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INTRODUCTION TO THE CENTRE FOR WATER RESOURCES
RESEARCH

The Centre for Water Resources Research
(CWRR) was formed in 2013 out of a cohesive
group of academics who have 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.
With a focus on water resources related
research in sub-Saharan Africa, the CWWR
consists of staff, students and associates active
in a variety of research projects in the region.
Projects are funded by the European Union,
DFID, USAID-NSF as well the Water Research
Commission, National Research Foundation and
various other funders, both international and
South African.
The CWRR is involved in various capacity
building initiatives and research partnerships
including:


Partnerships with WaterNet including a
specialisation component in “Earth

Observation” of the Integrated Water
Resources Management Master course


NEPAD Water Network Centres of
Excellence



CapNet



Tiger



UNESCO-IHE, The Netherlands



SANCIAHS



Global water Partnership



IRD, France



Stockholm
Sweden



A
close
cooperation
between
Bioresources
Engineering
and
Environmental Hydrology disciplines



Growing of some innovative niches such
as remote sensing, forest hydrology,
land use and water governance /
management



Strong involvement of some staff
members in advising governmental
policies as well as different national
Think Tank activities



Real
catchments
as
research
laboratories and used for training of
students

Environmental

Institute,

Overall the research of the CWRR aims at
uncovering the challenges science faces when
creating knowledge as well as implementable
solutions for the region and beyond. An
integrated research agenda can only be the
starting point.

DIRECTOR’S REPORT
The end of 2014 marked the first full year of
operation for the Centre for Water Resources
Research (CWRR) and this report is focused on
that year, but there are some aspects of 2013
which are also included.
Over the past year and a half, the CWRR has
established itself as strong research Centre
within the University of KwaZulu-Natal and
rapidly gaining a reputation for producing
outstanding graduates and sound research
aligned with its primary goals of:
1. Developing Tools and Information for
Effective Water Resources Management
and Planning
2. Human Resource Development through
postgraduate training
The past year has seen several successes, but
also some challenges.
Highlights
There have been several highlights over the
past year. CWRR staff published 21 papers in
peer reviewed journals in 2013 and 12 in 2014.
Two PhD and six MSc students graduated in
April 2014, and at the April 2015 graduation
ceremony two PhD and 12 MSc students will
graduate. The significance of the CWRR and our
approach to student training was highlighted in
an article in the popular magazine Water Wheel
by the Water Research Commission. The article
is attached as an appendix to this report, but it
is worth highlighting the key points. The first is
that the strategy of deliberate involvement of
Honours students in research projects has

provided a strong link and effective pipeline to
the strong postgraduate research group. In the
years that we have involved Honours students
in research projects, we have seen a growth in
students progressing to MSc and an increasingly
strong MSc cohort, and now slowly a
progression through to PhD. The second is the
additional training and mentorship that the
Centre is able to provide to its students at
Honours, Masters and PhD levels to strengthen
their research development. This includes
focused tutoring and scientific and English
writing and statistics courses as well as the
opportunity to attend national symposia.
The CWRR continues to be a leader in research
nationally and internationally. The research
catchments in which we work are
internationally recognised (and envied). The reestablishment of the Cathedral Peak Research
Catchments as Living Laboratories through
projects led by Dr Michele Warburton Toucher
and Prof Colin Everson in collaboration with the
South African Earth Observation Network
(SAEON) has been a major achievement. These
catchments are extremely important for
student training and provide for the testing and
development of new instruments methods and
models. In 2013, Prof Colin Everson was
awarded a PEER grant from the USAID to
pioneer the use of the Cosmic-Ray Soil Moisture
Probe in South Africa. This unique instrument
can be used to provide a measurement of soil
moisture over an area 40Ha – a major advance
from the point scale instruments usually used.

(MScEng) for her review of conservation tillage
practices in the country.

Cosmic Ray Probe

The CWRR had a strong presence at the
SANCIAHS symposium at the University of the
Western Cape with 35 members and students
attending, including the Hydrology Honours
class. Dr Michele Warburton Toucher presented
one of the keynote addresses and three
students were awarded with prizes for their
presentation:
Tercia Strydom (MSc work,
currently registered for a PhD) on fire and its
impacts on hydrological response, Sesethu
Matta (MSc) for her presentation on the use of
citizen science in the uMngeni
catchment
and Robyn Johnson

Sesethu Matta doing a miniSASS survey

Aline Saraiva Okello who is employed as a
research assistant in the CWRR through a
collaboration that supports her PhD studies at
UNESCO-IHE, was awarded a Faculty for the
Future Fellowship for the 2014-2015 academic
year. This program, now in its tenth year,
supports women scientists from developing
countries through grants to enable them to
pursue PhDs and Post doctorate studies in
scientific and engineering disciplines at leading
universities worldwide. Aline was also a winner
of the 2013 L'Oréal-UNESCO Regional
Fellowships for Women in Science (FWIS) in
Sub-Saharan Africa.
The CWRR staff has maintained a high profile in
the country and abroad. Prof Roland Schulze
continues to be very active in his retirement
and has delivered many key note papers both
locally and abroad including at the Global Water
Systems Project Conference on Water-EnergyFood Nexus in Bonn in May 2014. Prof Graham
Jewitt attended the 6th IAHS-EGU International
Symposium on Integrated Water Resources
Management in Bologna and several members
and students attended the 15th Waternet
Symposium in Malawi. Dr Sabine Stuart-Hill was
an invitee at a workshop of the German
Development Corporation in Bonn. Dr Nick
Rivers-Moore attended the 17th International
Rivers Symposium in Canberra, Australia.
Prof Graham Jewitt was awarded an NRF B
rating and at the end of 2013 and Dr Michele
Warburton Toucher was awarded a Y rating at
the end of 2014. During 2014, Prof Roland
Schulze, Prof Graham Jewitt and Dr Michele

Warburton Toucher were invited to present at
the WRC Dialogue on “The State of Hydrology
(Research) in South Africa: towards a 10-year
science plan”. At the end of 2014 Prof. Graham
Jewitt and Tercia Strydom were invited to
provide a reflection on their research
experiences with the WRC at the launch of a
book entitled ‘South Africa’s 20- year Journey in
Water and Sanitation Research’.

Speakers at the launch of ‘South Africa’s 20- year
Journey in Water and Sanitation Research’

The CWRR contribution and our research was
the subject of several articles in the popular
press. These included articles on the proposed
UNESCO Category 2 Centre in University World
News, the Biofuels projects in Business Day, the
uMngeni Ecological Infrastructure Partnership
in the Natal Mercury and The Witness and
Rainwater Harvesting in Earthworks Magazine.
Staff and students have been active in outreach
to local communities and schools through
training in the mini-SASS water quality
monitoring method.
CWRR staff members are active on many
external project steering committees, editorial
boards and review panels. Dr Michele
Warburton Toucher is the joint Theme Leader
for the Water theme in NRF supported Applied
Centre for Climate and Earth System Science
(ACCESS), leads the water theme of the South

African Risk and Vulnerability Atlas, and formed
part of the panel that reviewed the University
of Venda Hydrology programme. Prof Graham
Jewitt is the South African contact point for the
International Association of Hydrological
Sciences (IAHS), is on the editorial board of the
journals, Hydrology and Earth System Sciences
(HESS) and WaterSA and is a member of the
management board of Waternet. He also
formed part of the international review panel
for the Dutch Research School for SocioEconomic and Natural Sciences of the
Environment and chaired the review panel for
the University of the Western Cape Institute of
Water Studies. Prof Roland Schulze remains an
active member of The Academy of Science of
South Africa (ASSAf)
Over the past year, the CWRR has hosted
several international visitors. These include Dr
Clive Lipchin from the Arava Institute in Israel
where he leads the Center for Trans-boundary
Water Management. Dr Victor Kongo from the
University of Dar Es Salaam. Prof Stefan Kienzle
who is an Associate Professor for Hydrology and
GIS, Department of Geography at the University
of Lethbridge. Dr. Joris Timmermans and Prof
Robert Becht from ITC, Netherlands who gave
guest lectures to the WaterNet masters
students.

Stefan Kienzle giving a guest lecture during his visit

Associates in the center are very important and
we've benefited anonymously from their inputs
and supervision of students.
External Relationships and Policy Influence
The CWRR maintains strong relationships with
national departments as well as regional groups
such as SADC and AMCOW. Professor Roland
Schulze has recently authored the National
Climate Change Adaptation Plan for Agriculture,
Sabine Stuart-Hill is active in influencing
governance approaches in the national roll-out
of Catchment Management Agencies. Prof
Graham Jewitt and Mr Richard Kunz have been
advising the Department of Water and
Sanitation on the status of crops which could be
declared a Streamflow Reduction Activity under
the National Water Act. Prof Jewitt is also a
member of the Global Bionergy Partnership
working
group
which
is
developing
sustainability criteria for bioenergy production
internationally.
The UNESCO Category 2 Centre: the African
Centre for Global Change and Water Resources
Research (ACGCWRR)
The establishment of the ACGCWRR has been a
long and frustrating process. Following
endorsement by national government and
cabinet in 2012 and the UNESCO General
Conference in November 2013, the process has
now stalled. This is a result of a complicated
national legal process through which the
Department of Justice has queried many
aspects of the previously approved hosting
agreement between UNESCO, the DWS and
UKZN.

Funding and Staffing
The CWRR has an annual budget of
approximately R13.8 million. The majority of
research funds are from the Water Research
Commission, but projects are also funded by
international support from the EU, USAID,
CGIAR, Waternet and DGIS and locally from the
NRF, Umgeni Water, DAFF, SANBI, DBSA.
Over the past year, we have lost some key
members of staff. Prof Colin Everson left to
take up a position at the South African Earth
Observation Network (SAEON). Despite him
being available one day a week and remaining
as an associate member of the CWRR, this has
still been a significant loss given Prof Everson's
heavy involvement in field-based research and
student supervision. Dr Pauline Chivenge left to
take up a position in Bulawayo and Trevor
Lumsden's contract came to an end at the end
of 2014. Three Post Doctoral Fellows also left
us: Dr Hartley Bulcock left to join a consulting
company, Dr Yashwant Singh left for Nelson
Mandela Metropolitan University and Dr
Pheshaya Dlamini left for the University of Free
State. This serves to highlight the difficulty of
maintaining research funding for contract
employees. It is increasingly difficult to source
full salary packages from research projects. In
the case of postdoctoral fellows it has been very
difficult to provide an attractive career path
beyond the PostDoc position. The recent
amendments to the Labour Law in South Africa,
which now requires that contract staff have the
same conditions of service as full time staff,
provides opportunities to address this but adds
significant challenges to the financial model of
the CWRR.

The CWRR student body is fully reflective of
South Africa's population. However, the CWRR
staff is not. It remains a challenge to recruit
non-white South Africans into research and
academic positions, particularly when contract
positions are seen as less attractive than
permanent ones.
A further difficulty is the retention of key skills
after retirement, in particular technical skills.
Technicians with strong instrumentation and
field skills are scarce and there is strong
competition for the few candidates available to
fill senior positions. The CWRR has been
proactive in creating contract positions for
junior members of staff with the intention that
they will develop under the mentorship of
existing staff. However the UKZN position
where technical staff are not allowed be
appointed as research associates beyond
retirement and cannot be employed on
contract, even when funding is available from
external sources, compromises our efforts in
this regard and is having an adverse effect on
research and student projects where these skills
are needed.
Students
Our student numbers continue grow, in 2014,
the CWRR had 14 Honours students, 23 Masters
and 15 PhD students. The vast majority of these
students are funded through the research
contracts held. Several of the PhD students are
international with home countries including
Ghana, Tanzania, Zimbabwe, Swaziland,
Botswana, Mozambique, Kenya, Rwanda and
Sweden.

The students have formed a society and have
actively promoted events such as World Water
Week on campus

Hydrology society doing a quiz with undergrad
students as part of World Water Week event

Software Systems
The ACRU model remains an important part of
the CWRR activities and operations. However
the maintenance and development of such a
model in the current research and development
climate, is increasingly difficult to support and
further development of the model is challenge.
In order to secure the intellectual property and
knowledge housed within the model, the CWRR
will investigate collaboration with other opensource modelling systems during the year.
The national quinary catchments database
continues to form the core of several research
products. Its maintenance and improvement is
ongoing through several research projects.
Most significant of these is the further
development of the national SFRA utility
originally developed to provide estimates of
water use associated with commercial forestry
and sugar cane, which has now evolved to
include many of the potential biofuel feedstock
crops being considered for South Africa,

Self Assessment
During the year CWRR undertook a strategic
planning exercise which included a selfassessment. In summary the assessment
highlighted a number of strengths but also
some shortcomings which need to be
addressed. The assessment was based on the
model used in the Netherlands to assess the
strength and viability of research units. The
assessment is made against four criteria:
1.) Quality of the research and products
produced;
2.) Productivity of the unit in terms of
publications, graduations etc;
3.) Relevance of the group’s research and
4.) the long term viability of the group.
The standard expected is high, probably higher
than many South African research groups may
aspire too. However, we believe that the CWRR
has the potential to be a world leader and that
scores of 4 and 5 are achievable in the future.
A summary of the self-assessment is found on
the following page.
The Future
Following two planning sessions in 2014, the
CWRR will re-assess it’s core research areas for

2015 and beyond and actively address gaps
identified through the self-assessment exercise
that was undertaken.
Opportunities for flagship projects are being
investigated, and we will continue to drive the
process for the establishment of the UNESCO
Category 2 Centre. The CWRR’s potential role in
a national Centre of Excellence in Water and
Sanitation (in response to a probable call during
2015) will be explored with key UKZN role
players and other potential stakeholders.
Several new projects: will start in 2015 including
with international funding, as well as several
from the WRC.
A major challenge for the CWRR is its lack of
staff who hold a PhD and are able to supervise
PhD students. Furthermore the Professor of
Hydrology position remains vacant. The
approach of the CWRR over the next two years
will be to focus on aggressive recruitment of
postdoctoral students. These fellows will assist
with the supervision of MSc and Honours
students and it is the intention that funding will
be secured to convert these into long-term
contract positions. In particular a postdoctoral
fellow and soil water research is a priority.
Funding is also been secured for a postdoctoral
fellow from the session South African National
Biodiversity Institute (SANBI).

FINANCIAL STATUS

The CWRR financial situation is sound as
indicated in the list of projects and in the
Income and Expenditure Statement below.

2013-2015
Researcher
CE
GPWJ
MW
SAL
SAL
SIS-H
RES
SAL
CSE
CSE
SAL
CJ
SAL
DC
PC
STD
SIS-H
SIS-H
CSE
CSE
GPWJ
GPWJ
RPK
CJ
RES
SAL
CJ
GPWJ
RES
MW
CE
GPWJ
GPWJ
CE
RES
RES
CE
GPWJ
GPWJ

However, it should be noted that in many
cases, particularly those with international
funders, pay “up front”, so there are many
expenses which will still accrue to those
projects.

Projects in CWRR
Code
4565
4593
4708
4712
4715
4720
4722
4726
4729
4737
4739
4795
4847
4913
4928
4933
4948
4979
4980
4981
4983
5121
5122
P201
P262
P502
P505
P522
P527
P673
P741
P753
P849
P963
P977
P760
Ui80
Ui99
UiA6

Univ Free State: Surface Water-Groundwater
NRF-Graham Jewitt
WRC: K5/2236 : Cath Peak
Sanparks: Super Sites
Partners in Development: K5/1829
WRC : K5/1965 : CC Adaptions
UCT : K5/1882 : Adaptive Interventions
WRC : K5/2051 : Groundwater KNP
WRC : K5/2022 : Two Streams
WRC : K5/2066 : Forcing Variables
Wits : K5/1907 : Isotopes
WRC : K5/2079 : Remote Sensing (Admin)
WRC: K5/2115: On site sanitation
WRC: K5/2205:Development/Assessment -Water Use
WRC: K5/2266: Upscaling of Water Movement
WRC: K8/1030: Technology Transfer-Linked ACRU
Planning for Adaptation-Sub Contract-Umphilo
WRC: K5/2320-Lessons Learnt-Sabine
WRC: K5/2323-Validation of Variables
WRC: K5/2402-Erosion & Sediment Yield
WRC K5/2354: Demo of how healthy Ecological infrastructure to secure Water
WRC : K5/1935 : Inkomati
WRC : K5/1874 : Biofuels 2
DAFF-New Contract
Department of Agriculture
Eskom : Atmospheric Deposition (4600011734)
EU: WATPLAN
EU: Whater
CSIR : K5/2020 : Quinaries
CSIR-SARVA
Indigenous Tree water Use-UP
Golder & Associates: Landuse and daptation to climate change
UNESCO-IHE : Riskoman
ACT Project
Eskom : Climate Change ((460011779)
Palabora Copper Mining
Peer(National Academy of Sciences)
SANBI: Ecological Infrastructure
Waternet: Masters training

Contract amount
233 000.00
80 000.00
900 000.00
240 400.00
307 712.00
3 000 000.00
273 500.00
1 800 000.00
2 295 872.00
700 000.00
365 265.00
4 000 000.00
1 500 000.00
2 500 000.00
2 907 000.00
400 000.00
46 400.00
1 000 000.00
1 000 000.00
2 200 000.00
5 000 000.00
1 800 000.00
7 400 000.00
325 100.00
784 900.00
1 246 900.00
481 644.00
1 044 856.00
96 000.00
322 560.00
550 000.00
175 500.00
108 640.00
520 000.00
500 000.00
830 100.00
584 598.00
1 914 000.00
126 576.00
49 560 523.00

SELECTED RESEARCH PROJECTS
WATER USE OF CROPPING SYSTEMS ADAPTED
TO BIO-CLIMATIC REGIONS IN SOUTH
AFRICA AND SUITABLE FOR BIO-FUEL
PRODUCTION
Sponsor:
Water Research Commission
Project Team: GPW Jewitt (CWRR), RP Kunz
(CWRR), M Mengistu (CWRR),
C Everson (CWRR/SAEON),
M Laing (ACCI), I Doidge (ACCI)
Collaborators: M Gush (CSIR), M Steyn
(University of Pretoria), E du
Toit (University of Pretoria)
Project Dates: April 2009 - March 2015
The global debate on the potential negative
impact of biofuel feedstock production on, inter
alia, food security as well as land and water
resources informed the development of South
Africa’s National Biofuels Industrial Strategy in
2007. The goal of the five-year strategy was the
annual production of approximately 400 million
litres of biofuel by 2013. The strategy identified
sugarcane and sugarbeet for bioethanol
production as well as soybean, sunflower and
canola for biodiesel production. The primary
focus of the strategy is rural development and
job creation, with under-utilised land in specific
regions being targeted for biofuel feedstock
cultivation. Although the strategy did not
exclude the use of irrigation, it recognised the
potential impact of widespread feedstock
cultivation on the country’s limited water
resources.

In November 2009, the Water Research
Commission published a scoping study report
on the water use of potential biofuel
feedstocks. The study, which was conducted by
the former School of Bioresources Engineering
and Environmental Hydrology at UKZN,
identified 20 feedstocks which may be utilised
for biofuel production in South Africa. Of these,
two feedstocks (viz. sweet sorghum and
sugarcane) may potentially use more water
than reference natural vegetation, based on
runoff simulations using the ACRU hydrological
model. However, the scoping study concluded
that confidence in the modelled output was low
due to the uncertainties in the model input
parameters used, especially for the emerging
feedstocks such as sugarbeet and sweet
sorghum. The study recommended a more
detailed assessment of feedstock water use
efficiency.

Measuring feedstock water use

In November 2008, the Water Research
Commission therefore initiated and funded a
second, more detailed project (K5/1874) to

assess the water use of cropping systems
deemed suitable for biofuel production. The
funding totals R7.4 million and the project
commenced in April 2009. Although this project
is set to terminate on 31st March 2015, a threemonth extension was recently granted to allow
the project team to finalise the water use and
yield simulations. The specific aims of this
project are to:
1. Specify and prioritise currently grown as
well as potential first and second
generation cropping systems (including
both annual and perennial feedstocks)
suitable for biofuel production.
2. Identify and describe bio-climatic regions
suitable for feedstock production, by
considering numerous climatic, edaphic,
topographic and biotic factors which may
limit crop growth.
3. Review specific crop parameters related to
water use and yield (biomass, biofuel and
by-products) based on existing knowledge
or estimation thereof using existing
tools/methods.
4. Determine crop parameters for specific
feedstocks and model their water use in
order to assess the impact of feedstock
production on water resources availability.
5. Estimate the biomass and biofuel yield
potential of feedstocks grown in suitable
production areas under rainfed conditions.
6. Quantify the water use efficiency of these
crops, in particular the biomass yield and
biofuel yield per unit of water used over the
full productive cycle.
7. Develop a user-friendly, map-based
software utility for assessing the stream
flow reduction potential of selected
feedstocks at the quinary sub-catchment
level.

To date, a number of field trials were used to
measure the water use and yield of specific
biofuel feedstocks. The project team has
recently completed the assessment of feedstock
water use and the mapping of areas deemed
suitable for feedstock production. The final
phase of the project involves estimating the
yield potential of selected feedstocks using the
AQUACROP model, as well as the completion of
three final reports. This project has afforded
numerous students (ranging from Honours to
PhD level) the opportunity to complete their
academic studies.

RESEARCH ON ECOLOGICAL
INFRASTRUCTURE
The important natural resources which deliver
ecosystem services, such as water supply, water
purification, flood attenuation and recreational
services, are known as Ecological Infrastructure
(as opposed to built infrastructure such as
concrete, bricks and pipes). Thus, Ecological
Infrastructure (EI) is defined as “functioning
ecosystems that produce and deliver valuable
services to people”.
The uMngeni catchment has become a focus
area and pilot study site through various
initiatives, now becoming consolidated through
the
uMngeni
Ecological
Infrastructure
Partnership (UEIP) of which, UKZN is a member.
Through this initiative, more than 30
government
departments,
academic
institutions, private companies and NonGovernmental Organisations have signed a
Memorandum of Understanding which
documents their commitment to investing in
restoring, maintaining and managing Ecological

Infrastructure (EI) towards improved delivery of
water-related ecosystem services. The initiative
also aims to provide a suite of additional
benefits such as job creation, agricultural
productivity, aesthetics, cultural benefits, flood
attenuation and adaptive capacity to climate
change impacts, which will increase the return
on investment.
The projects seek to identify sites in the
uMngeni catchment at which investment into
the protection and/or restoration of EI can
produce long-term and sustainable returns in
terms of the delivery of water-related
ecosystem services. These services could
include water quality and quantity, and flood
protection. In essence, the project aims to guide
catchment managers when deciding “what to
do” in the catchment to secure a more
sustainable water supply, and where it should
be done. This seemingly simple question
encompasses complexity in time and space, and
in the connections between different
biophysical, social, political, economic and
governance actors in the catchment.
The CWRR is involved in two Ecological
Infrastructure Projects in the uMngeni
Catchment:
1.
Investing in ecological infrastructure to
enhance water security in the uMngeni River
catchment
Sponsors:
Development Bank of South
Africa’s
Green
Fund,
Department of Environmental
Affairs
Collaborators: South
African
National
Biodiversity Institute (SANBI);
GroundTruth Water, Wetlands
and Environmental Engineering;

Zunckel
Ecological
and
Environmental Services; Duncan
Hay and Associates
Project dates: July 2014 to September 2015
Project background:
Investing in ecological infrastructure and
integrating
ecological
infrastructure
considerations
into
the
planning,
implementation and maintenance of built
infrastructure has the potential to improve
water service delivery, increase the return on
investment in built infrastructure, create jobs,
contribute to rural development and support
adaptation to climate change. The uMngeni
catchment provides an ideal opportunity to
demonstrate the benefits of coordinated and
collaborative
investment
in
ecological
infrastructure for water security, with the
potential to be scaled up and replicated in other
parts of the country.
Aims of project:
The overall aim of the research is to develop a
framework and strategy to guide investments in
ecological infrastructure in the greater uMngeni
River catchment in order to support water
security and climate change resilience, and to
advance the inclusion of the concept of
ecological infrastructure in decision‐making and
policy development nationally. Key aims include
the development of methods for mapping
water security related ecological infrastructure
and assessing ecosystem condition, completion
of a situational analysis and identification of
sites and types of intervention that hold the
greatest potential to enhance water‐related
service delivery and water security.

Achievements:
The mapping and modelling of EI for the Upper
uMngeni catchment (as a pilot area) has been
completed for the following hydrological
ecosystem services: baseflow, surface runoff,
streamflow, sediment generation and peak
flow. A situational analysis for the catchment
has largely been completed. Several workshops
have been held with important stakeholders
and scientists to feed back on the process.

where rehabilitation actions should be
employed, and at which locations, such that
investment of resources may be optimised.

2.
Demonstration of how healthy
ecological infrastructure can be utilized to
secure water for the benefit of society and the
green economy through a programmatic
research approach based on selected
landscapes.
Sponsors:
Water Research Commission
(K5/2354)
Collaborators: UKZN
(Pollution
Research
Group;
School
of
Built
Environment and Development
Studies); Durban University of
Technology; The Wildlife and
Environment Society of South
Africa;
Nelson
Mandela
Metropolitan University
Project dates: April 2014 to March 30 2019
This project links closely with the Green Fund
project, but with a longer time frame, is
intended to explore approaches and
recommendations arising from the “Green Fund
Project” in more detail. The project has had a
low budget startup year, with activities
intensifying from April 2015.

What’s next:
EI mapping will continue into the remainder of
the catchment. An investment plan will be
drawn up for the catchment in order to guide

Specific Aims are:
1. Investigate and report on the status of
catchment land-use and water resource quality
in the selected catchment
2. Cost the impacts of ecosystem degradation
on water users from different stakeholder
experiences using an evidence based approach
3. Investigate how an intact ecological
infrastructure could secure and enhance the

benefits provided to society and economy in the
catchment
4. Develop a cost effective conservation
management strategy based on the green
economy - based on stakeholder embedded
water resources management framework
5. Develop and train beneficiaries on
appropriate methods (models, guidelines,
indicators, procedures) necessary to achieve a
paradigm shift to transform society, and the
economy towards a healthy interaction with the
ecological infrastructure within the catchment
6. Describe the catchment connectivity from
both biophysical and social aspects that are
core in understanding drivers of the catchment
processes and characteristics and spatial
connectivity
Progress to date has been towards Aim 1 with
extensive research through student projects
being established. Bi-weekly sampling of water
quality, through both conventional methods
and citizen science-based approaches, at key
sites upstream of Midmar Dam is ongoing.
Umgeni Water have agreed to analyse these
samples at no cost to the project – a significant
and meaningful contribution which equates to a
value of approximately R150 000 per year.
Revised and up to date (to November 2014)
estimates of pollution loads to Midmar Dam are
being calculated, and a paper reporting the
findings is being developed by MSc student
Sanele Ngubane. There is no flow data available
for the Mthimzima stream, a key tributary and
contributor of pollutants to Midmar Dam. Thus,
the ACRU model was configured and run for the
catchment, and the streamflow simulated by
the model was used to estimate pollution loads
for this catchment by Honours student Nantale
Sirbiwa in her 2014 project. An extensive

vegetation and soil survey of the Lions River
wetland has been undertaken by MSc student
Hlengiwe Ndlovu as part of her MSc. Initial
results from this survey and the regular
sampling indicate that the wetland is fairly
degraded, but there are clear opportunities for
rehabilitation, particularly in the context of the
wetland being a key component of the
ecological infrastructure supporting the
uMngeni River and Midmar Dam. This aspect of
the project is supported by substantial
contributions in-kind from SAPPI.
The next year will focus on building from the
outcomes of the associated Green Fund project,
consolidate the background studies into a
report on the water resource quality status of
the catchment and develop a methodology to
be used for assessment of costs incurred
through the use of poor water quality by
various stakeholders and the potential benefits
of investment in EI.

DEVELOPMENT AND ASSESSMENT OF AN
INTEGRATED WATER USE QUANTIFICATION
METHODOLOGY FOR SOUTH AFRICA
Sponsors:

Water Research Commission
(WRC)
Collaborators: Mr D Clark, Prof J Smithers, Prof
G Jewitt, Ms KT Chetty, Mr S
Thornton-Dibb, Mr M Horan
(internal); Prof G Pegram, Dr S
Sinclair, Dr HH Bulcock, Dr C
Jarmain,
Mr
B
Jackson
(External)
Project dates: December 2012 to September
2015

The aim of Water Research Commission (WRC)
Project K5/2205 titled “Development And
Assessment Of An Integrated Water Use
Quantification Methodology For South Africa” is
to develop an integrated methodology for
quantifying water use at a catchment scale and
to demonstrate the use of a water accounting
framework. Water accounts provide a means of
assisting water policy makers, water managers
and water users in visualising water resources
states and flows, and as a means of facilitating
communication with each other. Water use will
be estimated using a combination of direct
measurements,
remote
sensing
and
hydrological modelling. Though it is recognised
that water quality and the economic value of
water are important, this project will focus on
estimating water use quantities. The more
specific objectives of the project are to:


Assess approaches and methodologies of
quantifying water use, directly and
indirectly.



Assess
existing
frameworks.



Integrate appropriate sources of data,
information and methodologies into a
single, internally-consistent water use
quantification and accounting system.



Apply the system to assess sectoral water
use and all components of the hydrological
cycle in selected study areas in South Africa.



Use available observed/measured and
simulated fluxes of the components of the
hydrological cycle to assess the impact of

water

errors on the water balance.

accounting

The concept of mass balance water accounting
is illustrated in the figure below:

Global
mass
balance
water
account
(Comprehensive
Assessment
of
Water
Management in Agriculture, IWMI, 2007)
The suitability of a variety of readily available
climate, land cover, soils and dams datasets
have been assessed. Information about the
type and distribution of land cover/use is an
important requirement for the methodology.
There are a number of different land cover/use
datasets available for various parts of the
country, each with a different classification
system. A key part of the project has been the
development of a system of standard land
cover/use classes and the organisation of these
into a hierarchy. This system of standard land
cover/use
classes
enables
the
same
methodology to be applied irrespective of the
land cover/use classification system used or
level of detail. The organisation of land
cover/use classes in a hierarchical structure
enables sectoral water use estimates to be
summarised at different levels of detail. Case
studies have been set up in the uMngeni
Catchment in KwaZulu-Natal and in the SabieSand Catchment in Mpumalanga, and
preliminary water accounts have been
produced at Quaternary Catchment scale for
the year 2012. The final phase of the project

will consolidate methodology developed thus
far and investigate the impact of errors in
datasets on the accounts. Further funding will
be sought to implement the methodology to
produce water accounts annually, initially for a
whole WMA and eventually for the whole of
South Africa.

ESTABLISHMENT OF A MORE ROBUST
OBSERVATION NETWORK TO IMPROVE
UNDERSTANDING OF GLOBAL CHANGE IN
THE SENSITIVE AND CRITICAL WATER
SUPPLY AREA OF THE DRAKENSBERG
Sponsors:

Water Research Commission
(WRC) K5/2236
Collaborators: Dr Michele Warburton Toucher,
Mr Alistair Clulow, Prof Graham
Jewitt, Prof Colin Everson;
SAEON – Ms Sue Janse Van
Rensburg; EKZNW
Project dates: April 2013 – March 2016
Much uncertainty remains surrounding
environmental change and its impacts on
hydrological responses, particularly in high
altitude catchments. Given the enormous
importance of the uKhahlamba Drakensberg
catchments in terms of water generation is
imperative to improve our understanding of
water distribution and movement in these
catchments as any changes in the hydrological
responses from these catchments could have
significant social and economic consequences
downstream. Thus, changes need to be
detected early and the impacts understood to
allow for planning and adaptation. To achieve

this understanding,
monitoring is the key.

detailed,

long-term

This WRC project builds on the SAEON initiative
to resurrect monitoring of four Cathedral Peak
research catchments and the ACCESS Theme 3
(Water) programme. SAEON, together with
funding from the DST, NRF, ACCESS and working
in collaboration with Ezemvelo KZN Wildlife, has
provided the opportunity to use the Cathedral
Peak research catchments. The long history, the
wealth of data collected, and knowledge that
exists surrounding the Cathedral Peak research
catchments makes them an ideal site for longterm monitoring to understand environmental
change.

A Snowdon raingauge with Nipher shield at the angle
of the slope, with a vertically positioned Texas
raingauge in the background (left). Replica of the
historically used Snowdon raingauge placed within
the Nipher shield (right)

This project aims to compile relevant historic
data collected over the past 50 years from the
Cathedral Peak research catchments, and where
necessary to infill and extend the historical
data. Following this, to use the data to
determine whether any changes in hydrological
response are already evident, and to
understand the underlying causes. Additionally,
the project will develop a hydrological
monitoring plan which is compatible with the
historic Cathedral Peak research catchments

network and relevant for future climate change
monitoring and transferable to other
catchments. As a larger aim and objective, the
Cathedral Peak research catchments will be
used as a living laboratory for undergraduate
and postgraduate student training as well as for
technical skills transfer and knowledge building.
The project has made good progress over the
past twenty months. The historic data for the
catchments has been compiled, and a literature
review of research relating to the catchments
has been undertaken. Extensive error checking
of the rainfall data for raingauges in Catchments
I – X has been undertaken, and missing data has
been infilled. The streamflow records for
Catchments III – VII have been error checked
and extended using hydrological modelling. Fire
records has also been verified through a desktop study, and these results were used to guide
the burning plan moving forwards.
The focus for the 2015/2016 year of the project
will be on determining whether any changes in
hydrological response are already evident, and
understanding the underlying causes as well as
improving the spatial understanding of the
rainfall across the escarpment.
Development of the Cathedral Peak research
catchments into a living laboratory for
undergraduate and postgraduate student
training as well as for technical skills transfer
and knowledge building has been actively
ongoing with the first Postgraduate Winter
School held in the catchments in July 2014.

Participants in the Winter Field School held in
Cathedral Peak from 8 to 11 July 2014

ACCESS THEME 3: WATER
Sponsors:
DST-NRF
Collaborators: CWRR – Dr Michele Warburton
Toucher and Prof Graham
Jewitt; CSIR: Dr N Jovanovic;
UWC: Prof D Mazvimavi;
SAEON: Dr N Allsopp; SU: Prof
W De Clerq
Project dates: April 2013 – March 2016
The partners involved in Theme 3 are the
Centre for Water Resources Research, UKZN,
the University of the Western Cape, the CSIR,
Stellenbosch University and the South African
Environmental Observation Network (SAEON).
The overall objective of the theme’s long-term
research programme is to improve the
understanding of the impact of global change
on water resources and the capacity of society
to respond to the change. In order to develop
appropriate responses to the effects of global
change, there is a need to improve the
understanding of how this change will affect
water resources. This includes understanding
the drivers of changes to the water cycle,
feedbacks within the earth system and the
appropriate responses. Long term monitoring is
an important foundation for building this

understanding. Through detailed and long term
monitoring we will be able to detect changes,
identify drivers of spatial and temporal changes
to water resources, and improve our
understanding of dynamics and feedbacks of
processes that are affected by change. This will
lead to improvement of current and new
models for describing these processes and
predicting changes arising from global change.
Thus, the key research questions which were
identified in this research programme were:
a.)
What
improvements
and
new
approaches to observation and monitoring can
be used to aid in improving the understanding
of the impacts of global change on water
resources?
b.)
What changes in hydrological responses
are already evident, and to what are these
changes attributable?
c.)
How can hydrological models be
improved to predict hydrological responses to
global change?
d.)
How do we improve understanding of
complex and dynamic Earth systems as they
impact hydrological responses?
e.)
How will environment change interact
with hydrological response? Are there tipping
points and thresholds of environmental change
that will on impact hydrological function
irreversibly?
f.)
How
can
undergraduate
and
postgraduate programs be adapted and tailored
to produce graduates equipped to deal with a
changing global environment?
Over the past two years, together with SAEON,
the theme has worked towards establishing
detailed, long-term monitoring and study sites
in a number of research catchments. These

research catchments act as living laboratories.
Living laboratories have been established in
both KwaZulu-Natal and the Western Cape. The
KwaZulu-Natal living laboratory is the Cathedral
Peak research catchments. The Centre for
Water Resources Research is involved in the
Cathedral Peak catchments both in establishing
the monitoring networks and using the data to
address specific research questions. The KuilsEerste River catchment, in which the historical
experimental Jonkershoek catchment is
situated, and the Berg River catchment are the
living laboratory sites in the Western Cape
where the University of Western Cape,
Stellenbosch University and CSIR are focusing.

PROJECTS STARTING IN 2015
WATER USE OF STRATEGIC BIOFUEL CROPS
Sponsor:
Water Research Commission
Project Team: GPW Jewitt (CWRR), RP Kunz
(CWRR), M Mengistu (CWRR), A
Clulow (CWRR), A Modi (Crop
Science), T Mabhaudhi (Crop
Science), S Ferrer (Agricultural
Economics)
Project Dates: April 2015 - March 2020
The focus of the current biofuels project
(K5/1874) is largely governed by the national
biofuels strategy published by government in
2007. In January 2014, the Department of
Energy (DoE) published a draft version on the
South African Biofuels Regulatory Framework,
which has yet to be promulgated. This
framework is designed to expedite the
implementation of the national biofuels
strategy, with a 2% blending target of biofuels
into the national fuel supply. The framework
clearly identifies grain sorghum and soybean as
reference feedstocks for bioethanol (using
starch) and biodiesel (using vegetable oil)
production respectively. However, the sugar
industry argued for the inclusion of sugarcane
as an additional reference for bioethanol
production from feedstocks containing sugar.
These three strategic feedstocks will govern,
inter alia, the pricing policy between the
petroleum
industry
and
the
biofuel
manufacturers.
The mandatory blending targets which take
effect in October 2015 govern the volume of
biofuel to be manufactured. This volume will be
met by eight intended biofuel manufactures, of

which two have indicated grain sorghum as
their preferred feedstock and one manufacturer
intends using soybean. It is envisaged that
approximately 215 000 ha of grain sorghum will
be planted to meet the minimum bioethanol
demand. Similarly, around 600 000 ha of
soybean will contribute towards the biodiesel
demand. Given that South Africa is classified as
a water-stressed country, it is generally
accepted that water (and not land) availability
will limit agricultural expansion in South Africa.
Furthermore, the bulk of all water used along
the biofuels value chain occurs at the farm level
during feedstock cultivation. Thus, knowledge
on ways to improve the efficiency of feedstock
water use at the farm level is needed.
In addition, biofuel-related policy encourages
biofuel manufacturers to source approximately
10 to 30% of feedstock grown by emerging
farmers (and smallholder farmers). However,
specific information is required by government
(e.g. agricultural extension officers) to facilitate
the participation of these farmers in the
biofuels supply chain. For example, it is
important to identify specific crop cultivars or
hybrids that are best suited to biofuel
production in particular areas. Furthermore, the
development of enterprise budgets (on a per
hectare basis) are also required to determine
the profitability of feedstock cultivation in
communal farming areas. Research is also
needed to highlight the impact of fertility,
weeds and pests/diseases management on crop
water use efficiency.
In order to address the above-mentioned
knowledge gaps, the Water Research
Commission has funded a third biofuels-related
project. The new five-year project (K5/2491)

represents an extension of the current biofuels
project (K5/1874), with the focus shifted
towards maximising the benefit of water use by
biofuel feedstock production in communal
areas. Although research effort will largely
centre on the strategic feedstocks identified in
the biofuels regulatory framework (e.g. grain
sorghum, soybean and sugarcane), other
feedstocks such as canola and tobacco will also
be considered. The project will help quantify
the “yield gap” between commercial and
emerging farmers, allowing for a more realistic
assessment of the arable land required for
feedstock cultivation. The knowledge gained
from this new project will help facilitate the
participation of smallholder and emerging
farmers in the biofuels supply chain, so that
government can realise its goals pertaining to
rural economic development and poverty
alleviation.

RESETTING THE BASELINE LAND COVER
AGAINST WHICH HYDROLOGICAL IMPACTS
OF LAND USE CHANGE ARE ASSESSED
Sponsor:
Water Research Commission
Project Team: Dr Michele Warburton Toucher;
Prof Graham Jewitt, Mr Richard
Kunz, Dr Michael Mengistu
External: M Rouget
Project Dates: April 2015 - March 2018
For water resources management, protection
and, in certain instances, restoration of water
resources systems it is necessary to understand
the magnitude of the impact of environmental
changes on hydrological responses. To
determine this magnitude a reference land
cover or benchmark system state is required
against which the response changes can be

assessed. The magnitude of these assessed
impacts of land use change on hydrological
responses will depend on the reference which
was used. In the South African situation, the
need for a baseline land cover against which to
assess land use change impacts became more
important with the implementation of the
South African Water Act (NWA, 1998), as
reference flows are required for both the
determination of the ecological reserve and the
assessment of the impact that specific land uses
may have specifically on low flows. The South
African Department of Water Affairs and
Sanitation (DWS) currently supports and
accepts the use of “natural vegetation” in the
form of the Acocks’ (1988) Veld Types as the
reference land cover against which to assess
land use impacts, and thus currently streamflow
reduction activities (SFRAs) of commercial
forestry are assessed against Acocks’ (1988)
Veld Types.
Although to date, the maps produced by Acocks
(1953, 1975 and 1988) remain the scientifically
most respected and generally accepted maps of
natural vegetation from a perspective of South
African hydrological impact studies (Schulze,
2004) there have been concerns raised about
their use. With the recent studies of that have
assessed the water use of indigenous
vegetation (e.g. WRC K5/1876 Water use and
economic value of the biomass of indigenous
trees under natural and plantation conditions)
and the production of a more detailed natural
vegetation map by Mucina and Rutherford
(2006), there is an opportunity to address the
concerns about the currently used baseline.
The proposed alternative to the Acocks’ Veld
Types is the natural vegetation map produced

by Mucina and Rutherford (2006) given its
improved
resolution
and
improved
methodology used to produce the natural
vegetation map. The project, thus aims to
produce a refined and parameterized baseline
land cover against which the hydrological
impacts of various land uses can be assessed.
An additional outcome, is a potential new

approach to estimating actual evaporation using
vegetation structure.
The expected impacts of the project will be on
the assessment of SFRA license applications and
will allow for improved decision making in
identifying potential new SFRA activities and
assessing their water use.

POSTGRADUATE ACTIVITIES

HYDROLOGY SOCIETY
Over the year the student driven Hydrology
society has hosted a number of events to
increase the awareness around water. A few of
these events are highlighted below.

themselves to removing alien invasive species
and continually monitoring water quality.

CWRR MSc Student, Sibu Majozi, reports on
the SAEON Graduate Student Network

Indibano 2014
CWRR MSc students run MiniSASS assessment
with school kids at JMR church
On June 16, 2014, despite the holidays drawing
to a close, the kids of JMR Sunday school were
eager to get the day started. Armed with fishing
nets, magnifying glasses and MiniSASS scoresheets, 30 kids (aged 2-13) and their parents
curiously investigated the Bayne’s Spruit stream
in pursuit of creepy crawlies. Captivated by the
variety of, previously invisible, insect species,
the kids were mentored by Esmeralda
(Msundusi Municipality), Hlengiwe, Kholosa and
Wendy (DUCT), Sesethu, Simone and Sibu
(UKZN), on how to conduct a simple MiniSASS
and the meaning of the presence or absence of
certain insect species. Wading through the
muddy water in their gumboots, children learnt
the value rivers play within the community,
especially the importance of reducing pollution
around river areas as people and animals
(insects too) depend on water for daily survival.
Overall the stream was scored as a red crab
(between 5.1 - 6.1) which equates to poor river
health, and the results uploaded on the
miniSASS webpage. Based on the MiniSASS
training received, JMR Church has committed

The Indibano is a meeting for GSN members
that takes place once a year. The Indibano
provides an opportunity for post graduate
students from different South African
universities across multiple disciplines to meet
and share ideas pertaining to their studies and
research interests. Students get to network
amongst themselves and researchers which are
invited as guest speakers. This is a great
opportunity for students to get expert advice
from well experienced academics. The Indibano
is focused on bringing together students from
different academic backgrounds with the aim to
demonstrate the relation and linkage between
the projects and how each project adds value to
the scientific community. This was done using
this years’ theme entitled "Ecological
monitoring leading to decision-making". Each
delegate presented their project ensuring that
the presentation was aligned with the theme.
Delegates all received feedback on their
presentations as well as prizes for best
presenter which was adjudicated by the
executive committee and people’s choice award
which was voted for by the delegates. Some of
the guest speakers included Dr Tommy
Bornmann and Dr Albrecht Goetz from the

SAEON Elwandle node that highlighted the
marine projects that SAEON is involved in.
Other speakers were Dr Ntuthuko Masikane, Dr
Victoria Goodall and Dr Bradley who highlighted
the extensive amount data analysis which goes
into their work and research. Over the course of
three days guest speakers added immense
value to the standard of the conference as they
shared their experiences and gave advice on
various tools and skills that every young
researcher should acquire. A workshop
facilitated by the GSN executive committee was
held for all the delegates and was aimed to help
students obtain valuable skills for their future as
researchers or working professionals. The skills
training included team work, leadership, public
speaking and problem solving skills. To end off
the conference the delegates enjoyed an
excursion to the Algoa Bay Estuary and Addo
Elephant National Park. The conference was
educational, fun and enjoyed by all the
delegates.
CWRR Students report on the 17th SANCIAHS
conference held from 1 – 3 September 2014 at
the University of the Western Cape
Of the 35+ CWRR members that attended, 23
members presented at this year’s SANCIAHS
conference, which included 4 poster
presentations and 19 oral presentations. A large
array of themes within hydrology was discussed
such as; catchment hydrology, rainfall,
hydropedology, global change, eco-hydrology,
water quality, urban water-use, IWRM and
earth
observation
application.
The
comments/outside perspective the presenters
received on their research thus far was valuable
as it strengthened methodologies and thus
research. SANCIAHS provided a platform to

understand how the various aspects of
hydrology integrate. For many students, this
conference offered the opportunity to meet
many authors of the papers that they have
reviewed for research. The conference dinner
was held at Bon Amis Restaurant in
Bloemendal, where many let their hair down
and altogether had a relaxing supper amidst
picturesque views. The honours students had an
extended trip due to their visit to Jonkershoek
Catchments.
Congratulations to all the presenters for their
outstanding presentations especially Tercia
Strydom, Sesethu Matta, Robyn Johnson who
won gold and silver prizes for the best
presentations this year. We look forward to the
next conference in 2016.

Hydrology Society celebrates World Water
Week
The Hydrology Society was initiated by staff of
the Centre for Water Resources Research
(CWWR) and a group of enthusiastic
postgraduate students who were concerned
with bettering the position of the discipline in
SAEES, as well as addressing issues of water
resource management, climate change and
water pollution in South Africa through
education.
The Society’s first key activity of the year was
the setting up of a display in the foyer of Rabie
Saunders Building on the Life Sciences campus
in Pietermaritzburg to inform students of their
work and the options open to them in
Hydrology. The display attracted the attention
of nearly 100 students throughout the morning.

The display included a scale model which
demonstrated how the hydrological cycle is
affected by river catchments and how wetlands
can help combat water pollution, video displays
on the impacts of various hydropower dam
designs and informative posters showcasing
water-related issues. The club also arranged a
quiz where participants could test their water
knowledge and win prizes. The postgraduate
students manning the display also explained to
students what co-majors work well with
Hydrology and how the discipline can
contribute to their studies.

education of water-related issues in their future
careers as water scientists”.
[Report by C Cuénod]

POSTGRADUATE PROJECTS
AN ASSESSMENT OF THE WATER QUALITY
OF THE BAYNESPRUIT RIVER AND ITS
LINKAGES TO THE HEALTH OF THE
SOBANTU COMMUNITY
Student:
Supervisors:
Degree:

Students demonstrating a model of the hydrological
cycle

The discipline of Hydrology has tripled in size
over the past three years in terms of its intake
of students, indicating the growth of interest in
this field of study. The club has started at an
opportune time to assist with this increase in
interest in Hydrology and to add an extracurricular dimension to the discipline’s work.
Mrs Lauren Bulcock of the CWRR who assisted
in starting up the club said that its members:
“hope to improve access to water, tackle issues
of water quality and promote awareness and

Jade Govender
Dr Sabine Stuart-Hill and
Prof Graham Jewitt
MSc (Hydrology)

Jade Govender

The aim of this research project are to assess
the water quality of the Baynespruit River and
its linkages to the health of the Sobantu
community. The objectives of the research are
as follows:


To determine the constituents that are
found in the Baynespruit River and whether
these constituents levels vary throughout
the out year.



To determine the effects of irrigation water
from the Baynespruit River on the different
crops of the Sobantu community used for
consumption.



To determine in what ways are the Sobantu
community currently linked/exposed to the
polluted water of the Baynespruit. This
might be in a direct or indirect manner.



To determine whether fog influences
streamflow and contributes to water flow.



To determine the accuracy the fog collector.
What are its limitations?

IMPROVING THE UNDERSTANDING OF THE
CONTRIBUTION OF FOG TO THE WATER
BUDGET
Student:
Supervisors:
Degree:

Tiffany Aldworth
Dr Michele Warburton Toucher,
Mr Alistair Clulow
MSc (Hydrology)

The contribution of fog to the water budget,
particularly
in
hydrologically
sensitive
mountainous environments, has become a
crucial ecological and hydrological question
which needs to be addressed. Thus the aims of
this project are:








To determine whether there is there an
imbalance in the water budget as a result of
not incorporating fog as a form of
precipitation. If so, does fog constitute a
significant fraction of the total precipitation
input?
To determine how the contribution of fog
to the water budget differs between a
forested and a montane grassland
catchment.
To determine whether there is a change in
soil moisture content when fog is present in
the absence of rainfall. If so, how significant
is this change? To what soil depth does this
water provide moisture to?
To determine whether fog interception
exceeds the forest’s canopy capacity to
produce throughfall and stemflow when fog
is present in the absence of rainfall. If so, is
this a measureable amount?

Fog gauge at Cathedral Peak

THE USE OF SATELLITE REMOTE SENSING
TO ESTIMATE WATER USE OF NATURAL
VEGETATION IN SOUTH AFRICA
Student:
Supervisors:
Degree:

MR Ramjeawon
Dr M Mengistu and Dr Michele
Warburton Toucher
MSc (Hydrology)

Currently the Acocks (1988) Veld Types is used
as the natural land cover of South Africa.
However there are numerous uncertainities
around using Acocks as the baseline, thus it is
proposed that Mucina and Rutherford (2006) be
assessed and replace Acocks (1988) as the
baseline natural vegetation land cover to which

all hydrological response will be assessed. The
aim of this study is to develop a methodology to
assess the water use of Mucina and Rutherford
(2006) using satellite remote sensing and the
Surface Energy Balance System (SEBS) Model
(based on the energy balance method) is used
to estimate daily AET.

 Detect trends and changes in the climatic
and hydrological historical records from the
Cathedral Peak catchments.

DETECTION AND ATTRIBUTION OF
CHANGES IN THE CLIMATIC AND
HYDROLOGICAL VARIABLES FOR THE
CATHEDRAL PEAK CATCHMENTS

 Investigate possible causes and explanations
for the changes detected.

Student:
Supervisors:
Degree:

SN Majozi
Dr ML Warburton Toucher
MSc (Hydrology)

 Determine if these trends correlate with
those that have been observed at national
scale.
 Detect changes and any noticeable
differences between the current and
historical climatic and hydrological records.

AN ASSESSMENT OF REGIONAL FLOOD
FREQUENCY ANALYSIS METHODS IN
SOUTH AFRICA
Student:
Supervisors:
Degree:

JJ Nathanael
Prof Jeff Smithers and Mr Mark
Horan
MSc (Hydrology)

Currently in South Africa design flood estimates
are achieved using methods that have been
developed in the 1970s and 1980s. With
advances being made in computing technology,
GIS software and longer datasets, there is an
opportunity to update, improve or create new
approaches to design flood estimation.

Sibu Majozi

The Cathedral Peak catchments which are
intensively monitored catchments are of
enormous social, economic and environmental
importance as the water generated from the
uKhahlamba Drakensberg catchments supplies
KwaZulu-Natal and Gauteng with the much
needed water required to meet societal and
economic needs. Therefore, this project aims to

Regional Flood Frequency Analyses (RFFA) in
design flood estimation involves determining
homogeneous regions and selecting a suitable
frequency distribution for the region being
studied. There are a number of advantages to a
regional approach, which have been identified
in various studies (Mkhandi et al., 2000;
Kjeldsen et al., 2002; Haile, 2011). The use of a
RFFA approach improves the accuracy and
reliability of estimates of design floods. No

RFFA method is currently widely used in
practice in South Africa, despite a number of
RFFA studies undertaken which include South
Africa. Hence the primary objective of this study
is to select or develop a RFFA approach for use
in South Africa.

THE VALUE OF COMMUNITY-BASED
WATER QUALITY MONITORING INTIATIVES
Student:
Supervisors:
Degree:

S.N Matta
Prof Graham Jewitt and Dr Jim
Taylor
MSc (Hydrology)

study aims to relate miniSASS, a citizen tool,
scores with conventional water quality
monitoring parameters as analyzed by service
providers. This is to establish the reliability of
citizen science tools as possibly means to
complement conventional water quality
monitoring and expand water quality
information. Objectives of the project include,
identifying factors (opportunities and/or
challenges)
affecting
participation
and
sustainability of community-based water quality
monitoring initiatives. Relating bio-monitoring
scores, from community-based monitoring, to
parameters used by water quality monitoring
authorities and comparing data from
community-based monitoring initiatives to that
collected by authorities.

DETERMINING THE IMPACTS OF UPSCALED RAINWATER HARVESTING ON
ECOSYSTEM GOODS AND SERVICES IN THE
POTSHINI AND MAKANYA CATCHMENTS.
Student:
Supervisors:

Degree:

Sesethu Matta doing her miniSASS dance

This study aims to understand the applicability
of citizen science in South Africa., through an
investigation of how the involvement of
community members in water quality
monitoring contributes towards water quality
conservation in South Africa. Furthermore the

AS Chetty
Ms Lauren Bulcock, Prof
Graham Jewitt and Mr Mark
Horan
MSc (Hydrology)

This project seeks to determine the positive and
negative impacts of rainwater harvesting on the
environment and offer methods to measure
and limit these impacts.
Expanding the rainwater harvesting network
may seem like a viable option to improve
livelihoods,
through
increasing
water
accessibility. However, it is necessary to explore
and measure the negative impacts it will place

on the environment, including the quality of the
goods and services they provide.

THE EFFECT OF THE LIONS RIVER WETLAND
ON DOWNSTREAM WATER QUALITY
Student:
Supervisors:
Kotze
Degree:

H Ndlovu
Prof GPW Jewitt and Dr DC

uMngeni Rivers. The location of this wetland
makes it a potentially important factor when
considering the quality of water entering
Midmar. Therefore, it is important to analyze
and understand the role that the wetland could
play in improving water quality and the
management of this water resource by reducing
nutrient loads draining into the impoundment
from the upper catchment area.

MSc (Hydrology)
Thus, study aims to establish the baseline
ecological integrity and effect on downstream
water quality, to provide a guide for the
planning and implementation of rehabilitation
interventions on the wetland.

SATELLITE-BASED ESTIMATION OF
RAINFALL: A CASE STUDY IN THE UMGENI
CATCHMENT
Student:
Supervisors:
Degree:

Hlengiwe Ndlovu

The uMngeni catchment supports South Africa’s
second largest economic region, making it one
of the key catchments for water provision.
Located in this catchment is Midmar Dam,
which receives its water supply from three
major rivers, the uMngeni, Lions and Mooi
(through an inter basin transfer). The water
supplied by the Lions and Mooi Rivers is
characterized by high nutrient loading and flows
through Lions River Wetland. This large wetland
is located approximately one kilometer
upstream of the confluence of the Lions and

P Naidoo
K.T. Chetty, G.P.W. Jewitt
MSc (Hydrology)

Rain gauge data represents the primary source
of precipitation measurements required for
hydrological applications. However, poor spatial
coverage, lack of areal representation over land,
and unavailability over the oceans are
significant limitations. Remote sensing is a
powerful tool that is capable of providing water
managers and users with valuable information
about rainfall. Given this, this project aims to:


Determine the most suitable satellite
rainfall estimation product, for application
in South Africa.



Produce rainfall estimation maps for the
study area.



Develop a method to automate the data
extraction process, using computer
scripting.



Employ a suitable downscaling technique
based on physical catchment conditions.

THE ESTABLISHMENT, OPERATION AND
EVOLUTION OF CATCHMENT
MANAGEMENT AGENCIES IN SOUTH
AFRICA.
Student:
ZI Nakhooda
Supervisors: Dr Sabine Stuart-Hill
Degree:
MSc (Hydrology)
Since the inception of the NWA in 1998, only
two of the proposed 19 CMAs are operational
(The Breede-Gouritz and the Inkomati-Usuthu
CMAs). The aim of this project is to construct a
detailed timeline of events leading up to the
establishment of the Breede-Gouritz and the
Inkomati-Usuthu CMAs as well as the
operational history of the CMAs to date. From
this timeline, focus would be on events
occurring within the CMAs and external events
relating to CMAs that have either had positive
or negative impacts on the establishment and
operation of these CMAs. From this, important
lessons will be learnt enabling future CMAs to
be more effective and efficient.

COMPARISON BETWEEN SATELLITE-BASED
AND COSMIC RAY PROBE SOIL MOISTURE
MEASUREMENTS: A CASE STUDY IN THE
CATHEDRAL PEAK CATCHMENT.
Student:
Supervisors:
Degree:

T Vather
Mrs KT Chetty, Dr M Mengistu
and Prof CS Everson
MSc (Hydrology)

Soil moisture measurements can also be
obtained through modelling. Since soil moisture
plays a significant role in both the surface
energy balance and the land water balance, it
can be calculated using the PyTOPKAPI rainfallrunoff model and can be back-calculated via the
SEBS model based on the relationship between
relative soil moisture and relative evaporation.

Thigesh Vather installing soil moisture probes

The overall project objective is to test the
suitability of the CRP to provide spatial
estimates of soil moisture and use these
estimates to evaluate satellite-based soil
moisture estimates, in the Cathedral Peak
Catchment (VI). The aims are to calibrate and
validate the CRP with in-situ soil moisture
measurements, evaluate the calibrated CRP
measurements against global remote sensing
soil moisture products, evaluate the PyTOPKAPI
modelled soil moisture estimates against CRP
measurements and to set up and run the SEBS
model to obtain actual soil moisture from the
relationship between relative evaporation
(output of the SEBS model) and relative soil
moisture.

DEVELOPING A CONTINUOUS SIMULATION
MODELLING SYSTEM FOR DESIGN FLOOD
ESTIMATION IN SOUTH AFRICA USING THE
ACRU MODEL
Student:
Supervisors:
Degree:

TJ Rowe
Prof JC Smithers, Prof RE
Schulze and Mr Mark Horan
MSc (Hydrology)

Recently, the potential of a continuous
simulation modelling approach to design flood
estimation in South Africa has been highlighted,
based on the following reasoning: (i) rainfall
records are generally more numerous, accurate
and spatially representative in comparison to
streamflow records; (ii) the continuous
simulation modelling approach has the
potential to over-come many of the limitations
of event-based rainfall-runoff models; and (iii)
local and international trends promote the
application of continuous simulation modelling
approaches to design flood estimation. The
objective of the study is to develop and refine a
continuous simulation modelling approach to
design flood estimation in South Africa.

NUTRIENT LOAD DETERMINATION TO THE
MIDMAR DAM, KWAZULU-NATAL, SOUTH
AFRICA: 1987-2014
Student:
Supervisors:
Degree:

S Ngubane
Prof GPW Jewitt
MSc (Hydrology)

The quality of water flowing into Midmar Dam
in the upper uMngeni Catchment, which is
located in the KwaZulu-Natal Province, South
Africa, is of increasing concern. This part of the
catchment is important for fresh water supply

to two large cities containing almost half of the
province’s population. Increasing pollution in
the upper catchment to the dam has been
heavily attributed to sewage effluent,
expanding agricultural lands and household
waste. Hence, nutrient loads carried from the
dam’s tributaries should be quantified. This
serves as a crucial component for
understanding constituent mass balance in
tributaries and helps to identify a pollutant of
concern. It is also an important component for
catchment
management;
eutrophication
modelling, model calibration and validation and
river pollution control. Thus, the aim of this
study was to estimate nutrient lads entering the
Midmar Dam from three major tributaries.

Water Quality sampling above Midmar Dam

AN ASSESSMENT OF SATELLITE DERIVED
TOTAL EVAPORATION DATA AS A DATA
SOURCE TO THE ACRU HYDROLOGICAL
MODEL
Student:
Supervisors:
Degree:

S Gokool
KT Chetty and GPW Jewitt
MSc (Hydrology)

Hydrological models and tools are often used as
decision support systems to inform water

resources management. The successful
application of these systems is largely
dependent on the quality of data being
incorporated into them.
The focus of this study was to develop an
approach which would allow for the
incorporation of total evaporation estimates
from an existing evaporation model that
incorporates satellite earth observation data i.e.
the SEBS model, into a hydrological simulation
model i.e. ACRU, to simulate streamflow.
The SEBS model was first validated in the
Komatipoort study site against the surface
renewal system. The results of this investigation
indicated that the SEBS model over-estimated
total evaporation by approximately 47% and
produced R2 and RMSE values of 0.33 and 2.19,
respectively, when compared to total
evaporation estimates obtained from the
surface renewal system. Once, the model had
been validated, it was then applied to estimate
total evaporation for quarternary catchment
X23_A for the period 01st December 2011 to
25th November 2012.
These estimates were used to create a
continuous total evaporation time series, which
was used as an input to ACRU to model
streamflow.
The EVTR3 approach was derived to allow for
the incorporation of the aforementioned SEBS
total evaporation estimates in ACRU and to
estimate
streamflow
amongst
other
hydrological parameters. The simulated
streamflow for this technique was underestimated by approximately 10% and produced
R2 and RMSE values of 0.41 and 1.05,
respectively, when compared to observed

streamflow. Although these results appear to be
satisfactory at best, similar results were
obtained when using the conventional
evaporation routine in ACRU to estimate
streamflow. This occurrence circuitously
highlights the potential of utilizing satellite
earth observation data as a data source for a
hydrological model.

IMPACTS OF GLOBAL CHANGES ON LOCAL
HYDROLOGY IN WEST AFRICA: A STUDY IN
SOUTHWESTERN GHANA
Student:
Supervisors:
Degree:

MS Aduah
Prof Graham Jewitt and Dr
Michele Warburton Toucher
PhD (Hydrology)

Michael Aduah

Impacts of global changes (climate change
coupled with land cover/land use changes) have
the potential to disrupt socio-economic and
environmental systems of many countries.
However, there is limited understanding of the
impacts of global changes in West Africa,
especially in the rainforest regions. Previous
studies have concentrated on the semi-arid and
the savannah regions, using limited data for
short-term impact analysis. Combined land

cover and climate change impact studies are
also rare in the region. The lack of
understanding of the combined impacts of
climate change and land cover change on
hydrology has the potential to introduce large
uncertainties into basin development plans for
West African countries. Development plans in
water supply systems, urban drainage systems,
road networks and irrigation systems, which
largely drive economic development, require
information
on
hydrological
dynamics,
especially as the climate changes. The main
objective of the study is therefore to assess the
long-term impacts of climate change and land
cover changes on hydrology in a rainforest
catchment of West Africa, using multiple
downscaled climate projections, historical and
potential future land cover data.

riverine and atmospheric nutrient fluxes, as well
as their effects on downstream ecosystem
services.
Four specific objectives are
highlighted:
1. to assess the effects of land use and land
cover changes on water quality in the
uMngeni River Catchment
2. to assess the effectiveness of existing water
quality monitoring network for the uMngeni
River and its tributaries and to recommend
and apply some improvements if necessary
(identification of sampling sites, monitoring
frequency and chemical determinants)
3. to identify the contribution of atmospheric
deposition to nutrient fluxes (nitrogen and
phosphorus) in four large dams of uMngeni
River.
4. to update/apply a modelling system for
nutrient loading and sediment fluxes in the
uMngeni Catchment

EFFECTS OF LAND USE AND LAND COVER
ON WATER QUALITY OF THE UMNGENI
RIVER, KWA ZULU-NATAL PROVINCE,
REPUBLIC OF SOUTH AFRICA
Student:
Supervisors:
Degree:

JN Namugize
Prof GPW Jewitt and Dr M
Graham
PhD (Hydrology)

The uMngeni Catchment is facing serious water
quality problems caused by upstream and in
stream anthropogenic activities. The main aim
of this study is to assess the impacts of land use
and land cover changes on the stream water
quality, with a focus on the quantification of

Jean Namugize and Sanele Ngubane sampling
nutrient loads in the uMngeni Catchment
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