astrophysics – 
dynamical simulations 
supporting SKA science 

§4.3 
 

Earth System Modelling (ESM) Strategic issues: 
1. Climate change is the biggest 

environmental challenge ever 
faced by human kind.  

2. There are no African-based 
ESMs (Earth Systems Models) or 
GCMs (Global Climate models). 

3. Development of ESMs requires 
multi-disciplinary research  

§3.8.1, §3.8.2 
Benefit and impact: 
1. ESM development is powerful in 

fostering multi-disciplinary 
research  

2. Develop an ESM through an 
African and Southern Ocean 
lens 

3. Thereby provide valuable 
insights into likely impacts of 
climate change in Africa and 
globally, informing climate 

Focus points: 
1. ESM development 
§3.7.2 
 
Gaps: 
The effects of climate change on… 
1. Southern Ocean’s role in global 

carbon cycle 
2. Potential Marine Ice-sheet 

instability in Antarctica 
3. Agulhas current and Benguela 

upwelling systems  
4. Land-surface change in Africa  
5. Changing properties of cumulus 

convection and rainfall patterns 
in Africa  

6. Changing teleconnections of 
global modes of variability such 
as ENSO and SAM to Africa  

7. Regional atmospheric chemistry 
in Africa  

NITheCS: 
1. Unlikely that NITheCS will be 

able to function as an Earth 
System Institute with the 
hundreds of staff members 
required to build and maintain a 
state-of-the-art ESM 

2. NITheCS can contribute to the 
configuration of a national 
network of organisations 
contributing to the 
development of the first 
African-based ESM. 

3. NITheCS can host and point 
scientists targeted with specific 
contributions to the 
development or application of 
an ESM. 

§3.8.4 
 
Collaborative opportunities: 
Physics and Data Science 
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Theme Strategic issues and benefit, impact Recommendations, Gaps, Focus 
points 

What makes sense for NITheCS? 
Collaborative opportunities arising 
from NITheCS  

change adaptation and 
mitigation strategies. 

8. Tipping points in water security, 
the sustainability of agriculture 
and human health in Africa 

§3.8.3 

1. Algorithms and massive data in 
ESM 

2. Insuring vulnerable populations 
against catastrophic events: 
Quantitative Finance – Climate 
Change  

§4.2 
Computational Fluid Dynamics and 
Turbulence models 
§4.7 
 

Quantitative Biology and 
Bioinformatics 

Strategic issues: 
1. Develop Bioinformatics tools for 

biodiversity conservation 
(comparative genomics), 
invasive species and wildlife 
disease 

§3.6.3 
 
Benefit and impact: 
1. Expand National Bioinformatics 

Support Platform (BSP) with 
NITheCS for sufficient service 
provision of knowledge lacking 
for new users 

2. Data analysis for management 
of national biodiversity, to 
benefit the entire South African 
community  

Recommendations: 
1. Specific capacity for 

Bioinformatics to address 
national needs 

2. Support critical biology-based 
research programmes in 
“Farmer to Pharma”, e.g. Health 

3. Consolidate SA’s investment in 
research and infrastructural 
capacity for the bioinformatics 
community 

§3.5.2 
 

Focus points: 
1. Comparative genomics 
2. Gene complements of entire 

organisms 
3. Machine learning in large 

bioinformatics datasets 

NITheCS: 
NITheCS should provide 
bioinformatics support for 
researchers with large biological 
datasets, but who do not have the 
theoretical and computational 
science skills for analyses of this 
nature.  
§3.5.4 
 
Clear need for capacity and 
infrastructure development for 
NITheCS to play this role.  
§3.5.3 
 
Collaborative opportunities: 
1. Data science + statistics for 

bioinformatics 
§3.6.3 
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Theme Strategic issues and benefit, impact Recommendations, Gaps, Focus 
points 

What makes sense for NITheCS? 
Collaborative opportunities arising 
from NITheCS  

3. Contribution of HCD and 
research to national imperatives 
via health, agriculture, justice 

4. Developing businesses in 
precision medicine are reliant 
capacity in Bioinformatics 

§3.6.5 

§3.6.3 2. Data Science in bioscience 
3. Machine Learning in the 

biosciences 
§4.4 
 
 

Data Science in Quantitative Finance  Strategic issues: 
1. Stability of the SA financial 

sector 
2. Readiness of the SA financial 

sector for disruptive technology 
3. Management of financial risk 
4. There is a serious need that 

data between banks and 
insurance companies should be 
shared world-wide to address 
pertinent risk issues 

5. Early detection of cybercrime  
6. Access to financial services is 

essential to development 
efforts. In SA, financial inclusion 
of the majority of the 
population remains below 
potential  

§3.7.2 
Benefit and impact: 
1. Relevant research and relevant 

skills to improve the stability of 

Recommendations: 
1. Identify key risk technologies to 

safeguard the financial industry 
against potential threats 

2. Identify key Fintech 
technologies that could 
potentially disrupt the financial 
industry (e.g. blockchain) 

3. Establish which global 
databases may be analysed and 
exploited to the advantage of 
the local financial industry 

4. Establish relevant pooled data 
bases 

5. Create innovative ways of 
inclusion of the entire South 
African population in the 
finance sector. 

§3.7.3 
 
Focus points: 
1. Risk analytics: decision models 

for climate change, regulator 

NITheCS: 
NITheCS brings together 
mathematical and computational 
science know-how that is the basis of 
the Data Science in Quantitative 
Finance thematic area. 
Build on, and expand, the DSI 
Applied Risk Research Programme 
(ARRP).  
The framework developed by ARRP 
could be easily adapted /improved 
to cater for Data Science in 
Quantitative Finance (DSQF) focus 
areas.  
§3.6.4 
 
Collaborative opportunities: 
1. Insuring vulnerable populations 

against catastrophic events: 
Quantitative Finance – Climate 
Change  

§4.2 
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Theme Strategic issues and benefit, impact Recommendations, Gaps, Focus 
points 

What makes sense for NITheCS? 
Collaborative opportunities arising 
from NITheCS  

the South African finance 
industry 

2. Understand and reduce risk 
specifically in SA 

3. Exploit Fintech in SA 
4. Improve inclusion of all people 

in the financial services sector 
§3.7.5 

scrutiny, risk of systemic 
collapse of national banking 
system, safeguard against 
extreme loss, real-time GRC, 
early detection of cybercrime 

2. Pooled financial databases: 
scaling for SA, test database for 
robo-trading in SA 

3. Real-time fraud detection 
4. Fintech: tech readiness for 

blockchain, Bitcoin, peer-to-
peer trading  

§3.7.2 

2. Machine Learning in 
Mathematical Finance 

§4.6 
 
 

Data Science Strategic issues: 
1. “Everything about science is 

changing because of the impact 
of information technology and 
the data deluge”: Jim Gray 

2. Articulate a vision for where the 
field might be in 10-15 years; 
identify steps to realize vision 

§3.9.1 
 
Benefit and impact: 
1. Data science is a field with 

enormous potential socio-
economic impact.  

§3.9.2 
 

Recommendations: 
1. Support activities that generate 

enormous data sets: SKA and 
the SA-CERN consortium, etc. 

2. How should knowledge from Big 
Data analysis be used in real-life 
applications?  

3. Develop undergraduate data 
science curricula, and post 
graduate research, at PDIs 

§3.9.2 
 
Focus points: 
1. Determine core competencies 

and skills required to support 
the data science requirements 
of NITheCS  

NITheCS: 
1. Data Science can be positioned 

in NITheCS at the intersection of 
all the other data driven 
research (Fig 5) 

2. Industry partners should feel 
some ownership of NITheCS 
activities (funding, industrial 
competitiveness) 

3. Possible focus on socio-
economic development 

§, §3.8.4 
 
Collaborative opportunities: 
1. How does deep learning work? 

§4.1 
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Theme Strategic issues and benefit, impact Recommendations, Gaps, Focus 
points 

What makes sense for NITheCS? 
Collaborative opportunities arising 
from NITheCS  

2. Standards and best practices in 
the acquisition, storage, 
maintenance and curation of 
research data in South Africa to 
ensure ethical, privacy and 
security requirements 

3. Requirements for postgraduate 
research level for researchers 
involved in data-driven projects 

4. Develop ways of utilizing the 
rules and principles of 
Mathematics and Statistics in 
Big Data mining and 
interpretation 

5. How should knowledge from Big 
Data analysis be used in real-life 
applications?  

6. How does deep learning work? 
§4.1 

§3.9.3, §3.9.5 

2. Support activities that generate 
enormous data sets 

3. Explore South-south 
interactions and possible high-
level collaboration with China. 

§3.9.2 
It Is noted that Data Science draws 
together the themes and articulates 
between them. 
 
 

Notes to the table 

Italics indicate section numbers 

Potential collaboration has been marked as “strong” in some cases. This means that a strong potential collaboration became evident during the work of the 

EWG. It does not mean that the potential for other collaborations is not strong.  
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Table 4 Summary of the science case across the themes, research capacity building and HCD, and institutional landscape 

 

Theme Strengthen research capacity National institutions and potential 
collaborations 

International institutions and 
potential collaborations 

Mathematics Provide fundamental research 
opportunities 
§3.2.3 

AIMS – strong 
CHPC – strong 
CoE-MaSS 
Universities 

The Fraunhofer Institutes 

Heidelberg Interdisciplinary Centre 

for Scientific Computing (IWR) 

Statistics 1. Repair the HCD pipeline 
2. Rebuild key research capacity 
3. Develop new methods needed 

for Data Sciences 
§3.3.4 

National Graduate Academy for 
Mathematical and Statistical 
Sciences  
The Teaching Development Grant 
National Collaborative Project:  
Strengthening Academic Staff 
Development in Mathematical and  
Statistical Sciences in South Africa 
Centre of Excellence – Mathematical 
and Statistical Sciences (CoE-MaSS) 
South African Centre for 
Epidemiological Modelling and 
Analysis (SACEMA) 
Institute of Chartered and 
Certificated Statisticians of South 
Africa (ICCSSA) 
CSIR Modelling and Digital Science 

The Canadian Statistical Sciences 
Institute (CANSSI) 
Fields Institute for Research in 
Mathematical Sciences 
National Institute of Statistical 
Sciences 
The Pacific Institute for the 
Mathematical Sciences (PIMS) 
Statistical and Applied Mathematical 
Sciences Institute (SAMSI) 
The Isaac Newton Institute for 
Mathematical Sciences 

Theoretical Physics Postgraduate bursaries National Institute for Theoretical 
Physics (NITheP)  

The Abdus Salam International 
Centre for Theoretical Physics 
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Theme Strengthen research capacity National institutions and potential 
collaborations 

International institutions and 
potential collaborations 

Continue valuable internship 
programme 
Postgraduate degree programmes  
Graduate student schools to 
increase retention from Honours to 
Master 
Continue Chris Engelbrecht Winter 
School 
Vigorous engagement 
School outreach  
Public lectures 
§3.4.5 

Aspen Center for Physics 
Kavli Institute for Theoretical Physics 
(KITP) 

Astronomy and Astrophysics HCD and transformation play a 
critical role in the training of the next 
generation of scientists.  
 
Build on the successes of the SKA 
human capital development 
programme and NASSP. 
 
The development of a community of 

theoretical and computational 

astrophysicists should go hand in 

hand with a postgraduate capacity 

development program.  

§3.5.4 

 

National Institute for Theoretical 
Physics (NITheP)  
African Institute for Mathematical 
Sciences (AIMS) 
Inter-University Institute for Data 
Intensive Astronomy  (IDIA) 
 

The Abdus Salam International 
Centre for Theoretical Physics 
Aspen Center for Physics 
Kavli Institute for Theoretical Physics 
(KITP) 

Earth System Modelling NITheCS can host and point 
scientists targeted with specific 
contributions to the development or 
application of an ESM. 

Global Change Institute (GCI), 
University of the Witwatersrand - 
strong 

CSIRO, Australia 
ECMWF, EU 
GFDL, USA 
IITM, India 
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Theme Strengthen research capacity National institutions and potential 
collaborations 

International institutions and 
potential collaborations 

§3.6.4 
 

Southern Ocean Carbon and Climate 
Observatory (SOCCO) of the CSIR 
Applied Centre for Climate and Earth 
System Studies (ACCESS)  
CSIR Climate and Air Quality 
Modelling Group 
SAWS atmospheric model 
development Group 
University of Pretoria – Department 
of Geography, Geoinformatics and 
Meteorology (dynamic meteorology) 
 

INPE, Brazil 
JAMSTEC, Japan 
JMI, Japan  
MeteoFrance, France 
NCAR, USA 
NCEP, USA 
UKMO, UK 
 

Quantitative Biology and 
Bioinformatics 

1. Provide upskilling for new users 
2. Cater for a broad range of 

mathematical applications  
§3.6.4 

SANBI 
Stellenbosch U/Tygerberg Hospital 
Wits Bioinformatics 
Bioinformatics and Comp Bio FABI  
KRISP UKZN 
RUBi Rhodes University 
People embedded in projects at ARC, 
CPGR, Pretoria Zoo  
Potentially U. Limpopo, CPUT 

EMBNET 
Welcome Sanger Institute, UK 
The European Bioinformatics 
Institute 
The National Center for 
Biotechnology Information 
Swiss Institute of Bioinformatics 

Data Science in Quantitative Finance  1. Build core competencies and 
know-how 

2. Interact with industry on the 
identification of the key 
research focus areas and 
problems 

3. Build on and expand the DSI 
Applied Risk Research 
Programme (ARRP). 

§3.7.4 

DSI Applied Risk Research 
Programme (ARRP) – strong 
Centre of Excellence in Financial 
Services (COEFS) 
CoE-MaSS 
AIMS 
African Institute for Financial 
Markets and Risk Management 
AIFMRM (UCT) 
Centre for BMI (NWU) 

Risk Analytics: 
ETH Risklab in Zurich 
Volatility Lab at the Stern Business 
School, New York 
Mathematisches Forschungsinstitut 
Oberwolfach (MFO), Germany 
 
Composite Data Bases: 
ORX data base 
SAS OpsRisk Global Data 
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Theme Strengthen research capacity National institutions and potential 
collaborations 

International institutions and 
potential collaborations 

Wits Data Science Institute 
 

GCD Data Base of Global Credit Data 
Historical Intraday Data Bases 
 
Fintech: 
JPMorgan Chase campus for 
Financial Technology, Silicon Valley 
 

Data Science Target existing or new programs to 
develop data science curricula, at the 
undergraduate level, and research 
into data science at the post 
graduate level, at PDIs.  
Provide mechanisms for research 
partnerships between existing 
research activities and PDIs. 
§3.9.2, §3.9.4 

CHPC 
IDIA: Inter-University Institute for 
Data-Intensive Astronomy 
Data Science institute at 
Stellenbosch 
Wits Data Science Institute 
 

Centre for Data Science, University 
College, London, UK 
The Alan Turing Institute, UK 
The Stanford Institute for Human-
Centered Artificial Intelligence, USA 
Berkeley Artificial Intelligence Lab, 
USA 
The Wadhwanai Institute for 
Artificial Intelligence, India 
 

Notes to the table 

Italics indicate section numbers 

Potential collaboration has been marked as “strong” in some cases. This means that a strong potential collaboration became evident during the work of the 

EWG. It does not mean that the potential for other collaborations is not strong.  
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It is concluded that there is an excellent scientific case for NITheCS. There are many instances in which 

collaboration will take place in the envisaged supportive environment, even without the formulation 

of specific focus points. It is concluded that the proximity of the theme practitioners is likely to build 

valuable collaborative outcomes and outputs. These contribute to socio-economic impact as well as 

to academic impact. 

8.6 Collaboration Relationship management 

All themes already have relationships nationally and internationally, and the relevant national and 

international entities have been listed in Table 4.  

8.6.1 How would competition be managed? 

Collaboration opportunities are abundant, but it is probable that in some instances, competition 

would develop. The members of the EWG have therefore proposed focus points for NITheCS, which 

are needed and are impactful, but are either the subject of a healthy collaboration, or are outside the 

scope of competing institutes. An instance of the latter is the suggestion that NITheCS should position 

itself in Computational Mathematics, in which field it can make very useful contributions, and involve 

the mathematics community of practice more closely, without overstepping the scope of existing 

entities. An example of the former collaborative scheme is that of astrophysics, which has a firm 

strategy to underpin the results flowing from SKA, MeerKAT and SALT with excellent theory and 

simulation. 

8.6.2 Big teams and single authors 

The physics and astronomy communities are adept in working in teams of several thousand authors, 

and in teams of teams.   While collaboration yields dividends, it must be firmly recognised that many 

theoretical science topics are best addressed by a single author or a very small team. 

8.7 Computational requirements 

It is of the first importance that NITheCS should set up a good Founder’s Agreement with CHPC, since 

a large part of the role of NITheCS is in massive, data-loaded simulation and computation. 

8.8 Structure 

The first conclusion is that NITheP itself has brought great value to South Africa and to theoretical 

physics, and that any future plan should capitalise upon this national investment. The best practices 

and principles learned from NITheP should be taken forward. 

Benchmark models from the eight themes have been considered, and a set of different structural 

possibilities has been investigated. Good institutional models from the themes have been considered. 

The EWG set up a methodology in which steps were taken to explore the vision and mission of 

NITheCS. This allowed the aims of the institute to be articulated, and functional requirements, 

interface requirements, and constraints could be formulated.  

A Make-or-Break issue was encountered  in that the diversity of the themes to be managed may itself 

lead to failure. Mitigating actions include managing the institute though three portfolios of Research, 

Training and Engagement, adopting specific principles to guide management including decisions made 

on a sound scientific basis, placing the Theme Leaders together at the strategic level with the guidance 
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of a respected Advisory Board, and making collaboration attractive. If necessary, phased 

implementation could be used. 

8.9 Programmatic model 

Given these considerations, the EWG converged on a Programmatic model as the most appropriate 

model for NITheCS. It is based on the vision, mission, and aims established. The programmatic model 

has been shown by KITP to be a model capable of providing the required high standard of research 

and training, when used well. Engagement has been set at the same level of management as research 

and training, because of its importance in an African institute. 

Research programmes are designed to promote the convergence of scientists and students on an 

institute venue, for a designated period, to work together on focus points of interest. Guidelines have 

been provided. In addition, various kinds of research grants may be made. The NITheP Associate 

network is very valuable, and should be retained and expanded.  

Training is aimed at achieving equitable participation for all communities in SA, establishing the 

pipeline, undergraduate to postgraduate to postdoc and/or early career, and supporting HDUs. 

Training programmes are directed primarily at post-graduate students, although training may be 

provided for researchers, post-docs, and, in the future, schoolteachers. The student has a home 

university with which she or he is registered, for which there must be value addition. Student training 

may include Master’s courses, specialised courses and upskilling (e.g. machine learning), a visit with a 

supervisor, or training on relevant techniques and skills not offered at a home university with which 

the student is registered. Enablers has been recommended for bursaries. 

The recommended governance structure includes an Executive Authority, a Steering Committee, and 

a powerful Advisory Board of distinguished scientists and thought leaders. The Advisory Board should 

prevent the institute from wandering off the scientific mission.  

Theme leadership is incorporated at the strategic level in the Steering Committee, which is charged 

with, among other duties, driving the themes and collaboration across the themes, and ensuring 

coherence across the Portfolios of research, training and engagement. In this Programmatic model, 

the Theme Leaders are not on long-term staff.  

A distinguished Director should be appointed, and, among other duties, is responsible for the 

welcoming character of NITheCS. Managers or leaders of Research, Training, and Engagement report 

to the Director, who is assisted by an excellent institute Manager with access to support in Fund-

raising as well as Finance, Human Resources and Programme Support staff (who may, or may not, be 

full time). A limited full time staff complement is advised, to mitigate the problem that salaries are 

likely to escalate at a higher rate than institute income. Recommendations on strategic location, the 

programmatic process, and funding and sustainability have been provided. 

8.10 Risks and threats 

A certain amount of risk analysis has been provided.  The EWG has not listed all possible risks, but 

within its scope has found three main risks. These are insecure or diminishing funding, complexity 

arising from the diverse multi-theme approach, and difficulties arising from disparities in theme 

funding.  
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8.10.1 Advice on how to manage risks and threats 

A discussion on the causes of these risks appears in Section 7, and more detailed recommendations 

have been provided in Section 7. It is noted that while the Applied Sciences are often directly 

connected with the economy and therefore with private sector funding, the underpinning basic 

sciences need the protection of government when they are in peril. At each point of the discussion, 

examples have been given of cases in which the damage under discussion has actually occurred.  

In terms of diminishing funding, therefore, national government funding has been addressed first. 

The disadvantages of short-term funding for a long-term endeavour lead to a recommendation that 

a longer-term funding instrument for Platforms of People should be put in place. The lifetime of a 

theoretical and computational institute serving the needs of the nation should be comparable to that 

of a National Facility. Prioritization under circumstances of constrained funding is also discussed. 

To manage an institute with such diverse themes, the three pillars of Research, Training and 

Engagement are used to unite the themes. Theme leaders are placed in the Steering Committee and 

are representatives of the communities of practice rather than employees. Joint focus points should 

be made attractive. Much will depend on the atmosphere created in the institute and the attitudes of 

the Director and Manager, and key principles should be adopted. 

It has happened, when finances become constrained, that consultation and sales dominate the ability 

to perform research in theory and computation, and the research mission cannot be carried out. It is 

advised that DSI (as curator of Basic Sciences),  the Advisory Board, and the Director should be aware 

of this trap. Themes should not be required to conform to uniform evaluation in this respect, but to 

fulfil the institute mission instead. 

8.11 What benefits, synergies and economies of scale emerge? 

8.11.1.1 What is the role of NITheCS in 4IR? 

a) Provide scientific experts. If nobody in the country understands 4IR and its context scientifically, 

misconceptions predominate among decision makers. NITheCS should make its scientists 

available  to socio-economic strategic planning groups, and ask them to bring back the 

geopolitical picture to guide thinking. 

b) Research components of our solutions in Africa and South Africa.  

8.11.2 What synergies emerge? 

Sections 4 and 8.1, on potential cross-thematic focus points, give concrete examples of what could be 

accomplished when the themes work together, with adequate resources for these projects. 

Imagination is stimulated by both formal and informal conversations, and these are possible when the 

scientists concerned are brought into proximity. Conversations among members of the Advisory Board 

are likely to spark innovative concepts.  

8.11.3 What economies of scale emerge? 

Each of these themes is well positioned to spin off well-motivated additional requests for discipline-

specific institutions.  NITheCS is a more complex system than NITheP, and will require more time from  

management. However, it certainly provides one institute to manage instead of many, and simplified 

agreements between facilities (e.g. CHPC). It offers improved inclusion and linkages, and enhanced 

scientific coherence and coordination. 
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Economies of scale exist in science as well as in management. The collocation of the themes of 

NITheCS is likely to decrease the incidence of non-specialist work. It becomes easier to ask a 

mathematician for advice. More than this, it is hoped that a close relationship with Data Scientists will 

allow new methodologies to come into use fast. It has been noted above that much of traditional 

statistics teaching is simply inapplicable in big data applications, and the proximity of the statistical 

community will prevent embarrassing mistakes caused by ignorance of fundamental statistical 

concepts.  However, this will not work unless it is made attractive to help each other out.  

8.11.4 Summary of benefits and impact 

Individually, the proposed NITheCS fits the strategy of each area. In some cases, as in Astronomy and 

Astrophysics, it fits well-documented strategy. In others, it contributes a role in an existing strategic 

requirement, as in Earth Systems Modelling – since there is no African-based ESM, and NITheCS can 

play a coordinating role in gathering the necessary skills.  

All fields see NITheCS as an opportunity to increase and transform much-needed research capacity, 

using methods that have been tried and tested across the different disciplines. The exchange of best 

practice is beneficial, and experiences in each field become available to the others. Three outstanding 

examples are NASSP, the International Astronomical Union Office of Development, and the NITheP 

Internship programmes.  

All fields also state that access to high-performance computing power and ICT expertise is necessary, 

but all are engaged, in one form of another, in exploiting big data techniques and require access to 

colleagues who can guide and educate them from a sound Data Science knowledge base. 

In the field of Mathematics, there is a strategic necessity for increased inclusivity of Maths in the wider 

scientific community. The benefits in this discipline are better positioning of South African scientists 

in terms of research achievement, both in terms of academic impact, and in terms of indirect enabling 

of computational achievement in science and engineering – a factor that is often missing when applied 

scientists “go it alone” and work around mathematical problems. The mathematicians propose to 

position NITheCS to draw the community together through Computational Mathematics.  

In Statistics, the overwhelming strategic need is to repair the pipeline of adequately trained 

statisticians and rebuild research capacity. Other themes are enthusiastic in calling for cutting-edge 

courses tailored to their research needs, and the demand for graduates who can communicate across 

disciplines will lead to natural collaborations. However, it has become clear in this initiative that the 

fundamentals of statistics, as traditionally taught, are inadequate for Big Data applications, and there 

is a rich research area for statisticians here – particularly with the availability of domain specialists 

with massive data in finance, ESMs, physics, bioinformatics, and astronomy. 

It is known that there are not enough adequately trained statisticians  to fill the requirements of 

StatsSA. Repairing this omission has far-reaching impact, since national strategic and policy decisions 

depend on evidence obtained with sound methodology, for which the confidence limits are known.  

South African physicists are well-positioned for major discoveries in the near future through access to 

CERN and SKA, and through the recognised profile of NITheP, as well as in other key areas. Exploitation 

of this investment for raising the international profile is a strategic issue. However, the community 

has stated clearly that it sees NITheCS as an asset to be used to achieve faster transformation and 

enhanced quality in the graduate pipeline, as well as moving to the next level of engagement with the 

community. NItheCS enables increased international impact by the transformed community of South 

Africans. 
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Better fundamental theory and computation would enable South African scientists to exploit the data 

flowing from the astronomical observatories and the multi-messenger collaborations, since 

astrophysical interpretation of observations requires adequate theoretical and computational models. 

Increased international impact of South African research is likely to lead to added investment. 

Astronomy and Astrophysics benefit from extensive use of machine learning, interaction with data 

scientists with strong foundations in statistics, and cross-disciplinary research in data visualisation and 

statistical inference for big data.  

There are no African-based ESMs (Earth Systems Models) or GCMs (Global Climate models). This is a 

serious gap. Development of ESMs requires multi-disciplinary research, and while NITheCS cannot 

supply hundreds of dedicated scientists, it can contribute in forming the network. Building an African 

and Southern Ocean ESM will provide necessary insights into the probable impacts of climate change 

in Africa and globally, informing national climate change adaptation, mitigation, and cost strategies. 

Climate change affects those in poverty, and women, most seriously; the juxtaposition of climate 

change analysts and financial risk assessment experts could lead to innovative impact for Africa. 

Biodiversity conservation through comparative genomics demands new bioinformatics tools. South 

Africa and its neighbours are beset by invasive species and wildlife disease. Expanding the National 

Bioinformatics Support Platform (BSP) with NITheCS can provide sufficient service provision of 

knowledge lacking for new users, especially bioinformatics domain specialists with low computing and 

data interpretation skills. Management of national biodiversity benefits the entire South African 

community. There is an innovative business development sector in precision medicine, which is reliant 

on capacity in Bioinformatics. HCD in this field has potential cross-sectoral impact in health, 

agriculture, and, notably, justice.  

The new and growing field of Data Sciences in Quantitative Finance has potential impact in improving 

the resilience and stability of the South African finance industry, particularly in the 4IR context, 

through the ability to understand and reduce risk specifically in South Africa. Exploiting fintech in SA 

is likely to contribute to improving inclusion of all people in the financial services sector.  

In Data Science itself, the field is so new that it is necessary to articulate a vision as soon as possible 

for where the field might be in South Africa in 10-15 years and identify steps to realize that vision. 

Data science is a field with enormous potential socio-economic impact, and science is its birthplace. 

The Data Scientists are eager to contribute through other themes, as well as undertaking novel 

theoretical research on just why deep learning works so well. This field is potentially ground-breaking. 

8.12 Where should the DSI be focussing its effort and resources? 

8.12.1 Anchor funding 

DSI, as the department responsible for the scientific component of the NSI, is the anchor partner for 

NITheCS, which assists it in its role of protecting the basic elements in the science landscape. 

8.12.2 Specific Negotiations 

The assistance of DSI is requested in several specific negotiations for NITheCS to function well.  The 

major item affecting the success of NITheCS is that it is a long-term initiative in a short-term scheme. 

The assistance of DHET in moving institutes like this from the CoE framework to a long-term national 

asset status, analogous to a National Facility, would be of the greatest value. DSI could motivate for 

NITheCS to move from the 3-year to the 5-year budgetary approval time scale. 
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Several other negotiations arise. These include,  in section 6.3.7: 

 The way in which university credits would be managed, 

 Subsidy allocation for courses, and 

 The mechanisms by which, at the end of an appointment, secondment or buy-out, an 
individual could be able to return to his or her home institution without loss of seniority, 
evaluation points, or opportunity. 
 

DSI should hold a watchful position in terms of the balance of power between themes, as described 

in the risks in section 7.3, and should step in if the Basic Sciences are overwhelmed.  

 It should be noted that the DHET incentive scheme does not recognise papers with more than 100 

authors, and therefore excludes a significant fraction of the output of physics, astronomy, and 

astrophysics [4]. This increasingly affects bioinformatics and statistics. There are real effects on 

researchers in the field and it is not clear whether the CERN publications (including the Higgs 

discovery) or the astrophysics papers (including the first multi-messenger paper) are being included 

in the South African count, since universities are loath to submit papers that may be rejected.  

8.12.3 The strategic role for NITheCS 

“Innovation takes place within an ecosystem of multiple factors. Any factor 

missing from the innovation ecosystem can prevent new ideas from being 

generated or from evolving into viable commercial products” [27]. 

Several conclusions supporting the strategic influence of DSI appear from this study. The role of DSI of 

protecting and fostering the fundamental science landscape became very apparent in this study. It is 

easy for Basic Sciences to be outstripped in size, growth and sales by Applied Sciences. In the ecological 

balance of STI, those fields that are closer to markets may dominate those that deliver through an 

extended chain of development. Similarly, DSI is a curator of fundamental research, and therefore, of 

the pipeline of critical thinkers, in contrast to jobholders. DSI has the resources to set critical thinkers 

in place to observe South Africa’s response to climate change, disruption of the financial sector, and 

threats to biodiversity, and provide predictions, evidence, and mitigation strategies.  

DSI therefore has a vital role in South Africa’s competitiveness ratings. Not all economies approach 

their challenges in the same way; but competitiveness indices and rankings do provide insight into the 

factors that affect prosperity62. Figure Figure 16 SA's Indices and ranking in innovation capability 2018  

is an extract from the World Competitiveness Report.  

  

                                                           

62 https://www.imd.org/wcc/world-competitiveness-center-rankings/world-competitiveness-ranking-2019/ 

https://www.imd.org/wcc/world-competitiveness-center-rankings/world-competitiveness-ranking-2019/
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Figure 16 SA's Indices and ranking in innovation capability 2018 [27] 

DSI certainly has an influence on the quality of research institutions (row 12.08), and that is a primary 

role in the impact of this institute. Scientific research publications (row 12.05) are taken as a measure 

in the competitiveness indices, and the knock-on effect is in their use by investors. DSI has a strategic 

fiscal role in increasing the percentage of GDP that is allocated to R&D expenditure (row 12.07). DSI 

has the power to negotiate for this allocation to reach the African Union target of 1%, with the 

assistance of the scientific community in demonstrating its impact. 
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9 Recommendations 
These recommendations are offered to DSI and the structures in the initiative to re-configure NITheP, 

including the Task Team.  

Recommendation 1 Build on NITheP success 

The most recent international review found that NITheP is valuable in the short and the long term, not 
only because it is delivering an exceptionally high quantity and quality of research, but it is doing so 
for a relatively low investment. NITheP is ranked 3rd among institutions in Africa in the physical 
sciences (section 1.3).  
 
The policy of expanding research outputs and transforming the research institutional landscape is in 

the foundation for this initiative. Outstanding contributions to research outputs have been made 

through NITheP and the positive factors supporting this growth will be retained.  

1.1 Value NITheP learning 
The best aspects of NITheP should not be lost, and the learning from its successes should be 

kept. The learning from NITheP is valuable and the challenges that NITheP has experienced 

should be addressed. 

1.2 Value NITheP standing and people 
Existing recognition and branding should not be undervalued. NITheP has built international 

standing for South Africa and its theoretical abilities, as well as for the people involved.  

1.3 Transition should be carefully managed 
There should be a careful change management process and a transition period between 

NITheP and NITheCS. 

Recommendation 2 Reconfigure NITheP into a National Institute of Theoretical and 

Computational Sciences 

2.1 There is a sound science case 
A very sound case for each field to contribute to South African science, and the National 

System of Innovation, has been made for each theme, and for the interacting themes. The 

requirement for theoretical and computational support underpinning major African and South 

African initiatives (e.g. SKA,  SA-CERN and SA-JINR,  CHPC, SANBI, GCI) is well understood. 

Novel opportunities for direct support of national priorities are emerging.  

2.2 There is urgency 
We cannot wait for some spare time to deal with climate change, 4IR, protecting the stability 

of SA’s largest industrial sector in finance, threats to biodiversity from disease, or exploitation 

of our massive scientific data beyond SA’s borders. South Africa is well poised for major 

discoveries in astronomy and physics the next three years. We can use scientific enterprise to 

advance South Africa’s prosperity and international standing. 

2.3 There is a national need 
A  problem faced by South Africa is that much of the support for the basic sciences is currently 

unstructured and in some instances insufficient, as a result both the related disciplines and 

the associated science, engineering and technology fields they underpin have been negatively 
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affected. Low-cost high output theoretical sciences not only produce significant contribution 

to the nation's science indicators and ranking, but also provide support and leverage for other 

facilities and sciences across the nation.  

2.4 The reconfiguration is part of 4IR 
4IR originated in scientific and engineering research. There must be scientific advisors who 

understand the fundamental origins in basic science and data science who can prevent 

misconceptions  among decision-makers and who can guide African and South African 

solutions. 

2.5 Experimental resources and computational resources will be accessed outside 

NITheCS  
In terms of research infrastructure, a Platform of People is envisaged. Existing computational 

facilities will be accessed by collaborative agreements. A strong agreement with CHPC is 

recommended. 

2.6 Make use of the good strategic environment 
The proposal is in line with the national institutional context. It fits extremely well with the 

African goal of meeting its stated aspirations to a prosperous Africa [2], based on inclusive 

growth and sustainable development, with well-educated citizens. It provides the kind of 

providing an enabling environment for STI and building a strong science culture contemplated 

in the STI implementation plan [1]. This proposal responds to the White Paper in improving 

inclusion and enhancing policy coherence and programme coordination in the NSI [24] and 

supporting the STI endeavour. The link with the Data Sciences and the Fourth Industrial 

Revolution brings new sources of growth, and the policy of expanding research outputs and 

transforming the research institutional landscape is in the foundation for this initiative.  The 

outputs and actions of NITheCS will certainly be a contribution to National Sustainable 

Development Goal reporting [3]). 

The Basic Sciences provide the knowledge that takes our economy into the future, and provide 

vital support  of the applied sciences, engineering, technology and innovation [10]. 

2.7 Accelerate the pipeline of scientists 
Improving the research system's output of research capacity and human resources is a pillar 

of this scientific endeavour since the sciences in this initiative all require more research staff 

coming through the pipeline for both academia and economic sectors. A primary goal of STISA-

2024 is achieving the necessary critical mass of human capital needed and curbing the brain 

drain, while exercising  trust in the intellectual capacity of the sons and daughters of the 

continent.  

Recommendation 3 Adopt Key Principles 

3.1 Adoption of key principles helps to addresses risks 

 The institutional culture has to be inclusive, not exclusive.  

 Transparency of the different activities and of decision-making is essential. The correct 

structures must ensure transparency.  

 Complete management impartiality must be apparent. 

 Mechanisms for the management of each focus or theme are required.  

 People should feel comfortable in the institution.  
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 Management has to set the culture.  

 It has to be recognised that it is impossible to support all programmes at the same time 

on the same basis.  

Recommendation 4 Adopt the themes proposed 

The eight themes involved in the process are: Mathematics, Statistics, Theoretical Physics, 

Astrophysics and Astronomy, Bioinformatics and Quantitative Biology, Data Science in Quantitative 

Finance, Earth Modelling Systems and Climate Change Modelling, and Data Science. 

4.1 Leave room for growth 
This does not preclude the addition of other basic sciences. Theoretical Chemistry is an 

excellent candidate. 

4.2 Recognise that the themes are fundamentally different 
The themes are at different stages of development in South Africa. If a case is to succeed for 

NITheCS, it is accepted that the themes fulfil different roles. They generate different types of 

impact. They should be judged by evaluations appropriate to each theme. A one-size-fits-all 

approach will not work. There is a marked contrast in the human capacity aspects of these 

fields of science.  

4.3 Use the concepts of themes and focus points 
A focus point is a smaller well-defined scope than a theme, and may be shared across themes.  

It has associated research questions, and it is a focus of effort and investment by the Institute. 

It may involve both internal capabilities and external collaborators. 

Recommendation 5 Recognise the risks and evaluate them regularly 

5.1 The diverse theme approach is valuable, but careful design and management 

must be applied 
The EWG uncovered a concern that such a broadly-themed institute, where the themes are 

so diverse in their nature and state of evolution, may dilute the science produced, to the 

extent that the initiative fails. Mitigation strategies are recommended in section 7. 

Recommendation 6 Adopt a Programmatic Structure 

The EWG was given the task of recommending a structure. To do this, it developed the following: 

Vision: To be a leading African Institute of Theoretical and Computational Sciences recognised for its 

excellent and impactful research, training, and engagement programmes. 

Mission: To build human and research capacity in Theoretical and Computational Sciences and to 

enhance scientific innovation, transformation, and socio-economic development. 

The structure has been built from the point of view of the users: researchers, students, and the 

community. 

Programmes may consist of courses of any kind, training programmes, and high-level research 

interactions. There may be dedicated support from NITheCS but self-funding is advised where 

possible.  Training programmes may be in the form of block teaching.  
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6.1 Four pillars emerge to unify the themes 
The Institute is in Africa and thought must be devoted to providing a welcoming Institute 

environment serving the people, and scientific advancement, of Africa. 

Three science portfolios, Research, Training, and Engagement, have emerged. These unite the 

themes and collaborations. 

6.2 Long-term stability is essential for productive theoretical and computational 

sciences 
Maximum autonomy should be sought. 

The institute should have the character of a National Asset, or a User Facility, to which any 

researcher in South Africa can have access. Fund allocation will be long-term and strategic in 

nature.  It is envisaged that this institute has the potential to grow into a major independent 

entity launched from DSI-NRF.  

There must be guaranteed participation of HDUs in all aspects of programmes.  

Recommendation 7 Offer good quality research programmes with infrastructure in place 

A programmatic environment for research has been successfully operated by the Kavli Institutes. The 

components of the ideal environment are listed in section 6.2. The science case is described in sections 

3 and 4. The problems should be fundamental inquiry driven rather than being tied with practical 

applications or commercial gain. 

7.1 Retain the NITheP Associates and the structure 
The feature of the Associate network is a valuable aspect of NITheP, in establishing its national 

role, and in maintaining close contact with HDUs. The Associates should be retained and 

expanded. 

7.2 Offer research grants to support the programme 
Research grants should be offered to support both programmes and research at home 

universities. 

Recommendation 8 Offer Training programmes that attract students: make NITheCS an 

Institute of Choice 

Training programmes are directed primarily at post-graduate students, although training may be 

provided for researchers, post-docs, and, in the future, school teachers.  

Training programmes may be credit-bearing through agreements with universities. The student has a 

home university with which she or he is registered. Student training may include specialised courses 

and upskilling. 

This model is based on bringing in teachers, rather than appointing many residents. In the context of 

decolonialisation, it is recommended that co-curriculation be used to engage students in the learning 

and teaching process.  

There should be a strong emphasis on pedagogy. This has strong transformation implications. 
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8.1 Create value addition for the supervisor and the home university 
Ideally allow the supervisor to go with the student, for upskilling, meeting the top people in 

the field, wider exposure to the field and to different themes, and potential collaborations. 

The supervisors benefit and the programmes at the home university benefits; momentum in 

research is built.  

8.2 Provide enablers for bursaries 
Bursaries, grants and interns are included under the training portfolio.  

Students bring their background with them, and are moving towards many destinations. 

Communication between NITheCS and students is a key enabler and must be given due 

attention in designing the management processes. Accommodation is part of the bursary. 

Other enablers, like transport, are considered. Some students will come on their own 

bursaries. It is recommended that parental leave be built in to NITheCS grant systems, as it is 

in NRF instruments. 

8.3 Offer research training for PhD and MSc students 
Research training is offered through research programmes, and through upskilling and 

interdisciplinary courses. 

8.4 Offer formal teaching at MSc level and Honours level 
Some core courses should be offered. The development of new interdisciplinary programmes 

should be encouraged. 

Students need to be schooled in the fundamentals of computing. We must avoid using black 

boxes and commercial software, but students need to be able to develop a theoretical model 

for some interesting problem, construct an algorithm and be able to write computer code to 

solve the problem on the computer including on massively parallel machines, and be able to 

use graphical tools and animation to visualize and analyse their results. In so doing, students 

learn useful transferable skills that will enable them to be employed in areas far removed from 

academia. 

8.5 Negotiate credit and subsidies through DSI 
Credit should be attached: there is a great advantage in this being an initiative from DSI, so 

that negotiations between Science and Innovation on one hand and Higher Education and 

Training on the other can be facilitated. Subsidy for courses at NITheCS should be assigned for 

the time that the student is based at NITheCS, based on FTE calculations. The degree is 

awarded by the home institution and the student has to return to that institution. 

8.6 Offer short courses 
Courses may be in partnership with, and sponsored by, industry. It may be appropriate to 

charge for some courses; it may be appropriate to take over a sector of specialised training 

for companies without short-changing the basic sciences. 

Offer courses for under-prepared students and under-prepared young researchers, 

remembering that students bring their own backgrounds with them. 

Examples are focus point courses, domain introductions, cross-disciplinary courses, soft skills, 

undergraduate-level courses offered in partnership with a university, and courses offered at 

an HDU in partnership. 
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Retain the Chris Engelbrecht Winter School. 

8.7 Monitor where the students go 
Where are the students going? How do we know where they go? Among the aims of the 

Training portfolio is to foster diversity, and leadership diversity in science in SA. Therefore, 

some vocational elements may be provided in Training Programmes, but science is the 

dominant and primary aim of the institute.  

8.8 Transform the experience for women and those with family responsibilities 
A traditional path within a focus point research area would be to complete a PhD and move 

into academia, and then establish a track record. With family responsibilities, this traditional 

route is not available to many students, especially women. Recognising and respecting these 

facts of life, and helping returning students, is a key aspect of the welcoming institute. 

 

Recommendation 9 Set Engagement at the strategic level 

Engagement is seen as high priority and therefore must have its own portfolio. Much useful learning 

on engagement may be provided by NASSP, including engagement with universities on training, and 

industry, the destination of some of the students. Engagement aims are to provide two-way 

communication, in terms of inreach, outreach and local community engagement, and to interact with 

the African continent. 

9.1 Appoint a skilled Engagement manager and make a transformative science case 
The appointment of an experienced Engagement manager is advised.  The Engagement 

manager will help to interpret science to the community, and to interpret the community to 

the Institute. 

Recommendation 10 A recommended governance structure for a Programmatic Institute 

The Programmatic structure requirements, constraints, and risks lead the EWG to recommend the 

following structure. Details and motivations appear in section 6.5. 

10.1 Executive authority 
Possible owners include an independent trust, a university host or a national facility host. 

Among the most important issues is maximum autonomy for the institute as a national asset. 

The science programme must be the dominant factor in decisions. 

10.2 Steering Committee  
The Steering Committee has an executive function in strategy and oversight. The Steering 

Committee is responsible for driving the themes, collaboration across the themes, and for 

ensuring coherence across research, training and engagement.  

10.3 Themes are represented on the Steering Committee 
Themes are represented on the principles of equality and cooperation. Representatives of the 

scientific community in the themes, Theme Leaders, are needed to provide deep knowledge 

and foresight on potentially fruitful programmes.  
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It is recommended that Theme Leaders, as representatives of the Themes in the governance 

structure, be elected by a committee or through the community of practice. Theme Leaders 

should have a well-defined term of office, and succession planning should be in place. 

Themes will have diverse financial models. Management models across themes must be 

flexible. Industry incentives may be appropriate within themes.  

10.4 A powerful Advisory Board 
The Advisory Board makes powerful recommendations. The people on it are distinguished 

scientists; they have scientific influence, and they act as ambassadors for the institute. There 

are also influential thought leaders in relevant industries. The Advisory Board should prevent 

the institute from wandering off the scientific mission.  

10.5 A Director who lives the vision, and excellent management 
The Director should have the stature that defines the institute and attracts scientists to it.  The 

Director will be responsible for the welcoming atmosphere in the institute, especially for 

students. An excellent manager is vital. 

10.6 Limited core staffing 
Long-term appointments on the staff should make use of prestigious Joint Appointments, 

secondments, SARChI chairs, or buy-out of time.  

At the end of an appointment, an individual should be able to return to his or her home 

institution without loss of seniority, evaluation points, or opportunity. Negotiations with 

home institutions, with the help of DSI, would be advantageous to all parties. 

10.7 Staffing costs are a watch point 
There is concern that the salary component in an institutional budget, in any project or 

programme funding in SA, is inclined to grow at an inflation rate that exceeds the growth rate 

of the host budget. This puts increasing pressure on funding for  research, students, 

associates,  interns, grants and programmes.  

Part of the intention of the programmatic approach is to keep the initial employment budget 

relatively low for the establishment phase. Another solution is to find new funding sources for 

salaries and for the balance, recognising that this is easier said than done. A fundraiser has 

been recommended within the management structure. 

10.8 Risk assessment and mitigation 
The EWG has not listed all possible risks. It is recommended that risk assessment is performed 

regularly. The perceived risks are listed in section 8.10 and are summarised here. 

 Insecure or diminishing funding 

 The diverse multi-theme approach: 
There is a make-or-break risk that a broadly themed entity may dilute the science 
produced, to the extent that the initiative fails. This may occur through various causes, 
including through pressure on limited resources and funding, through internal 
competition, or because the themes have different levels of development, HCD needs, 
research capabilities, and types of impact. Mitigation is addressed in section 7.2.  

 Theme disparities in funding 
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Themes have widely differing innate positioning to raise funds. Private sector income  
is not usually  discretionary. Basic Science themes must not be allowed to dwindle on 
the basis of their attractiveness to the private sector. Consultation must not dominate 
the ability to perform the research mission of NITheCS.   

 Finding the right Director 

 Good intentions, difficult implementation  

 South Africa falls behind in STI. 
Mitigation strategies are suggested in sections 7, 8.10, and 8.12. 

Recommendation 11 DSI should focus its effort and resources on an anchor partnership for 

NITheCS, assisting negotiation, protecting Basic Sciences, and its contribution to prosperity 

11.1 Anchor funding 
DSI, as the department responsible for the scientific component of the NSI, is the anchor 
partner for NITheCS, which assists it in its role of protecting the basic elements in the science 
landscape.  

11.2 Protect the Basic Sciences in the national environment 
DSI has a national strategic role in protecting the Basic Sciences. NITheCS is an enabler in this 
responsibility. DSI should hold a watchful position in terms of the balance of power between 
themes, as described in the risks in section 7.3, and should step in if the Basic Sciences are 
overwhelmed.  

11.3 Negotiations 
The assistance of DHET in moving institutes like this from the COE framework to a long-term 

national asset status, analogous to a National Facility, would be of the greatest value. Specific 

negotiations are needed in optimising university credits, subsidy allocation, and facilitating 

the return of academics or industrialists to their home institution without loss of seniority. 

11.4 Strategic role in prosperity 
Not all economies approach their challenges in the same way; but competitiveness indices 

and rankings do provide insight into the factors that affect prosperity. DSI has raised our 

national competitiveness indices for the quality of research institutions and scientific research 

publications, and should continue to do so. DSI has the power to negotiate for the national 

R&D allocation to reach the African Union target of 1%, with the assistance of the scientific 

community in demonstrating its impact. 
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A. Abbreviations 
 

ACCESS  Applied Centre for Climate and Earth System Studies 

AI  Artificial Intelligence 

ARC  Agricultural Research Council 

BSP  National Bioinformatics Support Platform  

CANSSI  The Canadian Statistical Sciences Institute  

CERN  The European Organization for Nuclear Research https://home.cern/ 

CFD  Computational Fluid Dynamics 

COE  Centre of Excellence 

CPUT  Cape Peninsula University of Technology 

CREST  Centre for Research on Evaluation, Science and Technology 

CSIRO  Commonwealth Scientific and Industrial Research Organisation 

DHET  Department of Higher Education and Training 

DIRISA  Data Intensive Research Initiative of South Africa  

DSQF  Data Science in Quantitative Finance 

DSI Department of Science and Innovation (formerly Department of Science and 
Technology 

DST Department of Science and Technology (former name of the Department of Science 
and Innovation) 

ECMWF  European Centre for Medium-Range Weather Forecasts 

ENE  Estimates of National Expenditure  

ESM  Earth Systems Model, Modelling 

ETH Zurich Swiss Federal Institute of Technology in Zurich; Eidgenössische Technische 

Hochschule Zürich 

EWG  Expert Working Group 

FABI  Forestry and Agricultural Biotechnology Institute, University of Pretoria 

FTE  Full-Time Equivalent 

GCD  Global Credit Data 

GCI  Global Change Institute, University of the Witwatersrand 

GCM  Global Change Model 

GFDL  Geophysical Fluid Dynamics Laboratory, USA 

GRC  governance, risk, and compliance 

https://home.cern/
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HCD  Human Capital Development 

HBU  Historically Black Universities 

HDU  Historically Disadvantaged Universities 

IAU  International Astronomical Union  

ICCSSA  Institute of Chartered and Certificated Statisticians of South Africa  

ICT  Information and Communication Technologies 

IDIA  Inter-University Institute for Data Intensive Astronomy https://www.idia.ac.za 

IITM  Indian Institute of Tropical Meteorology 

INPE Instituto Nacional de Pesquisas Espaciais, Brazilian National Institute for Space 

Research 

IoT Internet of Things 

IT Information Technology 

JAMSTEC Japan Agency for Marine-Earth Science and Technology  

JINR Joint Institute for Nuclear Research, Russia 

KAT  Karroo Array Telescope  

KRISP  KwaZulu-Natal Research Innovation & Sequencing Platform 

LIGO  Laser Interferometer Gravitational-Wave Observatory 

LSST  Large Synoptic Survey Telescope 

M  million 

MeerKAT the MeerKAT Radio Telescope 

MFO  Mathematisches Forschungsinstitut Oberwolfach  

MIAPP  Munich Institute for Astro- and Particle Physics  

MTEF  Medium Term Expenditure Framework 

NACI  National Advisory council on Innovation 

NASSP  National Astrophysics and Space Science Progamme https://www.star.ac.za/ 

NCAR  National Center for Atmospheric Research, USA 

NCEP  National Centers for Environmental Prediction, USA 

NGA  National Graduate Academy for Mathematical and Statistical Sciences  

NITheCS working title: “National Institute of Theoretical and Computational Sciences” 

NITheP  National Institute for Theoretical Physics 

NL  Nobel Laureate 

NMU  Nelson Mandela University 

https://www.idia.ac.za/
https://www.star.ac.za/
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NRF  National Research Foundation 

NSI  National System of Innovation 

OECD  Organization for Economic Cooperation and Development 

PIMS  The Pacific Institute for the Mathematical Sciences  

R&D  Research and Development 

RUBi  Research Unit in Bioinformatics, Rhodes University 

SA  South Africa 

SAAO  South African Astronomical Observatory 

SADC  Southern African Development Community 

SAIP  South African Institute of Physics 

SAM  Southern Annular Mode 

SAMSI  Statistical and Applied Mathematical Sciences Institute  

SANBI  South African National Biodiversity Institute 

SARAO  South African Radio Astronomy Observatory 

SARChI  South African Research Chair Initiative 

SASA  South African Statistical Association 

SAWS  South African Weather Service 

SDG  Sustainable Development Goal 

SKA  the Square Kilometre Array Telescope 

SOCCO  Southern Ocean Carbon and Climate Observatory of the CSIR 

StatsSA  Statistics South Africa 

STISA-2024 Science, Technology and Innovation Strategy for Africa 

UCDP  University Capacity Development Programme  

UCT   University of Cape Town 

UKMO  United Kingdom Met Office 

UKZN  University of KwaZulu-Natal 

UP  University of Pretoria 

USA  United States of America 

UWC  University of the Western Cape 

VR  virtual reality 
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B. Terms of Reference, Expert Working Group 

 

 The EWG was also asked to recommend a structure for the new institute. 
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C. Expert Working Group members 
 

  NAME ORGANISATION FIELD 

1 Woudt, Prof. Patrick  UCT Astrophysics 

2 du Plessis, Dr Morne  SANBI Bioinformatics / Quantitative Biology 

3 Mwale, Dr. Monica  SANBI Bioinformatics / Quantitative Biology 

4 van Biljon, Prof. Judy  UNISA Data sciences 

5 de Mello Koch, Prof. Robert  Wits  Data sciences 

6 Prof. Francois Engelbrecht 
Wits  

Ecological / Climate change modelling 

7 Green, Prof. Barry  AIMS  Mathematics 

8 Murugan, Prof. Jeff  UCT Mathematics 

9 Erasmus, Prof Neels  
Representative of Prof 
Riaan de Jongh at first 
meeting  

Quantitative Finance 

10 De Jongh, Prof Riaan NWU Quantitative Finance 

11 Gumedze, Dr. Freedom UCT Statistics 

12 Muronga, Prof. Azwinndini  NMU Theoretical Physics 

13 Weltman, Prof. Amanda  UCT Theoretical Physics 

14 Gledhill, Prof. Irvy (lgle) 
Retired from CSIR, 
Visiting at Wits 

COORDINATOR 

12A Horowitz, Prof. Will A. UCT coopted, Theoretical Physics 
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D. Extracts from Shaping the Future of Physics in South Africa 
The background to NITheP may be found in these extracts from "Shaping the Future of Physics in South 

Africa, The Report of the International Panel Appointed by DST, NRF and SAIP 2004" [14]. 
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E. Advice from colleagues 
 

____________________________________________________________________ 

Prof. S.J. (Jim) Gates 

Brown Theoretical Physics Center Director and the Ford Foundation Professor of Physics; 

U.S. President's Council of Advisors on Science and Technology 2009-2013,  

and Vice-President, American Physical Society 

Prof. Gates included his contribution directly into the text of the report as follows. 

It is useful to recall that even fifteen years ago, the “Shaping the Future of Physics in South Africa” 

foresaw the expanding importance of computer and information sciences and as well as information 

technology.   The recommendations of the “Shaping” report denoted by (4.4) and (4.5) called for 

attention to the need for national investments. 

 Recommendation (4.4) 

We recommend the creation of a fast, inexpensive, broadband  National Research Information 

Network (NRIN) to support non-commercial research. This is vital not only for the National Research          

Digital Library suggested below, but in order to permit the maximum exploitation by South African 

scientists of data provided by national investments similar in scope to the proposed Square          

Kilometer Array. Projects of this type are likely to be the trend of the future and the lack of a system 

like the NRIN will mean that the dissemination of high value knowledge skills will, at a minimum, be 

severely constricted. 

 Recommendation (4.5) 

`We recommend the creation of a National Research Digital Library Resource. Such a structure would 

provide subscription to electronic journals that will be accessible over the internet, and hence 

available to all universities (both staff and students), and selected non-commercial researchers. If the   

physics programmes of this nation are to be competitive, this is a vital need.  It is clear that such a 

resource will have a transformational nature also, since even remotely located Universities will also 

be able to access the latest research findings, with the caveat of the necessity of ready internet  access. 

Today the promise envisioned by these recommendations have come fully into being with  widespread 

recognitions of the importance of “Big Data,” “Deep Learning,” neural networks, etc.  A reconfiguring 

of the NITheP to bring computational and science more in coherent combination of with the 

exploration and investigation of fundamental physics is critical.  For example, in the U.S., there has 

been a noticeable trend with Microsoft and Google employ significant numbers of students trained 

especially in theoretical physics to engage in data science.  The natural research questions and training 

pursued in theoretical physics by students, both at the graduate and undergraduate level, have proven 

to these premiere IT corporation the value of degree holders in theoretical physics as these businesses 

pursue their interests both in product  development as well as deployment.   

This symbiotic relation works in both directions.  There exists in the Office of Science of the  U.S. 

Department of Energy (DoE) a major initiative underway to move researchers to take advantage of 

the new tools of quantum information theory, “Big Data,” etc.   The impact of this is already seen in 

the theoretical physicists, who heretofore have never engaged such technology are using to 
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investigate data set with billions of pixel of data. This type of challenge has been taken up previously 

by experiment [by] high energy physicists and well as physicists engaged in simulation but now has 

expanded well beyond these domains. 

 

____________________________________________________________________ 

Prof Thierry Dauxois 

Directeur du Laboratoire de Physique 

CNRS @ ENS de Lyon 

http://perso.ens-lyon.fr/thierry.dauxois/ 

Please find below a brief resumé of my opinion, but that could be understood also as the information 

we need to give an advice about this new project. 

- From our review, NITheP was doing good on the large majority of the different fronts it faced. 

- However, it needs more stability/sustainability and the lifetime of a "Center of excellence" was too 

short. 

Essentially, it needs to be a national facility (like iThemba or SKA if I understood what we discussed 

when we were in South Africa) with a 10-15 year funding renewal window (rather than the 5 they 

have).  

- The center needs a longer funding window for better planning. This is crucial for the kind of research 

that such an Institute hosts. 

- It needs more funding for growth. From what you write, I understand that the new institute will have 

a broader scope, basically it will be for theoretical and mathematical sciences, which is fine but very 

broad. This is reasonable (and possible) only with a larger funding. 

-Using the current and rather successful NITheP as a nucleus around which the new institute has to be 

built would be much better than starting a completely new institute. It is important to avoid the 

dismantling of the old institute. 

- Having a nice place to attract international people (!) could be also an asset. 

In my opinion it is certainly a good thing for South Africa to have an institute that supports the basic 

sciences, and I think the project deserves support. 

____________________________________________________________________ 

Prof Simon Connell 

University of Johannesburg, and Past President, SAIP 

The original idea was to create an entity that would build the community skills base, excellence and 

networking, broadly across South Africa, much as the maj or research infrastructures do for the 

experimental sciences. That analogy still has merit. One needed to identify all the aspects that would 

accomplish this for Theory, thinking of the way it has worked for experimental sciences, and also of 

the special factors that should be taken into account for Theory.  
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There was always the claim not to neglect the loners and those who were solitary or independent, 

(both in theory and experiment), so of course one must recognise this, one size does not fit all, and 

we need to understand that promoting brilliance must be served by several models. 

That said, to update the comments above, in the experimental and interdisciplinary sciences, the trend 

is very much to larger collaborations, with very centralised facilities. It’s not to downsize, but to upsize, 

upscale, broaden the participation and the diversity base. It has its roots in this pyramid of capacity: 

local research infrastructure, then sub-national regional infrastructure, then national research 

infrastructure, then trans-national regional research infrastructure, then global research 

infrastructure. A brief survey shows the enormous impact of promoting sharing of infrastructure and 

large scale collaboration (Higgs, precision SM [Standard Model], BSM [Beyond the Standard model] 

searches, GW [Gravitational wave] astronomy, space platform astronomy, large observatory 

astronomy, multi-messenger astronomy, Big Data in all sciences, HPC [High Performance Computing] 

in all sciences, Advanced Light Sources in many sciences, etc). My personal experience is the quality 

and quantity of the capacity building is very dramatically better. One also promotes the 

communication, team-working and leadership skills at an internationally benchmarked level in the 

next generation, not just the excellence in research. This makes the graduates more employable in a 

wider scope. There is an increasing focus on participation from the full diversity of various groups. 

So we absolutely have to keep those aspect of NiTheP as a large scale infrastructure alive. I find it 

visionary, and it places SA as a firm world leader in leveraging the benefits of an analogy of a large 

scale research infrastructure for Theory. 

What are all the components? 

1. A large central facility (like [NITheP]), for meetings, seminars, conferences, visits 

2. Regional facilities (similar features, smaller scale) 

3. Programmes for the promotion of visits, exchanges, co-supervision, co-teaching, collaborations. 

4. Associate programme, Post docs, studentships, interns programme 

5. Research Focus Points, like the IAS concept, supported on medium time scales. 

One big problem and lost opportunity for NiTheP was in the transformation and redress arena. The 

historically advantaged institutions could out-compete the others for the opportunities of NiTheP. 

Imagine if outstations had of been established at Institutions that needed more support. I think about 

UNW—Mafikeng, U-Venda, etc. This would have really been an opportunity to spread the footprint of 

theoretical excellence. In some remote institutions, we are seeing very many undergraduate students, 

who then don’t get opportunities. 

Double dipping, like has been cautioned for SA—CERN Theory and for NiTheP and others that maybe 

I don’t mention does not mean one shouldn’t have multiple sources of funding. There will always be 

overlapping areas or areas which fall in the grey region and don’t fit in a box exclusively. Rather 

manage this by ethics, transparency and careful monitoring than trying to shape the ambit of the 

various funding instruments too precisely. For example, the conversation between theorists and 

experimentalists in HEP is too important to sacrifice a funding entity in order to have clean boundaries 

between funding instruments. The same is true for the penetration of the data sciences into all 

disciplines, or physics into the biosciences, and very many other examples. There will inevitably be the 

funding boundary issue. The important thing is avoid silos, promote networking, promote full 

collaboration of multiple experts.  
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… 

A future NiTheP would have to be much more focussed and adapted in its funding instruments for the 

aspect of the broader benefit and larger footprint and higher inclusivity. There is the argument that 

this compromises on excellence. Not necessarily. One has to use the excellence in the established 

institutions, and internationally, exported in short and medium term visits to the institution that needs 

building. 

____________________________________________________________________ 

Prof Nithaya Chetty 

Dean of Science, University of the Witwatersrand; Vice-President, International Union of Pure and 

Applied Physics, and Past President, SAIP 

In 2004 when the Shaping the Future of Physics exercise was underway with your involvement, physics 

was seen to be the leading discipline needed to strengthen the scientific base in South Africa. 

However, today there are many other quantitative disciplines that are extremely important for South 

Africa, and I do not think that we should continue to argue for a special case for physics alone, but for 

a cluster of cognate quantitative disciplines whose theoretical and computational underpinnings need 

to be given more attention not necessarily separately, but collaboratively wherever that can happen. 

So, we should talk about theoretical sciences and computational sciences in the context of your 

discussions, and look at ways in which students and researchers affiliated to the new institute can 

contribute to a broad range of topics within the quantitative sciences. I am therefore in strong support 

that DST is considering the following themes in the discussion: Theoretical Physics; Mathematics; 

Statistics; Astrophysics; Bioinformatics/Quantitative Biology; Quantitative Finance; EcologicaI/Climate 

Change Modelling; and Data Sciences, which arguably is incomplete. 

There should be a strong emphasis on pedagogy. We need to provide basic postgraduate level courses 

that will enable say a physicist to understand the essential mathematical, physical and computational 

challenges in biology and so on. This has strong transformation implications. 

Students need to be schooled in the fundamentals of computing. We must avoid using black boxes 

and commercial software, but students need to be able to develop a theoretical model for some 

interesting problem, construct an algorithm and be able to write computer code to solve the problem 

on the computer including on massively parallel machines, and be able to use graphical tools and 

animation to visualize and analyse their results. In so doing, students learn useful transferable skills 

that will enable them to be employed in areas far removed from academia. 

Within each of the themes listed above, I suggest that research groups focused on a clear set of 

problem areas should be established and properly resourced to ensure maximum productivity, i.e. 

rather than creating a general research group on Theoretical Physics, one should establish some very 

specific research groups within this theme, for example, on High Temperature Superconductivity. We 

cannot cover all the bases, so some hard choices will need to be made. There should be an open and 

rational basis for making these choices. The research groups should focus on a set of problems, and 

be able to bring together people from different backgrounds to help address the problems. The 

problems should be fundamental inquiry driven rather than being tied with practical applications or 

commercial gain. 

The Institute should reach out into Africa. There are many African scientists that are working in sheer 

isolation and will benefit enormously by having an affiliation with the Institute. Theoretical and 
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Computational sciences are more accessible to students and academics working at many institutions 

in Africa as it is much harder to grow the experimental sciences in Africa for the obvious reasons of 

costs. 

There should be an active visitors programme that brings people from around the world to share their 

new and exciting ideas. There should be workshops and conferences to ensure that students and 

researchers can engage with experts and with each other on new areas of endeavor. 

Given South Africa’s history, there will always be questions raised about where the new Institute is 

located. I think that one should plan on a highly delocalized system with research groups being located 

at various different universities and national laboratories. The CHPC should become essentially a user 

facility with much of the computational sciences driven through the new institute. 
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F. DST Risk Research Programme Overview  
 

For information, Contributed by Prof. R. de Jongh, 2018 

 

DST Risk Research Programme 

BACKGROUND 

During 2012 Absa and the DST (Department of Science and Technology) signed a memorandum of 

agreement to cooperate in various fields for the betterment of the South African economy as a whole, 

with one of these being HCD (Human Capital Development). The DST identified the Absa risk research 

programme at the BMI Centre as deserving of additional funding for the basic and directed research 

activities in order to strengthen the national capacity in this area. The programme was extended to 

include other industry players than Absa and also other Universities. The total value of the contract 

was R8.889m, spread as follows over the contract term: 2012/13: R1.6m; 2013/14: R1.7m; 2014/15: 

R1.8m; 2015/16: R1.89m; 2016/17: R1.899m. This PFA was extended in December 2015 for a further 

two financial years: 2017/18: R1.99m; 2018/19: R2.10m 

The objective of the funding under the agreement is to stimulate directed and basic risk research 

across primarily tertiary institutions and in the process delivering skilled students (MSc’s and PhD’s) 

in the area of risk analytics and to establish the necessary local know-how in this field.  The funds are 

administered and managed by NWU’s Centre for BMI and it is expected that stakeholders from 

industry, public sector and other universities are involved in the research projects. The governance  

structures and processes that have been developed to manage this initiative are depicted in the  

diagram below. The process consists of a continuous interplay between the following main 

stakeholders: 

 The DST, as the funder of the initiative and ultimately the owner of the credit for having initiated 

this process for the improvement of the national SET levels 

 The Risk industry, which features in two roles: Firstly via providing industry problems that could 

serve as research themes, an secondly as evaluators of the industry relevance of the research 

proposals and published articles 

 The Universities, by performing and publishing the research, by either conducting self-generated 

technology-push research projects or in response to the industry-supplied problem statements. 

 The Program Office (provided by the NWU Centre for BMI), which manages the interface between 

the different layers and provides the drive to move the process forward.  
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 BASA/COEFS, which avails there website as an MI platform and common interface between the 

roleplayers.   

 

 

 

During the funding process the following evaluation criteria are used: 

 For published articles during the ex-post funding allocation: 

 Academic Impact, using the categories High/Medium/Low. This is determined by the impact 
factor of the Journal in which the article was published. 

 Industry Relevance, using the categories Yes/Maybe/No. This is taken as the taken as the 
consensus view of a panel of industry representatives. 

 Industry Collaboration, using the categories Yes/No. This is depending on whether at least one 
of the authors of the article was a member of industry. 

 
The individual assessments are than combined using a pairwise comparison method, to arrive at 

a score per article, which is then mapped onto a Rand-value, subject to budget constraints.  

 Dissertations are rated in the same way as articles, but only with respect to the “Industry 

Relevance” criterion. 

 Proposals are similarly rated only with respect to the “Industry Relevance” criterion, but on a 

higher level of granularity. 

DST Directed Risk Research Process Diagram

1. INDUSTRY INTERFACE

a  - Client

b  - Review Panel

2. PROGRAMME MANAGEMENT

a
BMI Pgm Coordination 

Front Office

3. ACADEMIC RESEARCH

a  - Technology Pull

b  - Technology Push

4. MI / DATA MANAGEMENT

a BASA Portal

b
BMI Pgm Coordination 

Back Office

5. OVERSIGHT

a DST / Absa / NWU

*) RFP = Request for Proposal T-Pull = Technology-Pull T-Push = Technology-Push CtL = Closing-the-Loop bonus

Distribute RFP*) to 

Universities

Generate T-Push*) 

Research Proposals

Generate T-Pull*) 

Research Proposals

Ex-ante  proposal 
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The funding process is conducted according to the following steps: 

 Problem Statements for directed research projects are solicited in collaboration with industry.  

 Rate the PS’s in terms of applicability to the risk research themes.  

 Publish these on the DST Applied Risk Research Portal (ARRP), and universities are invited (via 

their designated risk research representatives) to prepare research proposals. 

 Determine the ex-ante funding allocation for of each proposal using the criteria and process 

discussed above.  

 The balance of the funding is available for ex-post allocation to articles published as well as 

dissertations completed (degrees awarded) in the current funding year. This is also done according 

to the criteria and process discussed above. 

 Apart from the ex-post allocation to articles, a “Closing-the-Loop” bonus for articles that are in 

reaction to an industry problem statement has been implemented. This involves asking the 

industry problem to assess the extent to which the published article actually addressed/solved 

the problem that was initially formulated, and depending on this extent, to award an additional 

bonus to the article, 

 The SteerCo judges all projects using the evaluation criteria and decide if additional / upfront 

funding is justifiable, given the current upfront commitments. 

 The allocation results are communicated to the DST via the annual report and briefing sessions 

with the DST DG.  

 Conferences are organized annually, alternating between taking a separate track at the triennial 

International Mathematics and Finance (IMF) conference, and hosting a dedicated conference at 

the DST in the intermediate years. 

The global drive of the initiative, which is supported by the BASA/COEFS portal, is to pro-actively align 

the research to industry needs by inviting problem statements from industry. These are then be 

prioritized by a panel of industry experts and then presented to academics to prepare research 

proposals to address the problems. 

The following is a summary of the evolution and achievements of the programme to date: 

 The first funding tranche was used to host a 2-day directed risk research conference at the 

beginning of March 2013 at the NWU. This conference was supported by researchers from UJ, UP, 

UNISA and SUN, as well as representatives from some of the banks and the Reserve Bank. 

Subsequent to the conference part of the funds was allocated to the research units at the 

attending universities and part to hosting costs for the MIF conference.  
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 This second funding tranche was used to conduct a national survey amongst universities in 2014 

in order to quantify the current landscape on risk research and to set up a database of research 

initiatives, PhD students and academic papers (published or in the process of being published) in 

the field. Seventy articles surfaced in the survey and were submitted to a panel of industry experts 

to assess their industry relevance, with the conclusion that the industry relevance was 

predominantly low. A three-tiered ranking system based on Academic Impact, Industry Relevance 

and level of industry collaboration was developed and used to allocate funds to the universities 

based on the articles that have been published in an ex-post manner. 

 Over time, these funding principles have been developed to apply in a forward looking ex-ante 

manner to research proposals, so as to start influencing the research foci at the universities to 

become in line with industry requirements.  This was done by inviting problem statements from 

industry which are prioritized by the panel of industry experts, which are then used to drive the 

research activities by requesting academics to prepare research proposals to address these 

problems. Part of the funding is allocated upfront to these proposals with the resulting article 

(should it materialize) qualifying for the ex-post funding as before. 

 In parallel, the BASA (The Banking Association of South Africa) and more recently COEFS, has 

offered their website and assistance to develop a common portal to be used to store these 

documents and manage the process. 

 In June 2016 a very successful one-day risk research conference was hosted by the DST at the DST 

Auditorium in Pretoria.  Participants in the conference included a range of members from industry 

and academia.  From industry’s side, there was representation from major banking institutions 

such as Absa, Standard Bank, Nedbank, BANKSETA and the Banking Association of South Africa 

BASA. The academic institutions were represented by researchers from 8 Universities, namely, the 

universities of North-West, Stellenbosch, Cape Town, Free-State, KwaZulu-Natal, South Africa, 

Pretoria and Witwatersrand.  The Public Sector and Parastatals were represented with people 

from Transnet, the South African Reserve Bank, the National Treasury, and the Department of 

Science and Technology and Water and Sanitation. All in all, 31 researchers from academia were 

in attendance and 29 from the industry and government.   

 During August 2017, the programme had a separate track at the biennial Mathematics in Finance 

(MIF) conference was held in the Kruger National Park, which was well received and attended.  

 During July 2018 another very successful conference was held at the NRF conference venue on 

the CSIR campus. There were 78 people that accepted, of which 38 were from Business/Industry, 
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31 from Academia and 9 from Public Sector/State-Owned Companies. (What was particularly 

gratifying was that the academics were the minority in terms of attendance). 

The hosting site on the Banking Association platform was restructured and ported in 2017 to the 

Centre of Excellence in Financial Services (COEFS) website, available at: 

https://www.coefs.org.za/directed-risk-research-programme/  

In addition, it was decided to create a separate supporting Google Drive linked to this website, 

specifically designed to become the operational interface for the researches: 

https://drive.google.com/drive/folders/1W0FVGDnuBf2htDvPGUwY5kJOrYQzSwcJ?usp=sharing 

  

https://www.coefs.org.za/directed-risk-research-programme/
https://drive.google.com/drive/folders/1W0FVGDnuBf2htDvPGUwY5kJOrYQzSwcJ?usp=sharing
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G. Benchmark organisations  

 

INSTITUTE 

10 SECRETARIAT  
 
 

OTHER STAFF 

Abdus Salam 
International 
Centre for 
Theoretical 
Physics 
(ICTP), Based 
in Strada 
Costiera, 
Trieste Italy 

ICTP Secretariat,  
1. Director–  

Responsible for all scientific and administrative aspects of the Centre. He is assisted in his functions by the following people, 
each of whom oversees specific sections 

11 Staff Reporting Directly to the Director 
 
2. Division Director, Research Division 

 Scientific Programmes and Hosted Activities 

 Liaison with the Italian Government and IAEA 

 Library 

 Public Information Office 

 Science Dissemination Unit 

3. Division Director, Programmes Division 

 Institute Advancement Office 

 Office of Associates and Federated Institutes 

 Postgraduate Education 

 East Africa Institute for Fundamental Research 

 Office of Strategic Planning and Education 

4. Senior Operations Officer 

 Finance Office 

 Information Technology 
 
5. Personnel Office 

 Maintains the personal and work data of staff and consultants and  ensures adherence to UNESCO staff regulations and 
rules 

12 Currently 2 
Director's Office 
Visiting Scientists 
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 provides ICTP staff with information on personnel matters and procedures, keeps an overview of the staffing situation at 
the Centre,  

 Processes and assists in recruitment procedures.  

 Provides assistance to the staff regarding health and pension insurance schemes and other staff entitlements. 

 The office is responsible for the administration of the payroll and leave data, as well as the time and attendance system 
used at the Centre 

  
 
An administrative team supporting the Director 

6. Executive Assistant 

7. Secretarial Assistant 

8. Finance & Operations 
The Operations and Travel Office is responsible for financial transactions and travel arrangements (such as payment of daily 
subsistence allowances, daily stipends, the ordering of prepaid tickets, reimbursements of travel fares and transfer of funds) in 
connection with visits to ICTP and external ICTP activities 
 

9. The Housing Office 
 Assists visitors seeking accommodation in the ICTP guesthouses or off-campus lodging 

 Is in charge of the catering facilities at the ICTP as well as all hospitality arrangements and assistance with finding private 
accommodation. 

The Kavli 
Institute for 
Theoretical 
Physics (KITP) 
at the 
University of 
California, 
Santa Barbara 

1. Financial Manager 
2. Financial Assistant 
3. Chief Administrative Officer 
4. Special Programs & Evaluation Manager 
5. Residence Manager x2 
6. Residence Student Assistant x2 
7. Student Administrative Assistant 
8. Programmer  
9. Student Computing Assistant x3 
10. Online Talks - Production & IT Coordinator 
11. Conference Assistant 
12. Program Manager 
13. Program Assistant 
14. Systems Administrator 
15. KITP Development Coordinator 
16. Development Officer 
17. Visitor Services Assistant 
18. Special Assistant 

13 KITP Scientists 
1. KITP Director  

2. Deputy Director  

3. Professor of Physics x2 

4. Permanent Members x 3  

 
 

The 
Perimeter 
Institute in 
Canada 

Office of the Director  
1. Director 
2. Manager, Office of the Director 
 

 

https://www.kitp.ucsb.edu/apply/fellowships/affiliate-nomination
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Office of the Faculty Chair  
3. Faculty Chair 
4. Manager, Office of the Faculty Chair 

  
Office of the Managing Director and Chief Operating Officer. Oversees the day-to-day operations of Perimeter Institute and has 
oversight of Finance, Advancement, External Relations, Publications, Communications, Facility Management, Human Resources, 
Information Technology, Educational Outreach and Scientific Administration. 
5. Managing Director and Chief Operating Officer 
6. Manager, Office of the Managing Director and Chief Operating Officer 
Academic Programs.  Oversees several graduate and undergraduate programs at Perimeter, including the Institute’s PhD program, 
Perimeter Scholars International (PSI), Visiting Graduate Fellows, the undergraduate summer students, and university courses. PSI 
Fellows are the continuing academic staff of the Perimeter Scholars International program.  Fellows teach and mentor PSI students, 
and participate in the design and management of the program.  In addition, Fellows have the opportunity to conduct an active 
research program of their own. 

7. Academic Programs Director 
8. Academic Programs Manager 
9. Academic Programs Assistant 

 
Additional 51 employees including 
 

The Advancement Team. Responsible for advancing Perimeter’s mission through strategic, philanthropic initiatives, 
which include partnerships with individuals, corporations and foundations who support the Institute.  

 

Communications and Media. Showcases Perimeter's research, training, and educational outreach through digital 
content, media relations, and social media, while supporting the Institute with creative services, graphic 
design/photography, and internal/external communications strategy. 
 
Educational Outreach. Provides programs designed to increase scientific literacy across Canada and beyond by sharing 
the power of theoretical physics with general audiences, developing youth for the field, and supporting a network of 
educators with in-class resources. The Outreach team also provides outreach expertise, internationally, at major 
events around the world and through online resources. 
External Relations  
Facilities and Black Hole Bistro. Responsible for the operation and financial aspects of Perimeter's physical buildings, including 
ongoing improvements and maintenance, expansion planning, building security, and visitor housing. All purchases of furniture and 
office supplies are run through this department. 
The Black Hole Bistro caters to the Institute's researchers with an inviting atmosphere and ever-changing menu structured around 
fresh local produce. The Bistro also hosts first-rate special events for visitors to Perimeter. 
Finance. Monitors the financial performance of the Institute. This involves the development of budgets and forecasts, managing cost 
controls, fulfilling grant reporting requirements, and providing a variety of accounting services throughout the Institute. 
 
Global Outreach. Supports the emergence of innovative centres of excellence that promote high level math and physics in the 
developing world. 
10. Manager, Office of the Director 
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Information Technology. Responsible for selecting, implementing, and supporting information technology systems for Perimeter’s 
research, outreach, and administrative staff. The IT team is comprised of a broad range of disciplines including network 
administration, help desk support, software development and audio-visual technicians. 

 
People and Culture. responsible for all human resources programs and practices, including recruitment, employee orientation, 
employee relations, benefit administration, performance management, compensation, training & development, immigration 
support, spousal and family integration, health & safety, promoting wellness, social events, and HR policy and procedures. 
 
Publications, Grants and Awards. responsible for producing a wide range of Perimeter documents, including newsletters, the annual 
report, articles for the web, and many other communications.  
 

Scientific Administration. responsible for the coordination and implementation of Perimeter’s scientific programs, 
including the Conference Program and Visitor Program, as well as managing the growth and day-to-day 
functioning of Perimeter’s very own library, which serves visitors and residents alike. The Institute plays 
host to hundreds of visiting researchers each year, who contribute to the Institute's active research 
community through participation in unique conferences, seminars, and other collaborative research. 
 
Waterloo Global Science Initiative (WGSI). is a non-profit partnership between Perimeter Institute for Theoretical Physics and 
the University of Waterloo, a pairing that has previously resulted in the distinguished Perimeter Scholars International program and 
the University of Waterloo’s pioneering Institute for Quantum Computing.  
Its mandate is to promote dialogue around complex global issues and to catalyse the long-range thinking necessary to advance 
ideas, opportunities and strategies for a secure and sustainable future through our Summit Series, Blueprints and Impact Activities. 
 

The Philippe 
Meyer 
Institute in 
France 

1. Director 

2. Administrative Assistant 

3. In charge of computer resources 

Postdoctoral fellows x ±6 

The Newton 
Institute in 
England 

1. Director  
2. Deputy Director 
3. Office Manager 
4. Administration Manager 
5. Communications Manager 
6. Programme & Workshops Manager 
7. Programmes Workshop Assistant 
8. Administration Assistant (Programes & Finance) 
9. Finance Co-ordinator 
10. Accommodation Co-ordinator 
11. Housing Assistant 
12. Development & Communications Co-ordinator 
13. Receptionist 
14. Gateway Manager 
15. Gateway Knowledge Exchange Coordinator 
16. Gateway Events and Marketing Coordinator 
17. Senior Web and AV Technician  
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18. Web Developer 
19. IT Technician 
20. Software Developer 
 

Korea 
Institute for 
Advanced 
Study (KIAS) 

Administrative services 
1. General manager of administrative services 
 

Support for Mathematics & CMC 
2. Head 
3. School affairs (Maths) 
4. School affairs (CMC) 
5. Academic events 
 

Support for Physics & QUC 
6. Head 
7. Support for vising researchers (physics & QUC) 
8. School affairs (Physics) 
9. Academic events (physics) 
 

Support for Computational sciences, OKC & CAC 
10. Head 
11. Cluster computing Administration x2 
12. Academic events (Comp.sci.) / open KIAS center) 
13. School affairs (Comp.sci. & CAC) 
 

General Affairs 
14. Head 
15. Accommodation support 
16. Purchasing and Building (safety & security) management 
17. Driver & vehicle maintenance 
18. HR management 
19. Recruit for Research Fellow, offer ;letter, Research incentives 
20. General affairs, public discipline, Visa, Welfare Card, etc. 
21. Payroll management 
 

Finance and Budget 
22. Head 
23. Budget management 
24. Fund and Assets management 
25. Financial affairs support 
26. The working budget & funds 
 

Technical support 
27. Head, Network, Webmaster 
28. MIS, email System 

KIAS Assistant Professors 
1. Theoretical high energy physics 
2. Statistical physics 
3. Particles Physics Phenomenology and 

Cosmology 
4. KIAS Assistant Professor 
5. String Theory 

 
Research Fellows 

6. Cosmology 

7. High Energy Physics 
8. Quantum Information 

9. Theoretical and Computational 

Biophysics 
10. Algebraic Geometry 

11. QUC Reseaerch fellow 

12. Differential Geometry (minimal 
surface, curvature flows, mathematical 

relativity, etc) 

13. 4-dimentisional topology 
14. Partial Differential Equation 

15. Project research Fellow 

16. Number Theory 
17. Statistical and Computational physics 

18. Research fellow 

19. Algebraic Geometry 
20. String Theory 

21. CMC Research Fellow Number theory 

22. Protein structure Prediction 
23. Astrophysics 

24. Project research Fellow Algebraic 

Geometry 
25. Artificial Intelligence, Quantitative 

Finance 

26. Condensed matter theory-strong 
correlated systems 

27. Algebraic Number Theory, Algebraic 

Geometry 
28. Harmonic analysis 

29.  
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29. Administrative Computing (MIS) 
30. Computing Support, Cyber Security, A/V 
31. Server Administration 
 

Strategy and Planning 
32. Head 
33. Secretary 
34. Institutional evaluation 
35. Public relations 
36. Librarian 
37. System improvement / management innovation 

The Institute 
for Basic 
Science (IBS) 
South Korea 

Division of Administrative Services.  Manages overall divisional affairs 
Head of Division 

 
Human Resources Development Team 
Head of Team 
9 x  Human Resources Development Team 
 
General Affairs & Welfare Team 
Head of Team 
6 x  General Affairs & Welfare Team staff 
 
Finance & Accounting Team 
Head of Team 
7x staff 
 
Procurement & Asset Management Team 
 

 

The Max 
Planck 
Institutes, 
Germany 

See below  
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a. Max Planck Institutes 
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b. The African Institute of Mathematical Sciences model 
With acknowledgements to Prof Barry Green. 

The AIMS organizational structure is a very streamlined and cost effective model, with an international Board of Directors, containing expertise in many areas 

- Neil Turok is chair of the Board, and at present from South Africa Thuli Madonsela is serving on the Board. 

Our Secretariat, now based in Kigali, has a coordinating and oversight role, within a clearly defined structure with significant independence at the AIMS Centre 

level in the countries we are located. There is common acceptance and contractual agreement on the programme offered and the broad characteristics of 

what constitutes the AIMS model. This grew out of the AIMS South Africa Centre model, but has also developed significantly. There is a network academic 

and research committee structure, with quarterly or biannual meetings, mostly via Skype, with at least one face to face meeting per year arranged to coincide 

with other important network activities to be cost effective). 
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INSTITUTE MANDATE FUNDING 
MODEL 

GOVERNANCE STRUCTURE 14 People  RESEARCH FIELDS/THEMATICS AREAS TRANSMITTING KNOWLEDGE 
(publications, etc.) 
 
KEY ACTIVITIES / ROLES 
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INSTITUTE MANDATE FUNDING 
MODEL 

GOVERNANCE STRUCTURE 14 People  RESEARCH FIELDS/THEMATICS AREAS TRANSMITTING KNOWLEDGE 
(publications, etc.) 
 
KEY ACTIVITIES / ROLES 

15 National 
Institute 
for Pure 
and 
Applied 
Mathem
atics 

(IMPA) Brazil 

Established by the 
Brazilian National 
Research Council to 
promote and support 
research in Brazil. 
IMPA has since 
maintained a national 
profile, aimed at: - 
promoting high level 
scientific research in 
Mathematics and 
aplications; - training 
new researchers; - 
promoting the 
diffusion of 
mathematical culture 
and knowledge at a 
frontier line; - 
developing projects of 
improvement of 
mathematical teaching 
at all levels.  

The Institute of 
Pure and 
Applied 
Mathematics 
(IMPA) is a 
teaching and 
research unit 
qualified as a 
Social 
Organization 
linked to the 
Ministry of 
Science, 
Technology, 
Innovations and 
Communication
s (MCTIC) and 
the Ministry of 
Education 
(MEC) 

16 Council of Management 

 Administrative Council 

 Board of Directors 

 Technical-scientific Council 

 
 

 Regular students  

 Visiting Students  

 Employees  

 Researchers  

 Honorary Researchers  

 UMI Researchers  

 Visiting Researchers  

 Postdocs  
 

National Centers 

 National Centre for Biological Sciences 

 National Centre for Radio Astronomy 

 Centre for Applicable Mathematics 

 Homi Bhabha Centre for Science 
Education 

 International Centre for Theoretical 
Sciences 

 TIFR Centre for Interdisciplinary 
Sciences 

 Scientific Information Resource Centre  
  Books, Videos  

Pre-publications, Virtual Store 
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The Tata 
Institute of 
Fundamental 
Research in 
India 

National Centre of the 
Government of India, 
under the umbrella of 
the Department of 
Atomic Energy, as well 
as a deemed 
University awarding 
degrees for master's 
and doctoral 
programs. The 
Institute was founded 
in 1945 with support 
from the Sir Dorabji 
Tata Trust under the 
vision of Dr Homi 
Bhabha. At TIFR, we 
carry out basic 
research in physics, 
chemistry, biology, 
mathematics, 
computer science and 
science education. Our 
main campus is 
located in Mumbai, 
with centres at Pune, 
Bangalore and 
Hyderabad. 

16.1 TIF
R 
En
do
w
m
en
t 
Fu
nd  

 Advisory 
Committee 
look in to the 
possible 
avenues to 
create 
substantial 
corpus to 
promote 
flexible 
funding at 
the Institute 
in research 
activities at 
the forefront 
of science, 
technology 
and 
mathematics.  

 additional 
funds 
through 
donations 
and 
endowments  

 A large 
corpus of 
funds under 
general 
purpose 
endowment.  

 

Faculties Deans 

 School of Natural Sciences 

 School of Mathematics 

 School of Technology & 
Computer Science 

 

 Director 

 Vigilance   

 Right to Information:  

 IPR:  

 Liaison Officer for SC/ST  

 Liaison Officer for OBC : 
Deemed University  

 Academic Council : 

 Dean, University Cell :  

 Acting Assistant 
Registrar, Academics 

 
Scientific & Engineering 

Services  

 Auditorium & Lecture 
Theatre   

 Auto Workshop  

 Central Workshop   

 Computer Center and 
Communications Facility  

 Information System 
Development Group  

 Scientific Information 
Resource Centre   

 Technical Services  
Facilities / Services  

 Medical Officer-in-
Charge  

 Dental Officer-in-Charge  

 Transport  

 Security  

 Travel  

 Parks & Garden  

 Guest House :   

 Cosmetic Maintenance :  

 Canteen :  
 

 Mathematics 

 Technology and Computer Science 

 Biological sciences 

 Chemical sciences 

 Astronomy and Astrophysics 

 Condensed Matter Physics and 
Materials Science 

 High Energy Physics 

 Nuclear ans Anatomic Physics 

 Theoretical Physics 

  
 

 

http://www.tifr.res.in/People_Finder/compcode2.php?param1=304
http://www.tcs.tifr.res.in/
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INSTITUTE MANDATE FUNDING 
MODEL 

GOVERNANCE STRUCTURE 14 People  RESEARCH FIELDS/THEMATICS AREAS TRANSMITTING KNOWLEDGE 
(publications, etc.) 
 
KEY ACTIVITIES / ROLES 

The Institute for 
Theoretical 
Sciences, ICTS, 
India 

Currently ICTS faculty 
is engaged in research 
in areas that include 
statistical and 
condensed matter 
physics, complex 
systems and fluid 
dynamics, physical 
biology, several topics 
in interdiscipinary 
mathematics, 
gravitational wave 
astronomy and 
numerical relativity, 
string theory and 
quantum gravity. 

Present 
supporters 
include: 

 Airbus 
Corporate 
Foundation  

 Infosys 
Foundation  

 Simons 
Foundation  

 S.N. Bhatt 
memorial 
grant  

 Simons 
Foundation 
provide 
financial 
support 

 
Endowment 
support for: 

 Early Career 
Faculty 
Awards  

 Postdoctoral 
Research 
Awards 

 Undergradua
te Research 
at ICTS 

  

The International Advisory 
Board, is unique in its existence 
among scientific institutions in 
India. It comprises 
distinguished people whose 
advice and guidance pertains to 
all aspects of ICTS. The ICTS 
Director submits a quarterly 
activity report to the IAB 
 
Program Committee, 
consisting of acknowledged 
leaders in different areas of 
science, helps the Centre 
Director in selecting program 
proposals for the Centre. 
Advisory Board, and  Program 
Committee. 

The Management Board, is 
responsible for the overall 
scientific direction and 
administration of the 
Centre. The Management 
Board and the Centre 
Director are assisted in this 
task by an International  

 Faculty members - carry 
out cutting-edge 
research, provide 
intellectual leadership, 
define research 
directions for 
theoretical sciences, 
and provide the basis 
for a continuing and 
permanent scientific 
culture at the Centre 

 Postdoctoral Fellows 

 Associates 

 Visitors 

 Scientific and Technical 

 Administrative staff 
provide all secretarial 
assistance to the 
faculty, postdoctoral 
fellows and students, as 
well as visitors.  

 Statistical Physics and Condensed 
Matter 

 Fluid Mechanics and Turbulence 

 Physical Biology 

 String Theory and Quantum Gravity 

 Astrophysical Relativity 

 Mathematics 

 

 

https://www.icts.res.in/people/faculty
https://www.icts.res.in/people/program-committee
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H. Current NITheP model; hub-and-spokes structure 
This very brief overview is based largely on the self-assessment and review reports of 2017 [21] [7]. 

 

Figure 17  Publication trend for the period 2009 to 2016 for NITheP publications 

 

Figure 18  Citation record for NITheP publications for the period 2007-2016 

 

a. Current NITheP Model 
The original NITheP model was based on the KITP with DST/NRF with advice from KITP Santa Barbara 

(through David Gross NL, who had been involved in SA Physics). The hub and spokes model was partly 

an effort to share the new faculty among three separate  geographical locations. In addition, each 

node had post-docs supporting the researchers. 

The current NITheP model has been very productive. In the following, “core funding” refers to NRF 

funding for NITheP. These data are sourced from the Self-Assessment report of 2017. 

b. Hub 
The hub hosts, from the core budget,  

 full-time Director 

 Full-time resident researchers, 5 year contracts: 3 
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 Post-doctoral fellows: 3 

 150% FTE administrative services. 
The hub is a functioning node. 

c. Node 
There are two nodes, at UKZN and Wits, in addition to the hub. A node hosts, from the core budget, 

 25% of the Deputy Director’s time 

 Full-time resident researchers, 5 year contracts: 1 

 Post-doctoral fellows: 2 

 50% FTE administrative services. 

d. Core research areas 
These are listed as  

 Statistical and Condensed Matter Physics (SU, WITS)  

 Quantum Information and Computation (UKZN)  

 High Energy Physics and field theory  

 String Theory and Matrix Models (WITS, UCT)  

 Phenomenology (WITS, UCT)  

e. Associate network 
A network of associates has been established to broaden the scope of the research portfolio and reach 
all tertiary institutions and National Facilities.  

 Associates of NITheP: 71 (2016) 
Associates are supported by a competitive programme of 

 long term visitors: 11 (2016) 

 research workshops.  
For some associates, the network has functioned well. Others may have become disaffected by the 
low probability of winning funding as financial constraints grew.  

 The associate programmes have successfully  added the following to the core areas: 

 astrophysics, cosmology, astronomy, computational physics, nuclear physics, bio- and soft-
condensed matter and solid state physics.  

f. Student pool 
Two pools of Master’s and Doctoral students are established: 

 those supervised at NITheP in the core areas: 23 (2016) and  

 bursary students supervised outside the core areas 33 (2016). 

g. Hub and Spoke model 
One of the things that made NITheP unique was the distributed structure of the Institute, i.e. the fact 

that it was spread between 3 institutions.  

"The distributed structure is an innovative structure that, in my opinion, is ideally suited to 

the South African scope and size of its science community, in a given field. Coupled to the 

establishment of an associates' body, it makes possible for its activities in this field of research 

to have a national, broad based impact, as opposed to a localized (or only for a few) benefit."  

"The appointment of researchers allows for the broadening of the scope of research under a 

general field of research at Institutions where nodes are placed, and also allows for increased 

regional capacity for support of associates' driven initiatives." 
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"The key success of NITheP was to build and sustain a large and very loyal network of 

associates.  This has tremendously contributed to NITheP’s national and international impact 

through capacity building and research outputs." 

h. Responses: NITheP Management 
Responses were sought from the current NITheP Management on several questions. Feedback was 

provided and is summarised here.  

1. What worked well with this distributed structure? Did it allow any activities / benefits  that 

would not have been possible without the distributed structure? 

The distributed structure was crucial to realize the national character of the Institute. It created a 

geographical presence close to most tertiary institutions in the Western Cape, Gauteng and KZN, but 

the Eastern Cape was less well covered. Special programs were also introduced to cover more remote 

Institutions, particularly several HBI’s.  Without this model several programs, such as the student 

internship, mobility and mentorship programs, would not have functioned effectively.  It is difficult to 

imagine a localized National Institute.  In such a model, extreme care will have to be taken to ensure 

that the benefits are felt nationally and to prevent the perception that the Institute is ‘owned’ by a 

particular tertiary institution.   

2. What problems arose as a consequence of the distributed structure? Were they overcome, 

and how? 

The only issue was the ‘hub-spokes’ model in which one tertiary institute hosted the hub and carried 

a bigger weight.  It would have been better if all the partaking institutions hosted entities of the same 

shape and size so that the function of the ‘hub’ e.g. the directorship could rotate on a 3-5 year time 

scale.   

3. Were there any missed opportunities that could have been exploited given the distributed 

Institute, but were not realized?  

The associate network caught most of these opportunities effectively. 
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I. Draft Vision, Mission and Aims 
 Vision  

o African  

o Research  

o Training  

o Engagement  

 Mission  

o to build  

 human and research capacity in Theoretical and Computational 

Sciences  

o to enhance  

 scientific innovation  

 transformation  

 socio-economic development  

 Aims  

o research  

 provide high-calibre researchers  

provide coherence and critical mass for future leading T&C (Theoretical 

and Computational) scientists who foster excellence and impact  

provide a source of expertise which can feed into broad national 

scientific policies and goals  

o training  

 achieve equitable participation for all communities in SA  

 establish the pipeline  

 school to  

 undergraduate to  

 postgraduate to  

 postdoc and early career  

 support HDUs  

o engagement  

 two-way  

 inreach  

 outreach  

 local community  

 interact with the African continent  

o strengthen Basic Sciences in SA  

o address socio-economic development through training and research  

o support major science programmes  
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J. Requirements 

a. Functional Requirements 
 Science culture  

 General  

o A leader that 'lives' the vision!  

o Support from higher authorities, especially in the first 5 years  

o Long-term Stability  

o Long term plan to realise the vision  

o One or two long-term funding partners  

o Adherence to government objectives and policies  

 Management  

o Strong team/staff having the right skills and sharing the leader's vision and 

long term plan  

o Culture  

 Inclusive, not exclusive  

 People should feel comfortable in the institution  

o Decisions are scientifically sound  

 Impact considered but basic science is fostered  

o Clarity on the key deliverables/outputs that will demonstrate success as soon 

as possible  

o Themes are evaluated on priorities, not one-size-fits-all  

o Structures ensure Transparency  

o Complete management impartiality  

 African character  

o A set of guiding principles  

 Reflect on Africa's knowledge-driven base  

 Respond to Africa's needs  

 Tap into diaspora network  

 Maximum contribution to Africa's knowledge base in T&C science  

 Respond to inequalities in SA  

 Embrace development of HBUs and schools  

 Increase number of SA graduates in T&C sciences  

 Decolonisation  

 Relevant locally  

 Competitive globally  

o Director guides the character of the Institute  

 Research  

o Clearly defined focus points  

o Critical mass of researchers  

o Institute is attractive to young researchers  

 Representation is transformed  

o Environment conducive to original work  

 needs to be a refuge [from daily pressures: academic, administrative]  

 secure: e.g. doesn’t get burnt down in protests  

o Internal collaboration  

 Clearly identified focus points  

 Collaboration is made attractive  

 Collaborations make scientific sense  
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 Training  

o Vulnerable disciplines have top priority  

o Students feel welcome, part of the Institute: it's a good place to be  

o "Teaching and learning" is a subject of interest and improvement  

 Engagement  

o Skilled staff, not just for outreach  
 

b. Interface Requirements 
 Supply of students established  

o Agreements with universities in place  

o Employment for students monitored  

 SA network  

o Covers the nation  

o Excellent communication  

o Funding for workshops, conferences, events  

o Theoretical and Computational research support for related projects (iTL, 

SANSA, etc.)  

 African network  

o Extensive and Actively supported  

 International network  

o Focussed and Actively supported  

o Support for related projects (SKA, CERN etc.)  

 Civil society  

o skilled translation between science and society  

o host community  aware of Institute  
 

c. Constraints 
 Funding  

 Solve the make-or-break problem of diversified themes  

o Broad definition makes success impossible?  

o Solve by structuring around Research, Training, Engagement rather than 

themes  

 Don't lose the head start and momentum of NITheP  

 Good governance, with minimum interruption of the work of science  

 Core concept with growth path  
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