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Message from the ACCESS Acting Director
Dr Neville Sweijd
Acting Director

I am tremendously grateful to all of our students, theme leaders and ACCESS staff
and volunteers who have assisted us in readying these two publications – the ACCESS
Research Highlights and the ACCESS Students’ Research Compendium 2013. The idea
behind them is twofold: One is to boast about what the ACCESS programme is achieving
and to showcase to a range of stakeholders and even to ourselves in the programme what
the substance of the programme is; and the other to ensure that the all of us know what
the others are up to.
The ACCESS Research Highlights comprises contributions from our principal investigators,
as well as essays or thought pieces from members of the ACCESS community. However,
the bulk of the contributions are accounts of the research results of our students to date.
Much of the work is ongoing, but some has already been published (last year ACCESS
produced 21 peer-reviewed publications and numerous conference proceedings, among others). This is our first ACCESS
Research Highlights publication and we intend to produce it annually and grow it in size and substance.
It is important that all of us retain the notion that ACCESS is a programme and that we remain aware of who is doing
what, who has what skills and interests and where you can go if you need some help or are seeking collaboration. The
ACCESS Students’ Research Compendium is also for internal ACCESS consumption. It remains a challenge for us to keep
the programme consistent in the form of its thematic approach, and the aim is for the Compendium to demonstrate that
the whole is indeed larger than the sum of its parts.
I must thank Steve Arowolo, Olushola Adeniyi, Hayley Evers-King, Luke Gregor, Peter Johnson-Smith, Christopher Sunday
and Kashan Advertising for assisting with the editing of the abstracts.

ACCESS Research Highlights 2013

1

Message from ACCESS Board Chairperson
Dr Rachel Chikwamba
ACCESS Board Chairperson

It is abundantly clear from the variety of work being conducted under the auspices
of the ACCESS programme that it has enabled a wide range of significant research in
Earth Systems Sciences (in terms of content, respective elements of the Earth System
and geographical location). The theme of ‘global change’ is evident in the programme’s
work, with much of the research asking how the these systems are impacted by change
and how the research can be converted into information that can be used to monitor
and manage, or even predict, change in the future. This is very exciting and encouraging;
however, the challenge remains for us to ensure that the work is consolidated into
communicable and useful information and that it reaches the right stakeholders. This
is a challenge for the programme as a whole, and the work being conducted under
the ACCESS research themes remains a key component of the big picture. These two
publications, the ACCESS Students’ Research Compendium and the first volume of the
ACCESS Research Highlights, are testimony to the hard work of the ACCESS partners,
the students and the ACCESS secretariat, and we are very proud of the work being
conducted!
Thank you!

Message from the Director of the NRF Global Change Programme
Management Unit
Dr Achuo Enow
Director of the NRF Global Change Programme Management Unit

It is very encouraging to see the efforts of the Global Change Grand Challenge being
translated into implementation and action. While global change, with its impacts and
implications, is the primary focus of the Global Change Grand Challenge, an equally
important outcome is the development of a new cohort of fresh and representative
young scientists. This body of work – represented in the ACCESS Students’ Research
Compendium and the ACCESS Research Highlights publications – is an excellent
example of progress toward both these outcomes. The Global Change Grand Challenge
is a significant investment by the Department of Science and Technology, its principal
mandate being to co-ordinate the implementation of the Global Change Research
Plan (GCRP). The implementation architecture of the research plan comprises several
components of which ACCESS is one. ACCESS plays an important role in both the
research and human capacity development aspects of the GCRP. These publications
demonstrate that ACCESS is making remarkable progress in both aspects of its role in
the implementation of the GCRP. We look forward to the continued growth and formal
publication of the research conducted under the ACCESS programme, as well as seeing
it emerge in policy and management decisions by the relevant decision-makers. We also
hope that graduates from the ACCESS programme will continue to make meaningful
contributions to reshaping the national research and development agenda, particularly in
matters relating to the Global Change Grand Challenge.
Thank you!
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research notes
Nine new echinoids (sea urchins) identified in South Africa
Zoleka Filander and Charles Griffiths
ACCESS Theme 1 – MSc Student
Department of Biological Sciences, University of Cape Town
E-mail: lulu.filander@gmail.com

Context
Although the current number of South African marine species is estimated at 12 914, many groups remain unexplored
(Griffiths et al., 2010), This patchy taxonomic knowledge is in part due to commercial groups, such as fish, receiving
more attention than other groups, and in part due to the lack of fulltime marine invertebrate taxonomists in the region.
Taxonomy may be considered to be a crucial facet in understanding the status and distribution of species, therefore
this project will enhance a scarce skill in which human capacity will be developed. This article explores briefly why it is
important to study sea urchins, which scarce skills will be enhanced and why these discoveries are important to Earth
System Science.
The Echinodermata is reported to have a fairly acceptable known coverage in shallow waters, but deep‑water
specimens are poorly understood and documented. This study forms part of a larger project to review the South African
Echinodermata. The Echinoidea (sea urchins) is one of the classes that make up the Phylum Echinodermata, which also
includes Asteriodea (sea stars), Holothuroidea (sea cucumbers), Criniodea (sea lilies) and Ophiuroidea (brittle stars) (Clark
and Courtman-Stock, 1976).
Echinoids are then further subdivided into ‘regulars’ and ‘irregulars’ based on taxonomic differences in test shape, body
plan and lifestyle. The former usually have a globular test, show pentameral (five-sided) symmetry and live epifaunally
(on rocks); while the latter have evolved an ovate or flattened test, have a modified bilateral symmetrical plan and live
infaunally (in sands or mud) (Shultz, 2010). This class is a diversified assemblage of benthic and pelagic invertebrates
inhabiting a range of marine environments, from intertidal to the deepest waters.
Sea urchins serve important ecological functions in the shaping of marine communities (Kroch and Smith, 2010).
For example, a study conducted by Blamey et al. (2010) outlined the predatory effects of the West Coast lobster
(Jasuslalandii) on the West Coast
common sea urchin (Parechinus
angulosus) and showed that this
has a detrimental impact on the
commercial harvesting of abalone
(Haliotismidae). These calcium
carbonate skeletal organisms may
also serve as biological indicators
of pH change in the oceans (a hot
topic among climate scientists).
Furthermore, recent research
(http://tinyurl.com/og75bo9)
demonstrated that a natural process
found in sea urchins could be the
answer to reducing industrial carbon
dioxide emissions by catalysing the
capture of this gas into a solid form,
making urchins a possible vehicle
for a novel ‘carbon capture’ method
to mitigate climate change. Despite
the ecological diversity of this class,
the South African echinoderm fauna
was last reviewed back in the 1970s
(Clark and Courtman-Stock, 1976).
They recorded 55 species within 25
families of which 24 species were
endemic to South Africa.

Tetrapygus niger (75 mm,
Alexandra Bay oyster farm)

Goniocidaris indica
(23 mm, Durban area)

Stereocdaris alcocki
(23 mm, Margate area)

Cypeaster fervens
(77 mm, St Lucia)

Colococentrotus (Podopfora)
atratus (48 mm, Sodwana Bay)

Lovenia elongata
(85 mm, KwaZulu-Natal)

Toxopneustes pileolus
(105 mm, Sodwana Bay)

Echinocyamus scaber
(4 mm, Richards Bay area)

Phyllacanthus imperialis
(80 mm, KwaZulu-Natal)

Approach
Morphological analyses using
published literature are being
undertaken to enable the
identification of over 500 samples
stored over several decades in the
Iziko South African Museum. Other

Figure 1: Amazing new species. All labels in form ‘Species (size, location)’
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data sources include collections and photographs taken by divers and made available on the EchinoMap database, which
has also been established as part of this project.

So far…
A revised identification guide has been developed for this work. One year into this research, it is extremely exciting to
report that nine species new to South African waters have already been identified. Given that the study is only just over
the halfway mark, it is anticipated that many more fascinating discoveries await us.
To date, the study has added nine new sea urchin records to the South African fauna (Tetrapygus niger, Gionocidaris
indica, Stereocidaris alcocki, Clypeaster fervens, Colobocentrotus (Podophora) atratus, Lovenia elongata, Toxopneustes
pileolus, Echinocyamus scaber and Phyllacanthis imperialis), raising the known number of species to 62 (16% increase).
Table 1 shows all of these species together, along with an indication of their relative sizes.

Next steps
The current ongoing study aims to produce a revised South African species checklist following the World Register of
Marine Species (WoRMS) database taxonomy format, plus a comprehendible and fully photographically illustrated South
African monograph on all known species in the region. A biogeographical analysis of species richness and endemicity
within the region will also be included. These aspects of the project will contribute to a more accurate overall evaluation
of South Africa’s marine biodiversity and enable global comparisons.

What constrains adaptation in sub-Saharan Africa?
Steve Arowolo1, Martin Visser1 and Wayne Twine2
ACCESS Theme 2 – MSc Student
1
University of Cape Town
2
University of the Witwatersrand
E-mail: sarowolo@access.ac.za

Context
Ecosystems provide a range of essential services which underpin human well-being (e.g. provision of basic needs, physical
health, food and nutrition security, mental health, and peaceful social relations, as described in Figure 1 below). However,
human societies have substantially influenced the pace, scale and nature of global environmental change in ways which
could compromise ecosystem health and the biosphere’s future capacity to provide for human needs and security.
Moreover, as climate variability is becoming more severe, the livelihoods of the poor may increasingly become insecure
and reliance on ecosystem services may in turn increase. The need to explore alternative strategies for adaptation,
and to understand the constraints that may hamper the ability of the poor to effectively adapt, is therefore imperative.
Sporadic natural disasters are not new to this generation, but the perennial nature of extreme climate events appears
more severe and its impact is particularly evident among poor and vulnerable communities in rural sub-Saharan Africa.
This study investigates the impact of climate shocks on household income, with a view to identifying possible constraints
to adaptation to extreme climate events among poor households whose livelihood is primarily dependent on crop
production.

Approach
The study uses the Agincourt DSS field site panel data collected between 2010 and 2012 from nine rural villages,
comprising 897 households in the north-eastern parts of South Africa. Socio-economic indicators were used as proxy
variables to model the impact of shocks resulting from climate risks on household livelihood strategies and vulnerability.
Using the log of household income as a measure of household vulnerability, the results indicate that crop failure, one of
the proxies for climate shocks, has a negative and significant impact on household income. The second part of the study
considers possible constraints to adaptation, in particular the use of seed varieties and fertilisers. Weak social capital
(membership of a farmers’ association) was identified as an important factor influencing adaptation, with a positive and
significant impact on seed variety expenditure. Other constraints to adaptation seem to be the age of the household
head, education and the income-earning activities of the household.

So far…
Results from this study corroborate the findings of Di Falco et al. (2011) that access to information has a positive effect on
food productivity among rural households. They contend that lack of information on adaptation methods and financial
constraints presents obstacles to decision-making that could enhance adaptation. The overall results in this study agree
with the findings of Binswanger and Sillers (1983) that the role of institutions such as insurance and credit markets will be
valuable in sharing the burden of the risk borne by farmers in rural communities.
In addition, this study agrees with the findings of Wamsler et al. (2012) that formal education influences people’s level of
risk, their ability to adapt to climate risks and the extent of institutional support they are able to receive. It is expected
that households with a higher level of education will be able to access information that could help them adapt to risks
imposed by extreme climate events (Norris and Batic, 1987).
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In summary, while household exposure to climate risks is often exacerbated by extreme climate events; the resultant
shocks and stresses could be reduced substantially if the constraints of social capital, education, and lack of alternative
income sources are overcome. This calls for policy intervention. Uncertainty and the risk faced by these communities
due to extreme climate events will continue to threaten the collective existence of these poor households, unless policy
measures and structures are put in place to reduce the impact of shocks and stresses that are experienced by these poor
rural dwellers.

Further reading
Binswanger, H.P. and Silliers, D.A. 1983. Risk aversion and credit constraints in farmers’ decision-making: A reinterpretation. Journal of Development
Studies, 20(1):5–21.
Di Falco S., Marcella, V. and Mahmud, Y. 2011. Does adaptation to climate change provide food security? Micro‑evidence from Ethiopia. American
Journal of Agricultural Economics.
http://intl-ajae.oxfordjournals.org/content/93/3/829.full accessed on 30/12/2012
Norris, E. and Batic, S. (1987). Virginia farmers’ soil conservation decisions: an application of Tobit analysis. Southern Journal of Agricultural Economics
19(1), 89-97.
Wamsler, C., Brink E., and Rentala O. 2012. Climate change, adaptation, and formal education: the role of schooling for increasing societies’ adaptive
capacities in El Salvador and Brazil. Ecology and Society 17(2): 2.
http://dx.doi.org/10.5751/ES-04645-170202 accesses (131/2013)

Figure 1: The conceptual framework of sustainable livelihoods
Source: Adapted from the Department for International Development’s sustainable livelihoods framework
(Car-ney, 1998) and the Institute of Development Studies’ sustainable rural
livelihoods framework (Scoones, 1998)
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Size matters: Forecasting wind at the seasonal scale for wind energy
Teboho Nchaba1 and Chris Lennard2
ACCESS Theme 1 – MSc Student
1
Energy Research Centre, University of Cape Town
2
Climate System Analysis Group, University of Cape Town
E-mail: tnchaba@gmail.com

Context
Concerns about anthropogenic climate change and its adverse impacts are driving most countries to rethink their energy
sector strategies towards an energy mix with an increased selection of diverse, sustainable energy sources. In South
Africa, there is only one commercial-scale operational wind farm, the Darling Wind Farm, which has an 8 MW capacity.
The South African Wind Energy Association (SAWEA) estimates that by 2025, the country will have the potential to meet
20% of its forecast energy demand with wind energy.
Wind power production is inextricably intertwined with the variability of the wind resource. Long-term information about
the wind speed and direction is provided by seasonal wind forecasts. Wind energy output is proportional to the cube of
the speed of the wind, hence a small error in the prediction of the wind speed results in a cube of the error in the forecast
wind power output. It is therefore imperative that wind forecasts be veriﬁed. Although seasonal wind forecasts are crucial
for wind power operation and markets, there has been very little eﬀort globally to verify and incorporate them into
predicted wind energy output.

Approach
In this study, gridded seasonal wind speed forecasts produced by CSAG for the Western Cape, North West and Limpopo
provinces are veriﬁed. It examines the quality of the seasonal wind speed forecasts produced by the Climate System
Analysis Group at the University of Cape Town. The forecast veriﬁcation process for continuous variables uses forecasts
of the seasonal forecast model, the Hadley Centre Model, HadCM3P, and reanalysis products of the National Centres for
Environmental Prediction and the Department of Energy (NCEP-DoE). The analyses are performed at different heights in
the atmospheric column to test for local skill.

So far…
The results of the study have determined that the use of both accuracy and skill measures for the veriﬁcation analyses
provide more information about the quality of the forecasts as opposed to using only one of these in isolation. In all
provinces, the highest quality forecasts are made at 500 hPa and the lowest quality forecasts at 1 000 hPa. In addition,
regions, pressure levels, and seasons with the highest forecast quality share the common characteristic that their wind
speeds are relatively high.

What we have learnt
Wind forecasts add value to a simple climatology forecast, demonstrated by positive skill scores, and thus are a useful
tool for wind assessment at a seasonal scale. In the Western Cape and North West provinces, the highest skill score is
obtained at 100 hPa (upper air), whereas in Limpopo it is obtained at 500 hPa (mid-troposphere). Forecasts at 1 000 hPa
(surface) have the poorest skill of the three pressure levels.
Highest forecasts skill was consistently obtained across all variables (region, pressure level and seasons) where wind
speeds are relatively high. At each pressure level, the best accuracy scores are obtained for the April-May-June (AMJ) and
July-August-September (JAS) seasons. These months are autumn to late winter, a period that is generally associated with
a stable high pressure system over the interior and transient mid-latitude cyclones over the southern parts of the country.
However, the forecasting model has a resolution of about 180km, which means topography is smoothed. Therefore
topographic modification of wind cannot be resolved by the model, nor can small-scale convective processes. For wind
energy assessment, the spatial scale of the forecast is important, especially close to the earth’s surface, so grid size matters!

Next steps
The forecasts add value to the climatology and thus are a useful tool for wind assessment at a seasonal scale. It is
suggested that adding spatial resolution to the forecasts through downscaling may prepare them for use in applications
such as wind power output forecasting.
It is suggested that the forecasts be downscaled to a higher spatial resolution for further work in preparing the forecasts
for use in wind power forecasting, wind energy resource assessment, and long-term energy supply planning in South
Africa. As wind power output is proportional to the cube of the wind speed, which is strongly influenced by the surface
topography, downscaling will be useful in quantifying the error associated with the forecast power output. In addition,
downscaling the forecasts to a higher spatial resolution may add value in more convective weather regime regions like the
North West and Limpopo.

Further reading
Manwell, J. F., McGowan, J. G., and Rogers, A. L. 2002: Wind Energy Explained. John Wiley and Sons Ltd.
Potts, J. M. 2003. Forecast Veriﬁcation – A practitioner’s Guide in Atmospheric Science. Chap. 2. Wiley and Sons, Ltd.
World Wind Energy Association. 2011. World Wind Energy Report 2010.
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Ridging highs ‘out-rain’ cut-off lows along the Cape South Coast
Christien Engelbrecht1 and Willem A Landman2
ACCESS Theme 1 – PhD Student
1
Agricultural Research Council – Institute for Soil, Climate and Water
2
University of Pretoria and Council for Scientific and Industrial Research
E-mail: engelbrechtc@arc.agric.za

Context
The Cape South Coast region of South Africa receives rainfall all year round, with slight peaks observed during autumn
and spring (Weldon and Reason, 2013). The rain-producing weather systems of the region include cold fronts, west-wind
troughs, cut-off lows, ridging high pressure systems and tropical-temperate troughs (Hart et al., 2012. Weldon and Reason,
2013). Of these systems, cut-off lows are associated with high impact rainfall events that have on occasion produced 24hour rainfall totals exceeding the climatological monthly rainfall total (e.g. Singleton and Reason, 2006). These high impact
rainfall events have contributed to the perception that cut‑off lows are the main rain‑producing weather systems over this
region. Apart from cut-off lows, ridging high pressure systems have also been recognised as important in contributing
to rainfall over the mountainous regions bordering the coast (e.g. Weldon and Reason, 2013). However, the relative
contributions of different weather systems to rainfall over the Cape South Coast have not been objectively quantified
to date. Of particular interest in this composition, is the contribution of cut-off low induced rainfall relative to rainfall
associated with other weather systems – with special emphasis on ridging highs.

Approach
Self-organising maps (SOMs) are used to classify daily circulation patterns into different synoptic types over a 33‑year
period (12 053 days), whereafter daily rainfall totals reported at 16 weather stations, spread across the Cape South Coast
region, are related to the different synoptic types. The National Centre for Environmental Prediction’s (NCEP’s) reanalysis
data for the period 1979–2011 was used to develop a SOM relevant to the Cape South Coast region. The analysis was
performed for the region 45°S to 32.5°S and 10°E to 40°E. The selected region allows for capturing the progression of
high pressure systems and troughs, advancing from west to east, to the south of the Cape South Coast. The northern
boundary of the SOM region was selected to extend only to 32.5°S. If this boundary is set further to the north to include
most of the interior of South Africa, the synoptic types identified by the SOM are dominated by the prevailing winter-time
high pressure systems over the interior. In addition, sea level pressure (SLP) is used as variable to develop the SOM, as the
circulation over the oceans bordering the subcontinent is crucial to inducing rainfall over the Cape South Coast. It may be
noted that tropical‑temperate linkages are captured with the SOM configuration as described, even though the northern
boundary of the SOM region is limited to the extreme southern parts of the interior. For the purpose of this study, it is
appropriate to apply a relatively large SOM to avoid over-generalisation of the SOM patterns. SOMs that classify daily
SLP circulation into 12, 20 and 35 synoptic types have been considered. It was found that the 35 pattern SOM captured
the various stages of sea level anticyclones, ridges and troughs as they progress from west to east most adequately. Of
particular importance is that the known variations in the position of the Atlantic Ocean High (AOH) ridge, which regularly
extends eastwards along the Cape South
Coast, are well represented in the SOM.
To relate rainfall to the main weather
systems, daily rainfall data (1979–2011)
for weather stations in the Cape South
Coast region and adjacent interior were
individually mapped to the SOM. For each
day in the time series, the circulation
pattern was associated with one of the
SOM’s synoptic types. The corresponding
daily rainfall totals were subsequently
associated with the relevant synoptic type,
on a station-by-station basis. This enabled
the calculation of the annual rainfall
percentage associated with a specific
synoptic type for each station in the region.
The daily rainfall data was obtained from
the South African Weather Service (SAWS).
Note that the study region allows for the
contribution of different synoptic types
to rainfall over the all-year rainfall region
to be compared to their contributions to
rainfall to the summer rainfall region to the
north. The spatial rainfall distribution over
the study region exhibits a marked northsouth gradient, with annual rainfall totals
exceeding 1 000 mm along the Cape Fold
Mountains in the south, while totals of less
than 200 mm are observed over the Karoo

Figure 1: Percentage contribution of annual rainfall by the main synoptic types for (a) Region 1,
(b) Region 2, (c) Region 3 and (d) Region 4. The percentage contribution of annual rainfall
associated with cut-off lows is indicated in yellow
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just north of the Cape Fold Mountains. The weather stations are accordingly grouped within the study region to represent
the three sub-regions based on the climatological annual rainfall totals. These three sub-regions are located along the
coast, from the Cape Fold Mountains closest to the ocean, to the northern border of these mountains and from the Karoo
to where the great plateau commences. These regions are referred to as Region 2, Region 3 and Region 4 respectively,
while the entire study region is referred to as Region 1 (Figure 1). The percentage contributed by each node to the annual
rainfall is calculated for each of the four regions, by simple averaging of the percentage contribution calculated for the
individual stations within each region.

So far…
The percentage contribution of nodes representative of ridging high pressure systems from the southwest, high pressure
systems located east of the subcontinent, troughs southwest of the subcontinent, troughs southeast of the subcontinent
and tropical-temperate linkages (Figure 1), were determined from the 35 synoptic types. Ridging high pressure systems
from the southwest and tropical-temperate troughs contribute most to the annual rainfall over all four regions. As cutoff lows are an important synoptic-scale rain producing system, the contribution of cut-off lows within each of the
35 synoptic types were calculated (indicated by the yellow part of the bars). Cut‑off lows are associated with high
pressure systems south of the subcontinent and to a lesser extent with tropical-temperate troughs (bars 1–5). The total
contribution by cut-off lows to the annual rainfall over all the regions is less than the annual rainfall contribution by high
pressure systems ridging from the southwest, as well as tropical-temperate linkages. The importance of ridging highs from
the southwest to the annual rainfall contribution over Region 2 (coastal region) is illustrated by its contribution of nearly
40%, followed by tropical‑temperate linkages contributing 23% and cut-off lows contributing 13% to the total annual
rainfall.

What have we learnt
The result holds potentially important implications for seasonal forecasting and the projection of future climate change
over the region. It illustrates that it is important for models to correctly simulate the frequency of ridging high pressure
systems, as well as the interaction of low‑level winds with topography for predictions and projections to be useful.

Further reading
Hart, N.C.G, Reason, C.J.C and Fauchereau, N. 2012. Cloud bands over Southern Africa: seasonality, contribution to rainfall variability and modulation
by the MJO. Climate Dynamics. Doi: 10.1007/s00382-012-1589-4
Singleton A.T. and Reason C.J.C. 2006. Numerical simulations of a severe rainfall event over the Eastern Cape coast of South Africa: sensitivity to sea
surface temperature and topography. Tell us 58A:355–367
Weldon D. and Reason C.J.C. 2013. Variability of rainfall characteristics over the South Coast region of South Africa. Theoretical and Applied
Climatology. Doi: 10.1007/s00704-013-0882-4

South African modellers can predict El Niño and La Niña events
accurately!
Willem A Landman
ACCESS Theme 1 – Co-leader
Council for Scientific and Industrial Research
E-mail: walandman@csir.co.za

Context
The South African modelling community is constantly developing and improving on a range of forecast products,
from short-range weather, through seasonal to decadal timescales. These products are meant to assist in the issuance
of warnings of impending weather- or climate-related extremes and therefore need to be based on sound scientific
principles. One such product, developed in South Africa, is an El Niño Southern Oscillation (ENSO) forecast – the result
of a multi-model approach that assimilates forecast output from a range of global forecast models. This article briefly
describes the ENSO forecast system.

Approach
There is strong documented evidence that ENSO events significantly influence our seasonal climate. Although there is
skill in predicting seasonal rainfall totals and temperatures over southern Africa, and in particular during mid-summer,
these predictions are not particularly useful at longer lead times. However, ENSO events are predicted with more skill
than seasonal rainfall totals and temperatures and with much longer lead times. ENSO predictions can therefore warn
decision-makers several months in advance as to whether there is a chance of a summer season being particularly dry/hot
or excessively wet/cold. In order to achieve this objective, a prediction system has to be rigorously tested and its reliability
determined before it is used in an operational environment. The ENSO forecast system adheres to this requirement,
since the verification results have been presented at conferences, in technical documents and on the internet. Moreover,
forecasts from this system are updated monthly on the webpages of the South African Risk and Vulnerability Atlas.
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The ENSO forecast system
The forecast system is based
on a multi‑model approach that
assimilates forecasts produced both
locally and abroad by global models
of the climate system. Two main
modelling approaches are considered
here – an empirical approach that
uses antecedent global sea surface
temperature (SST) anomalies as
predictors; and a fully coupled oceanatmosphere modelling approach. The
latter additionally employs empirical
corrections in order to produce skilful
forecasts at a 1x1 resolution globally
with a six-month lead time. Forecasts
are produced for calendar months
and for three-month seasons. Figure
1 shows an example of a probabilistic
forecast of the Niño 3.4 region
(120°W–170°W and 5°S–5°N).

So far…
The ENSO multi-model forecast
system has been used operationally
for a number of years. During this
time, the forecast system was able
to capture the end of the 2009/10
Figure 1: Probabilistic forecasts for the likelihood of El Niño, La Niña or neutral
El Niño event (the first version of
conditions to occur over Niño3.4 during the 2011/12 season, issued in November 2011
the multi-model forecast system
was developed early in 2010),
the evolution of the 2010/11 and 2011/12 La Niña events and the ENSO-neutral conditions of 2012/13. Even the relative
strengths of the two La Niña events were skilfully captured. The forecast issued in June 2013 shows an improved likelihood
of another ENSO-neutral season in 2013/14. The deterministic (ensemble mean) SST anomaly forecasts are being
incorporated into the ENSO forecast plume of the International Research Institute (IRI) for Climate and Society (http://
tinyurl.com/y7y9724). The South African ENSO forecast is labelled ‘CS‑IRI‑MM’. The IRI’s forecast plume and its associated
probabilistic forecasts have global reach.

New knowledge
The verification results, as calculated over a 28-year period (1983–2010), revealed that the combined forecasts (the
unweighted average of three participating models) show very high skill, especially over the austral summer period.
The skill for predicting the equatorial Pacific Ocean SST is also higher than for any other part of the global oceans and
forecast skill is mainly restricted to the equatorial regions. These results are not much different from those of other
modelling studies. However, this research has additionally demonstrated the improved skill of coupled models over
a statistical model and that, although the multi-model system starts to show an improved association (e.g. ranked
correlation) with increased lead time, coupled models are better able to capture the strength of the predicted SST
anomaly. These results demonstrate the importance of considering coupled model forecasts, even for predictable climate
models such as ENSO, therefore justifying the investment in coupled model development and use in South Africa.

Next steps
The current ENSO forecast system uses a simple averaging approach in the multi-model design. At present, modellers are
considering Bayesian combination approaches and the inclusion of additional coupled model forecasts produced locally
and abroad. Moreover, the ENSO forecasts are part of a forecast system that produces global SST anomaly forecasts
up to six month ahead. These global forecasts need to be optimised since they are used to force some of the locally
administered atmospheric global circulation models. Such optimisation may be best achieved by including additional
coupled model forecasts, empirically improved and properly combined.
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The role of La Niña in South African summer rainfall
Lerato Mpheshea1 and Mathieu Rouault1, 2
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2
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Context
South Africa, as an agricultural and commodity dependent economy, relies heavily on rainfall distribution in space and
time and is thus affected by its variability. Flooding events are just as devastating as droughts. Not only do they affect the
agricultural sector, but they also affect
the safety and security of the public in
general. In most parts of the country,
the peak rainy season occurs in summer.
The rainfall varies considerably from one
summer to the next. This inter-annual
variation of rainfall is related to the
El Niño Southern Oscillation (ENSO),
a tropical Pacific Ocean event that is
characterised by anomalously warm or
cold sea surface temperatures (SSTs).
Ropelewski and Halpert (1989) showed
that there is an inverse relationship
between rainfall and ENSO. Most of the
droughts in South Africa are associated
with El Niño, while anomalously wet
seasons are associated with La Niña. The
negative phase of ENSO, also referred
to La Niña, is defined when anomalously
cold SSTs are observed in most of the
tropical Pacific Ocean. While the impact
of ENSO on South African rainfall is
largely documented and still regularly
investigated, little is known about the
daily rainfall patterns that predominantly
Figure 1: The total number of days in summer in which heavy rainfall events
(>15 mm) occurred in the Gauteng region
occur during a La Niña event. Hence
the key objective of this study is to
investigate the frequency of heavy
rainfalls during La Niña events. The main question addressed here is: are there more floods during La Niña in the summer
rainfall regions?

Approach
The gridded area average daily rainfall interpolated from station data for the period 1950–1999 (Hewitson and Crane,
2005) was used in this study, together with a sea surface temperature averaged over the December–February period.
The SST data was obtained online from the Climate Prediction Centre (CPC) at the National Ocean and Atmospheric
Administration (NOAA), and was extracted in the Niño 3.4 domain (5°N–5°S, 120°–170°W). February is considered to have
28 days, therefore the summer period is 90 days.

So far…
The results showed a statistically significant relationship between SSTs in the Niño 3.4 region and rainfall over South
Africa. About 26% of inter-annual rainfall variations are explained by the SST anomalies in the Niño 3.4 region. However,
on each grid point the SST and rainfall showed spatially varying correlation patterns across the country. The weakest
correlations (i.e. correlation coefficient between 0.1 and 0.2) are seen along the coast, up into the Highveld region and
also in parts of the north-eastern parts of the country. But the region around Durban, although closer to the coast, shows
a much stronger correlation coefficient between 0.2 and 0.5. Looking at daily rainfall patterns, a heavy rainfall event is
defined when area average rainfall exceeds 15 mm per day. A comprehensive analysis was done in different regions across
the central interior of South Africa to understand the impact of La Niña on summer rainfall. The results of all studied
regions displayed a similar pattern. The results of the analysis for the Gauteng region are shown in Figure 1, which shows
the total number of days with rainfall greater than 15 mm for each summer season from 1950–1999. La Niña years are
represented in blue, while El Niño years are in red and normal years in black. In the summer seasons that experienced
five days or more of heavy rainfall, there is a clear association with La Niña. Using that as the criterion, six of the years
are associated with La Niña, four with El Niño and one with a neutral year. Of the five seasons with the highest number
of heavy rainfall days, three are associated with La Niña. Rainfall in the five percentile frequency (relative to a long-term
average) in summer were recorded for the La Niña events of 1955, 1956, 1975, 1976, 1990 and 1996. Similar observations
have been made for the 1968, 1980, 1981 and 1994 non-ENSO years. In contrast, heavy rainfall events (>5 days) were
recorded during the 1953, 1959 and 1978 ENSO events. Another interesting result is that although El Niño is linked
to droughts, floods can still occur, which could explain the relatively low correlation between El Niño and drought in
southern Africa.
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What we have learnt
The observations of this study are significant in terms of seasonal forecasting. Only 26% of total inter-annual rainfall
variability is explained by SSTs in the tropical Pacific Ocean from 1950–1999. The topography and surrounding ocean
currents are amongst the factors that modulate climate over South Africa and possibly explain the weaker correlations
between ENSO and rainfall in the coastal and Highveld regions. Despite the spatial difference of the ENSO-related
changes in rainfall distribution, the results show that more heavy rains are likely to occur in the event of La Niña and thus
increase the chances of flooding events.

Further reading
Hewitson, B.C. and Crane, R.G. 2005. Gridded area averaged daily precipitation via conditional interpolation. Journal of Climate. Volume 18, pp. 41–57.
Ropelewski, C.F. and Halpert, M.S. 1989. Precipitation patterns associated with high index phase of the southern oscillation. Journal of Climate. Volume
2, pp. 268–284.
Rouault, M. and Richard, Y. 2003. Intensity and spatial extension of drought in South Africa at different timescales. Water SA. 4 October, 29(4), pp.
489–500.

What role do lower stratospheric processes play in seasonal prediction
systems?
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Context
Seasonal predictability research has gone a long way towards finding new approaches to improve the forecasting of rainfall
over Southern Africa during summer. The El Niño Southern Oscillation (ENSO) has received much attention due to its
large global impact. However, ENSO explains only about 30% of the seasonal variability over South Africa. There is a large
body of research output that suggest that seasonal predictability may be influenced by adjacent ocean circulation and
temperatures, even though they, like ENSO, do not describe all the seasonal predictability over South Africa.
Whilst the variability of the ocean has been, and will continue to be, an important aspect of seasonal prediction
development, stratospheric dynamics and associated processes, such as ozone variations, have largely been ignored.
Recent studies have shown that the stratosphere and troposphere are dynamically coupled. Stratospheric temperature
perturbations during the austral spring lead to a robust tropospheric circulation response to the summer at seasonal
timescales and longer. All these issues intensify the importance of looking into the stratospheric chemistry of seasonal
prediction models. A model wherein the ozone field is relaxed towards climatology and where greenhouse gas (GHG)
dynamics (in space and time) are under-represented, is unlikely to simulate some of the important tropospheric trends
correctly. This deficiency will be demonstrated using the ocean-atmosphere coupled model used by the South African
Weather Service (SAWS) for operations.
Stratospheric radiative forcing could play a crucial role in seasonal prediction systems. The forcings include ozone
depletion and GHG concentration, which both have a cooling effect on the lower stratosphere. The impact of ozone
depletion on climate models in particular is most clearly seen when the models have interactive stratospheric chemistry.
The absence of interactive stratospheric chemistry in climate models is hypothesised to adversely affect the seasonal
prediction skill, particularly rainfall. Therefore, this study aims to demonstrate the potential importance of lower
stratospheric processes in seasonal prediction systems to lay the foundation for further work in seasonal prediction
system improvement.

Approach
The study was conducted at the SAWS using the model datasets from the ECHAM4.5-MOM-SA, Ocean Atmospheric
General Circulation Model (OAGCM) hindcast integrations. We also used the National Centre for Environmental Prediction
(NCEP) of the Department of Energy (DoE) reanalysis to contrast the model output. The two datasets were available for
a period of 27 years (1983–2009) for daily averages of zonal winds and temperature fields. The effect of stratospheric
cooling and ozone depletion on the behaviour of a mid-latitude jet was investigated using a composite analysis and linear
regression curve fitting.

So far…
The results show an important tropospheric response to the lower stratospheric cooling caused by the lower stratospheric
ozone depletion and GHG concentrations. NCEP shows acceleration/(deceleration) on the pole-ward/(equator-ward)
side of the eddy‑driven jet (Figure 1a), which is a manifestation of the migration of the jet towards the poles (Figure
1c). However, this response is not evident in the model. Instead, the jet is decelerating/(accelerating) on the pole-ward/
(equator-ward) side, which results in a lack of trends (Figure 1c) shown by a straight black line coinciding with the green
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climatological jet. Also notable is the inter-annual movement
of the OAGCM jet, which occurs more northward as
compared to reanalysis. The inability of the model to capture
these trends is a result of the absence of the two forcings
mentioned above, particularly ozone depletion. Therefore
the realistic representation of stratospheric chemistry at the
seasonal and inter-annual timescales is presumably vital and
could lead to the augmentation of forecasting skill.

What we have learnt
This study has demonstrated the importance of considering
lower stratospheric processes in seasonal prediction models
in general for better simulation of important seasonal trends.
As suggested in the results, improper representation of these
processes could lead to the incorrect positioning of one
of the most important rain-bearing systems during austral
summer. However, proper representation of these processes
can be achieved by the use of interactive stratospheric
chemistry schemes. These improvements can be facilitated by
the schemes seen in Stratospheric Processes and their Role
in Climate (SPARC) and Chemistry Climate Model Validation
(CCMVal). Stratospheric dynamics, which largely depend
on the extent of the model top and the lower stratospheric
resolution, are also at play. For example, models whose
highest top is only limited to 10 hPa could be far too low to
capture the stratospheric/tropospheric coupling and the
prominent winter stratospheric feature such as the polar
vortex. It therefore shows that the inclusion of interactive
stratospheric chemistry in seasonal forecasting models is
crucial and recommended.

Next steps
Currently, we are assessing the stratospheric dynamics using
equivalent latitude for the polar vortex diagnostics. This
part of the work will connect South African summer rainfall
to the variability of the polar vortex and associated polar
night jet. Furthermore, the SAWS OAGCM will be forced with
SPARC/CCMVal ozone data in order to improve the ozone
representation in the model. This will be done with the aim of
making a contribution to the operational systems at SAWS.

Further reading
McLandress, C.A., Shepherd, TG, Scinocca J.F., Plummer D.A., Sigmond
M., Jonsson A.I. and Reader, M.C. 2011. Separating the dynamical effects
of climate change and ozone depletion. Part II: Southern Hemisphere
troposphere. Climate Journal. Vol. 24, pp. 1850–1868.
Roff, G., Thompson, D.W.J., and Hendon, H. 2011. Does increasing model
stratospheric resolution improve extended range forecast skill?, Journal of
Geophysical Research Letters. Vol. 38, L05809, doi: 10.1029/2010GL046515.
Son, S.W., Gerber, E.P., Perlwitz, J. et al. 2010. The impact of stratospheric
ozone on Southern Hemisphere circulation change: A multi-model
assessment. Journal of Geophysical Research: Atmospheres. Vol. 115,
D00M07, doi: 1029.2010JD014271.
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Figure 1: The eddy-driven jet (thick blues contours)
with trends in the zonal winds superimposed for (a)
NCEP and (b) OAGCM. Red/(black) contours represent
negative/(positive) trends in m/s/decade. The zonal
mean isotachs and trends thereof are drawn in 5 m/s
and 0.2 m/s/decade contour intervals, respectively.
(c) Representation of the inter-annual variations
with NCEP (red line) and OAGCM (black line) linear
trends over the analysis period. The green line is the
climatological position of the jet in both datasets

On the origin of Benguela Niños
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Introduction
The Benguela Current is located on the western margin of southern Africa. Strong southerly wind causes coastal
upwelling, bringing cold, nutrient-rich water to the surface. At its northern boundary, at around 17°S, the Angola Benguela
Front (ABF) separates the warm water of the tropical southeast Atlantic and the cold upwelled water of the Benguela
Current. Persistent, warmer than normal oceanic events in Angola and northern Namibia have a strong impact on the
marine ecosystem, fisheries, hypoxia and rainfall of the region. These events are referred to as Benguela Niños (Shannon
et al., 1986). Benguela Niños usually peak in late austral summer and can last for several months. Benguela Niños and
other warm events were linked to reduced trade winds along the equator in late austral summer and a deepening of the
thermocline along the Angolan coast, however the exact mechanisms remained elusive. A recent publication (Rouault et
al., 2012) for the first time shows that there is an important bi-annual transport of tropical water across the ABF using a
model validated with observations. This transport follows a bi-annual harmonic, quasi-synchronised to the annual cycle
of sea level anomaly (SLA) in the tropical Atlantic, and advection across the ABF is a key factor for the development of
Benguela Niños. This work led to the successful forecast of the 2010/11 Benguela Niños.

Warm and cold events in the Angola Benguela system
To assess the adequacy of the ORCA model to reproduce warm and cold events in the region (and thus determine its
worth as a prediction tool), monthly modelled sea surface temperatures (SSTs) and observed Reynolds SSTs in a narrow
domain were extracted for 1982–2002. These SSTs were extracted as follows: 10°–15°S and one degree offshore for South
Angola and 19°–24°S and one degree offshore for northern Namibia. An anomaly from monthly climatology is calculated
for each month. Major warm events that occurred in both regions in 1984, 1991, 1994/95 and 1997/98 were well reproduced
by the model. Significant lag correlations occur between southern Angola and northern Namibia with up to six months’
positive or negative lags. Close inspection of the lags shows a bias towards southern Angola, especially from February
to April, the Benguela Niños’ peak season. During this season, the southern Angola SST anomalies lead northern Namibia
SST anomalies by one to four months (i.e.
positive lags, Figure 3). This indicates a relatively
slow propagation of the anomalies, indicating
that advection rather than the propagation of
coastal Kelvin waves is at work.

Connection between southern Angola and
northern Namibia
Modelled climatological meridional velocities of
the flow across the ABF show high pole-ward
negative velocity from the coast to about three
degrees offshore above a depth of about 150
m. The pole-ward flow, which can be viewed
Figure 1: Annual cycle of near-surface meridional volume transport
as an extension of the Angola Current, is also
in Sverdrup at the Angola Benguela Front (0 to 250 m depth and
at times found along the coast below a coastal
8.75°E to the coast at 11.5°E)
equator‑ward flow. The pole-ward flow is
weakest in austral winter,
starts to strengthen in
July, peaks in October and
then diminishes toward
December and January
before strengthening again
in January and February.
Thereafter, it diminishes
further and becomes weak
until the cycle repeats.
The resulting near-surface
volume transport (Figure 1)
is dominated by this poleward flow and has a bimodal
Figure 2: Monthly detrended normalised anomalies of near-surface meridional volume
behaviour with maximums in
transport (dashed line) at the ABF (17oS), and monthly detrended normalised anomalies of
October and February and
SST downstream averaged from 19 o–24 oS and from the coast to 1o offshore. A negative value
minimums in austral winter
of the transport indicates pole-ward motion
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and December (Figure 1). Timing and intensity of the near-surface volume transport at the ABF follows the same bi-annual
harmonic timing of SLA in the tropical Atlantic along the equator with a month lag, the latter being forced by the wind
stress along the equator. This suggests that the bi‑annual harmonic of transport at the ABF is remotely controlled.
Figure 2 shows the monthly detrended normalised anomalies of modelled meridional volume transport at the ABF at 17°S
and the monthly detrended normalised anomalies of observed Reynolds SST downstream in the northern Namibian domain
that extends from 19°–24°S and 1° offshore. A negative sign means an anomalous pole‑ward transport. The transport
anomaly seems to mirror the SST anomaly. Lag correlation between normalised anomalies of modelled transport at the
ABF and northern Namibia and observed normalised SST anomalies downstream depends on the season and shows
significant correlations in late summer when transport anomalies lead the SST anomaly downstream by about two to four
months. The 1984, 1991, 1994/95 and 1997/98 warm events mentioned previously are all mirrored by transport anomalies.

Discussion and conclusion
This study shows that there is a net transport of tropical water in the Benguela upwelling system across the ABF at
17°S, which follows a bi-annual harmonic, quasi-synchronised to the annual cycle of SLA in the eastern tropical Atlantic.
A possible scenario is that the semi-annual relaxation of wind stress along the equator triggers coastal waves that
propagate pole-ward and interact with the Angola Current, deepening the thermocline and increasing the pole-ward flow.
This leads to a stronger seasonal leakage of Angolan water across the ABF.
A new finding, which needs to be confirmed with measurements, is the austral spring peak of pole-ward transport
(Figure 1) at the ABF that explains the 1997 warm event and the strength and duration of the 1994/95 event (Figure 2).
The two- to four-month lead time in late summer (Benguela Niños’ peak season), between transport anomalies (leading)
at the ABF and SST anomaly a few degrees downstream, offer predictability. Moreover, the results confirm the potential
role of advection for the development of low oxygen events in the northern Benguela.

Further reading
Rouault, M. 2012. Bi-annual intrusion of tropical water in the northern Benguela upwelling. Journal of Geophysical Research Letters. Vol. 39, L12606.
Shannon, L.V., Boyd, A.J., Brundrit, G.B. and Taunton-Clark, J. 1986. On the existence of an El Niño-type phenomenon in the Benguela system. Journal
of Marine Research. Vol. 44, pp. 495–520.

Extreme rainfall over southern Africa, where we have come from and
where we may be going
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Context
It is generally believed that future climate change will lead to an increase in the frequency and intensity of extreme
rainfall events. This is associated with changes in the variability of rainfall. Countries in southern Africa are known for the
occurrence of severe weather and extreme climate events, such as heavy rainfall due to tropical cyclones, cut-off lows
and thunderstorms which lead to flooding, as well as prolonged periods of hot, dry conditions that lead to droughts.
Such events have serious impacts on human and natural systems. The need for reliable climate change information at
the regional-to-local scale is necessary in order to assess the potential impacts of climate change on human and natural
systems and to develop suitable adaptation and mitigation strategies at national level.

Approach
This study provides an overview of observed changes in extreme precipitation events over southern Africa between 1980
and present, as well as projected changes in these in the short and long term. Regionally downscaled climate data for
southern Africa, as obtained from CORDEX, is analysed using statistical techniques that look for extreme characteristics
in rainfall data. We analyse changes in the indices of extreme precipitation over the 21st Century, relative to the reference
period 1976–2005 using data from the CORDEX models. CORDEX is a programme that downscales coarse resolution
climate data obtained from global circulation models (GCMs), typically with grid sizes between 150 km and 250 km, to
a regional scale of about 50 km using regional climate models. The downscaled data from 8 GCMs by the RCA4 climate
model was provided to CSAG and used in this analysis.
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So far…
The climate models can successfully capture the observed statistics of extreme rainfall over southern Africa, which
suggests that projected future changes from these models are not unrealistic. Changes in extreme precipitation
indices relative to the 1976–2005 reference period are expressed in percentage terms and shown in Figure 1. There is
a projected increase in the daily rainfall intensity (sdii), as well as an increase in the amount of rainfall during extreme
rainfall events (R95pTOT). Decreases in R95pTOT and maximum consecutive five-day precipitation (rx5day), along with
increases in consecutive dry days (CDD), are only found over the south-western parts of South Africa and the Limpopo
province, which might indicate future intensification of dry conditions there. These results provide useful climate change
information with more spatial detail related to local scale topography. These findings are in many respects consistent with
those of the multi‑model study of Sillmann et al. (2013), increasing our confidence in the direction we are going.

Next steps
The information will be used in the CORDEX-Africa campaign, which engages users of climate information and sectors
vulnerable to climate extremes. The information about possible changes in the nature of extreme rainfall over the
region will be communicated to these communities so that informed, robust responses to these potential threats can be
developed.

Further reading
Giorgi, F., Jones, C., and Asrar, G. 2009. Addressing climate information needs at the regional level: the Cordex framework. WMO Bulletin, 58(3): 175.
IPCC. 2012. Summary for policymakers. In: Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation. [Field, C.B.,
Barros, V., Stocker, T.F., Qin, D., Dokken, D.J., Ebi, K.L., Mastrandrea, M.D., Mach, K.J., Plattner, G.K., Allen, S.K., Tignor M., and Midgley, P.M. eds.]. A
Special Report of Working Groups I and II of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, UK, and New
York, NY, USA, pp. 1–19.
Sillmann, J., Kharin, V. V., Zwiers, F. W., Zhang, X. and Bronaugh, D. 2013. Climate extreme indices in the CMIP5 multi-model ensemble. Part 2: Future
climate projections, Journal of Geophysical Research, doi: 10.1002/jgrd.50188

Figure 1: The multi-model median of temporally averaged CDD (top left), R95pTOT (top
right), rx5day (bottom left) and sdii (bottom right) over the time period 2071–2100
expressed relative to the reference period 1976–2005 (in %) for RCP4.5
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Pushing the boundaries of non-hydrostatic modelling in South Africa
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Context
Models used to make operational forecasts and study climate change have been restricted to hydrostatic resolutions
for a number of decades because of
computational constraints. However,
recent years have seen the development
of powerful computers with more
memory and faster processing
capabilities. Remote sensing and
high-speed communication links now
allow for observational information
to be delivered rapidly to operational
forecasting centres. These developments
have made it possible for operational
Numerical Weather Prediction (NWP)
and meso-scale models to run at much
higher resolutions where the hydrostatic
approximation is no longer valid. A
non-hydrostatic Cloud Resolving Model
(CRM) includes the necessary physics,
such as microphysics and radiation, and
can be integrated at a resolution high
enough to explicitly capture clouds
over a spatial domain large enough to
contain many clouds for long enough
to include many cloud lifecycles. A CRM
is currently being developed in South
Africa using the dynamic core of the
Non-hydrostatic Sigma co-ordinate
Model (NSM) (Engelbrecht et al., 2007),
a locally developed atmospheric model.

Approach
Two microphysics schemes have
recently been introduced to the NSM.
The microphysics schemes make
the simulation of clouds possible by
simulating microphysics processes
such as condensation, autoconversion
Figure 1: Maximum updraft for the a) PURDUE-LIN1, b) PURDUE-LIN2,
of cloud water to rain water,
SBU-YLIN simulations with Nc= c) 10, d) 20, e) 40 and f) 60
autoconversion of cloud ice to snow,
melting and the evaporation of rain. The
two microphysics schemes used in the NSM were obtained from the National Centre for Atmospheric Research (NCAR)
Weather Research and Forecasting (WRF) model (Skamarock et al., 2005).
The first microphysics scheme is thought to be a classic scheme (Chen and Sun, 2002) called PURDUE-LIN, because it
was developed at the Purdue University. It includes six water substance classes, namely water vapour, cloud water, cloud
ice, rain, snow and graupel. All precipitating fields are assumed to fall at their mass‑weighted fall speed. Cloud water and
cloud ice are assumed to be mono-dispersed and non-falling. The scheme can be used with either five water classes (i.e.
excluding graupel) or all six classes.
The second scheme is called SBU-YLIN (Lin and Colle, 2011) and was recently developed at the Stony Brook University
(SBU). It is based on the PURDUE-LIN scheme, with the intention of making improvements. The SBU-YLIN scheme was
developed to calculate a smaller number of microphysics processes to make it computationally cheaper. The SBU-YLIN
scheme includes five prognostic equations for water vapour, cloud water, cloud ice, rain and precipitating ice. Dry snow,
rimed snow and graupel are included in the precipitation ice category through the introduction of varying riming intensity
parameters. The SBU-YLIN scheme uses a generalised gamma distribution to describe size distribution of cloud water
droplets. Rain and its related parameterisations are classified in a similar manner to the PURDUE-LIN scheme. The CRM
was used to simulate isolated thunderstorms with the newly added bulk microphysics parameterisations (BMPs). Twohour simulations were made, with convection initiated by a thermal at the centre of the domain using a six- and five‑class
PURDUE-LIN BMP and four configurations of the SBU-YLIN BMP with different cloud water distributions.
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So far…
The six-class PURDUE-LIN scheme simulates more rainfall than the five-class PURDUE-LIN and SBU-YLIN schemes.
The SBU-YLIN scheme generally rains the least, loses the least water vapour to hydrometeors and warms up the
least. Differences in the microphysics schemes affect the microphysics and dynamics of the thunderstorm. When the
microphysics processes occur, the mixing ratios of the different water substances (i.e. water vapour, cloud water, rain
water, cloud ice, snow and graupel) are updated. Condensation will convert some of the water vapour to cloud water,
reduce the amount of water vapour (sink) and will increase the amount of cloud water (source) in the model. Processes
that change the phase of the water substance in the model lead to an absorption or release of latent heating, which
decreases or increases temperature respectively. Melting and evaporation absorb latent heat and cool the air, and
condensation and ice initiation release latent heat and warm the air. The processes that cool the air result in downdrafts
that cause the cold pool, which blows in all directions when they reach the surface. The cold pool can cut off the supply of
warm air to a thunderstorm and hence dissipate the cloud. Secondary thunderstorm redevelopment can also be triggered
by the cold pool pushing warm environmental air upwards.
The PURDUE-LIN scheme and two configurations of SBU-YLIN simulate two convective cells in a no-shear environment
(Figure 1). The first cell is triggered by the thermal, while the second cell is triggered by a cold pool. The cold pool is
stronger in the six-class PURDUE-LIN simulation, which rains the most. The updrafts in the second cell are stronger in
the five-class PURDUE-LIN simulation since the environment in the latter simulation is warmer because of microphysics
processes associated with the first cell. There are smaller differences in the cold pool simulated by the SBU-YLIN
configurations, however, two of the configurations only simulate one cell.

What we have learnt
Qualitatively, the simulations provide new insight into the interplay between cloud microphysics and cloud dynamics, and
point out the potential for better describing the uncertainty range associated with projections of future climate change
through the improvement and stochastic application of cloud microphysics schemes. The newly developed CRM provides
new opportunities to study the dynamics and microphysics of cumulus convection over southern Africa.

Further reading
Chen, S. and Sun, W. 2002. A One-dimensional Time Dependent Cloud Model. Journal of the Meteorological Society of Japan. Vol. 80, pp. 99–118.
Engelbrecht F.A., McGregor, J.L. and Rautenbach, C.J.dW. 2007. On the development of a new non-hydrostatic atmospheric model in South Africa.
South African Journal of Science. Vol. 103, pp. 127–134.
Lin, Y. and Colle, B.A. 2011. A New Bulk Microphysical Scheme that Includes Riming Intensity and Temperature-dependent Ice Characteristics. Monthly
Weather Review. Vol. 135, pp. 1013–1035.
Skamarock, W. C., Klemp, J. B., Dudhia, J., Gill, D.O., Barker, D.M., Wang, W., and Powers, J. G. 2005. A Description of the Advanced Research WRF
Version 2. NCAR Technical Notes, -468+S.

Influence of river flows on the recruitment success of fynbos riparian
vegetation along high-gradient streams in the Western Cape
Rozwivhona Magoba and Dominic Mazvimavi
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Context
Riparian zones occupy a three-dimensional transitional area between aquatic and terrestrial ecosystems and serve as
conduits for the exchange of materials and energy from the one to the other (Reinecke et al., 2007; Richardson et al., 2007).
River margins are among the most structurally-complex and biologically-diverse landscapes, and they have been highly
modified in most parts of the world. In addition, frameworks for their management are scarce (Richardson et al., 2007).
The presence of lateral zonation in riparian vegetation has been well documented. Flooding events shape the vegetation
along riverbanks and the zones that are inundated annually have different vegetation from those that are inundated
inter-annually. The zones which are flooded annually are referred to as wet banks, while those flooded inter-annually are
referred to as dry banks (Sieben and Reinecke, 2007). Riparian plants tend to occur in patterned locations, reflecting their
adaptation to the frequency and duration of flood pulses. Lateral connectivity of riparian zones could be qualitatively
estimated by the frequency of floods that hydrologically link these zones to the main channel. Under natural conditions,
bankfull discharges typically occur with a recurrence interval of 1.5–2 years in humid areas which have permanent flow
regimes. A lower frequency of once in 5–10 years is expected for Mediterranean rivers with a higher flow variability
(González del Tánago and García de Jalón, 2006).
The flow regime of a river has been identified as a primary determinant of the structure and function of aquatic and
riparian ecosystems (Poff and Ward, 1989; Gurnell et al., 2011), and is considered a ‘master variable’ that influences the
distribution and abundance of riverine species, and that regulates the ecological integrity of river systems (Richter et al.,
2003). The magnitude of the flows and fluctuations of water levels are important determinants of the structure of riparian
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vegetation in particular (Poff and Ward, 1989). To successfully recruit from seeds in the post-flood environment, the
reproductive phenology of the ecosystem must correspond with the flooding season. This allows seeds to be dispersed
into a favourable germination environment. If not, the species will require a propagule bank, such as a persistent soilstored seed bank, that may be triggered to germinate following the flood (or rain) event (Richardson et al. 2007). Many
species produce their seeds during a specific season, which should synchronise with the timing of hydrological events in
order to be dispersed successfully (Chambert, 2006). The riparian vegetation in the Western Cape has been described as
hygrophilous mountain fynbos, closed-scrub fynbos or broad sclerophyllous closed-scrub fynbos (Reinecke et al., 2007).
The main objectives of the study are to determine whether the physical influences of flow on the zonal structure of
riparian communities is exerted pre- or post-recruitment, and to investigate whether the lack of dry season low flows has
an influence on the zonal structure of riparian communities.

Approach
The first objective examines the influences of the lack of dry season low flows on the lateral distribution of riparian
vegetation communities. The recruitment of seeds was assessed upstream and downstream from a flow abstraction
point. The flow abstraction point was selected on the basis that the amount of water removed resulted in the depletion of
summer dry season flows.
For the second objective, the effects of a flow reduction on riparian vegetation were investigated using six common
species, Salix mucronata, Metrosideros angustifolia, Brabejum stellatifolium, Morella serrata, Freylinia lanceolata and
Braclylaena neriifolia, as indicator plants along the Sanddrifskloof, Keurhoek, Jonkershoek and Moraineskloof rivers. All the
rivers had water abstraction points for agricultural purposes. At least five plant species are present at each river except
for Salix, which is absent in Jonkershoek.
The data collection methods followed for both objectives were similar. At each site a 20 m long stretch of the river,
with the width depending on the extent of the zone of riparian vegetation, was selected. The site was divided into four
sampling plots (A to D), each 5 m long. The entire grid was further subdivided into a series of 1 x 5 m sample plots. The
number, height and contribution to canopy cover of each species were recorded in every plot. The variation of elevation
along the cross-section of a channel was determined in order to establish the possible effects of channel shape on the
distribution of riparian vegetation. Two specimens of each plant species collected were pressed, dried and catalogued
into two separate herbaria – one for field reference and another for identification. Identification of species was done by
plant specialists from the Compton Herbarium at the Kirstenbosch National Botanical Gardens in Cape Town.
For the second objective, a 10 m long stretch on both the right and left banks was demarcated at a selected site. A list of
species occurring in each of the sub-plots was compiled. The species diversity for plants at different stages of growth will
be determined. Woody plants were categorised into three groups, namely seedlings (0.01–0.3 m), saplings (0.31–2.0 m)
and trees/adults (2.01 m+). The lists for all sites will be compared using cluster analysis and non-metric, multi-dimensional
scaling (MDS) ordination, which is an application that measures the similarities or dissimilarities in species between sites.
Cluster analysis (or classification) aims to find natural groupings of samples.

So far…
Seeds sampled were deposited randomly on the banks where they may germinate and develop into seedlings. However,
they are removed by seasonal or inter-annual floods or die off, if they are maladapted to the respective zones. This
suggests that there is no lateral zonation with seedling establishment. Thus lateral zonation is determined later by the
ability of different species to withstand floods and zonal perturbations of different magnitudes.
The results show that during the low flow periods, seedlings tend to recruit inside the channel. This could be due to the
wetted (moist) edge narrowing to inside the channel. This implies that preferential establishment of seedlings will happen
in inappropriate locations, such as the middle of the active channel, where they are vulnerable to being washed away by
wet season floods.

Further reading
Chambert, S. 2006. Sorting of seeds by hydrochory. Master’s thesis, Water Environment Technology Division, Department of Civil and Environmental
Engineering, Chalmers University of Technology Göteborg, Sweden.
González del Tánago, M. and García de Jalón, G. 2006. Attributes for assessing the environmental quality of riparian zones. Limnetica. Vol. 25(1-2), pp.
389–402.
Gurnell, A.M., Bertoldi, W. and Corenblit, D. 2011. Changing river channels: The roles of hydrological processes, plants and pioneer fluvial landforms in
humid temperate, mixed load, gravel bed drivers. In: Earth-Science Reviews. 2012. Vol. 111, pp 129–141.
Poff, L.N. and Ward, J.V. 1989. Implications of streamflow variability and predictability for lotic community structure: A regional analysis of streamflow
patterns. Canadian Journal of Fisheries and Aquatic Sciences. Vol. 46, no. 10, pp. 1805–1818
Reinecke, M.K. and King, J.M. 2007. The nature and invasion of riparian vegetation zones in the South Western Cape. Water Research Commission
report project K5/1407 “The nature and rehabilitation of alien-invaded riparian zones”.
Richardson, D.M., Holmes, P.M., Esler, K.J., Galatowitsch, S.M., Stromberg, J.C., Kirkman, P.S., Pysek, P. and Hobbs, R.J. 2007. Riparian vegetation:
degradation, alien plant invasions, and restoration prospects. Diversity and Distributions. Vol. 13, pp. 126–139.
Richter, B.D., Mathews, R., Harrison, D. and Wigington, R. 2003. Ecologically sustainable water management: Managing river flows for ecological
integrity. Ecological Applications. Vol. 13(1), 2003, pp. 206–224.
Sieben, E.J.J. and Reinecke, M.K. 2008. Description of reference conditions for restoration projects of riparian vegetation from the species-rich fynbos
biome. South African Journal of Botany. Vol. 74 (2008) 401–411.
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Context
Forest plantations are central to providing essential ecosystem goods and services, particularly supporting economic
development (Edwards, 2012), water provision, nutrient cycling, watershed protection, surface cooling and most
importantly payment of carbon sequestration projects under the Reducing Emissions from Deforestation and Forest
Degradation (REDD+) initiative (Moran and Ostrom, 2005; Scholes and Noble, 2001). For instance, through biochemical
processes (photosynthesis), forests extract and house additional atmospheric carbon (Gibbs et al., 2007; Patenaude et al.,
2004; Zheng et al., 2004), a function that is important in mitigating global climate change effects (Canadell et al., 2007;
Daolan et al., 2004; Gil et al., 2011; Moran and Ostrom, 2005a). Qureshi et al. (2012) has indicated that forests are capable
of stabilising the concentration of greenhouse gases (GHGs) in the atmosphere at an average of 2–4 gigatons of carbon
(C) per year-1. Hence the Good Practice Guidance for Land Use, Land-Use Change and Forestry (GPG-LULUCF) activities
emphasise the need to estimate changes in forest carbon stocks in a reliable and clear manner, with limited uncertainties
and bias (IPCC, 2003).
Commercial Eucalyptus forests occupy approximately 700 000 ha of South Africa’s total land area, half of the entire
forested land area (1.3 million ha). These forests form one of the most important components of the South African forestry
industry due to the production of attractive pulping and state-of-the-art paper properties, among other uses (Adam et
al., 2013; Gebeyehu et al., 2005; Smith et al., 1996). Forest volume is one of the key forest structural attributes useful to
understanding the contribution of forests in climate change studies (Balzter et al., 2002; Carvalhais et al., 2010; Williams
et al., 2005). For continued sustainable realisation and optimisation of these economic and environmental returns from
forests in South Africa, and in the light of the changing climate, comprehensive and accurate forest inventory data is
critical. This information is also necessary for continuous assessment of forest stand productivity and helps to regulate
forest harvesting strategies by the
respective authorities (Trotter et al., 1997).
To date, most of the studies of this nature
have been carried out in the northern
hemisphere, with great emphasis on
boreal and coniferous forests (Ardö,
1992; Gemmell, 1995; Ripple et al., 1991;
Trotter et al., 1997; Ulander et al., 2000).
However, in some parts of the world,
and in South Africa in particular, the
retrieval of tree structural attributes is
still underrepresented, despite existing
biophysical differences and large-scale
afforestation. This study seeks to predict
Eucalyptus pulpwood volume at stand
level from multi‑source data (SPOT-5,
rainfall and field data) using stochastic
gradient-boosting statistical techniques.
We compared our result to popular
Random Forest.

Approach
We studied the Eucalyptus plantations
currently managed for pulpwood
production by the South African
Pulp and Paper Industries (SAPPI) in
Pietermaritzburg, KwaZulu-Natal
(Figure 1). These plantations are evenly
scattered along the coast, stretching
from the south around Richards Bay to
Mtubatuba in the north.

Figure 1: The spatial distribution of Eucalyptus commercial plantations in
KwaZulu-Natal
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Eucalyptus stand volume was predicted using
multispectral SPOT-5 image bands (short wave
infrared, near infrared, red, green and blue),
data acquired on 14 May 2012 and ancillary
data (rainfall and tree age). To achieve the
above goal, a stochastic gradient-boosting
ensemble method was used. Rainfall data was
gathered from the South African Weather
Service (SAWS) and Institute for Soil, Climate
and Water (ISCW) weather stations via the
Agro-Met data information system at the
Agricultural Research Council (ARC)-ISCW,
whereas tree age was obtained from the SAPPI
database.

So far…

Figure 2a and 2b: Normal distribution curve of the timber Utvol (m3 ha-1) in
(a) training (prediction) and (b) test data (validation)

As a precursor to predicting utilisable volume
(Utvol), descriptive statistics of the response
variable (Utvol) were generated for the test
(validation) and training (prediction) datasets. The results
show that there is a normal distribution of the timber Utvol for
both the training and test datasets (Figure 2a and 2b).

What we have learnt
The correlation matrix results show that the SWIR (r = -0.67),
covR (r = -0.65) and minR (r = 0.59) are the highest predictors
of timber Utvol, whereas mean rainfall and maximum rainfall
are the lowest predictors. Multisource data predicted a
stand volume with R2 value of 0.82 (Figure 3), a root mean
square error (RMSE) of 28.65 m3, and a 17.50% relative root
mean square error (RMSEr). Stochastic gradient-boosting
is comparatively one of the most powerful new multivariate
statistical machine learning techniques (Friedman, 2001,
2002; Hastie et al., 2001) useful for forest studies (Ismail
and Mutanga, 2010). The results of this study confirm that
Figure 3: Observed and predicted utilisable timber
volume
stochastic gradient-boosting is a robust and accurate method
for regression type applications, and agree with the findings
by Muukkonen and Heiskanen (2005) who found the strongest
correlations between ASTER bands 1 and 4 (green and
SWIR) with forest biomass. However, in their case, the NIR band was more sensitive to age and biomass of the understory
vegetation. Our results indicate that green (3.7%) and NIR (3.1%) bands are of less importance in predicting utilisable timber
volume as compared to the SWIR (33.6%). Muukkonen and Heiskanen (2005) have, however, indicated that the red and
NIR bands provide more improved, accurate predictions when combined than any other single band or any other simple
combinations of spectral bands. Ardö (1992) found almost similar results with the strongest correlations between the stand
volume and Landsat Thematic Mapper green and SWIR bands.

Next steps
The results demonstrated the possibility of predicting Eucalyptus pulpwood volume at stand level from multi-source data
using stochastic gradient-boosting statistical techniques. This allows for the possibility to upscale the methods to new
generation sensors such as Landsat 8 and Worldview-2 for mapping different tree structural attributes such as above-ground
biomass. However, although the results of this study are promising, the terrain in KwaZulu-Natal is relatively flat and the
methodology should be tested in rugged terrain where both the land cover and topography determine the spectral values of
remotely sensed imagery (Dorren et al., 2003).

Further reading
Moran, E.F., Ostrom., E. 2005. Seeing the forest and the trees, human-environment interactions in the forest ecosystems. The MIT Press. Cambridge,
Massachusetts.
Muukkonen, P., Heiskanen, J. 2005. Estimating biomass for boreal forests using ASTER satellite data combined with standwise forest inventory data.
Remote Sensing of the Environment. Vol. 99, pp. 434–447.
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Context
Many global and environmental applications require land use/land cover (LULC) information about the earth’s surface.
Scientists and government agencies need timely and accurate information on existing LULC for a variety of applications
ranging from natural resource management and environmental monitoring, to ecological monitoring of vegetation
communities. Without this information, policymakers often fail to make decisions or make incorrect decisions (Haack
and English, 1996). Traditionally, LULC maps were derived from field surveys with GPS receivers, or by manual human
interpretation of hardcopy maps, or aerial photographs (Anderson et al., 1976; Yuan et al., 2005). However, the
conventional methods based on fieldwork are usually expensive, time consuming and labour intensive, and often lack the
necessary geometric accuracy (Li and Shao, 2012). Remote sensing offers a practical and economical means of mapping
LULC, especially over large areas (Kavzoglu and Colkesen, 2009).
The task of producing LULC maps is often done through
the use of image classifiers and remotely sensed
imagery. Over the years, some advanced classifiers
such as Random Forests (RF) have been introduced
to overcome the shortcomings of statistical classifiers
and produce improved classification performance.
Therefore, the objective of the current study was to
compare classification results obtained from classifying
LULC in a heterogeneous ecosystem using the wellknown Maximum Likelihood (ML) classifier as opposed
to the advanced Random Forests (RF) classifier. Such
a comparison is crucial as it will enable environmental
managers to make informed interpretations and correct
decisions in terms of selecting the appropriate classifier
to use for generating accurate LULC maps. Moreover, the
study aims to bridge the gap between previous studies
by focusing on breaking down broad LULC classes into
less complex classes.

Approach
In this study, SPOT-5 (10 m) satellite data was used for the
classification of LULC in a heterogeneous ecosystem. The
study sought to compare the efficiency of relatively new
machine algorithms, specifically RF (Breiman, 2001), over
traditional per-pixel classifiers (ML).

Figure 1

The study area (Figure 1) is situated in St Lucia
(28°22’21’’S and 32°24’52’’E), a small coastal town
located in KwaZulu-Natal. This area is characterised
by extensive commercial plantations, sugarcane
farms and indigenous forest.
SPOT-5 imagery of the study site was obtained in
May 2011 from the South African Space Agency
(SANSA) under cloudless conditions. The image
consisted of four bands with a spatial resolution of
10 m with the exception of the shortwave-infrared
band (20 m). The image was orthorectified using
20 ground control points and high resolution, true
colour aerial photographs of the study area, and
then projected to the Universal Transverse Mercator
(UTM) projection using the World Geodetic System
1984 (WGS84) data. Thereafter, the Fast Line-ofSight Atmospheric Analysis of Spectral Hypercubes
(FLAASH) algorithm, built in ENVI 4.7 image
processing software, was used to atmospherically
correct the image.

Figure 2: The importance of SPOT-5 bands in classifying LULC
classes in the study area
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Training data collection
High resolution aerial photographs (0.5 m) of the study area were used for the identification of LULC categories.
Using the aerial photos, a total of 12 LULC classes were identified. Ground truth data were then collected from the
field using stratified random sampling. Samples were collected for each class by traversing across the study area and
opportunistically selecting 20 m2 plots with a homogeneous composition. Hawth’s Analysis Tools on ArcGIS 9.3 was
then used to randomly split the points into a 70% training and 30% validation dataset. The training dataset was used to
optimise the RF classification and to train the prediction model, while the validation dataset was used to test the quality
and reliability of the prediction model.

So far…
The results from the RF variable importance (Figure 2) show that the near‑infrared band (BAND 3) was the most
important variable in classifying all 12 LULC classes, followed by the red band (BAND 2), the green band (BAND 1) and the
shortwave infrared band (BAND 4).
On the other hand, the results from the confusion matrices showed that the RF-based classifier achieved an overall
accuracy of 78.4%, whereas ML only achieved an overall accuracy of 65.1%. The McNemar Test was also used to assess
the statistical significance and superiority of one classifier over the other. The findings suggested that the difference in
performance of both RF and ML classifiers is statistically significant as the Z value obtained from the test was greater
than 1.96 at 5% significance level.

What we have learnt
The study has shown that the use of SPOT-5 imagery in conjunction with advanced classifiers, specifically RF, can
significantly improve classification results of LULC maps compared to traditional per-pixel methods. The results were
found to be consistent with those obtained by previous researchers (Na et al., 2009; Waske and Braun, 2009), as they
clearly demonstrated the superiority of RF over ML. The superior nature of RF can be attributed to the fact that it uses a
non-parametric approach, which helps avoid some of the problems encountered by conventional statistical classifiers
(Pal, 2005; Rodríguez-Galiano et al., 2012b). However, both classifiers seemed to experience some difficulties in
discriminating between spectrally similar classes as the dataset used in this study had a relatively coarse spatial resolution
(10 m), and thus suffered from the mixed pixel problem.

Next steps
In future, research should be directed towards the use of hyperspectral datasets and high resolution, multispectral sensors
such as WorldVieW-2 in discriminating amongst spectrally similar LULC classes.

Further reading
Waske, B., Van Der Linden, S., Oldenburg, C., Jakimow, B., Rabe, A. and Hostert, P. 2012. imageRF – A user-oriented implementation for remote sensing
image analysis with Random Forests. Environmental Modelling & Software. Vol.35, pp. 192–193.
Pal, M. 2005. Random forest classifier for remote sensing classification. International Journal of Remote Sensing. Vol. 26, pp. 217–222.
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Context
Invasive alien plants (IAPs) have been responsible for extensive economic and ecological damage in forest plantations.
They have the ability to aggressively manipulate essential ecosystem structural and functional processes. Alterations in
these processes can have detrimental effects on the growth and productivity of forest species and ultimately impact on
the quality and quantity of forest wood material. The limited extent of natural forests has forced the forestry industry to
become dependent on fast-growing commercial plantations to maintain increasing timber demands. Today, plantation
forestry has grown to such an extent that it adds valuable export commercial products to the market and has become an
important economic contributor in many Southern African countries. However, the establishment of commercial forests
has not been without cost. Research suggests that new damaging agents are emerging at an increasing rate which
could affect the future sustainability of the forestry sector. Therefore, to ensure that forest productivity is sustained
and maximised within the existing forest production area, any agent that may present a significant threat, needs to be
identified and successfully eradicated.
Among the damaging agents to commercial forestry is the
impact of IAPs. A basic step towards eradicating IAPs is
to assess the extent of the problem. Using direct sampling
field-based methods or visual estimations of alien species
has generally resulted in only moderate success owing to
the logistical and time impracticalities. Alternatively, remote
sensing techniques offer a synoptic rapid approach to
detecting and mapping of IAPs affecting plantation forest
environments.
Solanum mauritianum (Bugweed), one of the most notorious
plant invaders to affect southern Africa, is invading commercial
forests, causing grave economic and ecological concerns.
Bugweed is recognised as one of the five most aggressive,
opportunistic and extremely resilient plant invaders and is a
major invader of agricultural land, forestry plantations, water
courses and disturbed environments. Bugweed has earned a
classification as a category
one ‘transformer’ weed
indicating that extensive
stands can dominate and
replace canopy or subcanopy layers of forest
ecosystems. With climate
change’s potential to
significantly exacerbate
the problems associated
with IAPs, modelling the
characteristics, spatial
extent and severity of
infestations will become
unavoidable. The aim of
this study is to determine
whether S.mauritianum
can be detected
using remote sensing
techniques.

Figure 1: a) 10 cm resolution aerial imagery and 2.4 m AISA
Eagle imagery (b). The photographs show the Bugweed
present between (c) and within forest compartments (d)

Approach
The study site is located
at the Sappi Hodgsons
plantation in KwaZuluNatal, South Africa

Figure 2: Anomaly scores for 144 pixels in one of the AISA Eagle sample grids. Pixels weights ranging
from s = 0.24 to 0.86 are illustrated. Potential anomalies representing Bugweed occurrence can be
identified as scores where s ≤ 0.50
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(latitude 29o 13’18’’ S, longitude 30o 23’13” E). The plantation occupies an area of 6 391 ha and is situated in the mist belt
grassland bioregion of the KwaZulu-Natal midlands. The identification of Bugweed within forest compartments followed
a purposive sampling approach using a high resolution colour (10 cm) image. A 24 m x 24 m digital grid was employed
to partition the colour image and Bugweed infestations were identified (Figure 1). Field verification was conducted using
a GPS unit which also coincided with the acquisition of remotely sensed imagery. Each grid therefore consisted of two
vegetated features, the Bugweed and the planted trees. The selected image grids were then used as subsets and input
into R Project for Statistical Computing.

So far…
The results show that remote sensing has the potential to identify and detect Bugweed invasions within plantation forests
and can be considered a cost-effective alternative to the traditional methods of estimating invasive species cover which
rely on the generation of costly ground-based survey methods. The early detection of these alien infestations will reduce
the noxious impacts that can permanently alter the structure and function of our forested ecosystems and contribute to
their successful prevention and eradication. Utilising remote sensing techniques and specialised classification algorithms
can provide an accurate framework for mapping IAP species in commercial forest environments (Figure 2).

What we have learnt
Many invasive species grow as subtle understory or mid-level canopy vegetation. They therefore do not dominate the
canopy, making it difficult for direct remote detection. Expert systems, however, use ancillary data and can infer the most
probable characteristics of a target species in a specific location. They may be implemented in a GIS environment and
often yield more accurate results than using single classification methods. GIS expert systems can be used in combination
with remotely sensed data to assist in mapping understory invasive plant species such as Bugweed in plantation forestry.
Indirect mapping approaches may also assist in predicting the distribution of invasive species by using information related
to the ecological relationship between species and the environment. The success in mapping invasive species from other
vegetation covers appears to be heavily dependent on the correct phenological period of the species itself.

Next steps
The increase in satellite sensor technology will provide continuous opportunities for the application of remotely
sensed data in mapping and modelling the distribution of invasive species. The advancement of the new generation of
multispectral sensors (WorldView-2, RapidEye and GeoEye), with their very high spatial resolutions has the potential to
improve the detection of alien species. Recent developments in state-of-the-art techniques such as image fusion may
provide the necessary advances that combine the spectral and spatial resolutions of different datasets to distinguish
challenging species. Future research may also focus on using remote sensing technology such as light detection and
ranging (LIDAR), which measures the distance between the sensor and target surface. LIDAR can provide structural
information on canopies, underlying vegetation and the terrain below and could be instrumental in recognising a greater
variety of plant invasive species than previously detected.

Further reading
Joshi, C., J. de Leeuw and I. C. van Duren. 2004. Remote Sensing and GIS Applications for Mapping and Spatial Modelling of Invasive Species.
Proceedings of ISPRS.
Lawrence, R. L., Wood, S. D. and Sheley, R. L. 2006. Mapping Invasive Plants Using Hyperspectral Imagery and Breiman Cutler Classifications
(Randomforest). Remote Sensing of Environment. Vol. 100(3), pp. 356–362.
Huang, C.Y. and Asner, G. 2009. Applications of Remote Sensing to Alien Invasive Plant Studies. Sensors. Vol. 9(6), pp. 4869–4889.
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Context
Forest health plays a pivotal role in the functioning of forest ecosystems and is a good indicator of the current state of
the environment. The many benefits of forestry range from socio-economic factors to offsetting carbon dioxide emissions
through the process of carbon sequestration. However, emerging evidence suggests that forest health is declining, and
may coincide with climate change. Changing climatic conditions can profoundly increase the occurrence and complexity
of pest outbreaks by establishing more salubrious environments for the proliferation and development of pests or by
modifying host defences. Conventional methods of monitoring forest health have largely depended on sketch mapping,
which is an important monitoring facet. However, this method is inclined to subjectivity, and is time consuming and
expensive. Alternatively, the use of remote sensing has proven to be objective, consistent and economically sound.
Therefore, the aim of this study is to test the use of remote sensing in mapping and early detection of Gonipterus
scutellatus weevil infestations in Eucalyptus plantations in light of climate change.
Gonipterus scutellatus, commonly known as the eucalyptus snout-beetle, is a leaf feeding weevil native to Australia and
has subsequently perpetuated across the globe. It was first recorded in South Africa in 1916 and rapidly propagated,
reaching pest level infestation. The weevil feeds exclusively on Eucalyptus species; which are the most productive planted
exotics in South Africa. For that reason, the weevil poses a significant threat to the sustainability of the country’s timber
forest resources. The problem is further exacerbated by the fact that many Eucalyptus species demonstrate little to no
resistance to the weevil and thus it poses a significant threat. Therefore, understanding the spatial dynamics of pest and
host interactions plays a fundamental role in holistically managing forested environments and curtailing the compounding
threat of the impact from hanging climatic conditions. Achieving this will necessitate increased monitoring efforts to
identify regions that are susceptible to potential pest outbreaks, and thus remote sensing tools would be an efficient tool
to offset the cost implications in order to target precautionary and mitigation measures to limit pest impact.

Approach
The study area is located within the Sappi Hodgens Estate in the Greytown district of KwaZulu-Natal, South Africa,
S 29°18’24”; E 30°59’78”. The area is characterised by extensive commercial forestry dominated by Pine (Pinus patula),
Eucalyptus (Eucalyptus grandis) and Black Wattle (Acacia mearnsii). Transects were arranged across the Eucalyptus
compartments. Along each transect, 10 x 10 m plots were established at six locations: one at the road edge then 20,
40, 60, 80 and 100 m into the forest interior. This was done to cover a wide variant of Gonipterus scutellatus infestation
rates across each compartment. The centre of each plot was recorded using a handheld Trimble, which subsequently
allowed for the geo-referencing of each plot to the satellite data. Field data coincided with the spectral data (derived
from WorldView-2 imagery) and mean values were then extracted using ArcGIS (zonal statistics). The data was randomly
split by the Random Forest algorithm into training (281 samples) and test data (121 samples) for model development and
model testing, respectively. The predictive performance of the model was based on the Kappa Statistic.

So far…
The results indicate the potential of the Random Forest algorithm to accurately classify the severity of weevil induced
defoliation. Table 1 shows an overall accuracy of 87.18% and a Kappa value of 0.84. This illustrates the potential of remote
sensing for early infestation detection, which would assist in salvage operations or inoculation measures.

Table 1: Confusion matrix based on the Random Forest classification algorithm and all the WorldView-2 bands (wavebands = 8).
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What we have learnt
Remote sensing is an alternative to conventional methods of monitoring forest health. It can detect weevil infestation at
an early stage allowing for the timely employment of measures to quarantine or suppress infestation. Furthermore, with
reference to existing literature and to the best of our knowledge, no research has documented the use of remote sensing
in mapping and detecting the severity of weevil-induced defoliation on Eucalyptus plantations.

Next steps
The weevil Gonipterus scutellatus attacks coincide with newly flushing Eucalyptus foliage. Therefore, we will attempt to
determine the ability of remote sensing to detect vegetation flush so that precautionary measures are set in place prior
to infestation. This research is novel in that remote sensing has never been used to map and detect vegetation flush.
This would entail using an analytical spectral device (ASD) to discriminate between flushing and non-flushing Eucalyptus
species, which would then be resampled to WorldView-2 imagery. The results would play an instrumental role in reducing
the impacts of the weevil on commercial forestry and also curtail the impacts of climate change on these valuable
resources.

Further reading
Barry, K.M., Stone, C. and Mohammed, C.L. 2008. Crown-scale evaluation of spectral indices for defoliated and discoloured eucalypts. International
Journal of Remote Sensing. Vol. 29(1), pp. 47–69.
Carbone, S.S., Illamola, A.R. and Rivera, A. C. 2006. Thermal requirements and phenology of the eucalyptus snout beetle, goinpterus scutellatus
gyllenhal. Journal of Applied Entomology. Vol. 130(6-7), pp. 368–376.
Carter, G.A. and Knapp, A.K. 2001. Leaf optical properties in higher plants: Linking spectral characteristics to stress and chlorophyll concentration.
American Journal of Botany. Vol. 88(4), pp. 677–684.
Tooke, F.G.C. 1955. The eucalyptus snout-beetle, gonipterus scutellatus gyll. Pretoria, the Government Printer.
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Context
The study aims to explore the role of mesoscale oceanographic features in creating foraging habitats for the majestic,
yet elusive, top marine predator, the albatross. The study uses sooty albatross tracked from Marion Island, one of the
Prince Edward Islands. The population of the sooty albatross (Phoebetria Fusca) has declined to low and unsustainable
levels due to predation and conflict with high seas fisheries. To address the conservation status of this seabird, the study
aims to investigate the at-sea distribution of the sooty albatross in relation to dynamic marine pelagic environments. The
study builds on previous knowledge of seabird interactions and foraging ecology to understand the nature of seabird
aggregations in relation to the locality of mesoscale oceanographic features.

Approach
Eleven non-breeding sooty albatrosses were tracked on Marion Island using the Platform Transmitter Terminals (PTTs)
manufactured by Sirtrack Limited (New Zealand). PTTs were attached to feathers on the back of the seabirds using
adhesive tape. The 11 PTTs used for tracking had transmitted for a total of 360 days. The study uses data analysed in
relation to weekly satellite‑derived AVISO sea level anomaly data. The sea level anomalies represent temporal variations
caused by mesoscale activities in major currents such as the Agulhas Return Current (ARC) and Antarctic Circumpolar
Current (ACC). The terminal ends of these major current systems are associated with high mesoscale variability.
Sea surface temperatures (SSTs) derived from daily measurements of the AMSR – Advanced Very High Resolution
Radiometers (AVHRR) of National Oceanic and Atmospheric Administration (NOAA) were used to locate the mesoscale
frontal movements. The SST data products have a spatial grid of ¼ degree and temporal resolution of one day.
The Prince Edward Islands, which are located in the southern Indian Ocean, comprise two volcanic islands – Marion
Island and Prince Edward Island. Marion Island is the largest (~ 270 km2), whereas Prince Edward Island is only about
45 km2 in extent. The islands lie directly in the path of the Antarctic Circumpolar Current within the Polar Frontal Zone,
and are bordered in the north by the Sub-Antarctic Front and the Antarctic Polar Front in the south. They lie east of
the south‑west Indian Ridge which bisects the ocean between Africa and Antarctica. The Prince Edward Islands are
also located in the path of the east-flowing Antarctic Circumpolar Current and obstruct the continuity of the Antarctic
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Figure 1: Foraging distribution of 11 sooty albatross tracked from Marion Island. Black dot
symbols indicate birds moving at <10 km/h during the day, probably foraging. Black solid lines
represent approximate positions of the major fronts (Belkin and Gordon, 1996). SSTF= southern
extent of the Sub-Tropical Front, SAF= Sub-Antarctic Front, APF= Antarctic Polar front

Circumpolar Current. It is postulated that the obstruction of the Antarctic Circumpolar Current creates extreme mesoscale
variability that dominates the oceanic environment around the islands. The advection of zooplankton and nekton to the
islands sustains not only seabirds, but other vertebrates such as the Southern Elephant Seal (Mirounga leonina) using the
islands as habitats. For albatrosses, the islands provide both foraging and breeding habitats.

So far…
The foraging behaviour of the sooty albatross showed a strong association with mesoscale oceanographic features
as identified by the sea level anomalies (Figure 1) in the southern Indian Ocean, south of the African continent. During
the April/July period, most seabirds foraged north of the Prince Edward Islands at the interface and edges of the
mesoscale anomalies created by the Agulhas Return Current. In contrast, during the August/December period, seabirds
concentrated their foraging efforts in the downstream of the islands. The upstream region of the islands demonstrated
high environmental variability accompanied by the formation of mesoscale anomalies. These results demonstrate that
knowledge of temporal aspects of mesoscale oceanographic features is equally important in assessing the role they play
in creating foraging habitats by localising and concentrating prey for top predators. The results address the need to have
an ecosystem-based approach when dealing with fisheries management. The conservation of these seabirds will not only
improve their population numbers, but will help in informing us about rich marine ecosystems in the pelagic environments.

What we have learnt
The preliminary results of this study demonstrate the sooty albatross’ cognisance of regions of high mesoscale variability.
The data presented in this paper provide the first insight into the nature and importance of mesoscale oceanographic
features in creating foraging habitats for the sooty albatross. The results demonstrate the ability of the sooty albatross
to integrate environmental variability into their behaviour. The findings of this study further demonstrate that productive
mesoscale eddies within the vicinity of the Prince Edward Islands sustain the marine top predators such as seabirds.
These findings further suggest that unlike other sympatric species on the islands, the sooty albatross does not follow
fishing vessels in search of opportunistic scavenging of offal discards as other seabirds do. The results suggest that the
population decline of the sooty albatross may not necessarily be as a result of conflict with fisheries, but other factors
such as predation. Therefore, the findings of this study emphasise the need to address fisheries management from an
ecosystem-based approach. The implications of these results extend well beyond the foraging patterns of sooty albatross
and exploitation of mesoscale oceanographic features. In South Africa, the conservation of seabirds is crucial and is a
requirement of the regulations of Regional Fisheries Management Organisations. The aggregations of these top marine
predators in pelagic environments indicate localised, primary productivity and can therefore inform locality of rich marine
ecosystems. Lastly, we believe that comprehensive knowledge of temporal aspects of mesoscale oceanographic features
is equally important in assessing the role of these features in creating dynamic foraging habitats for top predators like the
seabirds and seals.

Further reading
Belkin, I.M. and Gordon, A.L. 1996. Southern Ocean fronts from the Greenwich meridian to Tasmania. Journal of Geophysical Research. Vol. 101, pp.
3675–3696.
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Context
Inappropriate land use and development in and around an estuary, i.e. in the estuarine functional zone, can lead to
habitat degradation or loss. Low-lying developments, land reclamation, mining and infrastructure developments such
as roads, bridges and jetties, all have had major influences on estuaries (Van Niekerk and Turpie, 2012). The boundary
of an estuary is a critical component in co-operative estuary management (Van Niekerk and Taljaard, 2003). The 5 m
topographical contour has become the established convention in the demarcation of the lateral boundary of an estuary.
However, this generic convention may leave critical elements of the salt marsh vegetation outside its boundary, resulting
in inappropriate development pressures on a system.
The border between salt marsh and terrestrial vegetation is important, as it is often an area of great biodiversity (Silliman
and Bertness, 2004). However, these areas are frequently the first choice for development. The result of this is the loss
of connectivity between these two vegetation types. The aim of the study was to 1) identify boundaries and establish
the connectivity between salt marsh and terrestrial vegetation and to identify whether salt marsh biodiversity is related
to the surrounding terrestrial biome; 2) determine which environmental factors are important in forming boundaries;
3) determine the extent to which the 5 m contour line is effective in accounting for estuarine functionality; and 4) to
determine the impact of different development types on salt marsh species diversity and connectivity.

Approach
In the Goukou, Gouritz and Keurbooms estuaries, five transects were sampled, respectively ranging from 45 m to 450 m.
Along each transect, sediment and groundwater characteristics were collected in the salt marsh, fringe and terrestrial
habitats. The Morisita index of similarity was used to determine how the three different habitats are connected to each other
in terms of species composition and abundance. The estuarine area was divided according to land cover types and the area
and boundary impacted was mapped in ArcGIS 10.

Landcover classes of the Goukou, Gouritz and Keurbooms estuaries.

The impact of development on the total area and boundaries of the Goukou, Gouritz and Keurbooms estuaries

28

So far…
A Constrained Correspondence Analysis (CCA)
using the Monte Carlo permutation test showed
that vegetation distribution was significantly
affected by environmental factors (P< 0.01).
Salt marsh species distribution was positively
correlated with the salinity of the sediment
and groundwater, whereas terrestrial species
were mostly affected by sediment organic
and elevation. The Morisita index of similarity
showed that vegetation similarity ranged
from 8.5% for sites that had disturbance at
the ecotone and 72% for sites that were more
intact. The terrestrial vegetation was more
similar to the fringe habitat compared to the
salt marsh habitat. In the Goukou Estuary,
only 35% (130 ha) of the estuary area remains
natural with 28% (104 ha) under cultivation and
25% (86 ha) being built-up urban areas. The
Gouritz Estuary was the most impacted of all
estuaries with 77% (782 ha) being cultivated.
The Keurbooms Estuary had the least changes
with 19% (279 ha) cultivated and 10% (142 ha)
urban built-up areas.

Figure 1: Salt marsh/terrestrial ecotone at the Keurbooms Estuary (2012)

What we have learnt
This study provided useful information on the habitat characteristics of salt marsh and terrestrial fringes. The ecotone
between salt marshes and terrestrial vegetation forms unique species assemblages with species of special concern. It is
the first step to understanding the factors separating salt marsh from terrestrial vegetation. The combination of these
environmental conditions, such as sediment electrical conductivity, in association with species composition, can also be
used to delineate the salt marsh edge or functional zone. Furthermore, the boundary of these salt marshes is important as
it has unique species and environmental characteristics and development has led to loss of connectivity and the invasion
of alien species. These boundaries should be incorporated into management and should be monitored in respect of
climate and global change as they are the sensitive to any physical changes.

Next steps
In order to identify whether salt marsh biodiversity is related to the surrounding terrestrial biome, more research will be
undertaken. The current study includes fynbos, thicket and forest vegetation, but not succulent karoo biomes. A large
area of salt marsh is found within the succulent karoo biomes and for that reason the Olifants, Verlorenvlei and Berg
estuaries will be sampled. The Uilkraals Estuary will also be included as it borders with fynbos vegetation. From these
results a functional zone based on salt marsh species will be developed.

Further reading
Silliman, B.R. and Bertness, M.D. 2004. Shoreline Development Drives Invasion of Phragmites australis and the Loss of Plant Diversity on New England
Salt Marshes. Conservation Biology. Vol. 18(5), pp. 1424–1434.
Van Niekerk, L and Taljaard, S. 2003. Recommendations on a Framework for Effective Co-operative Governance of South African Estuaries.
Unpublished report of the Institute of Natural Resources. CSIR Report ENV-S-C 2003-077.
Van Niekerk, L. and Turpie, J.K. (eds) 2012. South African National Biodiversity Assessment 2011: Technical Report. Estuary Component. Vol. 3. CSIR
Report No. CSIR/NRE/ECOS/ER/2011/0045/B. Council for Scientific and Industrial Research, Stellenbosch.
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Context
The southern Benguela encloses the largest and most productive embayment along the South African coast (False Bay
and Lamberts Bay). Since drastic changes to the ecosystem have been noticed in this region (e.g. changes or shifts in
urchin, lobster or anchovy
stocks), understanding the
variability of the physical
drivers in the southern
Benguela system is a
prerequisite to help manage
and protect the coastal and
shelf area. Little is known
about the inter-annual
variability of the region. Only
Agenbag (1996) mentioned a
potential influence of a 1992 El
Niño event on the sea surface
temperature (SST) around the
Cape Peninsula. On a larger
spatial scale, the El Niño
Southern Oscillation (ENSO) is
known to influence SST in the
South Atlantic (Colberg et al.,
2004) and around South Africa
(Rouault et al., 2010). In this
study, we use satellite remote
sensing estimates of SST to
describe the inter-annual
variability of SST in the region.

Approach

Figure 1: Summertime (January, February, March) averages: (a) anomaly of monthly SST (°C) and
wind (m/s) during the La Niña years; (b) climatology; and (c) anomaly of monthly SST (°C) and
wind (m/s) during the El Niño years

SST estimates were obtained
from two sources, the
Moderate Resolution Imaging
Spectroradiometer (MODIS)
aboard the NASA Terra satellite and from the Pathfinder 5.0 SST Re-analysis. Level-2 MODIS data were downloaded from
the Ocean Color website (http://oceancolor.gsfc.nasa.gov) and processed at a 1 km resolution using the SeaWiFS Data
Analysis System (SeaDAS) (http://seadas.gsfc.nasa.gov). The processing method is described in Dufois et al. (2012). The
Ocean Pathfinder SST project comprised the re-processing of all Advanced Very High Resolution Radiometer (AVHRR)
instrument data on board the National Oceanic and Atmospheric Administration (NOAA) satellites from 1981 to present
with the same algorithm (Kilpatrick et al., 2001). Monthly data were downloaded from the version 5.0 of Pathfinder
available at a 4 km resolution (http://www.nodc.noaa.gov). The two SST products were evaluated in the Benguela
upwelling system (Dufois et al., 2012; Dufois and Rouault, 2012).

Based on the above comparison, we used the MODIS data at the regional scale and the Pathfinder SST longer time series
over False Bay in this study. We also used monthly wind fields (at 1 000 hPa) at 0.5º resolution from the latest NCEP
reanalysis referred to as CFSR (Saha et al., 2010).

So far…
In order to ascertain the impact of ENSO over SST in the southern Benguela upwelling system, composites (average
of several seasons) of MODIS SST in summer during El Niño years (austral summer 2002/03, 2004/05, 2006/07 and
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2009/10) and La Niña years (austral summer 1999/2000, 2000/01, 2005/06, 2007/08 and 2008/09) were calculated. The
anomaly of SST during those events is presented on Figure 1. Globally, during La Niña years, SSTs are colder everywhere
south of 27°S, whereas during El Niño years, SSTs are warmer everywhere south of 27°S. Along the coast north of 27°S,
SSTs are warmer during La Niña years and colder during El Niño years. Over the 11-year period, both the cold and the warm
absolute anomaly reach up to 1°C at the seasonal scale. During both events the maximum anomalies are directly south
of False Bay. Using the 29 years of Pathfinder data, significant correlations up to 0.5–0.6 are found between the ENSO
3.4 index and the SST anomalies over False Bay during the summer time. High anomalies, whether warm or cold, are also
encountered off the West Coast in the upwelling cells, whereas directly along the West Coast the anomalies are weaker.
We also found that the inter-annual variability of SST in the region is related to the wind variability. Significant negative
correlations are found at Cape Point between the Niño3.4 index and the south-easterly wind anomaly from November to
February (correlations up to -0.5).

What we have learnt
In the southern Benguela system, La Niña/(El Niño) is likely to induce an increase/(decrease) of south-easterly wind at the
monthly scale during the summer time (Figure 1). El Niño/(La Niña) events induce an equator-ward/(pole-ward) shift in
the South Atlantic high pressure system leading to a weakening/(strengthening) of upwelling favourable south-easterly
(Dufois and Rouault, 2012). Those changes are responsible for the warm/(cold) SST anomaly observed during El Niño/(La
Niña) events in the southern Benguela upwelling system.

Further reading
Colberg, F., Reason, C. and Rodgers, K. 2004. South Atlantic response to El Niño Southern Oscillation induced climate variability in an ocean general
circulation model. Journal of Geophysical Research. Vol. 109: C12015.
Dufois, F., Penven, P., Whittle, C. and Veitch, J. 2012. On the warm nearshore bias in Pathfinder monthly SST products over Eastern Boundary Upwelling
Systems. Ocean Modelling, in press. DOI:10.1016/j.ocemod.2012.01.007.
Dufois, F. and Rouault, M. 2012. Sea surface temperature in False Bay (South Africa): towards a better understanding of its seasonal and inter-annual
variability. Continental Shelf Research. DOI:10.1016/j.csr.2012.04.009.
Rouault, M., Pohl B. and Penven, P. 2010. Coastal Oceanic climate change and variability from 1982 to 2009 around South Africa. African Journal of
Marine Science. Vol. 32(2), pp. 237–246.
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Context
Climate change is a well-publicised phenomenon which is predicted to affect our marine environment drastically.
Increasing atmospheric CO2 levels cause a concomitant decrease in seawater pH termed Ocean Acidification (OA). This
decrease is expected to be detrimental to calcifying marine organisms due to dissolution of their shells and tests and,
subsequently, will be a threat to corals.
Benthic foraminiferal assemblages are particularly important as bioindicators of global-change events within the
geological record. Large benthic forams (LBFs) also serve as non-coral indicators of reef responses to an increase in
atmospheric CO2 and a concomitant decrease in seawater pH. LBFs are also known to be vital carbonate producers on
tropical and sub-tropical reefs. As these marine protists have survived past climate changes, they also provide valuable
insight into current events. Palaeo-environmental records can be extracted from these organisms and the nature of these
changes can be monitored and compared with present day climate change.

Approach
Sodwana Bay is situated north of Durban within the iSimangaliso Wetland Park. A hammer corer was designed and
manufactured to retrieve three intact bioclastic sediment cores inshore of the Two-mile Reef (Figure 1). The corer
penetrated 115.5 cm, but only collected cores of 61, 47 and 49 cm, respectively designated X, Y and Z. A coral rubble
fragment was found at the base of cores X and Z. Once collected, the cores were cut open, one half kept as a reference
and the other half logged.
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So far…
Logging and photographing the cores revealed that
they all display well-defined banding with good
agreement. This is important as it highlights the
integrity of the cores and the sediment sampled.
Currently the longest core, X, has been sampled and
analysed for grain size and total carbonate content
every 2 cm. Radiocarbon dating from the base of
the core provided a calendar age of ±800–120 AD.
Achieving an age of over 1 000 years is remarkable,
as it provides a means to study and obtain otherwise
unattainable data for Sodwana Bay.

What we have learnt
The age of the core is significant, as the slow
sedimentation rate on Two-mile Reef and the
preservation capabilities of the bioclastic sediment
exceeded expectations. The cores will therefore
provide a palaeoclimate record of over a millennium
with valuable data on the effects of climate change
on the Two-mile Reef. Collection of sediment cores is
also relatively easy. It is non-destructive and provides
a longer record compared to that achievable through
coral coring. This research will thus provide insight
into how the past marine chemistry regime affected
the calcifying forams and will supplement other
research on the future effects of OA on our coral
reefs.

Figure 1: Sediment coring technique and core X cut open

Next steps
Further 14C dating is to be performed on the three
cores to validate the low energy, medium sand (MS)
grain bands which are common to all of them. The
dating will also provide clarity on the event which
produced the rubble bed, evident at the base of Cores
X and Z. Additional seismic work is planned to offer
further insight into the rubble bed. The downcore
foram assemblage will be evaluated to assess changes
in the environment over the last ±1 200 years.

Further reading
Murray, J. 2006. Ecology and Applications of Benthic Foraminifera.
Cambridge University Press, New York.
Hallock, P., Lidz, B.H., Cockey-Burkhard, E.M. and Donnelly, K.B.
2003. Foraminifera as Bioindicators in Coral Reef Assessment
and Monitoring: The FORAM Index. Environmental Monitoring and
Assessment. Vol. 81, pp. 221–238.

Figure 2: Cores X, Y and Z sediment logs, highlighting
concurring MS bands
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Context
Over the last two centuries, atmospheric carbon dioxide (CO2) has increased due to anthropogenic emissions. The oceans
have taken up nearly half of anthropogenic emissions, thus reducing the potential greenhouse gas warming effect. This
has not left the oceans unchanged. Uptake of CO2 changes the marine carbonate system, resulting in changes in pH.
These changes in marine chemistry could have future implications for marine organisms, especially with the continual
increase in atmospheric CO2. A study along the North American West Coast found that fossil fuel emissions have resulted
in waters that are corrosive to calcifying organisms during certain conditions. The South African West Coast may face
similar changes in the near future. We must thus understand these changes and the threats that they pose to our natural
resources and services. In this study we assessed the current state of CO2 chemistry (the marine carbonate system) of the
southern Benguela upwelling system for an entire seasonal cycle. The drivers of the seasonality of the carbonate system
were investigated to gain a better understanding of the southern Benguela upwelling system.

Approach
Data was gathered by collecting water samples along an existing monitoring line, the St Helena Bay Monitoring Line,
which a research vessel visits once a month. Water samples were collected from different depths using a conductivity
temperature depth (CTD) probe, equipped with remotely triggered Niskin bottles. Oxygen was measured in conjunction
with salinity and temperature. Bottle water samples were analysed for dissolved inorganic carbon (DIC), total alkalinity
and the nutrients phosphate and nitrate. Knowing the concentrations of the latter two variables, DIC and total alkalinity,
allows us to determine the marine carbonate system, which includes the CO2 concentration and pH level.

So far…
Results showed that CO2 fluxes in the southern Benguela were spatially and seasonally variable, but a general trend
prevailed – outgassing of CO2 typically occurred in a near shore zone where water, naturally high in CO2, was brought
to the surface by upwelling. The same upwelled water was high in nutrients, causing phytoplankton to become very
productive, thus taking up CO2. The high productivity resulted in a reduction of CO2 as water advected offshore, resulting
in the southern Benguela being a weak carbon sink.

Figure 1: A cross section of the St Helena Bay Monitoring Line. The colour scale represents the partial
pressure of CO2 and the contours represent total alkalinity. Notice that when total alkalinity increases sharply,
CO2 is buffered
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The biogeochemical signal of upwelled water was not consistent throughout the year, particularly in autumn. During
autumn, upwelled waters had a high DIC signal, but pH and CO2 were buffered by high total alkalinity concentrations.
The mechanisms driving these irregularities were investigated by looking at the changes in nutrient and carbonate
chemistry ratios: nitrate, phosphate, DIC and total alkalinity. Different processes each have a stoichiometric signature. The
contribution of each process to CO2 concentration could thus be reconstructed by analysing the stoichiometric ratios. This
reconstruction revealed that anaerobic remineralisation processes were responsible for increasing total alkalinity and thus
maintaining a lower than expected CO2 concentration.

What we have learnt
Why did these conditions only occur in autumn? Autumn marks the end of the upwelling season when south‑easterly
winds start to weaken, allowing a well-defined thermocline to form – a lens of warm water creating a pseudo‑boundary
between the surface and the bottom waters. This slowed ventilation of the bottom waters. Aerobic remineralisation of
sinking phytoplankton led to depletion of the dissolved oxygen in the less ventilated bottom waters. When dissolved
oxygen concentrations were sufficiently depleted, anaerobic processes were favoured. Anaerobic processes were not
distributed evenly throughout the lower water column, but rather occurred locally in and above sediments.
The absence of the CO2 buffering mechanism would have resulted in near corrosive conditions. Aragonite, a form of
calcium carbonate used by shell forming organisms, dissolves when the saturation state is less than 1.0. In the southern
Benguela, we calculated that aragonite saturation would have been 0.6 units lower, from 1.7 to 1.1, if total alkalinity
buffering had not occurred. Aragonite and calcite saturation states nearing dissolution point may not have obvious
implications, but may have ecosystem effects by altering the energy spent by marine organisms on growth, reproduction
and calcification.
Given the nature of increasing atmospheric CO2, it is not a question of whether the southern Benguela will become a
periodic corrosive environment, but when. This study has shown that the natural buffering mechanism may delay this,
but as CO2 in the atmosphere increases, the source water for upwelling will be more corrosive. The effects of corrosive
waters on organisms have been shown to be species-dependent, with some species decreasing productivity and others
becoming more productive. These varied responses make it difficult to predict the future of the southern Benguela and
the industries it supports, but it highlights the complexity of the problems that global change brings.

Further reading
Feely, R.A., Sabine, C.L., Hernandez-Ayon, J.M., Ianson, D. and Hales, B. 2008. Evidence for upwelling of corrosive ‘acidified’ water onto the continental
shelf. Science. Vol. 320(5882), pp. 1490–2. doi:10.1126/science.1155676
Gregor, L. and Monteiro, P.M.S. 2013. Is the southern Benguela a significant regional sink of CO2? South African Journal of Science. Vol. 109(5/6), pp.
1–5. doi:10.1590/sajs.2013/20120094
Doney, S.C., Fabry, V.J., Feely, R.A. and Kleypas, J.A. 2009. Ocean Acidification: The Other CO2 Problem. Annual Review of Marine Science. Vol. 1(1), pp.
169–192. doi:10.1146/annurev.marine.010908.163834
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Context
Little is understood about the potential local response of air quality to changes in the larger-scale environment.
Under future climate forcing, there
may be significant changes in the
thermodynamic structure of the
atmosphere over Southern Africa and in
the circulation dynamics of the region.
For example, there is evidence that
more intense surface inversion layers
may occur over the central interior of
South Africa in response to the enhanced
greenhouse effect (e.g. Engelbrecht
et al., 2009). Such changes are likely
to influence the future transport and
chemistry of air pollutants over the
region.
In order to simulate the long-term
variations in air pollution concentration
that may occur in response to enhanced
anthropogenic forcing, all meteorological
changes need to be considered within
the modelling system, in addition to the
Figure 1: Comparison of surface ozone from the CCAM-CAMx and MM5-CAMx
systems and the Camden monitoring station, Mpumalanga
relevant dispersion and chemistry. The
capacity to force atmospheric chemistry
models with the output of regional
climate models exists within the CSIR Natural Resources and the Environment (NRE), in the form of the photochemical
air quality model, CAMx, forced by the MM5 regional climate model. This is useful for retrospective studies in air quality,
however, the aspect of future climate forcing on air pollution is not addressed. Through the use of the conformal cubic
atmospheric model (which is applied to obtain detailed projections of regional climate change), a new modelling capacity,
suitable for the simulation of photochemistry over Southern Africa under both current and future anthropogenic forcing,
has been developed.
The CAMx model was nested within the output of the regional climate model, CCAM, through a newly developed, in‑house
pre-processor (CCAM-CAMx). This new configuration may potentially be applied for photochemistry modelling at all
timescales, but the emphasis here is on the very long integrations suitable to describe photochemistry characteristics over
Southern Africa on the climate change timescale.

Approach
The new CCAM-CAMx configuration was tested by simulating a previously modelled (by MM5-CAMx) ozone episode, and
comparing the results, as well as through a comparison of both model simulations against measured surface ozone data.
This served to demonstrate the capability of incorporating CCAM data into CAMx, as well as investigating how well the
new system performs. Seven days (11–17 December 2006) of hourly CCAM output was used to force CAMx.
The CCAM-CAMx system’s performance over longer time integrations was demonstrated by simulating surface ozone for
the period 1989–2009. The modelling of surface ozone within a large timescale seeks to provide a spatially comprehensive
view of trends, while also creating a baseline for comparisons with future projections of air quality (through the forcing of
air quality models with modelled, predicted long-term meteorology). This illustrates the potential to obtain the sensitivity
of future changes in near-surface ozone concentrations over southern Africa. The focus is thus on ozone change rather
than absolute concentration values. For the present day trend study, the period 1989–2009 was chosen, since necessary
ancillary input for CAMx, such as total column ozone and background air quality data, is readily available for this period.
Additionally, for CCAM to provide CAMx with realistic meteorological fields, representative real world initial and boundary
conditions were required. This came in the form of the NCEP Re-analysis dataset, from which CCAM has been initialised
and forced with during its integration.
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The emissions inventory, which serves as a vital input for CAMx, was developed previously (CSIR, 2009) and covers the
entire CAMx model domain. Pollutant species contained in the inventory include SO2, NOx, CO, NMVOC, NH3 and PM. The
original intent for the emissions inventory was to understand the dynamics of ozone formation over the Highveld area,
particularly with respect to emissions from the power generation and synthetic petrochemical industries. More detailed
emphasis was put on the NOx and NMVOC species from those sources within the Highveld area. Since the main aim of the
larger research initiative is to understand the influence that future projected changes in climate will have on air quality, the
emissions inventory remains unchanged for all simulation years, thus leaving meteorology as the main variable.

So far…
Results show that the MM5-CAMx pairing under-predicts for many of the days, with CCAM-CAMx simulating more
reasonable results (e.g. 14th and 15th, Figure 1). The 15th is interesting, as the MM5-CAMx system predicts a pronounced
peak, while observed data is unavailable. CCAM-CAMx does not predict this peak. However in general, CCAM may be
appropriately used to force CAMx, illustrating the potential of the new system to simulate photochemistry and air quality
over southern Africa under conditions of current and future anthropogenic forcing.
Figure 2 shows the annual trend for surface ozone, a linear slope between annual averages, averaged for the entire
modelled period (1989–2009).
The highest average inter-annual change is 0.18 ppb/year seen over central South Africa and the interior of the Western
Cape. It should be noted that this is based on annual averages, and represents more accurately the long-term, large-scale
transport of ozone over the model domain. The mechanisms of these changes are still to be investigated and an analysis
of the changing meteorology will reveal much more (particularly over a longer timescale and with more complete interannual model output).

Next steps
The CCAM-CAMx system’s potential for accurate long timescale and fine spatial resolution simulation of air pollutants will
be used to characterise ozone dynamics within the South African Waterberg region in terms of the current and proposed
developments. Trans-boundary movement and source apportionment of air pollution may be analysed through the use
of the various CAMx technologies such as Ozone Source Apportionment Technology (OSAT). Additionally, the effect of a
changing climate on photochemistry in the region will be appraised.

Figure 2: Averaged inter-annual trend (ppb/year) as simulated by the
CCAM‑CAMx system for 1989–2009
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Always swimming upstream: A tribute to George Philander
Presented on 6 September 2012 at the Five Controversies in Climate Science Symposium
(Philanderfest) held in honour of his 70th Birthday at Princeton University, United States of America
Neville Sweijd1 and John Field2
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University of Cape Town

Someone once accurately described George Philander to me as “a man who always swims upstream” and I guess that
characteristic is something born out of his own incredible story of triumph over adversity. George is someone who is
always thinking the next thought. While most of us are pondering the moment, he is thinking about the bigger picture, the
meta-story, and seeking the sense that perspective in time and space provides. This leaves most of us uncomfortable and
catching up with him to some extent – usually because he has left the relatively trivial matter of actually implementing his
ideas to us! He often expects things which are practically or strategically impossible to do – mostly because they haven’t
been done before. As a consequence of this approach to life and its challenges, George sees things a little differently
and is thus continuously puzzled by why other people don’t get it or don’t do it. In the end, if you wait for the thinking to
accumulate, you will!
The expression of his thoughts usually comes out in isolated chapters, brightly illustrated with ‘asides’ and parables of one
form or another (many of which we have heard many times, if not repeatedly from George himself, then from his students
who also recount them to us). Each bit of his argument usually cuts to the bone somewhere, and as a result, someone
is offended. Because he is ahead of the intellectual curve, he is often misunderstood. Thus, George has accumulated
many smaller-minded detractors who misinterpret his foresight as arrogance, or his tenacity as intransigence. They, we
contend, are the ultimate losers. To get the big picture, you need to spend extended periods of time with him (i.e. years).
Slowly, the ‘inconvenient truth’ is revealed and you will discover that he was probably right all along and/or that you were
probably just unable to listen to what he was saying.
Among our dealings with George, we have been working on the conception and development of the ACCESS programme.
George was asked to come and be a Princeton professor in South Africa – to be a ‘local hero’ – which he resolutely
refused to do (“I can be a Princeton professor in Princeton,” he says), but he came anyway, and swam upstream. While it
is likely that George does not deem his endeavours here as entirely successful (yet he continues to engage robustly for
which we am very grateful), really, the opposite is true. George brought a vision, a coupled scientific and political vision,
which was wholly misunderstood and perceived as a maverick perspective (at best). George has been impatient and has
wanted to get the job done, by decree or declaration, but this requires working within an intransigent system, as opposed
to subverting it!
George’s vision for ACCESS is now slowly emerging, at a pace that is far too slow for George. Nevertheless, what George
has brought to us is quite revolutionary – it is the freedom to think on a larger scale and with more confidence than
we have ever allowed ourselves to do. George has set us on a path that breaks through intellectual and institutional
boundaries, that slaughters holy cows, provides recognition for all our achievements (scientific and political), capitalises
on the region’s amazing story (on all timescales) and provides for opportunities to effect redress for South Africa’s recent
past. George’s Habitable Planet Workshops, which are a highly successful element of the programme, have transformed
many young minds and inculcated a progressive and considered approach to science practice, culture and meaning,
mainly by getting people to believe in themselves and their right to ask questions about the questions (and indeed the
questioner, and to consider them in the context of the proponents’ life story and whence they hail and what else, other
than the proposed truth, is motivating their answer – see the BSgp function below).
At the University of Cape Town (UCT), George has also had a huge influence on postgraduates and staff in the
Oceanography Department and Marine Research Institute. He is a firm believer in the value of students teaching one
another, rather than listening to wisdom emanating from the mouths of professors. He instituted a new postgraduate
course on Earth System Science as part of the Applied Marine Science masters curriculum, and encouraged staff members
in Oceanography and Zoology to contribute to the course. His own lectures and seminars attracted a lot of participation,
and very soon he had requests from PhD students, postdoctoral fellows and staff members to sit in on his lectures.
A feature of the course was the weekend fieldtrips to observe the earth system in all its wonder, with trips up Table
Mountain, the West Coast Fossil Park, etc., where students not only learnt the first principles of the physical world, but
also marvelled at the diversity of plant species and their evolution in geological time, along with their adaptations to the
variable climate of ‘the fairest Cape in all the circumference of the earth’. Viewing climate change from this perspective,
we should appreciate what we have and be positive about our unique position in space and time, with all our potential to
better understand how humans evolved in Southern Africa because of the climate here 2–3 million years ago. He invited
disadvantaged school children to join the field trips and had the postgraduates interact with them, teaching them earth
system science, and at the same time learning about the sociology of our township communities, so that both parties had
something to offer and build their self-esteem.
The students who participated in these courses now have a completely different perspective on how their study areas
relate to the whole earth system and to global warming. He approaches the oceans from basic first principles and how
they move on a rotating earth, adding one layer of complexity at a time to the simplest model. This has had a profound
effect on how oceanography is taught at UCT. His take home message: “we need to take particular care of our planet
because there is so much still to be learnt about how it functions and how global warming might disrupt the very special
environment in which we are privileged to live”.
George has complained on several occasions that South Africa drives him crazy. He is not alone, but, his particular story
probably explains it best. Without recounting it fully here, it can be caricatured thus: He was not meant to study, he was
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not meant to succeed, and he was certainly not meant to be a Harvard PhD. His pain, anger and humiliation at the hands
of the apartheid system caused him (and his family) to divorce himself from his motherland. He returned as an exile,
having not been part of the tumultuous journey that we had been on in his absence, to find a country changed in form,
but not substantially in corpus. This has been an enormous frustration for George and he has seen how science, his field of
endeavour, has reflected that status. George, more than most, can understand the amazing potential of all individuals, the
need for building self-confidence and the opportunity to be freed from oppression in order to have a chance of success.
It is this that has driven him to push us beyond our comfort zones, to challenge us to see the reality of how our traditions
are themselves political and/or colonial in origin and how we need to “interrogate that which is closest to our hearts” (to
quote Professor Brian O’Connel of the University of the Western Cape). Thus, George has been critical and controversial
in his tenure at the University of Cape Town, and did not succeed in revolutionising and adapting the ‘system’ to address
these failures. He bemoans the fact that much of what we do here is primarily driven externally by recognition sought
on the international stage as opposed to celebrating the opportunity we have here to make a global contribution to
science while making good on the promise of a new South Africa. Instead, what George has achieved, is to seed a
progressive generation of people, students and colleagues alike, who do ‘get it’. This is a legacy that will indeed alleviate
his frustrations and leave science in South Africa in a far better place than it was before his return. This is much more a
significant contribution than any number of publications in science journals could make.
What is remarkable about George is that he is prepared to genuinely argue, to listen and to change his assessment when
appropriate. He argues a lot – sometimes even heatedly. He is always careful (“yes…, and no.”), but he is does not pull
his punches and he will continue tenaciously until he is otherwise convinced or you finally get it. Thus, I have learnt a
great deal from him (and most likely he would humbly concede that he has learnt a bit from us). George delights in the
appreciation of the minutiae of life, an eye and ear for the aesthetic and the delight of the bizarre and ironic that we
encounter here every day. George’s story is intuitively attractive as is his take on life and everything, and we will remain
eternally grateful to be able to count ourselves as his ‘students’.
The index of believability (BSgp), determined by the George Philander method, is given by:

The third factor in the function is a non-linear approximation where U is the university of origin or agency of
employment, ta = age of the proponent, s = reputation of proponent’s PhD supervisor. The second factor comprises
the product where N is a judgement factor determined by the amount spoken by the proponent in meetings, T
is calculated as tm/th which is the proportion of time spent in the proponent’s home lab relative to that spent in
international meetings and the relationship between P, which is the rate of publication in papers/year and J, the
quality of the journals, modulated by Ci, which is the number of international programme committees (e.g. IPCC) that
the proponent serves on (where is Ci > o). A is the actual scientific merit of the argument.

Uncertain times – A maturing approach to communicating inherent uncertainty to decision-makers
Anna Steynor, Bruce Hewitson and Chris Jack
Climate Systems Analysis Group
University Cape Town

The Climate System Analysis Group at the University of Cape Town is playing an active role in engaging with users of
climate information for decision-making. This engagement is crucial for developing the capacity and understanding
necessary to bridge the science-society divide. Success in this is central to making climate science defensibly applicable
in ‘real’ world activities. Despite many years of ‘climate services’ type activities founded on good intentions, the global
science community is only beginning to explore the nuances and very substantial challenges that are involved.
Like any other attempt at projecting the future, climate change projections have their uncertainties. Users call for clear,
concise, decision-relevant messages. This is an understandable need, however, clear and simple messages relevant to
the decision criteria of users are inherently at odds with the nuanced complexities in the climate information. Within the
climate science community the thrust therefore should be towards making these uncertainties explicit to the users. This is
necessary, yet, in itself, not always helpful. Having to deal with a range of plausible future climate projections is often an
obstacle that users are reluctant to confront.

What are the difficult questions in communicating climate science outputs?
A spectrum of critical issues thus arise, which remain poorly addressed in the climate services science community.
Who has the responsibility of translating the science for decisions? By what authority do they do so? Where does
accountability lie when implicit agendas promote one world view’s interests over another? How much knowledge should
a decision-maker have about the information being communicated? What is the ethical position of the scientist seeking
to promote their research in a competitive funding environment and where the end user’s uptake is a validation of the
scientist’s advancement? These are hard questions that largely remain unaddressed in burgeoning climate services
initiatives. At the very least, we should carefully consider how we begin such an engagement.
At a recent training event, one participant approached us at the first tea break to whisper, “I know you scientists have to
remain cautious in what you say to us, but I’ve been sent here to bring back the answer, so you can tell me the number
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we should be planning for?”. When we responded that actually no, we couldn’t give her an absolute answer she was
incredulous, and responded off-handedly that then no one was going to plan for climate change, because they just don’t
have the resources to deal with ‘uncertainty’.
We find this misconception that science has ‘the answer’ time and time again. We understand that there is difficulty in
accepting that decision-making in the face of climate change is based on one’s risk profile, and it is hard incorporating
uncertain information into decision-making. However, with a mindset change, we don’t believe that uncertainty in climate
projections is impossible to deal with. Humans make decisions in the face of uncertainty all the time, so why is climate
change any different? The big challenge is communicating why having the uncertainty described is a good thing!

Our approach
Our way of addressing this challenge when engaging with users of climate information is as follows. Typically, at
the beginning of an engagement, we won’t mention climate change at all. The words ‘climate’ and ‘change’ seem to
immediately elicit an emotive, preconceived response in many users. Instead we reverse the process, beginning not with
finding ‘the answer’ that the user is expecting, but instead with talking about concepts of vulnerability within the context
of a suite of climate and non-climate stressors. Purely by starting this way, the notion of climate vulnerability works its
way into the discussion. In this way, users who are overly worried about climate change can gain perspective of their
real vulnerability, while users who are inclined to be dismissive may gain a realisation that they are actually vulnerable to
climate change. It must be said, that for some people knowing their current vulnerability is enough information to act.
However, a large majority then want to know how their vulnerability may change in the face of climate change.
At this point we usually introduce an interactive decision-making exercise that provides the user with increasing amounts
of non-climatic information with which they are required to make a decision within a given decision-making scenario.
Invariably, as they are given more information, they begin to filter the information based on their vulnerabilities and the
decision in question. Some information is discarded as not important, other information is found to be valuable. This
exercise proves the value of providing a range of information as opposed to one definitive number – ‘the answer’. In
practice, we find that when we now introduce the concept of climate projection uncertainty there are many nodding
heads in the room agreeing that making such uncertainty transparent in climate projections is indeed a good thing.
This, by no means, solves the problem of a) how users then engage with using the projections in decision-making; b)
how best to represent that uncertainty graphically so that it is understandable; c) what the sources of uncertainty are,
and whether they are reducible; or d) how users would react to the exercise if they were given conflicting information
as the exercise progressed – which is often the case when making the uncertainties explicit in climate projections. But
it does at least start to address the first hurdle of the user’s refusal to consider using ranges of climate information
at all. It is becoming increasingly apparent that the cornerstone of effective and robust use of climate information in
decision‑making will be sustained and informed user engagement.

Learning from the learners
Importantly, such learning is also a two-way process in this knowledge network of engagement. The arrogance
of authority that can be implicit in a knowledge provider is ameliorated by engaging with the complexities of a
decision‑maker’s world. Continued and sustained involvement of the users in the development of the science will go a
long way to informing both the users on the constraints of the climate information and the providers on the real needs
of the users. This is a delicate and fine balancing act. Caution in information delivery is critical, yet communication that
emphasises uncertainty at the expense of what we do robustly, understand risks-engendering paralysis through user
apathy. Engagements should thus be finely managed and ongoing to ensure a productive relationship between the user
and providers, and is a clear case of experiential knowledge growth for all parties involved.
The take away lesson? Make haste slowly, be humble in one’s knowledge, and understand one’s responsibility.

ACCESS’ role in establishing the Cathedral Peak research catchments as a living laboratory
Michele Warburton1, Graham Jewitt1, Mark Horan1, Colin Everson1, Alistair Clulow1, Hartley Bulcock 1,
Sue van Rensburg2 and Tim O’Connor2
Centre for Water Resources Research (CWRR), University of KwaZulu-Natal
South African Environmental Observation Network (SAEON)
Email: WarburtonM@ukzn.ac.za
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Much uncertainty remains surrounding global change and its related impacts on hydrological responses, particularly in
hydrologically sensitive areas such as high altitude catchments. Given this uncertainty, it is imperative to improve our
understanding of water distribution and movement within these sensitive and crucial South African catchments and the
effect of changes in the drivers of the hydrological system. 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 the dynamics and feedbacks of
processes that are affected by change. In turn, this will lead to the improvement of current and new models for describing
these processes and predicting changes arising from global change. It will enable the development of resilient and
adaptive water management strategies to minimise the risks to and maximise the benefits from the potential impacts
of environmental change. The re-establishment of historical research catchments, such as the Cathedral Peak research
catchments, for which there is already a wealth of data, provide ideal opportunities for extending long-term records for
change detection and understanding based on historical records.
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Figure 1: Cathedral Peak research catchments, uKhahlamba Drakensberg, KwaZulu-Natal (Photo by Alex Briggs)

The Cathedral Peak research catchments were established in 1935 to determine
the influence of various management treatments on the vegetation and water
yield of the catchments (Everson et al., 1998). The monitoring of the catchments
was initiated in 1949, and continued to 1994. During that period various
components of the hydrological cycle, including streamflow, groundwater,
rainfall, temperature and evaporation, were measured. The research undertaken
on the Cathedral Peak catchments has been highly influential in water policy
development and in aiding our hydrological understanding of the impact
of vegetation on catchment water-balances. For example, the Nänni curves
(Nänni, 1970) and subsequent declaration of plantation forestry as a ‘streamflow
reduction activity’ (Gush et al., 2002; Jewitt et al., 2009) used research results
from the original data collected in the Cathedral Peak research catchments.
Nänni, in his paper written for Water Year 1970 entitled Trees Water and
Perspective, and which is based on findings from Cathedral Peak and other
South African research catchments, provides an analysis and suggestions for
‘catchment management’, many of which form the basis for integrated water
resource management (IWRM) approaches today.
Given the funding provided by ACCESS, the Centre for Water Resources
Research (CWRR) and South African Environmental Observation Network
(SAEON), working in collaboration with Ezemvelo KZN Wildlife, have begun
Figure 2: UKZN Hydrology Honours
to revitalise these historic research catchments as living laboratories for
students surveying a weir stilling pond
long-term monitoring. SAEON has (from January 2011) re-established the
streamflow monitoring infrastructure of four Cathedral Peak research catchments;
installed two base weather stations; and is planning the installation of an Eddy Covariance tower with funding from the
Department of Science and Technology, through the National Research Foundation, the Department of Environmental
Affairs’ Working for Water project and ACCESS. ACCESS also funds the University of KwaZulu-Natal (UKZN) Hydrology
Honours students, which has allowed for the Cathedral Peak research catchments to be used as the study area for these
students’ advanced hydrological modelling course in 2012 and 2013. The students have benefitted enormously from the
hands-on experiences gained (Figure 2), and many of the 2012 students have enrolled for their MSc degrees.
To complement the ACCESS funding, a research proposal titled Establishment of a More Robust Observation Network
to Improve Understanding of Global Change in the Sensitive and Critical Water Supply Area of the Drakensberg was
submitted to the Water Research Commission (WRC). The proposal was accepted, and the project started in April
2013. The aims of this WRC-funded project align with those of the Water theme under ACCESS, and include compiling
historical data, and updating the historical rainfall and streamflow record of the Cathedral Peak research catchments to
the present-day. The compilation of historical data will aid the development of a hydrological monitoring plan which is
compatible with the historic Cathedral Peak research catchments network, relevant to future climate change monitoring
and transferable to other catchments. In addition, the project aims to determine whether any changes in hydrological
response are already evident, and to understand the underlying causes of these changes.
A further aim of the study is to develop an improved understanding of the spatial distribution of rainfall across the
escarpment, thus allowing a better understanding of runoff generation. To achieve this, rainfall gauges will be installed at
suitable sites at varying altitudes in transects across the research catchments, and beyond the borders of the catchments.
This aspect of the study will be linked to research being undertaken in the Jonkershoek research area in the Western
Cape, where a high elevation weather station has been installed 1 214 metres above sea level on top of the mountain at the
head of the Jonkershoek Valley. The link between these projects will begin to answer questions related to the hydrological
inputs of cloud and mist precipitation to the water budget of a catchment.
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An African perspective on climate education and outreach
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Abstract
Stemming from a presentation given at the 2012 Philander Symposium entitled Why is Global Warming so Polarising? An
African Perspective, this article discusses the challenges and opportunities facing climate science within Africa, and South
Africa in particular. We motivate for why scientists in countries like South Africa can’t behave purely like those in richer
nations if they want to guarantee the success of their field. A scientific field wishing to prosper in South Africa has to
support itself by actively engaging in activities that will strengthen the base of the scientific pyramid (primary, secondary
and tertiary education), as well as attract Masters and PhD students representative of the population’s potential. Climate
science is at a particular advantage when it comes to addressing these challenges. Climate change, while being one of
many challenges faced by the African continent, is also an opportunity. The climate change debate, and its associated
climate education and outreach opportunities, can help to narrow the gap between scientists and laymen and build an
appreciation for the marvellous complexity of the natural phenomena that support life on our planet.

A land of sharp gradients
Southern Africa1 is a region of sharp gradients, contrasts and dichotomies – physically, biologically, socially and politically.
Flanked by the warm Indian and cool Atlantic oceans, the narrow coastal plains of southern Africa are separated by steep
escarpments from an anomalously high (>1 000 m) inland plateau – one of the largest topographic anomalies in the world
(Nyblade and Robinson, 1994). Sharp gradients also exist within the social and economic landscape of Southern Africa.
Characterised by contrasts, this landscape presents glaring challenges across all aspects of life. The approach to educating
South Africans about environmental sciences and climate changes is but one of these challenges. However, as elaborated
on below, there are also several somewhat less obvious and unique opportunities that climate education and outreach in
Africa in general present.

The challenges facing Climate Science in South Africa
It is hard for any South African citizen to ignore the fact that their country’s number one priority is the alleviation of
poverty. A fundamental precept of the South African post-apartheid government’s Reconstruction and Development
Programme was that “No political democracy can survive or flourish if the mass of our people remain in poverty,
without land, and without tangible prospects for a better life. Attacking poverty and deprivation must therefore be
the first priority of a democratic government.” Two decades later, the South African National Planning Commission
(NPC) recognises that while progress has been made, high levels of poverty and inequality persist. Social and political
consequences are exacerbated by increasing inequality between classes (which in South Africa is largely reflected by
race). A consequence of South Africa’s mixed economy (or parallel economies) is that the country’s ‘developed world
sector’ is accessible only to a minority of the population, while the majority live in a developing world scenario, with all
of its associated ills and challenges. The job facing the country and the NPC is to bridge this gap and ensure that the
parallel worlds become one national society. The key to this is an economy that sustains growth (and provision of material
resources to the have-nots), without sacrificing the potential of its sophisticated and modern infrastructure (technical and
systemic). Thus, the NPC plans to reduce South Africa’s Gini co-efficient (among the highest in the world) by attacking
the constraints of the poverty trap. This cannot be done without facing up to the failure of basic education, particularly
among previously disadvantaged learners.
These factors present two intertwined challenges for Climate Science within South Africa, namely:
1. Climate research and education in the South African developing world context; and
2. The representative reformation of climate science within South Africa.
The first point begs the question: In a country with high levels of illiteracy and where primary, secondary and tertiary
education as a whole are substandard, should we be investing in centres of excellence devoted to research in certain
scientific fields?
To justify why South Africa should in fact invest in specialised research activities such as Climate Science, we have to
appreciate that science is like a pyramid. At the top of the scientific pyramid are the most talented research scientists,
emanating from a broad group of PhD scientists. At the bottom of the pyramid is a large pool of primary school students.
As we climb the pyramid and pass through successive levels of education, numbers decline. When viewing scientific
activities from this perspective, it is clear that for any scientific field wishing to flourish against the backdrop of poverty, it
is just as important to develop the base of the pyramid as it is to strengthen the top. The top will benefit from a base that
is strong, and the base will benefit from a ‘trickle-down’ effect if top scientists mentor and inspire the youth.
Developing countries possess an advantage in that there is still plenty of room for improvement, especially with regards
to science literacy in primary, secondary and tertiary education. South Africa has huge human potential. A large portion
of the population remains mostly uneducated – a veritable wealth of talented researchers that could sit at the top of
the pyramid if only their abilities were realised and nurtured. The implication is that scientists in countries like South

1

This ‘African perspective’ is somewhat constrained to southern Africa and South Africa in particular; however some of the observations
may hold across Africa and other developing countries.
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Africa can’t behave like those in richer nations if they want to guarantee the continued success of their field. To ensure
an adequate influx of gifted PhD students, top scientists need to get involved in activities that help to strengthen the
foundation stones of their pyramid.
The second challenge refers specifically to getting more previously disadvantaged students to pursue scientific careers, and
then retain them in the field. Prior to 1994, when apartheid ended, South African research institutions drew their scientists
predominantly from the white demographic, which constitutes only about 10% of the South African population. The fall
of apartheid presented the promise of unlocking huge human potential latent in the remaining 90% of the population.
However, attracting previously disadvantaged students to science and then retaining them within scientific fields of study
has proven challenging. For any scientific field in South Africa to strengthen its pyramid, this is, however, essential.
A scientific field wishing to prosper in South Africa therefore has to help strengthen the base of the scientific pyramid, as
well as support itself by ensuring that it attracts Masters and PhD students representative of the population’s potential. As
elaborated on below, Climate Science is at a particular advantage when it comes to addressing these two challenges.

ACCESS
The South African Government has highlighted a persistent shortage of technically trained people and the need to
encourage more students to enrol in scientific degrees and PhD programmes where they will acquire valuable skills
(Academy of Science of South Africa, 2010). How can government assist in attracting more students to science (Climate
or Earth Systems Science in particular)? In addition to the necessary engagement with appropriate ministries and
government agencies concerned in the relevant research and education efforts and outcomes, and achieving a workable
division of labour and a decisive roadmap to a clearly stated destination, it is also possible to capitalise on successes of
the established science paradigm to achieve quick wins, without necessarily upholding business as usual (and hoping
for the best outcome). One suggestion is that government must capitalise on South Africa’s research assets – areas of
research in Earth Systems Science in which South Africa has an advantage and can excel internationally – thereby creating
international acclaim for local science (conducted here) and creating an organised international draw card. Such research
centres will act to inspire and capture the imagination of young individuals.
One example is the Southern African Large Telescope Project (www.salt.ac.za), which takes advantage of largely cloudless
skies in South Africa’s arid Karoo region. A second research area in which southern Africa is particularly skilful is that of
Climate Science.
To take advantage of this unique opportunity, the Applied Centre for Climate and Earth System Science
(ACCESS www.access.co.za) was established under the banner of the Department of Science and Technology’s Global
Change Grand Challenge. This umbrella organisation (a consortium of several agencies, research councils, research
programmes, universities and research groups) aims to capitalise on southern Africa’s remarkable climatic diversity,
both on land and in the surrounding oceans. “It is a platform for integrated and end-to-end research and education,
services and training outputs and outcomes related to the opportunities and challenges emanating from a varying and
changing environment, collectively referred to as Earth Systems Science … education and training institutions which have
committed themselves to delivering a new scale of intervention in Earth System’s Science which will do justice to the
globally unique opportunity that the Southern African Earth System provides us with” (www.access.co.za).
ACCESS has two portfolios, which are tightly coupled to ensure that they feed off each other. The first focuses on
fundamental and applied Earth System Science research within Southern Africa, and the other focuses on education and
training. The goal of the latter is to ensure that the education and training programme addresses all levels of the pyramid
that is Climate Science in South Africa. The research programme seeks to specifically strengthen and support the top of
the pyramid.
To respond to the challenges raised in the previous section, ACCESS is actively trying to achieve its climate education
and outreach goals by running a series of workshops. These Habitable Planet Workshops take place during recess at
universities around South Africa and neighbouring countries. The primary aim is to strengthen the scientific pyramid at
the Masters and PhD research levels by introducing third- and fourth-year university students from a diverse range of
backgrounds (from mathematics to sociology) to the concept of Earth System Science. The hope is that some may then
pursue Masters and PhD degrees in climate science. Careful thought has gone into the design of these workshops, as
elaborated on below. Indeed, these workshops are proving to be effective in attracting previously disadvantaged students
to science, and the detail in which the habitability of our planet is explored can easily be scaled. Going forward, ACCESS
aims to adapt the Habitable Planet approach to range from primary school to Masters level.

The Habitable Planet approach
“A special place at a special time” is the overarching theme. Starting on day one with a bare rock, the distance of earth
from the sun, we ask the question “why is earth habitable”? This question is addressed using a unique combination of
lectures, computer exercises, contemporary documentaries, role-playing games, peer discussion and appropriate field
excursions. Daily themes add layers of complexity to illustrate just how each element of the earth’s system contributes
to its habitability. On day two, the core lectures highlight how two important fluid layers, the atmosphere and the ocean,
contribute to creating hospitable conditions. For example, how the atmosphere shields us from harmful ultraviolet rays
and how oceanic and atmospheric circulation redistribute heat from the equator to the poles. The teaching method is
based on the notion that the youth learn best from the youth, and most of the core lectures are given by young Masters
and PhD students (an exercise in teaching that they benefit from).
Guest lectures by accomplished research scientists and fieldtrips complement the core lecture content. As the workshop
progresses, life is added to the purely physical model as the core lectures move on to photosynthesis, biogeochemical
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cycles and evolution. Southern Africa’s amazing diversity provides the ideal natural laboratory and the fieldtrips in
particular are designed to showcase southern Africa’s natural beauty. The fieldtrips seek to develop a sense of pride
in South Africa’s natural landscape by instilling a sense of awe and appreciation for the intricacies of our natural
environment. While the core lectures are designed to be consistent across all versions of the Habitable Planet Workshop,
the guest speakers and fieldtrips are unique to each and serve to showcase the scientific assets of the host institution and
surrounding region.
In a recent speech given at the 2012 Sackler Colloquium5 entitled The Science of Science Communication, psychologist,
and author of Thinking, Fast and Slow, Daniel Kanhaman, illustrated that the human mind has two different ways of
knowing. He did this by asking the audience to think of the answer to two questions: 1) What is 2x2? 2) What is 17x24.
For most people the answer to the first question, 4, instantly pops into their heads. This is an example of thinking fast, our
completely automatic associative knowledge system at work. However, when it comes to answering the second question,
we have to deliberately engage and exert mental effort – an example of thinking slow. Methodical and rational scientists
are trained to engage their slow thinking mind. A point that Kanhaman makes, however, is that scientific messages need
to be communicated in such a way that they appeal to both one’s fast, associative knowledge system and slow, rational
knowledge system. Similarly, the Habitable Planet Workshop approach aims to appeal to both the associative and rational
part of students’ minds, building a sense of enthusiasm for and trust in science and scientific conclusions.
One of the primary goals of the workshops is to allow the students to be inspired by science. The workshop is considered
a success if it managed to instil a sense of wonder in the students, heightening their curiosity about natural phenomena.
By the end of the workshop, humans have entered the stage and have begun to geo-engineer the planet. Having gained
an appreciation for the amazing complexity of the planet we call home, the discussion moves away from hard science
towards economics, politics and ethics as the students are presented with the multifaceted nature of the climate change
debate. Needless to say, this discussion always turns into a lively debate. A climate change message of future doom and
gloom and evoking a sense of guilt might be effective in mobilising students from more privileged background, but this
message is an unfair one to give to the underprivileged who need to believe that their future will be a brighter one. The
workshop therefore aims to attract students to science by fostering love and appreciation for the natural phenomena that
make our planet habitable, rather than guilt for a problem they did not create.

The climate change discussion
The climate change discussion occurs against a different backdrop in poor versus rich countries. Within South Africa’s
heterogeneous socio-economic landscape, one is exposed to both extremes. A small portion of South Africa’s population,
like citizens in rich countries, are content with the present and have the luxury of being able to worry about their future
and their children’s future. However, this is not the case for the vast majority of South Africans still trapped in poverty, and
they are mainly concerned with supporting their existence in the here and now.
South African politicians are faced with tricky decisions, for example: burn coal which can be relatively inexpensively
mined from South African reserves to aid economic growth, or build an iron ore smelter that will create jobs for poverty
stricken South Africans at the expense of the environment, versus the pursuit of cleaner, more expensive in the shortterm, but more sustainable in the long-term options. The choices made depend on the relative weight given to our
responsibilities towards future generations versus those suffering today. This is where the global warming debate leaves
the scientific realm and enters the ethical realm. It is important to appreciate that the climate change discussion presents
us with both scientific and ethical questions.
When it comes to the scientific questions, we are able to slowly gain scientific consensus through research, healthy
scientific debate and scepticism (debate and scepticism help to preserve the objectivity of science). But how can we,
in particular the scientists, address the ethical dilemmas? A solution lies in the educational opportunity that the global
warming debate presents. We should capitalise on the attention that global warming receives to promote Earth Science
education (Philander, 2009). When it comes to the scientific questions surrounding global warming, climate scientists
should aim to be true to the scientific process and ensure objectivity by making every effort to divorce their personal
values from their scientific conclusions. Climate scientists can, however, help to address the ethical issues associated with
the climate change debate by getting involved in efforts to narrow the gap between scientists and laymen.
In his speech, Kanhaman suggests that we need people of stature in the community – people that laymen trust, for
example religious leaders, to get behind the message of global warming in order to convince them of the science. Science
education programmes, such as the Habitable Planet Workshops, represent a novel and exciting way in which scientists
can build trust and appeal to the layman. By involving themselves in science education, through endeavours designed to
build an appreciation for the marvellous complexity of the natural phenomena that support life on our planet, scientists
can foster trust.
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