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SELECTED REPORT HIGHLIGHTS

The CWRR, formed in 2013, is now 10 ten years old and has made significant contributions
both to advancing the science for improved water resource management with the publication
of 363 journal papers, 26 books/chapters and 42 contract research reports, and to capacity
development through the graduation of 63 Honours, 59 Masters and 33 PhD students. As a
result of this legacy, the CWRR was awarded the NSTF-Water Research Commission Award at
the 2022/2023 NSTF-South32 Awards ceremony held in July 2023 for providing a centre of
excellence for cutting edge applied and interdisciplinary research and postgraduate training
in water resources related research and capacity building.

Selected highlights from this report covering 2022 and 2023 to date are summarised below:

(i)  The CWRR focus on applied research and capacity development is well aligned to meet
the challenges of sustainable water resources management given the increasing
demands for water and the rapidly deteriorating quality of water in rivers in South
Africa.

(i)  Seven Masters students and two PhD student completed their studies.

(iii)  Ninety-one journal papers, thirteen technical reports and thirteen book chapters were
published.

(iv) A series of strategy workshops have been initiated to build a sustainable foundation for
the future.

(v)  Nine new research projects have been secured (five in 2022 and four in 2023) and the
CWRR currently has 21 ongoing research projects.

(vi) Eight projects have been completed and final reports accepted by funders (six in 2022
and two in 2023).

(vii) The target metrics used to assess the performance of the CWRR have generally been
exceeded. These are focussed on: (i) the graduation of high-quality postgraduate
students, (ii) scientific excellence and advancing knowledge production, (iii) research
impact, science communication and stakeholder engagement, and (iv) sustainable and
efficient business operations as well as collaborative and conducive work environment.

(viii) There was a net positive annual cash inflow to the CWRR for the 2022 calendar year.

(ix) Nearly 30% of expenditure (more than R 3.4 million) was paid to postgraduate student
bursaries and support for post-doctoral students in 2022.

(x)  Secured contract budgets and reserves for human resources currently exceed two times
the projected annual human resource cost for 2024. This exceeds the target of at least
two years of reserves as reported in Section 5.3 and is the first time the CWRR has been
in this position.

(xi) There is a slight increase from 2022 in project budgets secured for 2023 and with
significant budgets already secured up to 2025.
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1. MEMBERS, ASSOCIATES AND SUPPORT STAFF

MEMBERS

Prof. Jeff Smithers

Director of CWRR; Umgeni Water Chair of Water Resources
Research and Innovation

Prof. Roland Schulze

Emeritus Professor of Hydrology; Senior Research Associate

Prof. Seifu Kebede
Gurmessa

Associate Professor (Hydrology)

Prof. Tafadzwanashe
Mabhaudhi

UKZN Honorary Research Associate Professor; Director
(Acting): UKZN Centre for Transformative Agricultural and
Food Systems (up to September 2023); Director: Institute of
Natural Resources (from December 2023)

Prof. Alistair Clulow

Associate Professor (Agrometeorology)

Dr Ashiel Jumman

Senior Lecturer (Agricultural Engineering)

Ms Tinisha Chetty

Lecturer (Hydrology)

Mr Mark Horan

Lecturer (Hydrology)

Dr Daniel Kibirige

Lecturer (Hydrology)

Ms Katelyn Johnson

Lecturer (Civil Engineering)

Dr Magsooda Mahomed

nGap Lecturer (Hydrology)

Mr Simphiwe Ngcobo

Lecturer (Hydrology)

Mr Richard Kunz

Researcher

Dr Rebecka Henriksson

Researcher

Dr Shaeden Gokool

Post-Doctoral Researcher (up to October 2022), Researcher
(from November 2022)

Dr Stefanie Schiitte

Post-Doctoral Researcher (up to June 2023), Researcher (from
July 2023)

Ms Susan Risko

PhD Candidate
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ASSOCIATES

Prof. Colin Everson

UKZN Honorary Professor

Dr Vincent Chaplot

UKZN Honorary Associate Professor, Institute of Research for
Development, France

Dr David Clark

UKZN Honorary Research Fellow; South African Sugar Research
Institute

Dr Mark Graham

UKZN Honorary Research Fellow; Director of GroundTruth CC

Mr Duncan Hay

UKZN Honorary Research Fellow

Prof. Graham Jewitt

UKZN Honorary Associate Professor; Professor of Hydrology,
IHE Delft Institute for Water Education, The Netherlands

Dr Gareth Lagerwall

Water Resources Engineer, Everglades Foundation, Florida,
USA

Prof. Simon Lorentz

UKZN Honorary Associate Professor; Principal Hydrologist at
SRK Consulting

Prof. Stefan Kienzle

UKZN Honorary Professor; Professor for Hydrology and GIS,
Department of Geography, University of Lethbridge, Canada

Prof. Gregory Kiker

UKZN Honorary Professor; Professor in Department of
Agricultural & Biological Engineering, University of Florida, USA

Dr Donovan Kotze

UKZN Honorary Research Fellow; Wetlands Specialist

Dr Richard Meissner

Senior Researcher, Water Governance & Institutions, CSIR

Dr Eddie Riddell

UKZN Honorary Research Fellow; Global Water Partnership

Dr Nick Rivers-Moore

UKZN Honorary Research Fellow, Aquatic Ecologist

Dr Sabine Stuart-Hill

UKZN Honorary Research Fellow; EU Structural Policy Officer,

Ministry for the Environment, Nature Conservation and
Transport of the State of North Rhine-Westphalia, Disseldorf,
Germany

Dr Tendai Sawunyama

Acting Executive: Water Resources Management, Inkomati-
Usuthu Catchment Management Agency

Dr Aiden Senzanje

UKZN Honorary Research Associate (Agricultural Engineering)

Dr Jim Taylor

UKZN Honorary Research Fellow

Dr Michele Toucher

UKZN Honorary Research Fellow; Scientist at the South African
Environmental Observation Network (SAEON), Grasslands
Node, Pietermaritzburg

Dr Katharine Vincent

UKZN Honorary Research Fellow; Director, Kulima Integrated
Development Solutions
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SUPPORT STAFF

Mrs Marsha Chetty Administrative Officer

Ms Noluthando Mhlungu Assistant Administrative Officer

Mr Vivek Naiken Principal Technician




2. BACKGROUND AND OVERVIEW

The Centre for Water Resources Research (CWRR) was formed in 2013 out of a cohesive group
of academics who had been active in research, teaching and capacity building related to
hydrology and water resources research since 1984. The on-going importance and relevance
of water resources related research and teaching and the sustained research output of the
group provided the basis to formally establish a Centre of Excellence within the University of
KwaZulu-Natal. The University of KwaZulu-Natal has a wide range of water related expertise
and, in support of its vision to be the Premier University of African Scholarship, is actively
involved in water related teaching, research and outreach activities throughout Africa and
beyond. The CWRR was thus constituted to undertake research and postgraduate training in
hydrology, water resources management and related earth systems and engineering sciences.

Global change and its impact on Africa’s water resources is a critical concern. Africa is
experiencing rapid changes in land use and a corresponding degradation of its soil and water
resources. Change is a consequence of economic development needs, as well as a strong
demand from international role players intent on securing land for future production of food,
fuel, fibre and fodder. Whilst the imperative for development is clear, it is equally clear that
Africa needs to develop and use soil, land and water resources in a sustainable way which
requires rigorous scientific input to inform policy, strong governance systems to ensure sound
decision making, and suitable qualified and experienced human capacity for implementation.
The current generally poor and deteriorating quality of water resources in South Africa
reinforces the urgent need for knowledge and capacity development to reverse this decline.

Science institutions in Africa have been challenged to provide the education and training of
individuals and the development and application of technology necessary to meet the above
needs. Furthermore, multi-, inter- and trans-disciplinary science are seen as opportunities to
develop innovative solutions required to drive the transformation and development of water
resources. With a focus on water resources related research in sub-Saharan Africa, the CWRR
is responding to this challenge, with staff, students and associates active in a variety of
research initiatives and projects in the region. Projects are funded by both international and
South African funders, including the Water Research Commission, National Research
Foundation, Royal Academy of Engineering (UK), Dutch Foreign Ministry, REACH Program
(Oxford University), International Atomic Energy Agency (IAEA), UK Research and Innovation
(via ARUA), IHE Delft Partnership Programme for Water and Development, the Global
Environment Facility (GEF), UK Natural Environment Research Council (NERC) and the UK
Government’s Department for International Development (DfID).
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3. STRATEGIC DIRECTION

3.1. The Mission of the CWRR

The mission of the CWRR is to:

e Be a centre of excellence for cutting edge applied and interdisciplinary research and
postgraduate training in water resources related research in South Africa and beyond.

e Be the first port of call for water resources related research queries and information.

e Contribute to sustainable land, soil and water management through thematic research
and linked capacity-building at individual and institutional levels in the context of global
environmental change and its impact on water resources in Africa.

e Develop, disseminate and apply its expertise to the development of tools and information
for effective water resources planning and management and human capital development.

3.2. The Objectives of the CWRR

The objectives of the CWRR are to:

e Achieve and maintain excellence in its research and postgraduate teaching activities in the
fields of hydrology and water resources management in the context of global change.

e Produce high quality postgraduate students (Honours, MSc, MScEng and PhD) who will
contribute to sustainable land, soil and water management both in Africa and
internationally.

e Establish and develop links and collaborations with leading institutions, both nationally
and internationally.

e Ensure the long-term sustainability of the CWRR by securing grants from national and
international funding agencies and collaborators.

e Facilitate and foster collaboration of research activities and supervision of postgraduate
students between members.

e Develop a strong and sustainable research centre that provides mentorship, guidance and
opportunities for students and emerging researchers.

e To provide shared technical and administrative support to projects undertaken by
members associated with the centre.

e Provide a link between research and policy makers, as well as provide advisory services for
the water sector.

e Promote innovations that advance the knowledge, development and understanding of
water related research in the scientific domain and engage in outreach activities to
promote the wellbeing of society.

e Develop tools and practices to assist the management of the country’s water resources.
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e Promote an inspiring work environment which encourages independent and innovative
academic thinking and promotes a team ethos.

3.3. Foundation for the Future

The CWRR was established in 2013 and has been in existence for 10 years. Given the changes
in membership over recent years and with evolving research interests and expertise, a series
of strategic workshops, led by Mr Duncan Hay, have been initiated.

3.3.1. Reflection and planning workshop

The first workshop focussed on reflection and planning and was held on the 18" of November
2022. The key messages from the workshop are summarised as follows:

(i) The CWRR has delivered significant value in research, teaching and outreach over the
10 years of its existence. A foundation for future success has been established.

(i)  The mission and objectives of the CWRR remain as relevant today and into the future as
when they were first articulated in 2013. The challenge is not the substance of the
mission and objectives, but how we organise ourselves to better achieve them.

The key questions/issues/challenges/opportunities identified at the workshop include the
following:

(i)  Relevance

(i) Capacity

(iii) Operational organisation

(iv)  Profile (marketing and communication)

(v)  Collaboration and social cohesion

(vi)  Financial model and core functions (and funding there-of)
(vii) Student inclusion

(viii) Institutional model

Going forward, it was agreed that:

(i) The above focal areas will be engaged with in a structured, participative and integrated
manner.

(i)  Ongoing structured interaction that brings the strategy to life will build the necessary
social cohesion essential for a vibrant centre.

3.3.2. Research directions and organisation

The second workshop focussed on research directions and organisation and was held on the
28t of March 2023. From the discussions there was consensus on the following:
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(i)  The general deterioration in water quality and pressures to meet increasing demands
for water locally, nationally and globally accentuates the relevance of the CWRR and is
a source of major research and business opportunity across a range of sectors.

(ii)  We are well positioned in technical elements of hydrological research (surface and
groundwater) and capacity development to take advantage of a range of opportunities.
We will build on this as our foundation for the future.

(ili)  We currently have limited capacity in the social science space (water governance,
economics, community development etc.). Given that research will increasingly become
integrated and transdisciplinary, we will build capacity through strategic and operational
alliances with several partners.

(iv) We are overly reliant on State sourced funding and so will diversify our funding base to
include international development and research, private philanthropic, and private
corporate funding and investment.

(v)  Our associate members, as well as graduates who are now professionals, will be
engaged to act as partners and as ambassadors of the CWRR.

(vi) We will improve our profiling, marketing and communication through direct
engagement with sector partners, active website management, seminars/webinars, and
newsletters.

(vii) We will improve internal organisation through the appointment of an operational
coordinator, and we will continue to investigate whether organising ourselves into
thematic groups is deemed appropriate.

The following potential thematic areas for CWRR operations were proposed:

(i)  Agro-hydrological and crop modelling, data, impacts and mitigation:
Sub-themes include model development and application, data assimilation and
preparation, information generation, resource assessments, land cover/use change
impacts, climate change impacts, climate variability and trends, drought/flood
estimation and early warning, surface and ground water interactions, water quality,
mitigation strategies and nature-based solutions.

(i)  Catchment studies:
Sub-themes include process studies in research catchments for improved understanding
of the hydrological cycle, water quality, crop water use, crop irrigation, surface and
groundwater observations and monitoring, tracer studies, isotope analyses, nature-
based solutions and citizen science.

(iii) Water and society:
Sub-themes include water governance, collaborating with and supporting institutions,
water economics, community-based Water Resources Management, community
outreach, stakeholder engagement, policy development (turning science into actionable
solutions) and citizen science.
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(iv) Capacity and professional development (cross-cutting theme):
This includes staff development, developing/expanding collaborative partnerships with
associates and industry, meeting the needs of society and industry, expanding
knowledge and information, research-led undergraduate teaching, professional
postgraduate development and output, knowledge and technology transfer to society
and industry, and short Professional Development courses.

(v)  Innovation (cross-cutting theme):
Sub-themes include GIS, Remote Sensing (RS) and Earth Observation (EO), drones,
development of tools (e.g. for integrated tools to facilitate community and stakeholder
participation, WEF nexus integration), development and use of new data sources (RS
and EO, citizen science, global data sets), use and development of Artificial Intelligence
(Al) and Fourth Industrial revolution (4IR) technologies, and Information Technology (IT)
for data and information dissemination.

Actions to address some of the above opportunities and challenges have been initiated as
detailed in this report. Future strategic workshops will be planned to reflect, consolidate and

take these actions forward.




4. DIRECTOR’S REPORT

The CWRR was established in 2013 and has been in existence for 10 years. It is thus an
opportune time to briefly reflect on the achievements of the CWRR since its establishment.
For the period from 2013 to 2022, 363 journal papers and 26 books/chapters have been
published, 42 contract research reports completed, and 63 Honours, 59 Masters and 33 PhD
students have graduated. This is a significant contribution to advancing the science and
capacity for improved and sustainable water resource management! Substantial contributions
have been made in different research fields/groupings as listed below:

(i)  Hydrological Modelling and Software Development
Development/adaptation/calibration/verification of integrated models (e.g. hydrology,
crop yield, irrigation, dams) for local use and development of default input databases
nationally at the Quinary Catchment scale.

(ii)  Hydrological Process Studies
Detailed hydrological field-based studies undertaken using state-of-the-art technology.
For example, pioneering the use of the cosmic-ray soil moisture probe in South Africa,
combining isotope sampling, hydrometric monitoring, geophysics and hydro-
pedological surveys to study distinct hillslope responses to rainfall events.

(iii) Hydrological Impact Studies
Use of integrated locally developed models and utilities to assess impacts of change (e.g.
land use and/or projected climate change) and generate information at scales ranging
from catchment to national, with simulations of integrated catchment processes and
systems (e.g. hydrology, crop yield, irrigation, dams), including dynamic feedback loops
between the processes.

(iv) Ecological Infrastructure and Aquatic Ecosystem Health
Identification of sites in the Umgeni Catchment where investment into the protection
and/or restoration of Ecological Infrastructure (EI) can produce long-term and
sustainable returns and demonstration of how healthy El can be utilised to secure water
for the benefit of society.

(v)  Water-Energy-Food Nexus (WEF)

Water is a central theme in the WEF nexus and hence integrated agro-hydrological
systems modelling facilitates WEF nexus studies at a range of scales.

(vi) Community Outreach, Stakeholder Engagement and Citizen Science
Research activities have focussed on bridging the results of hard and uncertain science
with communities to develop awareness with positive sustainable impacts on the
environment, while also co-learning through engagement with the social dynamics
within communities.

(vii) Contributions to Water Governance
Scientific knowledge and expertise has been used to participate in and guide agencies
focussed on water management at local and national levels.
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(viii) National Flood Studies Programme (NFSP)
Leadership of the NFSP with national and international multi-institutional collaboration
focussed on capacity development in academia and industry in order to develop
modernised approaches to Design Flood Estimation in South Africa.

The above contributions by the CWRR as a centre of excellence for cutting edge applied and
interdisciplinary research, postgraduate training in water resources related research and
capacity building was recognised at the 2022/2023 NSTF-South32 Awards ceremony held in
July 2023, where the CWRR was awarded the NSTF-Water Research Commission Award. This
award reflects the collective research outputs and achievements made by current and past
members, associate members and postgraduate students from 2013 to date. This is an
excellent achievement!

Once again it is satisfying to compile and report on the many achievements and activities of
CWRR members and associates over the past year, and to be reminded that, collectively, the
CWRR continues to make significant contributions to its mission of being a centre of
excellence, and to be at the forefront of applied and interdisciplinary research and
postgraduate training in water resources related research, both locally and internationally.
There have been continued contributions to the science underpinning sustainable land, soil
and water management through externally funded applied research projects and linked
capacity building at both individual and institutional levels. The development and application
of data, information and tools for effective water resources planning and management,
including human capital development, are evident in the research outputs and deliverables
produced by members, associates, and postgraduate students.

We are all acutely aware of the current widespread lack of good governance and service
delivery in South Africa over a range of scales from national to local authority levels. This
includes grid power load shedding by ESKOM, failing rail and road networks, to fraud and
capture of state institutions, resulting in poor or no service delivery and unqualified financial
audits for many institutions. In addition to these, a significant challenge is meeting the growing
demands for secure food and water supplies in a highly variable and changing climate.
Meeting these challenges is exacerbated by the rapidly deteriorating water quality in many
rivers as a consequence of the lack of new development and inadequate maintenance of both
wastewater treatment works and water distribution networks, coupled with intermittent
power due to load shedding by ESKOM. Hence, the availability of potable and suitable
irrigation water and the impacts of poor water quality on ecosystems in South Africa is rapidly
becoming a national crisis. This will potentially overshadow many of the crises the nation is
currently experiencing and the crises in water supply of acceptable quality and in food
security, will have far greater impacts on sustainable livelihoods than the other crises the
nation is currently facing.
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The above emphasises the relevance and critical role of the CWRR in undertaking applied
research on real world problems and in human capacity development, both in industry and
through the graduation of students who are well prepared to make their mark in industry. The
above provides motivation for the CWRR to keep focussed and to improve on our core
business of applied water research and capacity development through the graduation of well
equipped, deep thinking and principled graduates who not only provide innovative technical
solutions, but also are brave enough to challenge and influence governance and the political
arena when necessary.

We have actively been pursuing calls for research proposals and teaming up with both national
and international colleagues from multiple institutions to do so. Given the existing
commitments by members to meet current academic responsibilities and research
contractual deliverable deadlines, finding the resources to pursue and actively contribute to
the calls for proposals has been difficult. | am therefore of the opinion that we need to invest
in securing resources to more actively engage and pursue these opportunities to secure
research contracts and use these to grow the capacity and impact of the CWRR.

The changing profile of CWRR membership over recent years has resulted in the loss of some
of the expertise and skills that the CWRR has historically been known for, but has also resulted
in the addition of new skills and research interests, which can be used to develop future
strengths within the CWRR. Hence, a series of strategic workshops have been initiated, as
reported in Section 3.3 of this report. Some key messages from the two workshops held to
date are that the CWRR has delivered significant value in research, teaching and outreach over
the 10 years of its existence and that the mission and objectives of the CWRR remain as
relevant today and into the future as when they were first articulated in 2013. Thus, the
challenge for the CWRR is not the substance of the mission and objectives, but how we
organise ourselves to improve the achievement of them. One of the shortcomings identified
is the need to improve internal organisation through the appointment of an operational
coordinator. | am happy to report that Ms Tinisha Chetty, who has served on the CWRR
Management Committee (MANCO) for many years and has strong institutional knowledge,
has accepted the responsibility of being the Operations Manager for the CWRR. Her impact in
this role since May 2023 is evident in more successful implementation of MANCO plans,
including the scheduling of Research-on-Tap seminars/webinars, planning and scheduling of
staff-student meetings, production of newsletters, streamlining of some administrative
procedures and coordinating the drafting of research proposals.

As reported previously, the CWRR continues to face many challenges. These include long-term
financial sustainability; difficulty in pursuing international funding; expansion into new fields
without sufficient critical mass of expertise; issues related to research activities undertaken in
“silos” and with limited inter-project communication; research project management and
responsibilities; information required for effective management and planning; over-
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commitment of members; loss of expertise and staff who have historically secured externally
funded contracts; poor levels of involvement of postgraduate students; and operating in an
increasingly challenging and bureaucratic university environment. In order to address these
challenges as well as day-to-day operational issues, the CWRR MANCO has focussed on
activities in the following areas: (i) Foundation for the Future, Strategic Focus and
Relationships, (ii) Public Profile and Communication, (iii) Postgraduate Students, (iv) Research,
(v) Governance, (vi) Information Systems and (vii) Administration, Finances and CWRR
Operations. Further details of these activities are provided in Section 5.1.

As requested by the CWRR Board, we have continued with the development and use of
metrics to monitor the performance of the CWRR, as detailed in Sections 5.2 and 5.3 of this
report. It is encouraging to see the generally good performance of the CWRR for most metrics,
with improvements in some areas relative to previous years, but still with room for
improvement in some areas. Although a decrease from 2022, the administrative services
provided to members was rated as “Acceptable” or better by 93% of respondents, the
technical support provided to members was rated as “Acceptable” or better by 100% of
respondents, 96% of the respondents felt that the CWRR is meeting its constitutional mandate
and 83% of respondents believe there is positive benefit in being a member of the CWRR. The
perceived performance of the MANCO was rated as “Acceptable” or better by 100% of
responses, but we still need to improve performance to satisfy the 11% of respondents who
rated the performance as only “Acceptable”.

In terms of capacity development as detailed in Section 6.4, seven Masters students
completed their studies in 2022 and one PhD student has already completed her study in 2023.
The sustained trajectory in postgraduate output is a reflection of the external funding secured
by members of the CWRR and the commitment and dedication from both students and
supervisors. However, the declining trend in graduation of postgraduate students since 2020
is of concern. This may be attributed to increased pressure from teaching and large
commitments to academic activities by some members, and limits to supervision capacity
within the CWRR. The capacity to share the load of securing research contracts and ability to
recruit and supervise postgraduate students is an area which the CWRR needs to engage with.

| am pleased to report that the concern regarding the lack of engagement by postgraduate
students in academic and CWRR activities has improved and this ethos needs to filter through
the entire student body. The active student Hydrators Club as well as interventions by the
Operations Manager are acknowledged for initiating actions to address this concern.

As detailed in Chapter 7, eight research projects have been completed (six in 2022 and two in
2023) and the CWRR currently has 21 ongoing active research projects. Given the difficult and
increasingly competitive environment of securing funds for research activities, it is
encouraging that four new projects were secured and commenced in 2023.
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The good and steady research output from past years has continued and is reflected in the
number of publications, with 52 and 39 peer-reviewed journal articles published by CWRR
members in 2022 and 2023 (to date), respectively. In addition, there has been a good
improvement in the average impact factor and a small improvement in the discipline quartile
of the journals published in. A number of our members have been highly cited in 2022 and
details of these citations are contained in Sections 6.1 and 6.5.

A brief overview of income and expenditure per calendar year is summarised in Chapter 9.
and indicates a small net positive annual cash inflow to the CWRR for the 2022 calendar year.
The commitment to capacity development is evident with nearly 30% of expenditure (more
than R 3.4 million) paid to postgraduate student bursaries and support for post-doctoral
students in 2022.

An ongoing challenge for the CWRR is to grow, or at least maintain, project income to support
research staff employed on externally funded research contracts, administrative staff and
postgraduate students, while also building reserves to sustain the CWRR during periods of
lower income. As detailed in Chapter 9, it is encouraging to note the increase from 2022 in
budget secured for 2023 and with significant budgets already secured up to 2025. In recent
years, it has been difficult to build financial reserves given the constraints imposed by the
university financial system. However, as reported last year, procedures to be able to build
financial reserves have been approved by Financial Services in the Research Office and the
reallocation of funds from completed projects, including allocation to reserves, is currently
underway. Once these transactions are completed, secured contract budgets and reserves for
human resources will be equivalent to approximately 2.1 times the projected current annual
human resource cost for 2024. This exceeds the target of at least two years of reserves as
reported in Section 5.3 and is the first time the CWRR has been in this position.

| have been traveling extensively during my sabbatical leave in 2023. At the request of MANCO
| have retained my position in the CWRR while on sabbatical leave with members of MANCO
taking on additional responsibilities in my absence. This opportunity has been used to develop
capacity for future leadership roles in the CWRR. Unfortunately, one of the disadvantages of
the online communication tools developed during the COVID-19 pandemicis that it is difficult
to stay “out of the office” even when you are on another continent and, as a result, | have
been more involved in CWRR activities than anticipated.

| would like to thank all MANCO and other CWRR members, associates and students for their
support during 2023 and | anticipate that 2024 will see the CWRR reaching higher levels of
achievement in meeting its mandate.
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5. CWRR Business Plan: 2022-2023

At the CWRR Board meeting held on the 6% of September 2019, the Board recommended that
the CWRR Annual Report include a simple, short and realistic business plan and the
development of a score card/metrics aligned to the CWRR strategic objectives in order to
monitor progress. This was initiated in the 2019-2020 CWRR Annual Report, continued in the
2020-2021 report and is updated below.

5.1. MANCO Focus Areas: 2022-2023

The members of the CWRR MANCO are nominated and elected annually and the focus areas
for the year are discussed and adopted at the first meeting of the newly elected MANCO. The
following table contains a summary of the current (2023) focus areas:

Focus Area Objective(s)

Foundation for the Future, | ¢ Continue review/planning/focus/team building

Strategic Focus and workshops

Relationships e |dentify key strategic partners and develop relationships
Public Profile and e Improve public profile and visibility of CWRR (website,
Communication newsletters, social media, webinars)

e Improve internal communication and team building

e Support student Hydrators Club

Postgraduate Students e Facilitate recruitment of students, allocation of
supervisors and the process for the defence of the
literature review and project proposal

e Support for students

e Involvement of students in CWRR activities

Research e |dentify new opportunities for research and
collaboration

e Preparation to participate in upcoming calls for research

e |Improve communication between members about
research activities

Governance e Constitute annual CWRR Board meetings and expand
Board membership

e Produce annual CWRR reports

e Update the business plan and appropriate metrics of
performance
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Focus Area Objective(s)

Information Systems e Develop and maintain a central project administration
and archive system

e Make available CWRR generated hydrological data,
information and tools in the public domain

Administration, Finances e Provide research contract, human resource

and CWRR Operations administration, financial administration, procurement
and travel booking support to members

e Further develop and maintain an improved financial
system to record, manage and project income and
expenditure

e Staff development

5.2.  Survey of Members

An online survey involving CWRR members and associates was undertaken in October 2023
to determine their perspective of CWRR operations and activities. The questions included in
the survey are listed below:

No. Question
Are you a Member or an Associate Member of the CWRR? Select one.
Rate the initial response time to your request for administrative related services.

2 Rate the knowledge the CWRR administrative staff have to solve your request.

3 Rate the time taken and resolution/solution provided by the administrative staff to
your request for administrative support.

4 Do the administrative staff interact with you in a professional manner? Please
provide a rating.
Rate the response to your requests for technical (lab or field) assistance.
Rate the performance of the Management Committee of the CWRR.

. Do you believe the Mission and Objectives, as contained in the CWRR Constitution,
are being largely met?

g Do the benefits of your membership of the CWRR exceed your contributions and
input to the CWRR?

9 Do you have any suggestions to improve the benefits and services you get from the
CWRR?

Twenty-three responses were received in 2023, with 14 from Members, 8 from Associate
Members and one response had no category selected. The survey results are summarised in
Figures 5.1 and 5.2 and include results from 2020 to 2023 for comparative purposes.

CWRR: 2022-2023 Annual Report i (15)




From the summary of the responses received in 2023 to Questions 1 to 4 shown in Figure 5.1,
93% of respondents rated the administrative services provided to be “Acceptable” or better
while 7% rated the performance as “Poor”. For the technical support provided (Q 5), 100% of
responses found the administrative services provided to be “Acceptable” or better. This is an
excellent achievement. The members perception of performance of the MANCO of the CWRR
(Q 6) was rated as “Good” or better by 89% of respondents, with 11% rating the performance
as “Acceptable”.

CWRR Members Survey
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Figure 5.1 Summary of responses to Questions 1 to 6 from the 2020 to 2023 online surveys
of members

The responses received to Questions 7 and 8 are summarised in Figure 5.2 and indicate that
96% of responses in 2023 felt that the CWRR is meeting its mission and objectives as stated in
the constitution. Similarly, 83% felt that the benefits of membership exceeded their
contributions to the CWRR, i.e. they felt that they are receiving “value for money”, which is a
slight increase compared to 2022 (80%). Some useful suggestions to improve the benefits of
membership and services provided by the CWRR were received in response to Question 9 and
these will be taken forward by the CWRR MANCO in 2024.
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CWRR Members Survey
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Figure 5.2 Summary of responses to Questions 7 and 8 from the 2020 to 2023 online survey
of members

5.3. Performance in Strategic Areas

The following four strategic performance areas aligned to the mission and objectives of the
CWRR have been identified:

(i)  Produce high quality postgraduate students

(ii)  Scientific excellence and advancing knowledge production

(iii) Research impact, science communication and stakeholder engagement

(iv) Sustainable and efficient business operations, as well as building a collaborative and
conducive work environment

Metrics and targets to assess performance in the four strategic performance areas have been
determined and are summarised below:

Indicators of Success and Metric Target 2019 | 2020 | 2021 | 2022 | 2023*
1. Produce high quality postgraduate
students
1.1 Graduation of Masters students 13 (4% 6 11 8 7 2
1.2 Graduation of PhD students 5 (3%) 6 6 3 0 2
1.3 High level of graduate employment 80% 67% 82% 88% | 100%
following recent completion of MSc
degree
1.4 High level of graduate employment 80% 60% 72% | 100% | 100%
following recent completion of PhD
degree
2. Scientific excellence and advancing
knowledge production
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Indicators of Success and Metric Target 2019 | 2020 | 2021 | 2022 | 2023*
2.1 Journal publications 24 (12%) 40 55 68 52 39
2.2 Average impact factor of journals 22 2.4 3.2 3.7 4.6

published in
2.3 Average discipline quartile of <2 1.8 1.7 1.6 13
journals published in (Q1-Q4)
2.4 International conference 6 (2#) 19 - 11 16
presentations
2.5 International collaborations 15 (3#) 16 11 32 39
2.6 National collaborations 20 (64#) 27 9 30 36
3. Research impact, science

communication and stakeholder

engagement
3.1 Research on Tap Seminar/Webinar 6/year 7 2 3 3 6

series
3.2 Newsletters and bulletins 6/year 10 6 6 4 7
4. Sustainable and efficient business
operations as well as collaborative
and conducive work environment
4.1 Financial reserves and committed 2-year 1.9 1.5 1.0 1.9 2.1
future income to support contract
research and support staff (for the
following year)

4.2 Survey of members: Services to >80 % n/a 96% 95% 96% 94%
members (Q1-Q6) satisfaction

4.3 Survey of members: CWRR >80 % n/a 96% 84% 95% 96%
achieving mission and objectives agreement
(Q7)

4.4 Survey of members: Benefits of >80 % n/a 73% 79% 80% 83%
membership exceed contributions agreement
and input (Q8)

4.5 Research project meetings (for > 4/year n/a 2 2 3 3
collaboration and communication)

4.6 Multiple authorship publications 100% | 100% | 100% | 100% | 100% | 100%

(indicator of collaboration)

* To date in 2023

# Previous target value (up to 2020)




6. REVIEW OF ACTIVITIES

6.1. Selected Member Highlights and Achievements

CWRR members have been very active during the reporting period and some highlights and
successes stories are summarised in this section.

e Prof. Jeff Smithers (CWRR member) was recognised as a Distinguished International
Associate (DIA) by the Royal Academy of Engineers in the UK.

e DrTendai Sawunyama (CWRR associate) was appointed to serve on the Board of the Water
Research Commission (WRC) in South Africa by the Minister of Water Affairs and
Sanitation. He was also elected as SA Hydrological Society (SAHS) President at the first
SAHS symposium held in October 2022.

e The CWRR was successful in acquiring four new projects in 2023 which are funded by the
WRC.

e Ms Katelyn Johnson (Civil Engineering, UKZN and CWRR PhD student) received the IAHS
Sivapalan Young Scientists Travel Award (SYSTA) to attend the 28™ I[UGG Conference held
in Berlin, Germany.

e Mr Thando Mthembu (MSc student) received a cash prize for the second-best oral
presentation at the Postgraduate Research Innovation Symposium held at UKZN in
December 2022.

e Mr Kyle Reddy (PhD student) received a cash prize for the third best oral presentation at
the Postgraduate Research Innovation Symposium held at UKZN in 2022.

e Mr Simphiwe Ngcobo (CWRR member) was awarded 3™ place for his presentation at the
UKZN Postgraduate Research and Innovation Symposium held in 2022.

e Mr Demian Mukansi (PhD student) was awarded the best young presenter award at the
South African Institute of Agricultural Engineers (SAIAE) symposium held in September
2022.

e Ms Kershani Tinisha Chetty (CWRR member) was elected as the Treasurer of the SA
Hydrological Society at the first SAHS symposium held in October 2022.

e Mr Duncan Hay (CWRR associate) has been appointed as Strategic Advisor to the Lewis
Foundation. The Lewis Foundation, chaired by former UKZN DVC Dr Pete Zacharias, is
active as an investor and influencer in the nature conservation and wildlife welfare space.
The Foundation is currently supporting further roll-out of the national Biodiversity Human
Capital Development Strategy (BHCDS) and is developing a programme of work that
focuses on supporting coordination and innovation in catchment/landscape conservation.

e Dr Eddie Riddell (CWRR associate) took up a position as a Regional Co-ordinator for the
Limpopo Basin GEF-IW Program under the Global Water Partnership.
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e Dr Daniel Kibirige (CWRR member) is on the Soils4Africa H2020 Project, funded by ISRIC
and partners. He is the co-lead for KwaZulu-Natal and Eastern Cape provinces involved in
the development of an open-access soil information system for Africa.

e Ms Kershani Tinisha Chetty (CWRR member) has been appointed as a National Earth
Observation and Space Secretariat (NeOSS) Co-Chair in the Circular Economy and Natural
Resources Management Community of Practice (CoP) for a three-year period (2023—
2025).

e Prof. Roland Schulze (CWRR member) has had over 6 010 citations and over 63 270 reads
on ResearchGate and over 10 420 citations according to Google Scholar, with his most
cited article (South African Atlas of Agrohydrology and Climatology published in 1997)
being cited 980 times.

6.2. Representation on Committees and Panels

In addition to the representation of CWRR members on many WRC research project reference
groups, the CWRR is represented on the following committees and panels of regional and
national relevance:

e Dr David Clark and Dr Stefanie Schiitte serve on the Stats SA and DWS Technical Working
Committee, which met for the first time in October 2023.

e Dr Eddie Riddell, Dr Shaeden Gokool and Dr Michele Toucher serve on the Expanded
Freshwater and Terrestrial Observation Network Hydrology Technical Advisory
committee.

e Prof. Graham Jewitt is a member of the WaterNet Board.

e Dr Aidan Senzanje and Ms Tinisha Chetty are the CWRR-UKZN representatives on
WaterNet.

e Ms Tinisha Chetty is the CWRR representative on the WaterNet Masters Programme.

e Prof. Seifu Kebede Gurmessa serves on the Council of the International Association of
Hydrogeologists (IAH) and is the Vice President of the Sub-Saharan Africa (SSA) region. In
addition, he is a member of the Groundwater Quality Commission of 1AH, is a member of
the Friends of Groundwater (FoG), is a member of member of the working group on
Groundwater Information: AMCOW- Pan African Groundwater Program. He also serves as
a member of the Scientific Committees for the UNESCO IHP - ISARM2021 2"¢ International
Conference and for the 48™ International Association of Hydrogeologists Congress.

e Prof. Jeff Smithers serves on the Executive Board of International Commission of
Agricultural and Biosystems Engineering (CIGR), is a Council member of the South African
Institute of Agricultural Engineering and is the Secretary-General for the Pan-African
Society for Agricultural Engineering. In addition, he represents the South African
Committee on Large Dams (SANCOLD) on the Flood Evaluation and Dam Safety Committee
of the International Commission on Large Dams (ICOLD).

e Dr Donovan Kotze is board member for the South African Wetland Society.
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e Dr Aidan Senzanje is the South African representative on the Working Group on
Sustainable Drainage (WG-SDRG) of the International Commission on Irrigation and
Drainage (ICID).

e Dr Aidan Senzanje and Ms Tinisha Chetty represent CWRR/UKZN at the AU-Nepad Centres
of Excellence in Water.

6.3. Capacity Development

The number of students successfully completing their postgraduate studies through the CWRR
are summarised in the table below:

Completion Year | Honours | Masters | PhD
2017 11 10 2
2018 11 4 3
2019 9 6 8
2020 12 11 8
2021 9 8 3
2022 6 7
2023* 2 2
* To date

6.3.1. Demographics

The distributions of gender and race of MSc and PhD graduates from the CWRR in 2021 and
2022 are shown in Figure 6.1, with African Females being the largest group of graduates.
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Figure 6.1 Distribution of gender and race of CWRR graduates in 2021 and 2022




The distributions of gender and race of the CWRR postgraduate intake from 2021 to 2023 are
shown in Figure 6.2, with African Females followed by African Males being the largest intake
groups. The intake source of all CWRR postgraduate students from 2021 to 2023 is shown in
Figure 6.3 and indicates that the majority of the students (81%) are South African and from an
internal source (i.e. UKZN).
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Figure 6.2 Distribution of gender and race of CWRR postgraduate intake in 2021 to 2023
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Figure 6.3 Intake source of all CWRR postgraduate students starting in 2021 to 2023

6.3.2. Time to complete studies

The average time to complete postgraduate studies for students first registering from 2014 to
2021 is shown in Figure 6.4. Although there is some variation, there is a decreasing trend since

2016 in the time taken complete both Masters and PhD degree.
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Figure 6.4 Time taken to complete degrees

6.4. Publications and Citations

The number of publications by CWRR members and associates from 2020 to date are
summarised in Table 6.1. Details of the publications are contained in Chapter 11.

Based on output from Google Scholar, Prof. Tafadzwanashe Mabhaudhi was the highest cited
CWRR member with 1 603 citationsin 2022. Other highly cited CWRR members in 2022 include
Prof. Graham Jewitt with 718 citations, Prof. Roland Schulze with 474 citations, Prof. Seifu
Kebede Gurmessa with 406 citations and Dr Michele Toucher with 316 citations.

Table 6.1 Number of publications from 2020 to date

Publication Type 2020 2021 2022 2023*
Journal Papers 56 68 52 39
Technical Reports 4 14 3 10
Books and Book Chapters 2 11 7 6
* To date

6.5. Presentations and Conference Attendance

The CWRR was well represented at many international and national conferences during the
reporting period, some of which are summarised in the following sections.
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6.5.1. Conference presentations

The following presentations were made by members, associates and students at conferences
during 2022 and 2023 to date:

e Aldworth, T., Toucher, M. and Clulow, A. 2022. Estimating the effect of woody
encroachment on evapotranspiration in a semi-arid savanna using surface renewal. South
African Hydrological Society Inaugural Symposium, Muldersdrift, South Africa

e Amdar, N., Mul, M., Seyoum, S., Albakri J., Jewitt, G., Rutten and M. Uhlenbrook, S. 2023.
Water accounting plus for improved water budget reporting in the Amman-Zarga Basin —
Jordan. 28" General Assembly of the IUGG, IUGG, Berlin, Germany.

e Chetty, E. 2023. Exploring the use of RGB Unmanned Aerial Vehicles for Crop Monitoring
and Mapping Within a Smallholder Farm Setting: A Case Study in Swayimane. 7t
Fountainhill Estate Research Symposium on ‘Water security & its dependence on good
conservation practices’, Wartburg, South Africa.

e Chetty, KT. 2022. An assessment of Satellite Rainfall products for Hydrological Modelling.
South African Hydrological Society Inaugural Symposium, Muldersdrift, South Africa.

e Clark, D. 2023. Accounting for water resources at catchment scale: understanding the role
of ecosystems. 29 Meeting of the London Group on Environmental Accounting, Pretoria,
South Africa.

e Gericke, OJ, Pietersen, JPJ, Smithers, J and Du Plessis, JA. 2023. Direct estimation of
catchment response time in medium to large catchments. 28" General Assembly of the
IUGG, UGG, Berlin, Germany.

e Goge, M., Smithers, JC., Clark, D. Schulze, R., and Horan, M. 2022. Identifying Potential
Significant Sediment Contributing Areas and Assessment of Interventions to Limit
Sediment Yield into the Proposed Smithfield Dam on the uMkhomazi River. South African
Hydrological Society Inaugural Symposium, Muldersdrift, South Africa.

e Gokool, S. 2022a. Mapping land use land cover in smallholder agricultural systems using
very-high spatial resolution unmanned aerial vehicle imagery. South African Hydrological
Society Inaugural Symposium, Muldersdrift, South Africa.

e Gokool, S. 2022b. Deriving moderate spatial resolution leaf area index estimates from
coarser spatial resolution satellite products. South African Hydrological Society Inaugural
Symposium, Muldersdrift, South Africa.

e Gokool, S. 2023. Introduction to Water Management Studies at UKZN. 7™ Fountainhill
Estate Research Symposium on ‘Water security & its dependence on good conservation
practices’, Wartburg, South Africa.

e Gurmessa, SK. 2022. Groundwater Data and Information Gaps in Africa. World Water
Congress, Dakar, Senegal.

e Gurmessa, SK. 2023a. Keynote: Key Highlights of Pan African Hydrogeology. 50th
International Association of Hydrogeology Congress, Cape Town, South Africa
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e Gurmessa, SK. 2023b. Keynote: Water Security Risks: situation analysis and alternative
scenarios. World Water Institute’s Pan-African water stewardship workshop “Putting
Water to Work for Africa”, Addis Ababa, Ethiopia.

e Gurmessa, SK. 2023c. Pockmarks in drylands and their Hydrogeological Significance. 50t
International Association of Hydrogeology Congress, Cape Town, South Africa.

e Gurmessa, SK. 2023d. Tracing urban pipe water residence time and movement using
environmental isotopes (6180-62H,222Rn) and Electrical Conductivity — a new frontier for
urban water supply risk mapping, 16t International Symposium on Isotope Hydrology,
Vienna, Austria.

e Gurmessa, SK. 2023e. The place of groundwater in ecosystem conservation elsewhere and
with some examples from Vleis in uMgeni. 7" Fountainhill Estate Research Symposium on
‘Water security & its dependence on good conservation practices’, Wartburg, South Africa.

e Horan, M., Schulze, R., Clark, D., Kunz, R. and Thornton-Dibb, S. 2022. Creation of an
improved set of Quaternary Catchment Altitudinal Zones for use in National Scale
Hydrological Modelling. South African Hydrological Society Inaugural Symposium,
Muldersdrift, South Africa

e Jewitt, GPW. 2023. Hydrology and the South African Water Research Commission (1971 —
2021): Exploring 50 years of Hydrology Research support. 28" General Assembly of the
IUGG, UGG, Berlin, Germany.

e Johnson, KA. and Smithers, J. 2022a. The development of methods to account for non-
stationary climate data in extreme design rainfalls in South Africa. South African
Hydrological Society Inaugural Symposium, Muldersdrift, South Africa.

e Johnson, KA. and Smithers, J. 2022b. Estimation of High-Return Period Design Rainfalls and
Probable Maximum Precipitation in South Africa. South African Hydrological Society
Inaugural Symposium, Muldersdrift, South Africa.

e Johnson, KA. and Smithers, JC. 2023. The development of methods to account for non-
stationary climate data in extreme design rainfalls in South Africa. 28th General Assembly
of the IUGG, IUGG, Berlin, Germany.

e Kibirige, D. 2022. Estimation of Soil Moisture Using Environmental Covariates and Machine
Learning Algorithms in Cathedral Peak Catchment, South Africa. ASA, CSSA, SSSA
International Annual Meeting, St Louis, USA.

e Kibirige, D. 2022. Investigating the accuracy of various calibration equations of the
EnviroScan sensor in soil water content estimations in Hungary. Kirkham Conference,
Skukuza, South Africa.

e Kibirige, D. 2023. Estimation of Soil Moisture Using Environmental Covariates and Machine
Learning Algorithms in Cathedral Peak Catchment, South Africa. ASA, CSSA, SSSA
International Annual Meeting, St Louis, USA.

e Loots, |. and Smithers, J. 2022. Quantifying the influence of urban development on runoff
in South Africa: a Tshwane case study. South African Hydrological Society Inaugural
Symposium, Muldersdrift, South Africa.
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e Loots, |, Smithers, JC and Kjeldsen, TR. 2023. Quantifying the influence of urban
development on runoff in South Africa: A Tshwane case study. 28" General Assembly of
the IUGG, IUGG, Berlin, Germany.

e Lorentz, S, Imrie, S, Bennett, A and Clulow, A. 2023. Evaporation from Platinum Tailings in
a Semi-Arid Environment. International Mine Water Association (IMWA) Conference,
Cardiff, Wales, UK.

e Lorentz, S. 2023. Sediment Yield in Civil Engineering. SAICE Environmental Engineering
Division (SEED) Conference: Soil Erosion and Ecological Restoration, Midrand, South Africa.

e Mabhaudhi, T.2022. Climate, water and risks in a changing world. Science-Policy Dialogue
on “Floods Risk Management: Enhancing Flood Early Warning Systems to Reduce
Vulnerability”.

e Mahomed, M., Clulow, A. Mabhaudhi, T., Savage, M., Chetty, K. Strydom, S. 2022.
Detection and early warning of lightning and extreme storm events in KwaZulu-Natal,
South Africa. South African Hydrological Society Inaugural Symposium, Muldersdrift, South
Africa.

e Maharaj, U and Smithers, JC. 2022a. A review of Uncertainty Estimation Techniques and
the Development of Probabilistic Curve Numbers Applicable to design Flood Estimation in
South Africa: Preliminary Results. In: ed. Blaeser, M, Annual SANCOLD 2022 Conference
on “Evolving Dams in a Climate of Change”, 247-258. SANCOLD, Pretoria, South Africa.

e Maharaj, U and Smithers, JC. 2022b. Improved Performance of the SCS-SA Model and
Development of a Framework for Uncertainty Estimation for Design Flood Estimation in
South Africa. South African Hydrological Society Inaugural Symposium, Muldersdrift, South
Africa.

e Maharaj, U and Smithers, JC. 2023. Development of a framework for uncertainty
estimation for design flood estimation in South Africa using the SCS-CN model. 28th
General Assembly of the IUGG, IUGG, Berlin, Germany.

e Maseko, M. and Gurmessa, SK. 2022. Groundwater Modelling of Lake Sibaya Under
Various Landcover and Climate Scenarios Advised by Plant Water Source Partitioning Using
Isotopes. South African Hydrological Society Inaugural Symposium, Muldersdrift, South
Africa.

e Mthembu, T. 2023. Assessing the water productivity of orange-fleshed sweet potato to
optimise water resources management. 7 Fountainhill Estate Research Symposium on
‘Water security & its dependence on good conservation practices’, Wartburg, South Africa.

e Mthembu, T. 2022. Assessing the water productivity of sweet potato. Postgraduate
Research and Innovation Symposium (PRIS), UKZN, 8-9 December 2022.

e Mthembu, T. 2022. Assessing the water productivity of sweet potato. Inaugural South
African Hydrological Society Symposium, Gauteng, 10-12 October 2022.

e Muchaonyerwa, K. 2023. Mapping and Assessing the Impact of Weeds on Neglected and
Underutilised Crops in Smallholder Farms using Cloud Computing and Multispectral UAV
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Imagery. 7" Fountainhill Estate Research Symposium on ‘Water security & its dependence
on good conservation practices’, Wartburg, South Africa.

e Mukansi, DV., Smithers, J., Johnson, K. Kjeldsen, T. and Mutema, M. 2022. A review on
detecting trends in hydrological extremes and incorporation of nonstationary hydrological
data into design flood estimation in South Africa. Inaugural South African Hydrological
Society Symposium, Muldersdrift, South Africa

e Mukansi, M. 2022. Determining the effects of different storage conditions on the
mechanical and physiological properties of amadumbe. South African Institute of
Agricultural Engineers (SAIAE) Symposium, Tzaneen, Limpopo, 21-23 September 2022.

e Mukansi, DV. 2022. Detecting trends in hydrological extremes and incorporating non-
stationary models in design flood estimation in South Africa. South African Institute of
Agricultural Engineers (SAIAE) Symposium, Tzaneen, Limpopo, 21-23 September 2022.

e Naidoo, K. and Chetty, K. 2022. Evaluation of Soil Moisture Estimates From Satellite-based
and Reanalysis Products over Two Network Regions. South African Hydrological Society
Inaugural Symposium, Muldersdrift, South Africa.

e Ndlovu, Z., Loots, |. and Smithers, J. 2022. Assessing and improving the simulation of runoff
and design flood estimation in urban areas using the ACRU and SCS-SA models. South
African Hydrological Society Inaugural Symposium, Muldersdrift, South Africa.

e Ngcobo, S, Hill, T, Jewitt, GPW and Archer, E. 2023. A Yield Gap Analysis to Assess the
Exposure and Vulnerability of Commercial Sugarcane to Climatic Extremes in southern
Africa. Fifth Global Change Conference (GCC5), Bloemfontein, South Africa.

e Ngcobo, S, Hill, T, Jewitt, GPW and Archer, E. 2023. An Assessment of the Vulnerability and
Adaptation Potential of Commercial Sugarcane to Water Stress Across southern Africa.
Fifth Global Change Conference (GCC5), Bloemfontein, South Africa.

e Ngcobo, S, Hill, T, Jewitt, GPW and Archer, E. 2022. An Assessment of the Vulnerability and
Adaptation Potential of Commercial Sugarcane to Water Stress Across southern Africa.
University of KwaZulu-Natal Postgraduate Research and Innovation Symposium,
Pietermaritzburg, South Africa.

e Ngcobo, S, Hill, T, Jewitt, GPW and Archer, E. 2022. A Yield Gap Analysis to Assess the
Exposure and Vulnerability of Commercial Sugarcane to Climatic Extremes in southern
Africa. Ukulinga Howard Davis Memorial Symposium, Pietermaritzburg, South Africa.

e Nsibande, T. and Gurmessa, SK. Rainfall-Groundwater Relationship, groundwater-surface
water relationship, and groundwater dynamics in the Maputaland Coastal Plain. South
African Hydrological Society Inaugural Symposium, Muldersdrift, South Africa.

e Pietersen, JPJ, Gericke, OJ and Smithers, J. 2023. The impact of different approaches on
the estimation of long duration geographically-centred areal reduction factors. 28t
General Assembly of the IUGG, IUGG, Berlin, Germany.

e Reddy, T. 2022. Quantifying the water use and nutritional water productivity of taro.
Postgraduate Research and Innovation Symposium (PRIS), UKZN, 8-9 December 2022.
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e Reddy, T. 2022. Quantifying the water use and nutritional water productivity of sweet
potato and taro. Inaugural South African Hydrological Society Symposium, Gauteng, 10-12
October 2022.

e Sawunyama, T. 2022. Keynote; Role of Catchment Management Agencies (CMAs) in
implementing IWRM in South Africa. South African Hydrological Society Inaugural
Symposium, Muldersdrift, South Africa

e Sawunyama, T, Kapangaziwiri, E, Mwenge, K. 2023. The future direction of hydrology
research in South Africa: Science into practice. 28" General Assembly of the IUGG, IUGG,
Berlin, Germany.

e Schulze, RE. 2022. Climate Change and the Pork Industry in South Africa. The National Pork
Producers Conference, Pietermaritzburg, South Africa.

e Schulze, RE. 2022. Interactions between Nature’s and the Human Footprints in the Present
and Future Hydrology of QwaQwa within the Maloti-Drakensberg Region. Maloti-
Drakensberg International Conference on Safeguarding and Preservation of the Dragon
Heritage, Maloti, South Africa.

e Schulze, RE. 2023. Nature’s and the Human Footprints on South Africa’s Soils Across a
Range of Scales from a Practical Hydrological Modeller’s Perspective. The Combined Crops,
Horticultural and Soils Congress, Pretoria, South Africa.

e Schulze, RE. 2023. Keynote: ‘So, What About the KZN Coastal Areas’ April 2022 Floods in
KwaZulu-Natal? A Hydrological Perspective’. UN’s University’s Institute for Environment &
Human Security (Bonn, Germany), Durban, South Africa.

e Schulze, RE. 2023. Climate Change: Are We Asking the Right Questions? ...Or are We Falling
into a Climate Change Trap. Umgeni Resilience Project's Climate Change Indaba, Howick,
South Africa.

e Schulze, RE. 2023. The Future is Not What it Used to Be: Climate Change and Water
Resources in South Africa. National Water and Sanitation Youth Indaba, Durban South
Africa.

e Schutte, S. 2022. A national assessment of potential climate change impacts on water
resources in South Africa. South African Hydrological Society Inaugural Symposium,
Muldersdrift, South Africa.

e Schutte, S. 2022. Impacts of soil carbon on hydrological responses — a sensitivity study of
scenarios across diverse climatic zones in South Africa. South African Hydrological Society
Inaugural Symposium, Muldersdrift, South Africa.

e Schutte, S. 2023. A National Assessment of Potential Climate Change Impacts on
Hydrological Yield for Water Resources Management. Global Change Conference,
Bloemfontein, South Africa.

e Shabalala, M., Toucher, M. and Clulow, A. 2022. Understanding the hydrological impacts
of replacing commercial forestry with macadamia orchards: A case study from a
groundwater-driven South African catchment. South African Hydrological Society
Inaugural Symposium, Muldersdrift, South Africa.
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e Smithers, JC. 2022. KZN Floods and Climate Change: Preliminary Assessment and
Perspectives of the April and May 2022 Extreme Rainfall Events in KwaZulu-Natal, South
Africa. Annual SANCOLD 2022 Conference on “Evolving Dams in a Climate of Change”,
SANCOLD, Pretoria, South Africa.

e Smithers, JC. 2022. National Flood Studies Programme for South Africa: Overview and
Progress to Date. Annual SANCOLD 2022 Conference on “Evolving Dams in a Climate of
Change”, SANCOLD, Pretoria, South Africa.

e Smithers, JC. 2022. The Initiation of a National Flood Studies Programme for South Africa:
Overview and Progress to Date. IAHS 2022 XIth Scientific Assembly, Montpellier, France.

e Smithers, JC. 2022. The Initiation of a National Flood Studies Programme for South Africa:
Overview and Progress to Date. South African Hydrological Society Inaugural Symposium,
Muldersdrift, South Africa.

e Smithers, JC. 2023. National Flood Studies Programme in South Africa: Overview and
Development of the SCS-SA CSM Approach. 28" General Assembly of the IUGG, IUGG,
Berlin, Germany.

e Smithers, JC. 2023. The National Flood Studies Programme for South Africa: Overview and
Development to Date. Modelling Symposium: Modelling for an Uncertain Future, Water
New Zealand, Wellington, New Zealand.

e Theron, C. and Lorentz, S. Rainfall Induced Transient Pressure Wave Mechanisms in
Tailings Dams. International Mine Water Association (IMWA) Conference, Cardiff, Wales,
United Kingdom.

e Toucher, M. 2022. Keynote: Cathedral Peak Research Catchments: Ten years on from
reestablishment of monitoring. South African Hydrological Society Inaugural Symposium,
Muldersdrift, South Africa.

e Yacoob, A. 2023. The estimation of evapotranspiration and depiction of crop health using
UAV-derived data to guide and inform precision agriculture in smallholder farms. 7t
Fountainhill Estate Research Symposium on ‘Water security & its dependence on good
conservation practices’, Wartburg, South Africa.

6.5.2. Conference attendance

In addition to the attendance and presentations at conferences detailed above, some other
conference related activities that CWRR members, associates or students were involved with
are outlined below:

e Prof. Seifu Kebede Gurmessa was a session chair at the 16" International Symposium on
Isotope Hydrology, 3-7 July 2023, Vienna, Austria and was a panellist at the 2023
Stockholm World Water Week.

e Prof. Graham Jewitt participated in the UN 2023 Water Conference (March 2023), the ASA,
CSSA, the 28th IUGG General Assembly (July 2023) and the 24t Waternet/WARFSA/GWP-
SA Symposium in October 2023.
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e Dr Ashiel Jumman and Dr David Clark attended the South African Sugar Technologists
Association Annual Congress in August 2023.

e Ms Tinisha Chetty was a member of the organising committee, a session chair and
moderator at the National Space Conference 2023, held in Pretoria in September 2023.

e Dr Stefanie Schiitte was a session chair at the Global Change Conference, Bloemfontein,
South Africa, in February 2023.

e Dr Daniel Kibirige attended the 50" IAH Congress, Cape Town, South Africa in September
2023.

e Dr Donovan Kotze participated in the National Wetlands Indaba Conference (October
2023).

e Dr Tendai Sawunyama attended the IUGG Assembly in Germany (July 2023) and the IAH
Conference in Cape Town.

e Mr Duncan Hay participated in the Oppenheimer Environmental Research Symposium, the
41 Environmental Education Association of Southern Africa (EEASS) Conference chaired
by the Fountainhill Research Symposium, as well as the Bird and Renewable Energy Forum
led by Birdlife South Africa.

e Dr Aidan Senzanje participated in the Waternet Symposium held in Zanzibar (October
2023).

e Mr Richard Kunz attended the UKZN Postgraduate Research and Innovation Symposium
(PRIS) held online on 8 December 2022.

e Mr Richard Kunz and Dr Schitte attended the 7th Fountainhill Estate Research
Symposium, Wartburg (and online) on 19 October 2023.

e Prof Seifu Kebede-Gurmessa from the 7 to 11 March 2022 attended the 1st AFRA
International Atomic Energy Agency Coordination Meeting in Vienna, Austria, where he
provided project technical support. At the World Water Congress held in Dakar, Senegal,
held from 21 to 26 March 2022, he participated in a panel discussion, and co-hosted a
session. From 23 August to 1 September 2022, he attended the Stockholm World Water
Week in Stockholm, Sweden, where he represented UKZN and was a session co-convener.

e CWRR Associate Dr Nick Rivers-Moore attended the 59th Southern African Society of
Aquatic Scientists which was held from 26 to 30 June 2022.

e Prof Tafadzwa Mabhaudhi attended the 22nd Waternet Symposium, the World Water
Forum in Dakar, and both he and Dr Adan Senzanje attended the 24th Congress of the
International Committee on Irrigation and Drainage (ICID) conference in Australia.

e Dr Rebecka Henriksson and a team from the ARUA Water Centre of Excellence attended
and presented at the Garden Route Interface Network Conference in Sedgefield which was
held from 10 to 13 October 2022.

e Ms Tinisha Chetty attended the Group on Earth Observations (GEQ) Ministerial Summit in
Cape Town 6-8th November 2023, both as a CWRR representative and as a NeOSS CoP Co-
Chair.
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e Dr Rebecka Henriksson represented the ARUA Water Centre of Excellence in the ARUA
Centre Directors meeting that took place at University of Mauritius in Port Louis, Mauritius
215t — 22" February 2023. The meeting brought together the Centre Directors and
Managers of the 13 ARUA Centres of Excellence to discuss progress and future plans of
ARUA as a whole and of the various Centres.

6.6. Workshops, Training and Skills Advancement

CWRR members, associates and students continued to provide training and to advance their
skills by the organisation, presentations made and attendance at several workshops and
training sessions as summarised below.

6.6.1. Workshops

Prof. Jeff Smithers arranged and chaired the 6" Annual National Flood Studies Report (NFSP)
Research Workshop held as a hybrid event at Stellenbosch University on the 25% of May 2023.
The workshop was attended by 48 (13 in-person and 35 online) delegates from government
departments, academic institutions, and industry, and 15 presentations were made by
postgraduate students registered at various tertiary institutions. The NFSP Research
Workshop provided an overview of recently completed research projects, presented progress
made with the implementation of the NFSP followed by discussion on reprioritised research
activities, and facilitated discussion on the way forward for the NFSP. The workshop provided
guidance to both current research projects and postgraduate students working on NFSP
related projects. The NFSP Research workshop included a workshop on “Probable Maximum
Precipitation Estimation” led by Katelyn Johnson.

The second symposium on Umgeni Water (UW) Funded Research at UKZN was arranged by
Prof. Jeff Smithers and was held on the 17t" of February 2023. The purpose of the symposium
was to feedback to industry leaders at UW on progress made and provide opportunity for
questions and discussion, create awareness at both UKZN and UW of research which is funded
at UKZN by UW, attempt to break down some of the research silos, promote multi-disciplinary
collaboration where appropriate, and facilitate communication and collaboration between
researchers, students and Umgeni Water.

Mr Simphiwe Ngcobo arranged a 1-day workshop on “The State of Citizen Science for Water
Quality Monitoring (WQM)” in conjunction with project partners GroundTruth (Tanisha Curtis,
Sim’lindile Mahlaba, Dr Mark Graham) with support from DUCT and the Water Research
Commission. The purpose of this workshop was to bring together the key stakeholders in the
Citizen Science (CS) for WQM space, have conversations around the potential for growth of
CS for WQM practices, discuss concerns related to CS for WQM practices, and to gauge what
participants foresee for the future of CS for WQM practices. The participants included
representatives from the private, public and education sectors with the intention to broaden
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the range of input from the workshop participants. The workshop was held on 20* October
2023 and attended by approximately 25 people on the Pietermaritzburg Campus of UKZN with
a further 66 online delegates.

6.6.2. Training provided

A summary of training provided by CWRR members and associates is listed below:

e A number of presentations were made by Prof. Jeff Smithers and Katelyn Johnson at a 3-
day training short course on “Flood Hydrology” held both in the Department of Civil
Engineering, Stellenbosch University and online from 22 to 24 May 2023. The objective of
the course was to both increase the level of expertise in industry and to introduce newly
developed approaches in design flood estimation to industry.

e Dr Daniel Kibirige taught “Introduction to Hydrology and Hydrological Applications in
Agriculture” and “GIS and remote sensing in Agriculture focusing on Digital Soil Mapping
and Digital Phonetyping” at the Université Nationale d'Agriculture (UNA) in Ketou, Benin.

e Prof. Roland Schulze delivered various guest lectures at the University of the Free State’s
postgraduate course on Water Resources Management Series of lectures in Bloemfontein
(March and July 2023).

e Ms Tinisha Chetty and Dr Shaeden Gokool presented a two-day online course on Earth
Observation for Hydrological Analysis. The event was co-led by University of Tanzania and
organised by Waternet.

e Prof. Graham Jewitt co-hosted The WEF Nexus Masterclass Online course and co-hosted
the WEF Nexus Winter School at Future Africa Campus in Pretoria in collaboration with
IHE-Delft, UKZN, GWP-SA, WRC and Waternet.

e The 5" annual workshop of the National Flood Studies Programme (NFSP) was held online
on 22 February 2022. This workshop was arranged and led by Prof Jeff Smithers and was
attended by 33 delegates from industry and 11 presentations were made by students. The
workshop is used to focus and review progress made in the implementation of the NFSP
and included discussion on the development of a best practice guideline for flood
estimation in urban areas and a workshop on the “Assessment and Development of
Synthetic Design Storms for Use in Urban Environments”.

e Prof. Jeff Smithers made a number of presentations at a training course on “Flood
Hydrology and Urban Runoff Modelling” held from 14 to 17 February 2022 through
Enterprises at the University of Pretoria. The objective of the course was to both increase
the level of expertise in industry and to introduce newly developed approaches in urban
flood estimation to industry.

e Prof. Jeff Smithers contributed to a webinar titled “KZN Crises: Engineering Design for the
Future” which was focussed on the impacts of the April 2022 floods in KwaZulu-Natal,
organised by the School of Engineering at UKZN on 25 May 2022, with a presentation on
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“A Preliminary Assessment and Perspectives of the Extreme Rainfall Events from 8-11 April
2022 in KZN” which provided a risk perspective of the rainfall associated with the floods.

e Mark Horan ran a 2-day SACNASP and ECSA accredited training course on the ACRU Model
which was held at the WRCin Pretoria from 30 to 31 March 2022. The course was attended
by practitioners from various divisions at the DWS and some staff from the WRC. For many
attendees it was the first face-to-face training for more than two years and the feedback
from the event was extremely positive.

e Prof. Seifu Kebede-Gurmessa and CWRR Associate Dr Jim Taylor presented a training
course on MiniSASS on 5 February 2022 in Addis Ababa.

e CWRR Associates Dr Richard Meissner and Dr Duncan Hay participated a public
consultation workshop on the draft National Water Resources Strategy Third Edition
(NWRS3) which was held on 23 September 2022 in KwaZulu-Natal.

e Dr Stefanie Schiitte presented an invited talk on the research findings of ‘A national
assessment of potential climate change impacts on hydrological responses and the
hydrological yield in South Africa’, on the 18" March 2022 at the Water Sector Governance
and Operations Water Workshop hosted by the Danida Fellowship Centre in Pretoria.

e Dr Rebecka Henriksson led a workshop session on a complex social-ecological systems
integration tool with the Pls, CoPls and senior researchers within the ARUA Water Centre
of Excellence, on the 20 June 2023 in Kampala, Uganda.

6.6.3. Skills advancement

A number of capacity development activities were undertaken by CWRR members and
associates as listed below:

e Ms Tinisha Chetty, Dr Stefanie Schiitte, Dr Magsooda Mohamed and Dr Shaeden Gokool
attended the in-person Climate Risk Informed Decision Analysis (CRIDA) — Training and
Capacity Transfer organised by UNESCO, held in Pretoria during in May 2023. The training
was led by Prof. Patrick Ray (University of Cincinnati) and was followed by several online
training/tools transfer by the UNESCO Alliance for Global Water Adaptation (AGWA) on
the eco-hydrologic analysis approach developed in Phase 1 of CRIDA modelling.

e Ms Chetty participated in the NeOSS Communities of Practice (CoP) Integrated workshop
in Pretoria in May 2023.

e Mr Richard Kunz attended various courses/webinars, including the ‘Water Research
Observatory’ organised by ARC and UKZN (March 2023), Training on ‘How to use Intel's
oneAPI software suite’, organised by LRZ (June 2023), ‘Shiny and R’, organised by Euro
Friend (June 2023), ‘Al optimisation’, organised by Intel (July 2023), ‘Data intensive
research Webinar’, organised by UKZN (August 2023), ‘Using PyTotch to predict forest
fires’, organised by Intel (August 2023), ‘New features of Intel's latest Fortran Compiler’,
organised by Intel (August 2023), ‘Atmospheric Science: Numerical methods and machine
learning’, organised by NiTeCS, UKZN, ‘Why and how to use GitHub’, ‘Publishing with
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Taylor and Francis Journal’, ‘Publishing with Wiley’s open-access journals’ and ‘Multi-
Model comparison tools in Hydrology’.

e Mr Vivek Naiken attended an Isotope Training programme organised by the International
Atomic Energy Agency (IAEA) in Vienna, Austria during August 2023.

e Dr Daniel Kibirige attended the “UKZN CAES Supervision Workshop” held on the UKZN
Westville Campus hosted by Prof. Neil Koorbanally (August 2023).

e Dr Shaeden Gokool, Stefanie Schiitte, Richard Kunz and others attended an online
workshop in 2022 presented by Dr Julia Glenday on “Catchment Hydrology Model-a-thon:
Online background &briefing session”.

e Various other skills advancements were undertaken.

6.7. Community Outreach, Stakeholder Engagement and Citizen Science

During 2023, the WWF-funded Northern Drakensberg Collaborative (NDC - formerly the Upper
uThukela Catchment Partnership, funded by the SANBI Living Catchment project) held two in-
person stakeholder engagements and two online meetings with a wide range of stakeholders
from across academia, local and provincial government, the private sector, funders, NGOs and
local communities. Dr Rebecka Henriksson is co-convening the NDC with Dr Brigid Letty (INR)
and Erna Kruger (Mahlathini Development Foundation). On 23" May 2023 Dr Henriksson and
convening partners hosted their fourth multi-stakeholders meeting at the Alpine Heath Resort
and Conference Facility in the Drakensberg. Seventy stakeholders attended and attended of
a number of interesting presentations from project partners and were involved in discussions
to formally establish the NDC, its vision, principles, benefits and services to the members. On
27t September 2023 a group of 45 stakeholders from the NDC gathered in the Community
Hall in Emmaus, to share progress on catchment activities and to discuss the establishment of
themes of communities of practice for more focused working groups and interactions. The
participants proceeded to visit the Costone Community to allow for learning and reflection
around real-life cases of spring protection, community action, climate smart agriculture and
environmental rehabilitation.

On the 29" and 30" March 2023, Dr Rebecka Henriksson and team partners from
EFTEON/SAEON and Mahlathini Development Foundation (MDF) held their second co-learning
workshop in two Drakensberg villages (Ezibomvini and Costone respectively), for the WRC
funded project “Towards sustainable and equitable management of water resources:
Understanding the interlinkages between water, ecosystems and society through spatial
mapping of ecosystem services and livelihood benefits”. The series of iterative co-learning
workshops aimed to create a shared understanding between project scientists, the MDF
facilitation team and the communities about land and water resources, the communities’
needs and priorities, decision-making structures as well as climate change and variability that
have consequences on social, economic, environmental and agricultural aspects of the area.
During the second workshop, the participants identified priority areas of concern that require
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protection, restoration or targeted management. The project team facilitated the
development of community led management plans for the priority areas including detailed
and structured action plans. The process particularly empowered the Costone community to
plan, innovate and take action towards sustainable and equitable management of their
resources and to build social agency.

Ms Chetty, Dr Mahomed, Dr Gokool and two students from the CWRR Hydrators Club, Ms
Jele and Ms Goge were involved in community outreach programs for Career Days at
Springhaven Primary, Ridgeview and Allandale Primary School. Students were informed about
CWRR activities and our postgraduate student’s journeys through UKZN and the CWRR.

Mr Simphiwe Ngcobo showcased the CWRR at a recruitment drive organized by the KwaZulu-
Natal Department of Agriculture and Department of Education. The event, hosted by Linpark
High School, invited the top performing schools in the Pietermaritzburg District to participate
in a Science Spelling Bee and Problem-Solving competition aimed at encouraging local
students to enrol at UKZN once they complete their high school education. Mr Simphiwe
Ngcobo gave a presentation at the event which outlined the opportunities on offer at CWRR
for school leavers to study Hydrology and STEM at the University of KwaZulu-Natal.

Dr Aidan Senzanje contributed to the SADC Water-Energy-Food Nexus Dialogue (April 2023)
and the Consultation with Stakeholders as part of ONEPLanet Research Project (July 2023).

Dr Daniel Kibirige undertook a teaching mission at the Université Nationale d'Agriculture in
Ketou, Benin. The purpose of the mission is to train agricultural students at bachelor's (400)
and master’s level (200). The academic programs are being administered in 12 various
agricultural domains with a focus on 70% practical and 30% theory. The following modules
were delivered: Introduction to Hydrology and Hydrological Applications in Agriculture; GIS
and Remote Sensing in Agriculture, focusing on Digital Soil Mapping and Digital Phenotyping.
In the next mission, his focus will be on Irrigation Design and Management for Agriculture.
During the missions, UKZN and CWRR were showcased, as well some practical
instruments/satellite-derived data were used to teach and train students.

CWRR Associates Dr Jim Taylor and Dr Mark Graham have continued their long-standing
support for the Enviro-Champs, a social movement in local townships focused on fostering
hope for a new, more sustainable future. A recent focus has been on informing the scaling of
up to 10 000 Enviro-Champs throughout South Africa. This initiative is being conducted in
partnership with the Rhodes Environmental Learning Research Centre (ELRC) and forms part
of the Presidential Employment Stimulus (PES). A pilot phase of this research is underway,
supported by the PES, WRC and other funders. In the past year, over 600 young people have
actively worked to improve river conditions. Their focus is solid waste dumping, fresh-water
leaks, sanitation issues, contributing to the State of the Rivers report, nutrient loading and
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alien invasive clearing. Much of this work is known as Amanzi Ethu Nobuntu (Our water and
common heritage) which is a not-for-profit entity formed to help manage this growing project.

Dr Mark Graham is leading a team which is researching how to best facilitate online learning
about CS within remote rural communities that have limited access to technology and
connection to the internet. It is envisaged that CS will be using tools to enable the
biomonitoring of river health. This system is currently being piloted with a selected community
in KwaZulu-Natal. Action research will be used to adapt the learning system as shortcomings
and opportunities are identified.

In a complementary initiative the International Water Management Institute (IWMI) is
supporting the development of a biomonitoring App that will engage machine learning in the
identification of macro-invertebrates. The App, which is currently in a Beta version, correlates
with miniSASS (the Stream Assessment Scoring System) and provides a River Health Index
(RHI) based on the indicator organisms. The App records photographs of the creatures, geo-
locates the site, records the time, date and person who is doing the study. The App then
locates the study and associated data on the miniSASS Google Earth plane at
https://minisass.org/en.

In a further project focussing on youth, UNICEF are supporting the upgrade and streamlining
of the miniSASS App. They are also supporting 500 young people, through various partners led
by the Duzi-uMngeni Conservation Trust (DUCT), to develop their citizen science skills and
undertake water quality monitoring. Known as Learn-to-Earn the project is also designed to
reward youth, financially, through crypto-currencies, for actions taken that contribute to the
common-good.

Mr Simphiwe Ngcobo is leading a WRC funded project on “The State of Citizen Science (CS) for
Water Quality Monitoring” in conjunction with project partners GroundTruth (Tanisha Curtis,
Sim’lindile Mahlaba, Dr Mark Graham and Dr Jim Taylor), Umgeni Water, Dusi Umgeni
Conservation Trust (DUCT), UN GEMS/Water and UNICEF. The focus of the project is to
identify the critical gaps (spatially and conceptually) where CS engagement, data and influence
can best be used to improve the management of these resources in South Africa.

Through the ARUA Water Centre of Excellence, Dr Rebecka Henriksson and Ms Ntombiyenkosi
Nxumalo co-facilitated multi-stakeholder meetings with collaborating partners in the project
titled “Unlocking Resilient Benefits from African water resources (RESBEN)”. On the 2" and
3" of February the project ran a two-day Strategic Adaptive Management (SAM) workshop
with stakeholders from the Akagera River Catchment, in Kigali, Rwanda to catalyse
collaborative and integrative catchment management. From Rwanda, Dr Henriksson and Ms
Nxumalo travelled further to Senegal. On the 8™ and 9t of February they co-facilitated a two-
day SAM workshop with stakeholders from the Lake Guiers Basin, in St Louis. The workshop
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was aiming to further establish collaborative and participatory governance of the Lake Guiers
Basin initiated through the RESBEN project in 2020.

6.8. CWRR Newsletters and News Bulletins

The production of the CWRR Newsletter is undertaken by a team consisting of Simphiwe
Ngcobo, Mark Horan, Richard Kunz and Dr Rebecka Henriksson. During 2022 four newsletters
were distributed and five newsletters and two news bulletins have been disseminated to date
for 2003. The newsletters cover general news on activities that the CWRR members,
associates and students have been involved in, including summaries of recent publications
and popular press articles. Three newsletters have focussed on graduation of students with
information on graduated students and their research. In addition, two special edition News
Bulletins were compiled and distributed. The first focussed on the “CWRR Foundation for the
Future” strategy sessions and the second outlined “Life in the 80s” by Emeritus Prof. Roland
Schulze covering some recent profession activities he has been engaged in. Future bulletins
for 2023 include a third bulletin which will be a summary of the recent activities of the CWRR
Hydrators Club and the fourth on “A Guide to Succeeding as a Researcher”, also written by
Emeritus Prof. Roland Schulze. A further two newsletters are being planned for the remainder
of 2023. The newsletters can be accessed through the following link:

https://cwrr.ukzn.ac.za/newsletters/.

6.9. CWRR Website and Social Media Platforms

The previous annual report noted that the CWRR website (https://cwrr.ukzn.ac.za/) required

a major updating following the lockdowns related to the COVID-19 pandemic. In May 2022,
Google Analytics was activated which tracks the following over the past 30-day period:

e number of visitors to the website and their location (by country),
e percentage of new vs returning visitors,
e the devices used for access (e.g. PC, mobile or tablet), and

e alist of web pages most viewed.

For example, from the 12 September to 11 October 2023, there were 279 visitors to the
website, who viewed 784 web pages in total. The majority (80%) were new visitors (i.e. 20%
returning visitors). Most (76%) visitors used a PC to access the website, compared to 24% who
used a mobile device. The majority of visitors were from South Africa, followed by Zimbabwe,
India, UK, Swaziland and the USA. Most referrals to the CWRR website came from SAEON’s
data portal, as well as from Instagram and LinkedIn. The Newsletter section is the most viewed
web page. This is due to the recent decision to stop e-mailing the newsletter (as an attached
PDF document), but rather to e-mail a link to the article on the website. This decision therefore
generates increased traffic to the website by visitors wanting to read the latest newsletter
article. The second most viewed web page provides access to the ACRU Model, followed by
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web pages related to Staff Members, Information for Prospective Students and Current

Research Projects.

The most visited web pages identifies the website content that should be kept up to date.
Hence, the following updates were made to the Centre’s website during 2023:

e information on Current Postgraduate Opportunities and the Hydrology Honours

Application process for 2024 (both in PDF format for easy download by prospective

students),
e profiles of all Centre members, associates and postgraduate students (Honours, MSc, PhD
and postdoc), and

e Current Research Projects.

To assist with major web page updates, eight CWRR members have been trained how to create
and edit content on the CWRR website. Going forward, trained staff members will continue to
update and maintain website content. UKZN currently limits the maximum size of a file that
can be uploaded to the Centre’s website to 32 MB, which prevents large datasets developed
by Centre staff from being made available to end-users. As a workaround, large datasets such
as the recently developed terrain unit soils database will be uploaded to the Water Research
Observatory (WRO) data portal. A link to the dataset will then be added to the CWRR
Resources web page. The ACRU model, the rainfall extraction utility and other useful utilities

will also be moved to the WRO, with links provided on the Centre’s website to these valuable
resources. It is envisaged that this will further improve the Centre’s visibility by attracting
visitors (both local and international) to the website who are looking for datasets and software
utilities developed by the CWRR.

The CWRR also disseminates information, news and activities through its social media
platforms. Dr Magsooda Mohamed and Dr Daniel Kibirige assist in disseminating information
via these channels. The CWRR Facebook page is available at https://facebook.com/TheCWRR/
and we have 709 followers. Our Instagram handle is @cwrr_ukzn and we have 79 followers
and the twitter feed (https://twitter.com/TheCWRR) has 91 followers.

6.10. Research on Tap Seminar Series

Under the organisation of Ms Tinisha Chetty and Dr Shaeden Gokool, the CWRR has continued
with the planning and hosting of the Research on Tap (RoT) Seminar series that were initiated
in 2017. The title, speaker and presentation dates for three RoT webinars held during 2022
are listed below:

e “Using Multispectral and Thermal Drone Technology to Understand Maize Crop Health and
Water-Stress Over Maize Phenotyping in Smallholder Farms” presented by Ms Kiara
Brewer (CWRR Masters graduate) in June 2022.
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e “Catchment Hydrology Model-a-thon: Online Background & Briefing Session” presented
by Dr Julia Glenday (SAEON) in October 2022.

e Rapid Detection of Selected Enteric Bacteria in Water using a Novel Immunoassay Test” by
Dr Sumayya Mieta (University of Johannesburg) in November 2022.

Seven RoT seminars have been planned as either in person, online or hybrid (both in person
and online) events in 2023. Six well attended and very interesting seminars have already been
completed as of the 30" of October 2023. The title of the RoT seminars, speaker and
presentation date in 2023 are listed below:

e “The Water Research Observatory” presented by Dr Michael van de Laan (ARC) in May
2023.

e “An Overview of the University of Miskolc’s Faculty of Earth, Environmental Sciences and
Engineering: Research Themes and Potential Opportunities” presented by Dr Lajos
Szalontai (Univ. Miskolc, Hungary) in June 2023.

e “Atthe Frontier of Climate Finance: Beyond Maladaptation, Toward Inclusion” presented
by Prof. Larry Swatuk (Univ. Waterloo Canada) in July 2023.

e “Participatory Course to Activate Water Pricing Learning Networks” presented by Ms
Dineo Makate (Prime Africa Consultants) in August 2023.

e “Irrigation Design and Management Challenges, Rising Electricity Tariffs and Non-adoption
of Irrigation Scheduling: A Research Journey to Address These Big Challenges in the SA
Sugarcane Industry” presented by Dr Ashiel Jumman (UKZN-Ag Eng/CWRR) in September
2023.

e “Integration of Hydrology, Fluvial Geomorphology, Wetlands, Modelling, Biology,
Chemistry, Toxicology, Rehabilitation Ecology and the World of Consulting” presented by
Dr Mark Graham (GroundTruth/CWRR Associate) in October 2023.

e The State of Groundwater Resources in Africa: Is Africa Truly the Sleeping Giant?
Scheduled to be presented by to be presented by Prof. Seifu Kebede Gurmessa
(UKZN/CWRR) in November 2023.

6.11. Research Partners and Collaboration

In May 2023, CWRR Associates Dr Donovan Kotze and Dr Nick Rivers-Moore began developing
a model for assessing the impacts of wastewater on the ecosystem services provided by
wetlands. This forms part of a project addressing research gaps on the impacts of solid waste
and wastewater on water resources in South Africa, funded by the Department for
Environment, Food & Rural Affairs (UK-Defra) working through the Joint Nature Conservation
Committee (JNCC).

Dr Daniel Kibirige led the team of academics in developing a Memorandum of Understanding

(MOU) between the University of Miskolc and the University of KwaZulu-Natal, which is
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currently being finalised that will focus on Hydrology, Soil Science and Hydrogeology
collaborations in the following sub-themes: Research, student mobility and development of
double degree programs.

Prof. Graham Jewitt is hosting UKZN Students at the IHE in the Netherlands under an
agreement with the IAEA. Prof. Seifu Gebede Gurmessa is the UKZN contact person for this
agreement.

Ms Tinisha Chetty is actively involved with Waternet in training courses and drafting of project
proposals for advancing online course via Waternet.

Over the past year, collaboration between CWRR associates (Dr Mark Graham and Dr Jim
Taylor) and two global bodies, namely H20 (Human Rights 2 Water) and the WWQA (World
Water Quality Alliance), has resulted in a range of webinars as well as re-developing accessible
citizen science tools, all designed to support SDG Target 6.3.2 and SDG 6B.

The number of research partners that CWRR members and associates collaborate with
continues to grow and includes the following local and international institutions and
organisations:

Local

e Agricultural Research Council (ARC)

e African Research Universities Alliance (ARUA) Water Centre of Excellence, Rhodes
University

e AU-NEPAD Water Centres of Excellence: Stellenbosch University

e Central University of Technology

e Council for Scientific and Industrial Research (CSIR)

e Department of Agriculture, Land Reform and Rural Development (DALRRD)

e Department of Science and Innovation (DSI)

e Department of Water and Sanitation (DWS)

e Duzi-uMngeni Conservation Trust (DUCT)

e Expanded Freshwater and Terrestrial Environmental Observation Network (EFTEON)

e GroundTruth Environmental and Engineering Consultants

e Institute of Natural Resources (INR)

e Inkomati-Usuthi Catchment Management Agency (IUCMA)

e Institute for Agricultural Engineering, ARC

e Jones and Wagener Education Trust

e Kulima Integrated Development Solutions

e Mahlathini Development Foundation

e National Flood Studies Programme (NFSP)

e National Research Foundation (NRF)

CWRR: 2022-2023 Annual Report (40)

e —




National Earth Observation and Space Secretariat (NeOSS)

Rhodes University - Institute for Water Research (IWR)

Rhodes University - Environment Learning Research Centre (ELRC)

South African Earth Observation Network (SAEON)

South African National Botanical Institute (SANBI)

South African National Parks (SANParks)

South African Sugarcane Research Institute (SASRI)

South African Weather Services (SAWS)

uMngeni-uThukela Water (UUW)

uMngeni Ecological Infrastructure Partnership (UEIP)

University of Cape Town, Environmental and Geographical Sciences Department and
African Climate and Development Initiative

University of Pretoria

University of Stellenbosch, Civil Engineering and Conservation Ecology and Entomology
Departments

University of Western Cape, Environmental and Water Sciences Department

Water Research Commission

WILDTRUST

World Wide Fund for Nature (WWF), South Africa

International

Addis Ababa University-Land and Water Resources Research Centre

African Research Universities Alliance (ARUA) Water Centre of Excellence (CoE) consisting
of a Hub (Rhodes University) and Nodes (Addis Ababa University, Cheikh Anta Diop
University of Dakar, Makerere University, University of Lagos, University of Rwanda,
University of Dar es Salaam, University of Cape Town, University of Sheffield, University of
Lancaster, UKZN)

British Geological Survey

Dutch Foreign Ministry — DUPCs

Education for Sustainable Development - Expert-Net (Germany, India, Mexico)

Global Environment Facility (GEF)

Grantham Research Institute on Climate Change and the Environment, London School of
Economics and Political Science

H20 (Human Rights 2 Water)

Institute for Water Education (IHE-Delft)

International Atomic Energy Agency (IAEA)

Leeds University

Lilongwe University of Agriculture and Natural Resources

Manchester University
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e Oxford University

e Royal Academy of Engineering (UK)
e Sokoine University

e Sussex University

e UK Research and Innovation - Natural Environmental Research Council

e UNESCO
e UN Environmental Programme: Global Environment Monitoring System for Freshwater
(GEMS/Water)

e University of Bath (UK)

e University of Dar es Salaam

e University of Miskloc (Hungary)

e University of Rwanda

e University of Sheffield

e University of Texas

e University of West England

e Waternet

e World Water Quality Alliance (WWQA)

6.12. Umgeni Water Chair in Water Resources Research and Innovation

Prof. Jeff Smithers continued with his secondment from the School of Engineering at UKZN
and appointment to the Umgeni Water Chair in Water Resources Research and Innovation
(UWC-WRRI). The focus areas for the UWC-WRRI for the period from 2022 to 2023 include
the following:

(i) Lead and grow multi-institutional National Floods Studies Programme (NFSP)

(i)  Support and leadership of the Centre for Water Resources Research at UKZN

(iii) Contribute to and support delivery of Hydrology and Agricultural Engineering
programmes

(iv) Research projects and publications

(v)  Recruitment, supervision and graduation of postgraduate students for industry

(vi) Mentor and collaborate with young academics nationally

(vii) Quarterly and annual reports to UW

(viii) Recruit and facilitate academics and postgraduate students to undertake prioritised
projects on the UW R&D Master Plan

(ix) Facilitate and promote interdisciplinary research by recruiting academics and
postgraduate students from a range of disciplines to contribute to (viii)

(x)  Undertake innovative applied research to meet industry needs

(xi) Promote adoption of research outcomes and deliverables by industry

(xii) Develop national and international collaboration on mutual research activities
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During the reporting period of 2022 and 2023 to date, the UWC-WRRI organised the 6" Annual
NFSP Research Workshop held at Stellenbosch University and has continued to lead the NFSP,
contribute to research projects and to mentor young academics and research project leaders
at a number of institutions in South Africa. Contributions to final reports for three externally
funded research projects were made and two journal papers were published. The UWC-WRRI
has recruited students to work in prioritised research areas, funded 27 postgraduate students
supervised by 32 academics and is involved in the supervision of 15 postgraduate students.

The 2" symposium on Umgeni Water Funded Research at UKZN was arranged by the UWC-
WRRI in consultation with UW and was offered as a hybrid event. Seventeen presentations
were made by postgraduate students under the following themes: (i) Flood Studies and Water
Supply, (ii) Water Re-use and Sediment Erosion, (iii) Water and Sludge Treatment, and (iv)
Water Equity and Aquatic Ecosystems. Both the Chairperson of the Board of UW (Ms Gabsie
Mathenjwa) and the UW Acting CEO (Dr Sipho Manana) attended the event.

Further details on the above contributions are contained in the Annual Report of the UWC-
WRRI.

6.13. CWRR Management and Administration

The Director of the CWRR is elected by the members for a three-year term of office. The
Director is assisted in the management and administrative function of the CWRR by a
Management Committee (MANCO) consisting of at least three members, who are elected
annually. In 2023, a student representative was invited to serve on the MANCO and this will
be continued into the future.

During 2022 the following members served on the MANCO:

e Prof. Jeff Smithers (Director)
e Prof. Seifu Kebede Gurmessa
e Dr Rebecka Henriksson

e Dr Stefanie Schitte

e Mr Richard Kunz

e Ms Tinisha Chetty
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During 2023 the following members are currently serving on the MANCO:

e Prof. Jeff Smithers (Director)

e Ms Tinisha Chetty

e Dr Shaeden Gokool

e Mr Duncan Hay

e Mr Mark Horan

e Mr Richard Kunz

e Dr Stefanie Schiitte

e Mr Udhav Maharaj (Student Representative)

The MANCO has been assisted by the following administrative staff during this period:
e Ms Marsha Chetty (Administrative Officer)
e Ms Noluthando Mhlungu (Assistant Administrative Officer)




7. SUMMARIES OF COMPLETED PROJECTS

7.1. Water Accounting Plus: Phase 1l 2020-2022

Funders: DUPC2: IHE Delft Partnership Programme for Water and Development
(DUPC2 Grant Allocation Project number 109345)
Time frame: 04 August 2020 — 31 March 2023

Contract value: €65412

Project Team: Dr David Clark (Project Leader), Dr Rendani Makahane (post-doctoral
researcher)

Collaborators: IHE Delft — Institute for Water Education

Context: As competition for water resources increases there is a need for consistent and
transparent reporting of water availability and use between economic sectors, and countries
to inform integrated river basin planning. The Water Accounting Plus (WA+) framework has
been developed by IWMI, IHE Delft and the FAO to serve this purpose. WA+ facilitates the
spatial and temporal aggregation of catchment water balances up to river basin level. The
reporting of water use associated with different land use types is a key feature of the
framework. In the application of WA+ the focus is on using open access databases, including
satellite remotely sensed data. Water Accounting Plus: Phase | (2016-2019) focussed on the
development of the framework and the supporting tools. Development will continue in Phase
Il to improve the tools and produce training materials for a wider audience to increase
opportunities to inform decision making for river basin management. In Phase Il work will
continue on improving the tools (including the IHE Water Balance Model) and initiate uptake
of WA+ accounts for decision making in selected river basins. The project is led by IHE Delft an
includes partners from South Africa and Ethiopia. The CWRR and will apply WA+ in the
Incomati Catchment.

Objectives: The objectives of the South African component of this project included the
following:

e To engage stakeholders regarding uptake of WA+.

e To demonstrate application of WA+ in the Incomati Catchment using the ACRU
hydrological model.

e To compare the ACRU based accounts with the IHE Water Balance Model accounts.

e Investigate methods for estimating stocks of groundwater for use in water accounts.
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Outcomes:

® Stakeholder awareness of WA+ methods for compiling accounts and application of the
accounts for decision making.

Stakeholder awareness and expertise and capacity developed in the CWRR in the use of the
Water Accounting Plus framework will contribute to its further development and
application internationally.

7.2. Water-Energy-Food Nexus as a Sustainable Approach for Advancing
Food and Nutrition Security and Achieving SDGs 2, 6 and 7 with Specific
Attention to Efficient Energy Use Food Production

Funders: Water Research Commission of South Africa

Time frame: 1 April 2019 - 31 March 2023

Contract value: R 2500 000

Project Team: Dr Aidan Senzanje (Project Leader), Prof. Tafadzwa Mabhaudhi

Collaborators: WRC, Jones and Wagner

Context: The water-energy-food (WEF) nexus has emerged as an increasingly prominent
global policy, governance and research agenda. Conceptually, the WEF nexus means that
water security, energy security and food security are inextricably linked and, more
importantly, actions in any one sector will impact in one or both of the others. During the late
2000s and early 2010s, the WEF nexus emerged as an integral approach to sustainably manage
these three resource sectors, following the convergence of ideas from various political events,
academic research and reports, as well as policy papers. However, a number of research
guestions arise with respect to the WEF nexus, Sustainable Development Goals (SDGs) and
efficient energy use in food production in South Africa, and these include; how can WEF nexus
move from theory to analysis to practice in South Africa; how can the WEF nexus be packaged
and applied to realise the SDGs 2, 6 and 7 in South Africa, and what tools and metrics would
be required for this?

Objectives: The overall goal of the research project was “To develop a WEF nexus
framework, applicable WEF nexus model, indices and guidelines for the adoption and
upscaling of the WEF nexus approach in South Africa with linkages to SDGs 2, 6 and 7”.

To achieve the overall research objective, the accompanying specific research objectives of
the project were:
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To develop or generate a usable WEF nexus framework for South Africa for the purpose of
applying to the planning, development and management of water, energy and food
security sectors in a sustainable manner to meet the applicable SDGs.

To develop or select a WEF nexus model for South Africa to apply in studying and
understanding the mass and energy flows for the various trade-offs in the use of water
and energy for food and nutrition security.

To identify and develop applicable metrics and indices for the WEF nexus for South Africa
to be able to measure or quantify the success of applying the WEF nexus in resources
management for food and nutrition security.

To develop a blue-print for packaging the WEF nexus so as to realise SDGs 2, 6 and 7 for
South Africa.

To analyse and develop modalities for up-scaling and out-scaling the WEF nexus in South
Africa to maximise benefits that can be derived.

To assess the impacts of climate change on WEF nexus in South Africa and how to best
manage these impacts.

To document and package (manuals, technical briefs, models, etc) the WEF nexus
materials in usable formats for the South African context. The short to medium term
objective being to make WEF nexus more available and user-friendly to the different
sectors of South Africa.

To promote the pilot teaching of the WEF nexus in tertiary institutions in South Africa.

Outputs and Innovations: The following outputs and innovations were achieved during the

project lifecycle:

Application, operationalise and up/out-scaling the WEF Nexus in South Africa.
WEF Nexus application and up/out-scaling.

WEF Nexus Framework, based on an adaptation of previous frameworks.
WEF Nexus Indices and Metrics, which are linked to the SDGs 2, 6 and 7.

WEF Nexus Model (iWEF), based on an adaptation of existing models.

This project has developed the iWEF model and contributed to the application,
operationalisation and up/out-scaling the WEF Nexus in South Africa with indices and
metrics linked to the SDGs 2, 6 and 7.
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7.3. A National Assessment of Potential Climate Change Impacts on the
Hydrological Yield of Different Hydro-Climatic Zones of South Africa

Funders: Water Research Commission (K5/2833)

Time frame: 01 April 2018 — 31 March 2022

Contract value: R 2500000

Project Team: Dr Stefanie Schitte (Project Leader from 1/10/2020), Dr Sabine Stuart-
Hill (Project Leader up to 30/9/2020), Prof. Roland Schulze, Dr David
Clark, Prof. Jeff Smithers, Mr Richard Kunz, Mr Mark Horan, Mr Sean
Thornton-Dibb, Dr Michele Toucher, Mrs KR Gwena, Dr Piotr Wolski
(CSAG), Mr Trevor Lumsden (CSIR)

Collaborators: Climate Systems Analysis Group, University of Cape Town, CSIR

Context: The impact of climate change on the hydrological system, the socio-economy, the
ecosystem and on livelihoods differs according to sensitivities and vulnerabilities of the
impacted system. Climate models and hydrological models for scenario projections are useful
tools, although scale issues in specific cases present a challenge. This study selected climate
scenario projections for the short, medium and long term by addressing scale and resolution
issues, including investigation into point versus gridded data, level of resolution and
methodology of downscaling and bias-correction. To assess the impacts of climate change on
the hydrological yield within hydro-climatic zones, an ACRU configuration (using actual land
use for the first time for the whole country) was conducted and national scale simulations (at
the resolution of the 5 838 altitudinal Quinary Catchments in South Africa) were executed. In
order to report on short-, medium- and long-term adaptation strategies to address projected
climate change impacts, a national assessment of trends was carried out, as well as
assessments on a localised-scale for selected specific catchments. To communicate the results
to DWS employees in the climate change division, a training programme was executed. This
assisted decision-makers to assess and evaluate the results and maps for operational
responses to climate change related impacts on water resources.

Objectives: Establishing relevant climate scenario projections for an impact response
assessment in order to project hydrological responses, as well as hydrological yield in a future
under climate change, including the attribution of non-climatic land cover factors. This will
inform appropriate adaptation strategies from a local, regional to a national scale.

Outcomes: Six regionalized and downscaled GCMs were selected and bias-corrected to an
altitudinal Quinary Catchment resolution, resulting in six daily datasets of climate projections
from 1961-2099. Projected results for business-as-usual emission (RCP 8.5) scenario show
overall temperature increases from the present (1961-1990) into the distant future (2070-
2099), from 2°C along the East Coast with up and above 6°C for the north east of the country.
Projected changes in mean annual rainfall varies, generally showing a decrease in the west,
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no change to mixed results in the east, but a weak increase towards the eastern interior.

Extreme rainfall events are projected to increase over most of the country.

Impacts of climate change on hydrological responses of runoff, streamflow, drainage to
groundwater and evapotranspiration, as well as projected climate change impacts on the
hydrological yield were analysed. With hydrological responses being strongly dependent on
rainfall totals, number of days of rainfall and rainfall intensity, the results of climate change
impacts on mean annual streamflow and hydrological yield overall show little change over
many parts of the country, mixed changes in the north and along the east coast, increases in
the eastern interior and along the Orange river system, but decreases in many parts in the
west and strong decreases in the south-western Cape. Flood events are projected to increase
in intensity and frequency over most of the country. As an example of results produced by the
project, the projected changes in catchment yield are shown in Figure 7.1.

Results: Projected Change in Hydrological Yield
Quaternary Catchment Resolution; Land Cover: NLC,2018
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Laboratory Coupled Model (GFDL-CM3); National Centre for Meteorological Research Coupled Global
Climate Model, v5 (CNRM-CM5); Max Planck Institute Coupled Earth System Model (MPI-ESM-LR);
Norwegian Earth System Model (NorESM1-M); Community Climate System Model (CCSM4)

Figure 7.1 Projected change in hydrological yield, with absolute change (mm) on the left,
relative change (%) on the right, from the present time period (1961-1990) to near
future (2015-2044) in top row and from the present to the distant future (2070-
2099)
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Recommendations from the project include a strong emphasis on reducing greenhouse gas
emissions to reduce climate change impacts, where temperature increases alone are likely
to have negative impacts for South Africa. The projected impacts on hydrological yield
varies throughout the country, and recommendations include planning for less water yield
into the future for the areas where this is projected, but to not rely on projected increases
in hydrological yield, where increases are projected.

7.4. Socio-Economic Benefits of Ecological Infrastructure (SEBEI)

Funders: Danish International Development Agency (DANIDA Grant No. 17-M07-
KU)
Time frame: July 2018 — September 2021

Contract value: 4982 174 DKK (of which 468 728 DKK was allocated to the CWRR)

Project Team: Dr Nadine Methner, Prof. Mark New, Prof. Stephanie Midgely, Sheona
Shackleton, Dr Petra Holden, Mr Kevin Coldrey, Prof. Niels Fold, Dr Laura
Rasmussen, Dr Maya Pasgaard, Mr Rasmus Skov Olesen, Prof. Karen Esler,
Dr Alanna Rebelo, Dr James Cullis, Louise Lodenkamper, Mr Jason
Hallowes, Dr Shaeden Gokool, Dr Sabine Stuart-Hill, Dr Stephen Oppong
Kwakye and Dr David Clark

Collaborators: African Climate & Development Initiative at the University of Cape Town,
Department of Geosciences and Natural Resource Management at the
University of Copenhagen, Department of Conservation Ecology and
Entomology at the Stellenbosch University, the Centre for Water
Resources Research at the University of KwaZulu-Natal

Context: SEBEI aims to generate new knowledge by combining livelihoods and value chain
analysis with an Ecological Infrastructure (El) approach to water management and next-
generation hydroclimatic modelling using an optimal spatial resolution. With this combined
approach, the interdisciplinary project team will focus on developing a more sophisticated
conceptualization of the linkages between El and livelihoods. Hence, investigations are
tailored to demonstrate how people might benefit from a strengthened and cost-effective
water supply system realised through optimised restoration and rehabilitation of El with
income creating co-benefits.

The research design is based on an inter- and trans-disciplinary approach pursuing integration
and scaling up. The Berg, Breede and Greater uMngeni Catchment are the focus because they
have strategic water sources upstream of large cities (Cape Town, Durban) with strong rural-
urban linkages. The catchments have a maximised engineered water supply system with no
further Built Infrastructure options available, coupled with deteriorating water quality. Six El
intervention sites across these catchments are examined with all sites providing a good
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representation of existing El implementation models in terms of partnerships and operational
structures.

Objectives: SEBEI aims to generate new knowledge by combining livelihoods and value
chain analysis with an El approach to water management and next-generation hydroclimatic
modelling at optimal spatial resolution. With this combined approach, the interdisciplinary
project team will focus on developing a more sophisticated conceptualization of the linkages
between El and livelihoods. Hence, investigations are tailored to demonstrate how people
might benefit from a strengthened and cost-effective water supply system realized through
optimized restoration and rehabilitation of El with income creating co-benefits.

Outcomes: An investment brief showcasing the full spectrum of social, economic and
environmental benefits that can be generated from water-related Ecological Infrastructure
interventions. To ensure that the knowledge created in the project is solution-oriented,
socially robust and transferable to societal practice, a transdisciplinary learning network (i.e.
“Community of Practice”) has been established in each catchment. In addition to researchers,
each network will comprise a group of around 25 stakeholders drawn from government,
NGOs, conservation agencies, private sector and communities involved in El interventions in
the research catchments. Participatory methods (such as interactive mapping exercises, group
model building and using concrete case contexts) will be used to stimulate group learning,
knowledge integration and capacity strengthening in the transdisciplinary learning networks,
as well as to evaluate gathered knowledge and emerging understanding.

Healthy ecosystems are important for maintaining planetary health and for providing
critical services to people, such as clean water, reducing fire risk, controlling erosion, and
building resilience to drought and flooding events.
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https://webcms.uct.ac.za/sites/default/files/image_tool/images/450/SEBEI%20Investment%20Brief%20-%20HR.pdf

7.5. Water-Energy-Food Nexus Narratives and Resource Securities

Funders: Water Research Commission (C2019/2020-00005)

Time frame: 1 April 2020 — 30 September 2021

Contract value: R 700 000

Project Team: Prof. Tafadzwa Mabhaudhi (Project Leader), Prof. Graham Jewitt, Dr
Aidan Senzanje, Prof. Albert T Modi, Dr Gareth Simpson

Collaborators: Jones and Wagner

Context: During the late 2000’s and early 2010’s, the Water-Energy-Food (WEF) nexus
emerged as an approach to sustainably manage these three resource sectors, following the
convergence of ideas from various political events, academic research and reports, as well as
policy papers. The SADC region has been actively involved in WEF nexus research
development. In 2013, the SADC and GWP-SA explored the WEF nexus at the 6" Multi-
stakeholder Water Dialogue in Lusaka, Zambia, where the interlinkages of the WEF nexus were
addressed. Three years later, the SADC Energy and Water Joint Ministerial Workshop helped
create WEF nexus awareness and context in the SADC region. In response to the global trend
in adopting the WEF nexus approach, the Water Research Commission in 2012 initiated its
WEF Nexus Lighthouse with a goal to start championing water, energy and food planning and
development for South Africa, in particular, and southern Africa in general, in an integrated
and sustainable manner.

Objectives: The aims of the project include the following:

e The general aim is to conduct research that provides a synthesis of existing knowledge on
WEF nexus from projects that have been primarily funded by the Water Research
Commission and highlight how such research is in line with emerging global WEF nexus
perspectives.

e To identify the key drivers of the WEF nexus narratives and analyse how they can be
applied in the context of southern Africa and other regions.

e Toconduct a state-of-the-art synthesis of such existing knowledge that is in grey literature,
journals, reports, etc. and provide a one-stop shop for readers and end-users (multilateral
institutions, government departments, water managers, researchers and policy makers).

e To conduct a state-of-the-art literature review on past, present and ongoing work on the
WEF nexus focusing on current status, potential, challenges and opportunities for
intersectoral WEF nexus planning, with the review focussing on the adoption of the WEF
nexus as a conceptual framework, discourse and analytical tool.

e To guide a scientific discussion/programme/framework for linking the WEF Nexus to the
Sustainable Development Goals (SDGs), paying particular emphasis on SDGs 2, 6, 7 and 15.

e To showcase the state of existing knowledge on WEF nexus and use it to answer current
and future questions pertaining to trade-offs, synergy, intersectoral linkages, impacts.
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Outcomes: A book published by Elsevier titled “Water—Energy—Food Nexus Narratives and
Resource Securities: A Global South Perspective” provides a knowledge synthesis on the WEF
nexus, focusing primarily on the global south. By presenting concepts, analytical tools, and
case studies, the book serves as a practical resource for researchers, policymakers, and
practitioners in sustainability and functional roles across all three sectors. It addresses key
issues related to data availability, tools, indices, metrics, and application across multiple
scales, beginning with a summary of existing knowledge. Finally, it examines the WEF nexus,
presents global insights, and discusses future considerations and implications. This book
presents an overview of existing knowledge on the WEF nexus and examines how such
research aligns with emerging global WEF nexus perspectives, making it ideal for
professionals, government entities, private industry, and the general public.

The published book provides a synthesis of existing knowledge on the WEF nexus, focusing
on southern Africa and the global south. The book offers a conceptual framework on how
to better understand the WEF nexus and its utility in natural resource management and
sustainable development, presents advanced analytical tools for the quantification of
linkages, trade-offs, and synergies among WEF sectors, and utilises global case studies to
illustrate complexities across disciplines, geographies, and scales.

7.6. Building Well-being, Social Cohesion, and Dignity by Restoring
Environmental Rights (WOODRIGHTS): A University of KwaZulu-Natal
Strategic Flagship Project

Funders: UKZN Strategic Research Funds

Time frame: 01 January 2020 — 31 December 2021

Contract value: R 6 000 000

Project Team: Prof. Tafadzwa Mabhaudhi (Lead-Pl), Prof. Rob Slotow, Prof. Albert Modi,

Prof. Oni Mutanga, Dr Susan Mercer, Prof. Colleen Downs, Prof.
Maheshvari Naidoo, Dr Cathy Sutherland and Prof. David Spurrett

Collaborators: eThekwini  Municipality, uMgungundlovu District  Municipality,
Department of Cooperative Governance and Traditional Affairs,
Department of Economic Development, Tourism and Environment, South
African National Biodiversity Institute, and others

Context: Building Well-being, social cohesion, and dignity by restoring environmental RIGHTS
(WoodRIGHTS) is a University of KwaZulu-Natal Strategic Flagship Project. WoodRIGHTS is a
unique transdisciplinary project, anchored on ecosystem restoration and the enhancement of
natural capital, and the benefits that can be derived for human wellbeing, including improved
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food security, health, employment, and equity. Through a focus on environmental justice, we
take a rights-based approach, emphasising fundamental values of dignity, equality, and
restitution. Working with policy makers, practitioners, community members, and through
supporting the co-production of knowledge across disciplines and sectors, and between
expert and local knowledge, we propose action research that will result in translatable and
scalable understanding. By restoring trees in society, WoodRIGHTS seeks to establish linkages
to multiple dimensions of waste and water recycling and management (SDG 6: clean water
and sanitation); food production (SDG 2: zero hunger); climate change mitigation and
adaptation and disaster management (SDG 13: climate action), poverty, and hunger
alleviation (SDG 1: no poverty), new economic opportunities (SDG 8: decent worth and
economic growth), as well as social capital, and social learning and governance.

Objectives: To investigate options for improved restoration and management of natural
ecosystems from a biodiversity and circular economy perspective.

Outcomes: WoodRIGHTS has operated more as a community of practice working with a range
of stakeholder to co-convene events focused on the linkage between agriculture, environment
and health. The project co-convened two virtual workshops. The first workshop was aimed at
launching WoodRIGHTS to the partners and stakeholders. The second workshop was aimed at
presenting planned studies to be undertaken as part of WoodRIGHTS. A secondary aim was to
allow for cross-fertilization of planned work and allow for the proposed research topics to act
as hubs within which WoodRIGHTS researchers and partners would collaborate.

WoodRIGHTS partnered with Penn State University and applied successfully to host the
prestigious Schreyer’s Engagement Series on the subject of Forests, Foraging and Food. The
lecture was a webinar and was attended by more than 50 participants from the USA and South
Africa.

WoodRIGHTS co-convened a series of science-policy dialogues with the Water Research
Commission focusing on promoting indigenous crops and wild fruit trees as part of healthy
diets. Two of the workshops were designed to celebrate Heritage Day and World Food Day,
focusing on the theme of forests, food and foraging.

WoodRIGHTS signed a collaboration agreement with the South African National Biodiversity
Institute (SANBI) to establish the first indigenous fruit trees garden at the Botanic Gardens in
Pietermaritzburg. The garden will serve to demonstrate how green spaces can be transformed
to be multifunctional spaces for urban foraging.

Through WoodRIGHTS, we partnered with the SANBI through the Ecological Infrastructure for
Water Security (EI4WS) Project under the auspice of the uMngeni Ecological Infrastructure
Partnership (UEIP) to co-host an Indaba on the Management of Invasive Alien Plants (IAPs)
in the Greater uMngeni Catchment. The purpose of the Indaba on IAPs was to bring together
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stakeholders from the public and private sectors who are involved in initiatives related to the
management of IAPs in the Greater uMngeni Catchment. WoodRIGHTS has also partnered
with SANBI to co-convene the Catchment Indaba.

WOODRIGHTS has contributed to the development of integrated landscape management
plans for integrating wild fruit trees into green spaces as part of linking forests to foraging
and food, thereby improving sustainable human wellbeing, enhancing dignity, and building

social cohesion, of both urban and rural and peri-urban citizens.

7.7. The Expansion of Knowledge on Evapotranspiration and Streamflow
Reduction of Different Clones/Hybrids to Improve the Water Use
Estimation of SFRA Species

Funders: Water Research Commission (K5/2791)

Time frame: 01 January 2018 — 21 March 2022

Contract value: R 3500 000

Project Team: Prof. Alistair Clulow, Mr Richard Kunz, Dr S Gokool, Mr Nkosinathi
Kaptein, Dr Stefanie Schutte, Professor Roland Schulze, Ms Robin Horan,
Professor Colin Everson, Mr Sean Thornton-Dibb, Mr Mark Horan, Dr
Michele Toucher and Dr Ilaria Germishuizen

Collaborators: Institute for Commercial Forestry Research, South African Environmental
Observation Network and Mondi

Context: Concerns over catchment-scale hydrological impacts of forest plantations in South
Africa were already being expressed by 1915, with research on this subject starting in 1935
and still continuing today, as there remain questions around the water use of the different
commercial forestry species, clones and hybrids. Since the introduction of the Afforestation
Permit System in 1972 using the Nanni curves, the method and tools used to assess the
impacts of commercial afforestation have been continuously updated. With the declaration
of commercial afforestation as a streamflow reduction activity (SFRA) in 1999, the tools and
methods became more important. Gush et al. (2002) produced tables of reductions in mean,
median and low flows in an average year relative to a baseline flow derived from modelled
results using the ACRU model. Thereafter, Jewitt et al. (2009) developed the SFRA Assessment
Utility to assist in water use licensing, which provided estimates of reductions at a finer scaler
and an improved consideration of low flows. However, the regulation of afforestation needs
to be achieved within an environment that is continually changing and evolving with regard
to legal, social and biophysical characteristics. Therefore, an update to the SFRA Assessment
Utility is required with an inclusion of improved knowledge to address the current questions.
The current SFRA Assessment Utility (Jewitt et al., 2009) estimates the streamflow reductions
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of commercial forestry based on the water use of three species, namely Pinus patula,
Eucalyptus grandis and Acacia mearnsii. However, the forestry industry currently uses 17
Pinus, 26 Eucalyptus and 3 Acacia species, hybrids and clones. Thus, there is a pressing need
to expand the knowledge on the water use of the different species, clones or hybrids used by
the forestry industry. This need has become more important with the ongoing disputes
surrounding genus exchange.

Objectives:

e To expand the knowledge of the estimates of water use of different clones and hybrids of
eucalypt, wattle and pine species (e.g. clones/hybrids most commonly used,
clones/hybrids planted in optimal sites).

e To expand the knowledge on the water use of different stand densities.

e To address shortcomings in the availability of leaf area index information for different
SFRA species, clones and hybrids.

e To improve existing tools used for the estimation of the impacts of SFRA through the
inclusion of improved soils data and baseline land cover data, as well as the inclusion of
the latest process results related to water use (i.e. evapotranspiration) of SFRA clones,
hybrids and species.

Outcomes:

e A description of the methodologies used to measure tree water use, including the results
obtained at the Two Streams and Kwambonambi sites.

e An updated SFRA Assessment Utility, which includes the latest results simulated by ACRU
on the water use of different commercial forestry species, clones and hybrids. These
model simulations utilised revised soils data for South Africa and recently updated
baseline vegetation data, against which comparisons are made.

The project has provided a much-needed update to the utility that is used by DWS to
manage SFRA licensing and inform policy and decision making directly. The proposed
methodology to address the issues around the water use of the SFRA species is transparent
and based on observations. Thus, it is believed that it will provide a fair solution to all
interested and affected parties and should assist in assuring the sustainability of water
provision and the forestry industry.
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7.8. SANBI Living Catchment Project: Upper Thukela

Funders: South African National Biodiversity Institute, Water Research
Commission

Time frame: 1 March 2021 - 31 October 2022

Contract value: R 47850

Project Team: Dr Rebecka Henriksson

Collaborators: Institute of Natural Resources (Zanele Shezi, Dr Brigid Letty) Mahlathini

Development Foundation (Erna Kruger, Michael Malinga), SANBI LCP
(Mahlodi Tau, Dansile Cindi)

Context The South African Biodiversity Institute (SANBI) has been implementing the Living
Catchments project (LCP) with the Water Research Commission in the Upper uThukela
catchment. The project was a direct response to the challenge of water insecurity in South
Africa. There was a need to create an enabling environment for integrated planning, co-
learning and collaboration to support this. The primary aim of the LCP was to establish better-
resourced communities of practice that are involved with managing and improving the built
and ecological infrastructure (El) within important water catchments. The Institute of Natural
Resources (INR), CWRR and Mahlathini Development Foundation (MF) are the conveners of
the Upper uThukela LCP and has been focusing on establishing collaboration, co-learning and
co-creation at the nexus of built and ecological infrastructure for water security in the
catchment.

Objectives:

e To establish an appropriate mechanism, and scale, of learning platform to support, grow
and maintain a community of practice for ecological infrastructure and built infrastructure
in the Tugela catchment.

e To enable co-learning, develop capacity for collaboration, alignment of priorities and
resources and ensure best available science is incorporated into practice and decision-
making processes.

e To convene catchment level communities of practice that open-up space for co-learning
at the intersection of built and ecological infrastructure for water security across roles,
disciplines, and knowledge systems.

e To support catchment-level governance and/or communication structures/platforms that
are concerned with enabling social interaction processes between stakeholders that
support the healthy functioning of water-related built and ecological infrastructure.

e To hold an engagement space focused on collaboration and co-learning across disparate
fields, knowledge systems, and historical power imbalances, and strengthening the
implementation, research, and policy feedback loop.

CWRR: 2022-2023 Annual Report (57)

e —




e To appoint a cohort of biodiversity eco-monitors and champions to monitor biodiversity
degradation, conduct ecological infrastructure rehabilitation or restoration, conducting
greening and clean-up programmes and activities within the catchment and district
municipality”.

e Contributing and supporting SANBI in planning and participation in the National Ecological
Infrastructure Indabas for the project’s duration.

Outcomes: The main outcome of the project is the establishment of the Upper uThukela
Catchment Partnership that is being continued through an initiative championed by WWEF. The
convening team will proceed leading the process of operationalising and sustaining the
partnership.

Other than through quarterly newsletters and a SANBI Catchment-based Indaba held at
the Didima resort in November 2021, the project has brought together stakeholders during
three workshops: 20 May 2021, 14 June 2022 and 29 September 2022. In total, nearly 100

stakeholders have been involved, representing over 60 organizations, groups and
communities, ranging policy and government, operators, financial actors, interest and
influential groups and users.
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8. SUMMARIES OF CURRENT PROJECTS

8.1. Developing a Database and Utility Tool for Underutilised Indigenous
Crops for Increased Agricultural Diversification in South Africa

Funders: Water Research Commission
Time frame: 1 April 2023 — 31 March 2027
Contract value: R 2000 000

Project Team: Mr Richard Kunz (Project Leader), Prof. Tafadzwa Mabhaudhi, Dr Shaeden
Gokool, Mr Simon Lake, Mr Thando Mthembu.
Collaborators: Department of Agriculture, Land Reform & Rural Development (DALRRD)

Context: According to the Food and Agricultural Organisation, three staples (rice, maize and
wheat) provide more than half of the world’s food. Only 12 plants and 5 animal species provide
75% of the world’s food, which has resulted in homogeneous farming landscapes and diets
across the globe. This situation needs to change by increasing crop diversification, which is a
key agronomic strategy to help reduce the negative impacts of intensive monocrop
agricultural systems. Improving agro-biodiversity can be achieved by expanding the
production of underutilised indigenous crops.

Underutilised indigenous crops thrive under low-input and stressed (water and heat) growing
conditions that typically limit agricultural productivity and thus, are well adapted to marginal
environments. They have potential for cultivation during drought conditions and are
considered more water use efficient than other conventional crops. Many underutilised crops
are highly nutritious and can thus contribute to healthier diets, particularly among the rural
poor. Despite these advantages, underutilised indigenous crops continue to occupy the
peripheries of mainstream agriculture.

Historically, the uptake of underutilised crops for inclusion into existing farming systems has
been limited by a lack of information on, inter alia, their yield potential, water use
characteristics and agronomic requirements. This was exacerbated by the low level of
research funding afforded to underutilised crops in the past. However, the situation has
changed considering the Water Research Commission has funded almost three decades of
research related to underutilised crops. This investment has resulted in, inter alia, the: (i)
identification of prioritised crops that exhibit the most potential; (ii) establishment of field
experiments that measured crop yield and water use; and (iii) successful calibration of FAQ’s
AquaCrop simulation model for numerous underutilised crops. Therefore, the main aim of this
project is to leverage off previous WRC-funded research in order to develop an extensive
database related to underutilised crops currently grown in South Africa. The crop database
will be developed using output simulated by the AquaCrop model.
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Objectives: The main objectives of this research project include the following:

e Consolidate locally calibrated crop parameters for numerous underutilised indigenous
crops.

e Develop and implement a fast and efficient method to run AquaCrop at a national scale.

e For each crop, perform model runs to derive seasonal crop yield and water use for
different planting dates and plant densities and for both water- and non-stressed growing
conditions.

e Develop an extensive database of statistics generated from modelled output, together
with other useful metrics (e.g. crop and nutritional water productivity).

e Develop a web-based utility to disseminate the information stored in the online crop
database.

e Demonstrate how the database can be used to promote the cultivation of underutilised
indigenous crops in South Africa.

Expected Outcomes:

e An analysis of stored yield and water productivity data will be used to generate land
suitability maps and production guidelines for selected crops. Hence, the main intention
of this crop database is to provide farmers with the necessary information to make
informed decisions regarding crop choices. The easily accessible crop database will
address (i.e. remove) the lack of access to production information about unexploited
crops, thus making their uptake and adoption far less risky for farmers. This will hopefully
promote the cultivation of underutilised crops, which is the catalyst needed to transform
current agricultural landscapes in South Africa. Expanding the cultivation of nutrient-
dense, drought and heat tolerant crops that are currently underutilised will help to
strengthen food and nutrition security, improve dietary diversity, alleviate rural poverty
and overall, increase the resilience and sustainability of current farming systems.

8.2. Mapping and Assessing the Impacts of Crop-weed Competition in
Neglected and Underutilised Crops

Funders: Water Research Commission

Time frame: 01 April 2023 —31 March 2026

Contract value: R 1600 000

Project Team: Dr Magsooda Mahomed (Project Leader), Dr Shaeden Gokool, Mr Richard
Kunz, Mr Kyle Reddy, Prof. Alistair Clulow, Prof. Tafadzwa Mabhaudhi, Mr
Vivek Naiken, Ms Kalastrie Chetty, Dr Mbulisi Sibanda

Collaborators: University of Western Cape

Context: Globally, agricultural food production systems are unable to keep pace with existing

food demands. The diversification of the agricultural food production system through the
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mainstreaming of Neglected and Underutilised Crops (NUCs) has been widely recognised as a
pragmatic and promising approach to address this situation. Although the increased
production of NUCs can play a major role in improving food and nutrition security as well as
stimulating socio-economic growth, this potential can only be fulfilled if high quality
production levels of these crops can be achieved. While there are several factors that may
contribute to low vyields and inferior product quality in many farmer’s fields, poor weed
management is often the primary contributing factor. In recent times, Integrated Weed
Management (IWM) has become the preferred method of controlling or managing weeds,
with the use of Unmanned Aerial Vehicles (UAVs) featuring prominently for this purpose. IWM
has been advocated as an alternate approach to mitigate the harmful impacts of conventional
methods by adopting a more efficient and sustainable approach which is centred on improving
the understanding and quantifying crop-weed competition dynamics to develop customised
weed management strategies. Considering the versatility and potential of UAV technologies
for IWM in concert with recent advancements in machine learning and big data geospatial
processing platforms, this study aims to accurately identify and map the spatial distribution of
weeds as well as understand and quantify the impacts of weed water use on crop health,
quality, yield and available water resources. It is envisaged that this information will then serve
to guide more effective weed management in the future.

Objectives: The objectives of this project include the following:

e To provide a literature review on the impacts of crop-weed competition on crop yields and
quality, as well as the potential of IWM to mitigate these impacts.

e To develop and setup a trial that will enable the impacts of crop-weed interactions to be
guantified through traditional and UAV-based approaches.

e To map and identify the spatial distribution of weeds during the various NUC growth
stages.

e To quantify the water use of NUCs and weeds using UAV imagery.

8.3. Development of an Operational Flood Monitoring System/ Flood Risk
Information System

Funders: Water Research Commission
Time frame: 1 April 2023 — 31 March 2026
Contract value: R 2000 000

Project Team: Dr Daniel Kibirige (Project Leader), Dr Shaeden Gokool, Mr Richard Kunz,
Dr Magsooda Mahomed, Prof. Jeff Smithers, Prof. Tafadzwa Mabhaudhi,
Mr Sipho Magagula, Dr Stefanie Schiitte, Ms Kershani Chetty, Mr Nicholas
Byaruhanga and Mr Glen Mkhonta

Context: In South Africa, Flood Early Warning Systems (FEWS) are of paramount importance
due to the nation's vulnerability to periodic, devastating floods. These events are exacerbated
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by a combination of factors, including erratic rainfall patterns, rapid urbanisation, and the
legacy of inadequate infrastructure in many areas. The consequences of flooding are severe,
with loss of life, property damage, and disruption of critical services. As such, FEWS play a
crucial role in mitigating these risks by providing advance notice to residents, authorities, and
relief agencies. Therefore, this project aims to fill the gap in KZN by developing an operational
FEWS, which will serve as a model for integrating technology with local expertise, which is
particularly tailored to the country's diverse and dynamic flood risk landscape.

Objectives: The objectives of this project include the following:

e To undertake a systematic literature review on existing global FEWS and the input
data/models required for FEWS.

e To develop a FEWS through enhanced hydrological and hydraulic modelling in KwaZulu-
Natal in pre-determined flood-prone regions with the potential to upscale to the national
scale.

e To review, test and calibrate the FEWS and apply the newly developed methodology to
additional WMAs or district municipalities.

e To develop user/training manuals of the FEWS and train users of WMAs or district
municipalities to use the FEWS tool.

8.4. State of Citizen Science (CS) for Water Resource Quality Monitoring

Funders: Water Research Commission and University of KwaZulu-Natal

Time frame: 1 April 2023 - 31 March 2025

Contract value: R 1 500 000

Project Team: Mr Simphiwe Ngcobo (Project Leader), Prof. Jeff Smithers, Ms Tinisha

Chetty, Ms Faye Brownell, Dr Jim Taylor, Dr Mark Graham, Mr Ayanda
Lepheana, Ms Sim’lindile Mahlaba, Mr Stuart Warner, Ms Ntombifuthi
Vilakazi, Mr Duncan Hay, Ms Tanisha Curtis.

Collaborators: GroundTruth and Umgeni Water

Context: The water resources in South Africa are increasingly under pressure and are showing
a downward trajectory in terms of their current condition and state, as evidenced by the most
recent State of Environment reports and various press articles. The ability to measure the
condition of these critical freshwater resources has also to be contextualised against a
deteriorating central and provincial governments’ ability and capacity to monitor and report
on these resources. This is against a backdrop of increased pressure on these resources from
an increasing population, developments and reduced capacity to regulate these impacts from
within relevant government institutions. Recent and historical Green Drop Reports and papers
highlight this trend, and particularly the extent to which waste water treatment works in SA
are dysfunctional (with more than half currently failing!), have all highlighted the poor quality
of surface water in the country. This is not isolated and likely to be a broader phenomenon
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extending beyond SA into at least the SADC region, if not a larger geographical area. It is
against this backdrop that this project aims to improve the potential for better water resource
management in SA, through the consolidation of Citizen Science (CS) generated data, tools
and information to engage with all sectors in society and to positively influence the policy and
appreciation of water resources across all levels of society and governance. Through situation
analysis and engaged research processes, this project is designed to better understand and
support public mobilisation through CS processes. Such research processes are designed to
support and strengthen the role of State, Provincial and Local Municipality structures related
to water management.

Objectives: The objectives of this project include the following:

e To conduct a situation analysis on the use of CS in SA, including where and how CS is
currently being used in SA, its credibility as a water quality monitoring method, as well as
a cost efficacy review of CS.

e To determine what crucial CS data is required to ensure credible and scientific water
resource quality to support SDG6 reporting.

e Todetermine the barriers to applicability of CS at a national level and for SDG6 monitoring.

e To determine how youth monitors can contribute to the ‘learning to earning’ pathway for
young people, including incentivisation of CS more broadly.

e To advise on the adequacy and gaps of CS monitoring tools.

e To produce a preliminary State of Water Resources from a CS perspective within the
current State of Rivers report landscape.

e To make recommendations on how to strengthen CS in water quality monitoring and to
explore the opportunities for scaling CS.

8.5. Collaboration to Modernise Flood Risk Assessment and Design Practice
in South Africa in the Light of Climate Change

Funders: Royal Academy of Engineering, UK
Time frame: 1 April 2022 — 31 March 2024

Contract value: £ 10000

Project Team: Prof. Jeff Smithers, Dr Thomas Kjeldsen

Collaborators: University of Bath (UK), National Flood Studies Programme

Context: As in many developing countries, many of the methods used for design flood
estimation in South Africa were developed decades ago using limited datasets, or are applied
in South Africa without adaptation to local conditions or calibration and verification against
local data. The methods thus require updating and modernising to limit the risk of flood
inundation and the failure of hydraulic structures, and include the need to account for the
potential impacts of climate change. This need has resulted in the initiation of the National
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Floods Programme (NFSP) in South Africa by the South African Council on Large Dam
(SANCOLD) and the Water Research Commission (WRC) and the NFSP is supported by the
Department of Water and Sanitation (DWS) and the South African Roads Agency Limited
(SANRAL). In addition to the need to update and modernise methods used for design flood
estimation in South Africa, very limited capacity and expertise is available to undertake the
research and to apply the methods in practice. There is thus a need to develop capacity in
flood risk assessment both in academia and industry. In order to address the above needs,
international expertise and collaboration is needed to build local research capacity, update
flood estimation methods and to train industry in the application of the methods.

In addition to the above challenges, how to deal with uncertainty and non-stationary data as
consequence of climate change has not been resolved internationally and is currently the
focus of many international studies. Thus, it is necessary to develop methods for South Africa
to accommodate the impacts of climate change. The NFSP will thus benefit from international
expertise and this project will continue to expand on collaboration with the University of Bath
and explore collaboration with experts in other institutions in the UK. This project was
awarded in recognition of Prof. Jeff Smithers’ recognition by the UIK Royal Academy of
Engineering as a Distinguished International Associate.

Objectives: The objectives of this project include the following:

e Continue and strengthen collaboration with University of Bath to support the NFSP.

® Contribute to research output and capacity development in the support of the NFSP.

8.6. Advancing Water and Income Security in the Unique Maputuland
Coastal Plain: A Strategic Decision Support Tool to Explore Land Use
Impacts Under a Changing Climate

Funders: Water Research Commission

Time frame: 1 January 2021 — 31 December 2024

Contract value: R 360000

Project Team: Sue van Rensburg (Project Leader), Prof. Seifu Kebede (UKZN)
Collaborators: SAEON

Context: Deciphering the complex interaction between land use and climate change and how
this impacts local water availability and economy. The coupled hydrological and economic
model will be used to quantify the interaction and its impacts.

Objectives: The objectives of this project include the following:
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e Providing a strategic decision-support tool to that can explore the net economic and
environmental consequences of different economic and land use choices under different
climate scenarios.

e Using a “systems approach” with cogeneration approaches where several potential future
land management-climate change trajectories will be assessed by integrating
appropriately scaled hydrological and climate information with economic options for an
integrated systems view of net effects under likely climate futures.

e The consequences and feedbacks of land management choices on water security and
livelihoods will then be explored.

e Measures that can help mitigate the environmental and economic consequences of
extreme events such as floods, recurrent droughts and heat waves will then be identified
by understanding the interconnections between land management, climate and
economics and the influences of these on the water resource.

UKZN's role in the project is to train two MSc students and provide analytical services on
isotope hydrology.

8.7. Modelling Uncertainity and Reliability for Water Resource Assessment

in SA (MURRA)
Funders: Water Research Commission
Time frame: 1 April 2022 — 31 March 2024

Contract value: R 800 000

Project Team: Dr Julia Glenday, Dr Shaeden Gokool, Dr David Gwapedza, Dr Petra
Holden, Dr Alanna Rebelo, Dr Jane Tanner, Dr Faith Jumbi and Ms Penisoh
Metho

Collaborators: University of KwaZulu-Natal, University of Western Cape, University of
Cape Town, Rhodes University, Stellenbosch University

Context: Hydrological modelling has become a critically important part of water resources
management and catchment management in South Africa. Modelling exercises inform
weighty decisions, from water use license allocations to development guidelines for flood
protection to investments in large-scale ecosystem restoration. With the ever- growing
pressure on the nation’s water supply systems, basing decisions on an accurate assessment
of surface and groundwater resources and their variability has never been more critical. At
the same time South Africa’s meteorological and hydrological monitoring infrastructure has
declined severely in recent decades (Bailey and Pitman, 2015), and the sector leans on
modelling to fill in the gaps. As our reliance on hydrological modelling grows for increasingly
consequential decisions, so too should attention to uncertainty in modelling: Quantifying
uncertainty, finding ways to practically reduce uncertainty where possible, and accounting
for uncertainty in decision making processes.
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There are several different sources of uncertainty in catchment modelling: (i) Uncertainty in
the input climate data used to drive the model and the streamflow and other hydrometric
data used to assess it, (ii) Uncertainty in the parameter values used to describe the catchment
properties, and (iii) uncertainty in the actual structure of the model. All sources of uncertainty
require attention, however, structural uncertainty often receives the least, because it can be
difficult to quantify. Informed by the findings of the recent WRC-funded project on “Critical
catchment hydrological model inter-comparison and model use guidance development” (K5-
2927), this project proposes targeted participatory research into the degree and impacts of
model uncertainty across the hydrological modelling sector, with a particular focus on
structural uncertainty, complemented by activities to foster discussion across the modelling
community on how to practically address these issues. This will be done through designing
and running a ‘model-a-thon’ activity in which, a set of different modellers independently
model the same case study catchment. The hydrology community will be further engaged
around the issue of modelling approaches and uncertainty assessment through several online
channels, including development of a community modelling resources ‘wiki’ website.
Engagements will lead into a workshop aimed at developing a policy brief on modelling
practice and re-imagining how future water resources are predicted at the national scale.

Objectives: The objectives of this project include the following:

e Improved understanding of the range of modelling approaches available across modelling
tools and the range of approaches applied across the modelling community.

e |Improved understanding of the potential scale of impact of individual modeller experience
and modeller approach choices on model predictions (model structural uncertainty).

e Consolidation of ideas from the hydrology and modelling community around best-practice
for addressing uncertainty and communicating it to decision-makers.

e Capacity building of students and early career researchers in the field of hydrological
modelling.

e Astrengthened hydrology community of practice.

8.8. A Water-Energy-Food Nexus Toolkit (WEF-Tools) to Support Sustainable
and Inclusive Socio-Economic Development in Water Scarce Regions

Funders: Dutch Foreign Ministry - DUPCs

Time frame: 1 January 2020 — 31 December 2023

Contract value: €1201515

Project Team: Prof. Tafadzwa Mabhaudhi (Project Leader), Dr Aidan Senzanje

Collaborators: IHE-Delft, WRC, IWMI, GWP-SA, Jones and Wagner

Context: Nexus thinking in various configurations has become an accepted approach to
integrated resource management and sustainable development over the past decade. The
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interaction and trade-offs between achieving Sustainable Development Goals (principally
SDGs 2, 6 and 7) related to securing Water Energy and Food (WEF) has resulted in a global
focus on the WEF nexus in policy, regulatory and development fraternities. However, there is
little empirical evidence and few practical tools are available to assess performance of such

initiatives. This project aims to address these shortcomings.
Objectives: The objectives of this project include the following:

e Tosupport policy decisions, diplomacy and decision-making processes, both within, as well
as across national boundaries in southern Africa and the Middle East and North Africa
(MENA), to facilitate progress towards selected SDGs using the WEF Nexus approach as a
lens to assist in the planning and implementation of inclusive and sustainable adaptive
development pathways.

e To assess whether proposed nexus focused policies influence reality at local levels and
contribute to transformations to enhance water, food and energy security through
focused local case studies in the context of “leaving no one behind”.

e Develop, test, validate and refinement of interactive utilities which support WEF
assessments through active engagement with project partners.

e To develop capacity for integrated policy development and planning through enhancing
capacity in partner institutions in the focal regions.

8.9. Towards Sustainable and Equitable Management of Water Resources:
Understanding the Interlinkages between Water, Ecosystems and
Society through Spatial Mapping of Ecosystem Services and Livelihood

Benefits
Funders: Water Research Commission
Time frame: 1 April 2020 — 31 December 2023
Contract value: R 1250000
Project Team: Dr Rebecka Henriksson, Dr Michele Toucher, Mdoda Ngwenya
Collaborators: Mahlathini Development Foundation (Erna Kruger, Michael Malinga),

SAEON, Ezemvelo KZN Wildlife

Context: Smallholder communities in the Drakensberg depend on the natural resource base
of their lands to sustain agriculture, water resources and ecosystem services for their
livelihoods and well-being. Climate change, poverty and degraded landscapes call for urgent
need to implement sustainable management strategies for securing these resources. The
success of different water, land and natural resource management strategies vary and are
highly context-dependent. The context-specifics in such communities include historical,
institutional, and social-cultural settings, which shape the land management decisions made
by community members and leaders. Sustainable management of water and natural resources
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that simultaneously promotes development is a complex issue and needs to be addressed
from various angles simultaneously. This project brings together experts from various
scientific disciplines (hydrology, ecology and sustainability science), community development
practitioners and local communities, using a transdisciplinary, participatory approach to
develop a decision-support framework for sustainable water and natural resources
management in the smallholder communities in the Drakensberg.

Objectives:

e To assess and quantify changes in rainfall patterns and water quantity over time to inform
communities’ decision-making.

e To develop a transdisciplinary social-ecological GIS support tool for decision making and
management of water and natural resources and link land uses with ecosystem services
and livelihoods.

e To survey ecosystem health and functioning including biodiversity of community land
based on the needs of the communities for their ecosystem services and livelihoods.

e Toimprove the understanding of local decision making and resource use and management
and identify the social-cultural factors that influence decisions.

e To design and test a framework for supporting innovation and decision making for
sustainable resource use management and improved livelihood opportunities.

Co-learning workshops in two villages - Ezibomvini and Costone, where participants
developed community resources management plans.
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Applying a transdisciplinary and participatory approach, this project will co-develop
sustainable and equitable management of land and water with smallholder agricultural
communities in the Drakensberg.

8.10. Water Use of Indigenous Root and Tuber Food Crops

Funders: Water Research Commission

Time frame: 1 April 2020 — 31 March 2024

Contract value: R 2000 000

Project Team: Mr Richard Kunz (Project Leader), Prof. Tafadzwa Mabhaudhi, Prof.

Alistair Clulow, Dr Vimbayi Chimonyo, Mr Vivek Naiken, Mr Kyle Reddy,
Mr Thando Methmbu.

Collaborators: Department of Agriculture, Land Reform and Rural Development;
Department of Water and Sanitation.

Context: In South Africa, about 60% of the country is classified as semi-arid to arid, with the
remainder experiencing a temperate climate characterised by a dry winter season. Hence,
rainfall is a major limiting factor to crop production, with yields being highly vulnerable to
rainfall magnitude and distribution. Therefore, in a water scarce country like South Africa, it is
important to improve the productive use of water, reduce poverty via improved agricultural
production, increase profitability of smallholder farming systems and ensure sustainable use
of water and soil resources.

Root and Tuber Crops (RTCs) exhibit reasonable tolerance to drought conditions, flexibility in
mixed farming systems, ability to produce reasonable yields with minimal agricultural inputs
and thus, are considered suitable for production in marginal environments by resource-poor
farmers. However, in order to strive towards the most beneficial use of the country’s scarce
water resources, there is a need to optimise the rain-fed production of RTCs. This requires
knowledge of crop water use characteristics, with estimates currently ranging from 450 to
2500 mm. Such figures need to be verified, as high-water use renders such crops as unsuitable
for production in South Africa. Hence, this project focusses on measuring and modelling the
water use and vyield of selected RTCs, as well as investigating their nutritional value and
benefits. It is envisaged that this information should help to promote such crops from
subsistence to commercial production.

Objectives: To measure and model the water use, yield and crop water productivity of sweet

potato and taro, since little or conflicting information currently exists.
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The knowledge gained in this project (e.g. water use and yield estimates, land suitability
maps and production guidelines) will help to promote large scale production of indigenous
root and tuber crops.

8.11. REACH - Improving Water Security for the Poor

Funders: REACH Program-Oxford University

Time frame: 1 November 2019 — 30 April 2022

Contract value: £62426

Project Team: Prof. Seifu Kebede Gurmessa

Collaborators: The project contributes to the overall REACH Research Program of the

Oxford University (https://reachwater.org.uk/)

Context: REACH is an Oxford University led global research program to improve water
security for the poor by delivering world-class science that transforms policy and practice.
Living in poverty often means a struggle for water security. Rapid urban growth, unregulated
pollution from industry, extreme floods and droughts, lack of reliable and safe drinking water,
and increasing damage to water ecosystems threaten economies and undermine the lives of
the poor. Improving water security is an important pathway to sustainable growth and poverty
reduction. However, better evidence is needed to guide institutional and infrastructure
investments which unlock growth opportunities and help people move out of poverty.

Objectives: The collaboration agreement aims to contribute to the overall REACH research
program by undertaking the following key tasks:

e Groundwater age dating of key aquifers in the Rift Valley region in Ethiopia
e Mapping emerging contaminants and exposure to emerging contaminants in drinking
water sources

e Investigate the pathways to water security for the City of Addis Ababa

This project aims to contribute to the activities of the REACH Program, which in turn aims
at: (a) generating new evidence on water security through an innovative, interdisciplinary,
risk-based approach, (b) establishing science, practitioner and enterprise partnerships to
ground research in approaches that will benefit the poor, and (c) building capacity and
networks for the next generation of water managers and scientists in Africa and South

Asia.
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8.12. Isotope Techniques for the Evaluation of Water Sources for Domestic
Water Supply in Urban Areas

Funders: International Atomic Energy Agency - IAEA
Time frame: 12 April 2018 — 11 April 2026

Contract value: € 25000

Project Team: Prof. Seifu Kebede Gurmessa

Collaborators: Addis Ababa University

Context: The development of large urban centres (especially megacities) is causing major
health and water security problems around the world. Examples include intensive pumping
and economic costs, overexploitation of local sources, water quality deterioration
(wastewater from domestic and industrial uses, leakages, etc.), and poor sanitation and
hygiene conditions resulting in water and vector borne diseases. These impacts have heavily
disturbed the local water cycle (water balance, interactions, water quality), and new
approaches are required on a local, regional, and global scale to address these issues and to
sustainably exploit groundwater as a key resource in drought conditions.

Objectives: The current proposal aims to use Isotope (180, 2H, 3H in water; 180, 15N in
nitrates, and 222Rn in water) to evaluate the opportunities and challenges associated with
the water and wastewater management practices in the capital City of Ethiopia. More
specifically the project aims to:

e Evaluate the interconnection between the various water sources (reservoirs, shallow and
deep groundwaters, urban runoff).

e Trace origin/source of tap waters in the various part of the urban area (residential,
squatter settlements, slums, Industrial parks).

e Evaluate the role of the flourishing decentralised wastewater and sludge managements
on over all water security in the city.

This project forms part of the IAEAs Coordinated Research Project and aims to develop, test,
and integrate new capabilities and methodologies in Member States so they can better
assess, map, and manage water resources that are used for domestic water supply in urban

environments.
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8.13. ARUA Water Centre of Excellence (CoE) - Unlocking Resilient Benefits
from African Water Resources (RESBEN)

Funders: UK Research and Innovation (UKRI)

Time frame: 1 April 2020 — 30 September 2023

Contract value: GBP 22368

Project Team: Prof. Seifu Kebede Gurmessa, Prof. Jeff Smithers, Dr Rebecka Henriksson,
Ntombiyenkosi Nxumalo

Collaborators: ARUA Water Centres of Excellence nodes: Rhodes University, Addis

Ababa University, Cheikh Anta Diop University of Dakar, Makerere
University, University of Lagos, University of Rwanda, University of Dar es
Salaam, University of Cape Town.

Other collaborators: University of Sheffield, Institute of Natural
Resources, University of Lancaster.

Context: Sustainable water resource development remains elusive because development has
largely externalised costs to the environment and vulnerable people. There is a need for novel
research theory, methodologies and practice in order to meet the UN SDGs and realise the
Africa Water Vision 2025. The RESBEN project takes on an innovative research approach
aiming at applying transformative, transdisciplinary, community-engaged research, to shift
water development outcomes towards achieving the SDGs. The focus is on continental water
development priorities: water supply and pollution. This collaboration brings together the
ARUA Water CoE’s and UK partner, the University of Sheffield. The six ARUA Water CoE nodes
other than the South African Universities provide case studies for comparative analysis
following a common Adaptive Systemic Approach (ASA), and together addressing three SDG-
linked Research Questions. Rhodes University, University of Cape Town and University of
KwaZulu-Natal provide additional learning sites to support the case study nodes with learning
and opportunities for exchange. The CWRR partners with the Institute of Natural Resources
and Mahlathini Development Foundation in including the Upper uThukela Catchment as a
learning site.

Objectives: The focus of the CWRR is contributing to project publications and stakeholder
engagement activities in the Hub team and Node teams. Rebecka Henriksson is leading the
work on assessing and enhancing integration within the complex social-ecological systems
research across the project.

This project forms part of the activities of the ARUA Water Centre of Excellence, which aims
to be a centre for innovative and progressive research focusing on the African response to
the Sustainable Development Goals (SDGs).
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ARUA Water Centre of Excellence Pls, CoPls and Senior researcher during a project

workshop on transdisciplinary and complex social-ecological systems integration at the
Kalanoga Resort, Kampala, Uganda, in June 2023.

8.14. Development of Datasets for Multi-Scale Water Resource Assessments
Towards a Water Secure South Africa

Funders: Water Research Commission

Time frame: 01 April 2020 — 31 March 2024

Contract value: R 2500 000

Project Team: Mr Richard Kunz (Project Leader from 1 September 2022), Dr David Clark
(Project Leader up to 30 August 2022), Mr JP Calitz, Ms Tinisha Chetty, Dr
Shaeden Gokool, Mr Mark Horan, Prof. Roland Schulze, Prof. lJeff
Smithers, Dr Stefanie Schiitte, Dr Michele Toucher

Collaborators: Central University of Technology, Department of Water and Sanitation
(DWS), South African Sugarcane Research Institute (SASRI), South African
Weather Service (SAWS), University of Pretoria

Context: Assessments of water resources and crop production for the whole of South Africa
are frequently based on estimates produced using deterministic hydrological and crop
models, due to either insufficient measured data, or the need to determine the impact of
future climate scenarios. Such large-scale configurations of simulation models are in
themselves data intensive and dependent on good quality data inputs. For many years, the
Southern African Quinary Catchments Database (QnCDB) and its predecessor, the Southern
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African Quaternary Catchments Database (QNDB) have, in conjunction with models, provided
a valuable assessment tool. The availability of newer and finer resolution foundational
datasets and the need to extend the QnCDB’s integrated climate database (1950-1999) with
an additional 20 years of data formed the rationale for updating the QnCDB.

Objectives: Develop a collection of national datasets for application in water resource related
modelling assessments and flood estimation and to provide access to these via an online data
portal system. The proposed datasets include: Quinary Catchment boundaries, sub-
Quaternary Altitudinal Zones, Quinary level river reach attributes, topographic characteristics,
updated daily climate data (1950-2019), hydrological characteristics for various vegetation
types and land cover/uses classes, soil hydrological characteristics at terrain unit level, and
flood assessment attributes.

Expected Outcomes: Greater consistency and reduced duplication of effort in water
resource assessments in South Africa through the provision of and access to a collection of
useful and up-to-date national datasets.

The CWRR will continue to use its experience and expertise to provide useful and accessible
national datasets for use in hydrological and crop modelling.

8.15. Ecological Infrastructure for Water Security: Water Resources
Accounting Component

Funders: Global Environment Facility (GEF)

Time frame: 1 April 2019 — 31 December 2023

Contract value: R 2975279 (CWRR component)

Project Team: Dr David Clark (Project Leader - CWRR component)

Collaborators: South African National Biodiversity Institute (SANBI)

Context: Ecological infrastructure, defined as “naturally functioning ecosystems that
generate or deliver valuable services to people”, needs to be considered together with built
infrastructure to realise water security in South Africa. The Ecological Infrastructure for Water
Accounting (EI4WS) project being executed by SANBI, aims to integrate biodiversity and
ecosystem services into planning, finance and development in the water sector to improve
water security and avoid further loss of biodiversity and ecosystem services. As part of this
objective, (i) natural capital accounts related to ecological infrastructure are to be developed
at the catchment level, tested for informing planning, management and monitoring of
ecological infrastructure for water security, and (ii) capacity and time series data to enable
regular production of relevant accounts are to be strengthened. With water being the key
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focus area of the project, water resource accounts will form part of the suite of ecological
infrastructure related natural capital accounts developed in the project.

Objectives: To (i) develop detailed catchment-scale water resource accounts for the
uMngeni, Mooi and Breede Catchments, (ii) build on the methodology developed in WRC-
funded projects K5/2205 and K5/2512, (iii) explore use of the accounts in catchment-scale
planning and management, and (iv) build skills to develop and interpret the accounts within
relevant organisations.

Expected Outcomes:

e Improved understanding of the synergies between water resource accounts and other
natural capital accounts, in particular land accounts and ecological infrastructure
accounts.

e A further refined water resource accounting methodology for South Africa.

e A better understanding of the role of the water resource accounts in catchment-scale
planning and management.

e Increased capacity in developing and applying water resource accounts in South Africa.
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Example of catchment water balance information obtained from a water resource account

The approach to water resource accounting developed in the CWRR and refined in this
project could contribute to international practice in the application of water accounting at a
catchment scale for better integrated planning and management to improve water security,

considering ecological, social and economic aspects of water.
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8.16. The Development of Toolbox for Design Flood Estimation: Accounting
for Non-stationary Data in Design Rainfall Estimation

Funders: Water Research Commission

Time frame: 1 April 2022 to 31 March 2024

Contract value: R 1440000

Project Team: Katelyn Johnson (Project Leader), Prof. Jeff Smithers, Prof. Roland

Schulze, Dr Stefanie Schiitte, Mr Demain Mukansi (UKZN), Dr Thomas
Kjeldsen (University of Bath), Prof. Kobus du Plessis (University of
Stellenbosch)

Collaborators: University of Bath, University of Stellenbosch

Context: Estimates of extreme design rainfall are routinely needed for Design Flood
Estimation (DFE) to design and construct hydraulic structures including dam walls, spillways,
culverts and stormwater drains. Standard methods for frequency analysis of extreme events
are based on the assumption of a stationary climate. However, this assumption in rainfall and
flood frequency analysis is challenged with growing evidence of climate change. As a
consequence of a changing climate, the frequency and magnitude of extreme rainfall events
has been reported to have increased in parts of South Africa and these and other changes in
extreme rainfall occurrences are expected to continue into the future. The possible non-
stationarity in climate resulting in changes in rainfall may impact on the accuracy of the
estimation of extreme rainfall quantities and design rainfall estimations. Hence, methods that
account for non-stationary data, such as those caused by climate change and developments
in a catchment, need to be developed. Given the importance of flood risk management, the
shortcomings of the methods currently used by practitioners, and the potential impact of
climate change, dealing with a non-stationary climate data series currently requires urgent
attention in South Africa. This project will build on research undertaken in pilot studies and
contribute to a toolbox for DFE for practitioners to use and will include revised Probable
Maximum Precipitation (PMP) estimates and a method/tool to account for non-stationary
climate data in design rainfall and PMP estimates and climate change factors for application
to design rainfall estimates and PMP estimates for use by practitioners.

Objectives: The aims of this project are to:

e Develop and assess the performance of a method to account for the impacts of non-
stationary data on design rainfall estimation.

e Review and refine the updated 1-day PMP estimates.

e Develop and assess the performance of a method to account for the impacts of non-
stationary data on PMP estimation.

e Assess trends in extreme floods using regional magnification factors.
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Expected Outcomes:

e New knowledge on the estimation of extreme rainfalls, including PMP, and incorporating
non-stationary climate in design rainfall estimations in South Africa.

e New information regarding trends in design rainfall as a consequence of climate change in
South Africa.

e A method/tool to account for non-stationary climate data in design rainfall and PMP
estimates.

e Climate change factors for design rainfall estimates and PMP estimates.

Given the importance of flood risk assessment and management, the shortcomings of
design rainfall and flood estimation methods currently used in practice in South Africa, and
the potential impacts of climate change and developments in a catchment, approaches to

deal with non-stationary data need to be developed. It is expected that this project will
develop innovative approaches to assess trends and to account for non-stationary rainfall

and flow data used to estimate design events.

8.17. Realisation of a System for Producing Annual Water Resource Accounts
on a National Scale in South Africa

Funders: Water Research Commission

Time frame: 1 April 2022 to 30 June 2026

Contract value:  R2 500 000

Project Team: Dr Stefanie Schitte (Project Leader from September 2022), Dr David Clark

(Project Leader up to August 2022), Prof. Jeff Smithers, Mr Richard Kunz,
Prof. Roland Schulze, Dr Shaeden Gokool, Ms Kershani Chetty, Dr Daniel
Kibirige, Dr Magsooda Mahomed

Collaborators: South African Earth Observation Network (SAEON), South African
National Biodiversity Institute (SANBI), Statistics South Africa (Stats SA),
Department of Water and Sanitation (DWS)

Context: Achieving water security is paramount to reduce poverty, ensure sustainable
development and empower communities. However, this cannot be achieved without
sufficient information and knowledge surrounding water resources for the whole country. The
need for relevant, reliable and up-to-date water related information was embedded in the
National Water Act, though there is still much work to be done to realise this and an integrated
system that provides up-to-date estimates of water resource availability and use at
catchment-level needs to be developed. This project aims to implement a system to produce
modelled catchment level water resource accounts annually for the whole country and to
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provide up-to-date estimates of water resource availability and use in South Africa at
catchment level. The intention is to promote better understanding of the country’s water
resources and to contribute towards optimising water resources planning and management
in order to address the nexus challenges, and thereby promote equity and sustainable
development.

Objectives: The aims and objectives are to:

e Provide a data preparation workflow and configured distributed or semi-distributed
hydrological model for modelling terrestrial hydrology at catchment scale at a level of
detail appropriate for a national water resource assessment, including dynamic changes
in land cover/use.

e Provide a data preparation workflow and configured hydrological or flow network model
for modelling states and flows in rivers and dams at a level of detail appropriate for a
national water resource assessment.

e Run the configured model/models and produce water resource accounts (excluding
engineered flows) for South Africa for the period 2018 to 2024.

e Perform some initial verification of the modelled information used in the water resource
accounts against suitable in situ measurements, remotely sensed estimates or other
modelled estimates.

e Conduct a pilot study to investigate the application of the national water resource
accounting system, using long-term climate data, to produce naturalised streamflow
estimates for use in long-term water resource assessments.

Expected outcomes:

e A configured hydrological modelling system (excluding engineered flows), taking dynamic
land cover/use change into account (using biennially produced NLC datasets), that can be
used for the annual production of catchment level water resource accounts, and which
may also have potential for application as a platform for other water resource
assessments, such as national water resources planning, national scale flood forecasting
and for use in climate change impact studies.

e Datasets adapted for use as input datasets in hydrological modelling that may also be
useful for other applications.

e A pilot study evaluating the application of the national water resource accounting system,
using long-term climate data, to produce naturalised streamflow estimates for use in long-
term water resource assessments.

e A system for producing annual water resource accounts at a national scale, including data
preparation workflows and a hydrological model/s for the period 2018-2024.

e Annual water resource accounts for South Africa for the period 2018-2024.
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The water resource accounts to be produced in this project will: (i) be spatially explicit and
provide a more detailed and holistic catchment-level view of water resources, (ii) better
suited to catchment level water management rather than policy level decisions, and (iii)

contribute to the reqular production of natural capital accounts in South Africa that enable

policy, planning and decision-making related to ecological infrastructure.

8.18. Leveraging the Google Earth Engine to Analyse very-high Spatial
Resolution Unmanned Aerial Vehicle Data to Guide and Inform
Precision Agriculture in Smallholder Farms

Funders: Water Research Commission

Time frame: 1 April 2022 — 31 March 2026

Contract value: R 2000 000

Project Team: Dr Shaeden Gokool (Project Leader), Prof. Alistair Clulow, Prof. Tafadzwa

Mabhaudhi, Dr Mbulisi Sibanda (UWC), Mr Vivek Naiken, Mr Richard
Kunz, Ms Kershani Chetty and Dr Magsooda Mahomed
Collaborators: University of the Western Cape

Context: In many developing countries around the world, smallholder farms are not only
major contributors to agricultural production and food security, but are also one of the main
drivers of socio-economic growth. Despite their relative importance, smallholder farms
generally lack the resources of their larger-scale commercial counterparts. Subsequently, their
agricultural productivity potential is often not realised, resulting in these farms not effectively
contributing to addressing food security and socio-economic challenges. In order to remedy
this situation, smallholder farmers in developing countries require innovative, evidence-based
and low-cost solutions that can assist them in optimising their productivity.

Recently, precision agricultural practices facilitated by the use of unmanned aerial vehicles
(UAVs) has been gaining traction in the agricultural sector and hold a great deal of potential
for smallholder farm applications owing to the unique characteristics of these technologies.
Furthermore, advances in geospatial cloud computing have opened new and exciting
possibilities in the remote sensing arena. In light of these recent developments, the focus of
this study is to explore and demonstrate the utility of using geospatial cloud computing and
multispectral UAV imagery to enhance the productivity of smallholder farms by mapping
cultivated areas, assessing the health of these crops, as well as quantifying their water use and
productivity.
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Objectives: The objectives of the project include the following:

e Toprovide a literature review on the use of UAVs as a tool to facilitate precision agriculture
relating to spatio-temporal crop growth dynamics.

e Develop and setup advanced image analysis techniques in Google Earth Engine (GEE) to
develop reproducible and adaptable data processing and analysis procedures.

e Provide seasonal maps of Land Use/Land Cover (LULC) to monitor spatio-temporal
changes.

e Validate (against in-situ observations) remote sensing-based methods which can be
employed to estimate evapotranspiration (ET) using multispectral UAV imagery.

e Assess spatio-temporal crop health dynamics using vegetation indices that can provide
information such as vegetation density, leaf chlorophyll content and water stress.

e Facilitate knowledge transfer, through the development of web-based interactive and
spatially explicit maps of crops that can be readily shared online and are relatively easy to
interpret.

Expected Outcomes:

e Development of web-based interactive and spatially explicit maps to visualise and track
temporal dynamics of key variables of interest at the plot level (land use/land cover,
evapotranspiration and vegetation health) in order to provide essential information which
is easy to comprehend and critical for near-real time management interventions, as well
as for planning and management in the future.

e |Improved management of resources within smallholder farms to reduce wasteful use of
limited resources, allowing them to be reallocated to areas in greater need.

e Gender and youth mainstreaming will enable the empowerment of this vulnerable group
of people, better equipping them to deal with many of the challenges they currently face
or are likely to experience in the future.

e Capacity building through participatory research activities.

e Facilitate better opportunities for job creation through increased crop productivity in rural

communities.

The adoption of precision agricultural practices facilitated by the use of UAV technologies
has the potential to radically transform the African agricultural sector, particularly in the
case of the smallholder farmer.
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8.19. Adding Surface Water Groundwater Interaction Dimension in Runoff
Generation Studies and in Catchment Water Management Practices
Using Isotope Tracers

Funders: Water Research Commission

Time frame: 1 April 2022 — 31 March 2025

Contract value: R 1100 000

Project Team: Prof. Seifu Kebede Gurmessa (Project Leader), Prof. Simon Lorentz, Dr

Michele Toucher, Dr Daniel Kibrigie, Mr Vivek Naiken, Mr Joss Cahi, Ms
Thobeka Mpungose, Mr Zama Mkhize
Collaborators: SAEON, Ezemvelo KZN Wildlife

Context: This project will investigate surface water and groundwater interaction at multiple
spatial scales (from small plot to catchment scale) in the Umgeni and uThukela catchments.
We will use tracers/isotope hydrology as our principal tool to meet the objectives/aims of the
proposed work.

Objectives: The research aims to decipher the mechanism of groundwater movement in
hillslopes, in small forested watersheds, and at catchment scale. Three sites, namely, the
Cathedral Peak, Fountainhill Estate and the Umgeni and uThukela Catchments, all with long-
history of hydrological monitoring, will be used as case study sites. The Cathedral Peak and
Fountainhill Estate sites will inform hydrology model algorithm development through
conceptual/mechanistic understanding of processes. The regional level surface-ground water
interaction study in the Umgeni and uThukela Catchments will inform water resources
management practices in the region (e.g. catchment protection practices, groundwater
recharge zonation and protection, pollution control, etc.).

Outcomes: The following outcomes are expected: (i) conceptual model of groundwater
movement in hillslope mapped using isotopes, and (ii) database on isotopic composition of
rainfall, runoff, soil moisture and groundwaters.

Traditionally, management of water resources has focused on surface water or
groundwater as if they were separate entities. At catchment scale, most rainfall-runoff
models focus on the simulation of surface runoff and use over-simplified representation of
baseflow/groundwater processes, thus resulting in poor model performance when
simulating low flow statistics. This project aims to bridge these gaps.
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8.20. Applications of Isotope Hydrology for Management of Water Related
Operational Challenges in Abandoned and Active Coal Mines in
KwaZulu-Natal Province, South Africa

Funders: International Atomic Energy Agency (IAEA)

Time frame: 2021 -2026

Contract value: R 270000

Project Team: Prof. Seifu Kebede Gurmessa (Project Leader), Prof. Simon Lorentz, Dr

Daniel Kibrigie, Mr Simphiwe Ngcobo

Context: Mining is the foundation of the modern-day economy of South Africa. It is the source
of 24% of GDP, employs 17% of the workforce and attracts 65% of foreign direct Investment.
At least 1 000 mines are operational, and their water use equals that of the water use of the
country’s entire population. Although using only 3% of water consumption in South Africa, the
mining sector remains challenged by water scarcity. South Africa has almost 6 000 abandoned
mines, of which many contribute to uncontrolled acid mine drainage (AMD). Mines thus
pollute water resources and water scarcity limits the expansion or the start of new mines.

Objectives: This project aims to employ isotope hydrology tool to address key water related
operational challenges (dewatering, pollution, mine flooding) related to coal, mineral, sand
and other mines. It further aims to assess the water quality impacts of the selected mine on
adjacent areas. The region is characterised by the presence of several critical biodiversity
reserves located adjacent to active and abandoned mines. The project will seek to create
strong partnership and stakeholder engagement with mines, national parks, local
communities, water utilities etc.

Expected Outcomes: An assessment of water challenges in mines in KZN.

Isotopes of water are proven tools in determining the hydraulic connection between water
bodies, detecting origin of groundwaters, and determining the velocity of groundwater
flow. However, compared to their use in the water resources management sector, there is
limited use of isotopes managing water related challenges in the mining sector. This
project aims to demonstrate the usefulness of isotopes in addressing key water related
operational challenges in a coal mine in KZN. The isotope tools may be suited to answer a
number of water related operational questions.
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8.21. Strengthening the Upper uThukela Catchment Partnership: The
Northern Drakensberg Collaborative

Funders: WWE-SA

Time frame: 1 June 2022 — 30 April 2024

Contract value: R 80500

Project Team: Dr Rebecka Henriksson

Collaborators: Institute of Natural Resources (Dr Brigid Letty, Ms Zinhle Nxumalo),

Mahlathini Development Foundation (Ms Erna Kruger, Mr Michael
Malinga), WWF-SA (Samir Randera-Rees)

Context: The Upper Thukela region within the central and northern Drakensberg Water
Source areas is suffering a severe and increasing challenge of water insecurity impacting on
both built and ecological infrastructure. There is a need to create an enabling environment for
integrated planning, co-learning and collaboration between stakeholders in this catchment.
The primary aim of the proposed Uthukela Water Source Forum is to establish better
resourced communities of practice that are involved with managing water and natural
resources infrastructure (both built and ecological) to improve local governance and capacity
for sustainable management and regenerative production value chains to enable improved
sustainability and provide for mechanisms for improvement of freshwater quality and
quantity.

Objectives:

e A functional water source forum with a coherent vision, strategy and implementation
process.

e Involvement of a range of key role players in the development of coherent policies,
strategies, targets, programmes, governance structures and monitoring and evaluation for
improved water stewardship.

e CoPsfocused on different thematic areas within the process, e.g. governance, stewardship
implementation and funding, built and ecological water infrastructure, climate change
adaptation and mitigation, monitoring and evaluation.

e Targeted improvement in a set of chosen stewardship indicators.

e Rangeland restoration and management to demonstrate benefits in terms of increasing
infiltration and reducing run-off.

e Development of frameworks for blended finance and long-term sustainability.

This project builds on the activities of the SANBI Living Catchment Project, for which the
convenor team (INR, UKZN-CWRR and MDF) engaged a large and diverse group of
stakeholders to work towards a common purpose to address water related sustainability
challenges in the Northern Drakensberg.
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9. INCOME AND EXPENDITURE

A summary of the income and expenditure of the projects administered by the CWRR from
2017 is contained in Table 9.1 and indicates a net positive annual cash inflow to the CWRR for
the 2022 calendar year. The small increase in project income for 2022 relative to 2021 is
positive and is a consequence of effort put into securing new externally funded projects by
members. After the significant increase in postgraduate student bursaries and funding for
post-doctoral students in 2021, this value has decreased in 2022 but still makes up nearly 30%
of the total expenditure for 2022.

The trend in secured project budget for the period from 2017 onwards is shown in Figure 9.1.
Although the actual annual income generated by a project does not always align with the
budgeted amount as a consequence of timing of payments from funders and by delays in
submission of deliverables, it is encouraging to note the increase in secured budget for 2023
and significant budgets already secured for 2024 and 2025.

Project Budget

14

12

10

iimnm

2017 2018 2019 2020 2021 2022 2023 2024 2025

Total (R x109)

Figure 9.1 Total secured project budgets by the CWRR for the period from 2017 to 2025
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Table 9.1 Summary of annual income and expenditure (R) from 2017 to 2022

Income and Expenditure 2017 2018 2019 2020 2021 2022
Research Project Income 14266939 | 16864594 | 13895166 | 15252418 | 10345420 | 12025593
Interest Received 403 534 698 825 591 155 466 749 223 840 276 628
Total Income 14670473 | 17563419 | 14486321 | 15719167 | 10569261 | 12302222
HR Costs (7101884) | (7471353)| (7386880)| (6974538)| (7493447)| (6093 659)
Student Bursaries and Post-doc Funding | (3871891) | (2240101) | (1962151)| (1760132)| (5890508) | (3417 750)
Operating and Capital Costs (2545748) | (5743887)| (1628295)| (1657017)| (1463317)| (2526375)
Total Expenditure (13 519 523) | (15 455 341) | (10 977 326) | (10 391 688) | (14 847 272) | (12 037 784)
Net Surplus for Year (R) 1150 950 2108 078 3 508 995 5327479 | (4278011) 264 437
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10. HUMAN CAPITAL DEVELOPMENT

10.1.

Graduated Students

The Honours, MSc, MScEng and PhD students who completed their degrees in 2022 and 2023
to date, their supervisors and project titles are summarised in the table below.

Student

Year* | Degree Supervisor(s) Project Title
Name
Honours 2022
Ali, Admiya 2022 Hons Prof. Jeff Smithers | Investigating trends in hydrological responses in
the Umgeni catchment
Lake, Simon 2022 Hons Mr Richard Kunz A novel approach for mapping areas suitable for
rainfed production
Mangele, Thubelihle | 2022 Hons Prof. Seifu Kebede | Borehole drilling success and functionality status
Gurmessa in Msunduzi district
Mazibuko, Ayanda 2022 Hons Prof. Jeff Smithers Investigating trends in Water Quality parameters
in the Umgeni River Catchment
Mkhize, 2022 Hons Dr Shaeden Gokool | Estimation of soil moisture using geostatistical
Zamakhabazela methods and machine learning algorithms
Pillay, Shannyn 2022 Hons Prof. Seifu Kebede | Identifying the upstream and downstream
Gurmessa variation in microbial load in the
Umgeni/Msunduzi rivers and the role of
ecological and grey infrastructure in attenuating
it
Masters 2022
Dlamini, Londiwe 2022 Masters | Dr Sabine Stuart- Applying the social-ecological systems framework
Zola Hill, Prof. Cathy to understand the impacts of flooding in the
Sutherland Palmiet River Catchment
Khakhu, Khodani 2022 Masters | Prof. Jeff Smithers The estimation of catchment rainfall for use in
hydrological modelling and design flood
estimation
Luthada-Raswiswi, 2022 Masters | Prof. Gordon O' Use of crocodile carcasses as a source of fishmeal
Rendani Brien protein in commercial production of fish
Mthembu, Thando 2022 Masters | Mr Richard Kunz, Assessing the water productivity of sweet potato
Prof. Tafadzwa
Mabhaudhi
Nkabane, Lindiwe 2022 Masters | Dr Michele Developing a verified and quality controlled
Toucher hydro-climatological database for the northern
Maputoland coastal plain
Nxumalo, 2022 Masters | Dr Sabine Stuart- Exploring the Manifestation of Water, Energy and

Ntombiyenkosi

Hill

Food Nexus at a Local Scale through the Lens of
Sustainable Livelihoods in the uMngeni
Catchment, KwaZulu-Natal, South Africa
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Student

Year* | Degree Supervisor(s) Project Title
Name
Sukhdeo, Trisha 2022 Masters | Kershani Chetty, Dr | Evaluation and quantification of drought
Shaeden Gokool propagation using satellite earth observation
Masters 2023
Maseko, Mkholo 2023 Masters | Prof. Seifu Kebede | Groundwater flow modelling to assess impacts of
Gurmessa, Dr rainfall variation and land use changes in the MPC
Bruce Kelbe
Ndlovu, Zama 2023 Masters | Prof. Jeff Smithers, | Assessing and improving the simulation of runoff
Dr lone Loots and design flood estimation in urban areas using
the ACRU and SCS-SA models
PhD 2023
Horan, Robyn 2023 PhD Prof. Jeff Smithers, | Development and Assessment of an Integrated
Dr David Clark, Dr Large-Scale Hydrological Modelling Tool for
Thomas Kjeldsen Water Resources Management in the Cauvery
Catchment, India
Loots, lone 2023 PhD Prof. Jeff Smithers, | The development and assessment of a method

Dr Thomas
Kjeldsen

for estimating the hydrological responses from
peri-urban areas in South Africa

* Year when study completed




10.2. Registered MSc and PhD Students

The MSc, MScEng and PhD students who are currently registered, their supervisors and

project titles are summarised in the table below.

Shaeden Gokool

Student . .
Name Degree Supervisor(s) Student Project
Buthelezi, Masters Prof. Seifu Kebede Investigating the origin of the Shu Shu thermal
Gugulethu Gurmessa waters and its effect on water quality
Happiness
Cele, Jennifer Masters Prof. Gordon O' Brien To establish variable use of crocodile carcass waste
protein from commercial crocodile farms as
replacement for fish meals protein for the
commercial production of fish
Chetty, Evania Masters Dr Magsooda Mahomed | Mapping and assessing the impacts of crop-weed
competition in neglected and underutilised crops
Chetty, Shanice Masters Kershani Chetty, Dr The use of satellite earth observation in the SEBS
Shaeden Gokool modelling system for water use estimation in
bamboo
Goge, Minenhle Masters Prof. Jeff Smithers, Dr Modelling small and larger scale interventions to
David Clark, Prof. limit soil erosion and improve the quality of water
Roland Schulze, Mark flowing into the proposed Smithfield Dam on the
Horan Umkhomazi River
Jele, Zizile Masters Prof. Seifu Kebede Testing and developing biological water quality
Gurmessa, Dr Jim Taylor | indicators for intermittent tropical steams
Kalala, Joel Masters Prof. Biofilm control in cement mortar lined water supply
Muthukrishnavellaisamy | pipes
Kumarasamy
Lake, Simon Masters Mr Richard Kunz Development and application of a crop database for
underutilised indigenous crops
Madzawu, Evidence | Masters Prof. Alistair Clulow Water use of avocado and macadamia orchards
Mncube, Sanelisiwe | Masters Dr David Clark Investigation of methods for assessing wetland
condition and its impact on water services
Molokomme, Lerato | Masters Prof. Seifu Kebede Benefits of catchment water availability
Gurmessa, Prof. enhancement and catchment protection activities on
Graham Jewitt groundwater recharge in Upper Inkomati Catchment
Moodley, Kimara Masters Dr Michele Toucher Mapping potential future land-use in the uThukela
river basin and analysis of streamflow responses.
Mpungose, Thobeka | Masters Prof. Seifu Kebede Regional scale groundwater connection to surface
Gurmessa, Dr Michele waters in the Umgeni Catchment.
Toucher
Naidoo, Kivana Masters Kershani Chetty, Dr Evaluation of soil moisture estimates from satellite-

based and re-analysis products over two network
regions
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Student

Degree Supervisor(s) Student Project
Name
Ngcobo, Siyabonga Masters Dr Stefanie Schiitte, Investigating the impacts of past and recent
Brilliant Prof. Jeff Smithers hydrological droughts on water resources and
availability on selected catchments within the
Eastern Campe Region
Ngwenya, Mdoda Masters Dr Rebecka Henriksson, | Participatory mapping and analysis of land use,
Erna Kruger ecosystem services and livelihoods in the
Drakensburg, KwaZulu-Natal
Nobubelo, Ngwenya | Masters Prof. Tafadzwa Remote sensing the quality of water in a small
Mabhaudhi, Prof. Seifu reservoir using unmanned aerial vehicle systems
Kebede Gurmessa, Dr (UAVs): A case study of Albert falls Dam
Vincent Chaplot
Nsibande, Thobeka Masters Prof. Seifu Kebede Developing conceptual groundwater flow model
Gurmessa using multiple isotopic and piezometric evidences in
MPC
Nyawose, Amanda Masters Dr Shaeden Gokool, Estimation of maize crop evapotranspiration using
Prof. Alistair Clulow UAV remotely sensed data in smallholder farms
Phori, Thabang Masters Prof. Seifu Kebede Surface water-groundwater interaction and its role
Gurmessa in impacting water availability in dry seasons in the
highlands of Lesotho
Rasifudi, Masters Kershani Chetty Variability of Hydrometeological indices at the Vaal
Tshimangadzo River Catchment
Srikissan, Sayuri Masters Kershani Chetty, Dr Quantifying the hydrological benefits of investing in
Shaeden Gokool ecological infrastructure through the use of
ecological and hydrological models
Terrell, Christie Masters Prof. Simon Lorentz The fate and mobility of zinc in a contaminated
vadose zone with clay rich soils
Tshikororo, Mutondi | Masters Prof. Seifu Kebede Groundwater and surface water interactions at
Gurmessa regional scale: A case study of the uThukela River,
KwaZulu-Natal, South Africa.
Tshivhundo, Masters Katelyn Johnson Integrating knowledge systems in flood-risk
Zwivhuya Caroline modelling for sustainable solid waste management
and flood resilience in urban informal settlements in
eThekwini, KwaZulu-Natal, South Africa.
Xolo, Thobeka Masters Richard Kunz, Mark Improving techniques to select driver climate
Horan, Dr David Clark stations for hydrological modelling
Yacoob, Ameera Masters Dr Shaeden Gokool, Leveraging the Google Earth Engine to analyse very-
Prof. Alistair Clulow high spatial resolution unmanned aerial vehicle data
to guide and inform precision agriculture in
smallholder farms.
Yende, Xolisile Masters Dr Sabine Stuart-Hill, Dr | The effects of climate change on productivity in
Rebecka Henriksson, commercial sugarcane farming and milling in
Prof. Emma Archer, southern Africa
Matthew Jones
Aldworth, Tiffany PhD Dr Michele Toucher, Understanding the impacts of woody vegetation on

Prof. Alistair Clulow

water resources in the Savanna Biome
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Student

Prof. Graham Jewitt, Dr
Sabine Stuart-Hill

Degree Supervisor(s) Student Project
Name
Chetty, Tinisha PhD Prof. Graham Jewitt Downscaling and bias correction of satellite remotely
sensed rainfall for use in hydrological modelling
Davis, Nicholas PhD Dr Stefanie Schiitte, Towards including water engineered systems and
Savile Prof. Roland Schulze, water quality into water resources accounting
Prof. Jeff Smithers
Gungoa, Varsah PhD Prof. Seifu Kebede Investigating sea water-groundwater interaction in
Gurmessa the coastal aquifers of northern Mauritius
Johnson, Katelyn PhD Prof. Jeff Smithers Estimation of extreme design rainfall events and
accounting for non-stationary data in design rainfall
estimation in South Africa
Kaptein, Nkosinathi PhD Prof. Alistair Clulow, Expansion of knowledge on evapotranspiration and
Prof. Colin Everson, Dr stream flow reduction of different clones/hybrids to
Michele Toucher improve the water use estimation SFRA species
Mabharaj, Udhav PhD Prof. Jeff Smithers Improved performance and development of a
framework for uncertainty estimation for design
flood estimation models in South Africa: SCS-SA
model case study
Marembo, Rosebud | PhD Dr Sabine Stuart-Hill Analysis of adaptations for impacts of climate change
on yield at different spatio-temporal scales for South
Africa
Mthembu, Thando PhD Dr Shaeden Gokool, Mr | Development and application of a crop database for
Richard Kunz underutilised crops in South Africa
Mtshali, Silindle PhD Dr Rebecka Henriksson, | Contextualising Ecological Infrastructure Restoration
Dr Sabine Stuart-Hill Frameworks for Sustainable Management in
Complex and Dynamic Catchments Systems."
Mukansi, Demian PhD Prof. Jeff Smithers, Dr Detecting trends in hydrological extremes and
Thomas Kjeldsen, incorporation of nonstationary hydrological data into
Katelyn Johnson design flood estimation and risk assessment in South
Africa
Ngcobo, Simphiwe PhD Prof. Graham Jewitt, An assessment of the potential impacts of climate
Prof. Emma Archer, variability on sugarcane production across southern
Prof. Trevor Hill Africa
Oakes, Ernest PhD Prof. Jeff Smithers A revision of the synthetic Unit Hydrograph Method
for the estimation of design flood peaks and volumes
in South Africa
Ramjeawon, Manish | PhD Prof. Molla Demlie, Dr Surface water/groundwater interactions on the MCP
Michele Toucher
Risko, Susan PhD Prof. Cathy Sutherland, Is political and economic instability and limited civil

engagement impeding good water governance
within Msunduzi Municipality?
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Student

Degree Supervisor(s) Student Project
Name
Shabalala, Mlungisi PhD Dr Michele Toucher, Expansion of knowledge on evapotranspiration and
Prof. Alistair Clulow stream flow reduction of different clones/hybrids to
improve the water use estimation SFRA species
Simba, Farai PhD Prof. Alistair Clulow, Dr | Understanding interception loss in woody
Michele Toucher, Prof. encroached systems relative to pristine grasslands
Mike Savage
Vilakazi, PhD Prof. Tafadzwa Building Water Supply resilience on uMngeni-
Ntombifuthi Mabhaudhi, Dr Stefanie | uThukela Water Strategic Catchment through the

Schitte, Prof. Graham
Jewitt

Water-Energy-Food Nexus
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12. HYDRATORS CLUB AND STUDENT NEWS

The CWRR Hydrators Club is a committee elected to represent the postgraduate student
members of the CWRR. The Hydrators Club aims to foster collaborative research, a work-life
balance and to develop a professional work-ethic amongst members. Although the 2022
committee was elected late in the year, the Club engaged in exciting activities including:

(i)  Developing Partnerships with Established Organisations
South African Youth Parliament for Water: links to WISA Operation Songamanzi, Ankone
consulting, World Water Quality Alliance, Green Buddies Environmental Club, Friends of
Bisley Nature Reserve, and SANCOLD YPF.

(ii)  Collaboration with Green Buddies Environmental Club and Bisley Nature Reserve
The Hydrators teamed up with the green buddies for a beach clean-up in Durbanin 2022.
The hydrators also assisted with the mapping and implementation of soil and water
conservation works at Bisley Nature Reserve (2022).

(iii)  Participation at the 2022 SANCOLD Annual Conference

2022 Hydrators Student Club (Left to Right): Udhav Maharaj (Chairperson),
Minenhle Goge (Deputy Chair), Rendani Vele Makahane (Secretary), Thubelihle
Mangele (Treasurer)

In 2023, two members of the 2022 Hydrators Club committee resigned so two new members
were elected. Ms Zizile Jele (MSc Hydrology student) and Mr Thando Mthembu (PhD student)
were elected as the secretary and treasurer, respectively. Mr Udhav Maharaj (PhD student)
and Ms Minenhle Goge (MSc-Eng student) continued their roles as Chairperson and Co-

chairperson, respectively.
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Hydrators Club Committee Members 2023: Top (left to right), Udhav Maharajh and

Minenhle Goge. Bottom (Left to right) Thando Mthembu and Zizile Jele.

Staff and student meetings

Staff Student meetings were re-initiated in May 2023, to encourage better communication
and engagement with postgraduate students. The Hydrators Club were assisted by Ms Chetty
with planning and running the meetings. The postgraduate students deliver short
presentations (Petcha Kutcha format) on their research, and guest speakers from industry and
alumni have been invited to deliver presentations at these events. Staff and students then
socialise over tea and treats which encourages communication and engagement.

CWRR T-shirt

The Hydrators Club facilitated the design of the new student (and staff) T-shirts. The designs
are at the production stage and they are eagerly awaited to publicise the CWRR.
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Community Outreach: Springhaven Primary and Ridgeview Primary School Grade 7 Career
Days

In September 2023, Hydrators Club members, Zizile Jele and Minenhle Goge together with the
CWRR staff members, Ms Tinisha Chetty, Dr Shaeden Gokool and Dr Magsooda Mohamed
attended a Grade 7 career day at Springhaven Primary School and Ridgeview Primary School.
The members shared their career journeys and experiences, the research done within CWRR,
key skills and qualities required to pursue the Hydrology and Bioresources Engineering fields
and some of the challenges and opportunities in industry. Students were given gift hampers

for a quiz competition and each student was given a UKZN goodie bag.
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Participation at the 2023 Department of Water and Sanitation Youth Indaba in June 2023

Three members of the Hydrators club participated in the 2023 DWS Youth Indaba held at the
Durban ICC in June 2023. All three presentations were highly commended and received

excellent feedback from the attendees and organisers of the event.
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Mr Maharaj (left), Mr Mkholo Maseko (middle) and Mr Thando Mthembu (Right) at the DWS
Youth Indaba at the ICC Durban.

Mr Thando Mthembu’s research on the water
productivity of an indigenous crop helped him find a
“sweet spot” for exploring academia and research and a
line of work that is shaping his career trajectory.
Mthembu’s project involved assessing the water
productivity of sweet potatoes, an important study for
determining the water use of crops that have the
potential to be high yielding in a water-efficient manner,
which organisations including the WRC are promoting
for cultivation in water-scarce environments such as

South Africa. Crops like this also have promise for
biofuel production as their sugars and starch can be
converted into bioethanol. Mr Mthembu’s work earned him a cash prize for the second-best
oral presentation at the Postgraduate Research Innovation Symposium held at UKZN in
December 2022. He is now pursuing a PhD at the CWRR.
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Demian Mukansi, who is a CWRR PhD student,
was awarded the best young presenter award at
the South African Institute of Agricultural
Engineers (SAIAE) symposium held from 21 to 23

September 2022. He delivered presentations on
his completed MScEng study, which focused on
determining the effects of different storage
conditions on the mechanical and physiological
properties of amadumbe, and on his current PhD
study which is focussed on detecting trends in
hydrological extremes and incorporating non-

stationary models in design flood estimation in
South Africa.

Mr Udhav Maharaj, PhD student and Chairperson
of the Hydrators Club, received SANCOLD
postgraduate scholarships in 2022 and 2023 and
has presented the results of his research at the
annual SANCOLD conferences.
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