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1. Introduction 
 
Climate change is an area receiving increased attention with general consensus that in South 
African sugar producing areas, temperatures are expected to rise by 2-3 degrees over the next 50 
years, with rainfall generally decreasing and becoming more variable. It is thus critical that the 
sugar industry assesses the implications of climate change on its activities. A SASTA workshop 
was convened to discuss climate change and the implications for the South African sugar industry. 
Five specialists in the area of climate change were invited to share their views in a morning plenary 
session. In the afternoon, small working groups developed a better understanding of how significant 
the impact of climate change would be on the sugar industry, mitigation and adaptive strategies that 
needed to be considered and research initiatives that are required. This paper summarizes some of 
the significant findings and recommendations from the workshop.  
 
 
2. Presentations 
 
Dr Hannes Rautenbach, the head of the Meteorology Group at the University of Pretoria began the 
morning session by examining existing and probable future climate systems and conditions in 
Southern Africa. Looking at predictions using Global Circulation Models, Dr Rautenbach indicated 
how predicted changes in mean sea level pressure would result in shifts in cloud bands, with 
resulting decrease in rainfall and increase in both maximum and minimum temperatures over the 
eastern parts of the country. Dr Rautenbach pointed out that measurements of warmer conditions 
were closely linked to human factors and higher concentrations of greenhouse gases. The response 
of the global atmospheric system to increased emissions is however difficult to model.  
 
Prof Bruce Hewitson, an Associate Professor in the department of Environmental and Geographical 
Science at the University of Cape Town presented the second paper. This paper investigated the 
usefulness of climatic projections that arise out of both global and regional models, and cautioned 
against the use of any one model to provide an adequate scenario. The uncertainty in climate 
forecasts is due both to models, which are inadequate in representing global processes, the 
interactions that occur at local level with the land and also the uncertainty in what future 
greenhouse gas emissions would look like and the mitigation measures that would be put in place. 
Nevertheless use of a range of GCM’s shows general agreement with a tendency towards drying 
and warming in the sugarcane producing regions.  
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Prof Roland Schulze from the School of Bioresources Engineering and Environmental Hydrology at 
the University of Natal in Pietermaritzburg, examined the agricultural impacts of anticipated 
climate change in South Africa, and concluded by evaluating possible pros and cons of potential 
climate change on sugarcane production, at three different levels: First order changes such as 
temperature; second order changes associated with heat units and frost occurrence / duration; and 
third order impacts on yields and pest breeding cycles.  
 
Dr Rasack Nayamuth from the MSIRI described the approach adopted by the Mauritius sugarcane 
industry. His analysis of long-term data for Mauritius provided valuable insights into climatic 
trends in the region and served as a starting point for evaluating likely impacts on their industry. 
Application of four Global Circulation Models under a doubling of atmospheric CO2 for Mauritius 
indicated increases in mean annual temperature of between 2.10C and 3.60C with annual rainfall 
declining between 13 and 2 %. Using the APSIM crop production model Dr Nayamuth predicted 
significant declines in sucrose yield, which would need to be countered with irrigation, drought 
resistant varieties and changes to crop cycles. It was noted that these model predictions did not 
account for the possible benefits to crop production of increased CO2 fertilization. It was predicted 
that more dry matter would partition into trash and more fiber will accumulate at the expense of 
sucrose. Climate change could also lead to more profuse flowering while certain insect pests could 
colonize new areas.  
 
Dr Bob Scholes presented the final paper from the CSIR. His view was that reduced sugarcane 
yields, owing to increased temperature and reduced rainfall, would be compensated largely by the 
rise in atmospheric CO2, which is essential for plant growth. He pointed out that there is a silver 
lining, with opportunities to use sugarcane, one of the world’s most productive crops, as a ‘biofuel’ 
with zero net atmospheric impact. This can take one or more of several routes: the enhanced use of 
sugar by-products (e.g. bagasse and trash) as a fossil fuel substitute in efficient combined-cycle 
electricity generation; or the production of ethanol from sugar itself. Under scenarios of rising oil 
prices, stricter environmental controls and an emerging hydrogen economy, sugar-for-energy would 
become increasingly viable. In the immediate term, the sugar industry should look to reduce its 
climate impact by addressing the issue of cane burning. While combustion of cane or its residues 
has no net effect on the carbon balance of the atmosphere, it does increase the load of methane, and 
a series of ozone precursor gases (tropospheric ozone is a powerful greenhouse gas).  
  
 
3. Workshop Session 
 
In the afternoon a closed session built on the information gathered in morning presentations, to 
evaluate possible impacts that climate change would have on the sugar industry. Thirty invited 
delegates representing both millers and growers broke into two groups to evaluate the impact of 
climate change on the sugar industry and consider adaptive strategies that could be adopted and as 
well as to assess research requirements. Each of the likely impacts was given a priority rating in 
terms of the importance of and urgency for research.  
 
A list of possible impact areas of climate change on the sugar industry is given below, and each will 
be reported on sequentially.  
 
3.1 Will climate change result in a change in yield and sugarcane quality with a shift in production 

areas? 
3.2 Will climate change require a change in agronomic practices (e.g. crop cycles, trash 

management)? 
3.3 Will climate change impact on water security and availability for irrigation and mill operation? 



 3

3.4 Will climate change require new varieties? 
3.5 Will climate change impact our vulnerability to pests and diseases?  
3.6 Will climate change provide an opportunity to capitalize on carbon credits? 
3.7 Will climate change provide an opportunity for better use of the cane plant at the mill through 

cogeneration or using cane as biofuel? 
3.8 Will climate change impact significantly on small- scale grower viability and affect industry 

support requirements? 
3.9 Will climate change impact our sugar quality and markets?  
 
 
4.  Comments and summary for each impact area 
 
4.1 Will climate change result in a change in yield and sugarcane quality with a shift in production 

areas? (Impact 3.1 above) 
 
Moderate urgency and importance 
 
4.1.1  Impacts and adaptive strategies 
 
The paper by Nayamuth predicted significant changes in yield and sugarcane quality for Mauritius 
as a result of climate change. The modeling approach however neglected the increased productivity 
owing to elevated CO2 levels in the atmosphere. It is likely that sugarcane areas in the cooler south 
and midlands would have an advantage under climate change owing to elevated temperatures and 
increased yields. Higher rainfall areas or areas with access to irrigation water would best be able to 
cope with predicted lower and more variable rainfall.  
 
Sugarcane must however be seen as a crop amongst other competing crops. The economic 
advantage of each crop will tend to overshadow the climate drivers. It will be an economic decision 
that forces a shift from a particular crop like sugarcane in a certain region and not one of climate 
change.  
 
A shift in geographical production will impact on mill cane supply with longer haulage routes and 
increased cane diversion. Relocation of mills is unlikely owing to capital investment requirements.  
 
4.1.2 Research 
 
The impact of changing temperature regimes on crop production, and more specifically sucrose 
accumulation, and the crops physiological response to new temperature thresholds, needs further 
research. Improved models, which can capture the crop physiological processes, will be useful to 
simulate crop response to anticipated changes in climate. Such models can also be used to assess 
historical recorded changes in sugarcane quality using recorded climate trends. Physically based 
models need to be developed where one is able to divorce climate as a driver from management as a 
driver to differentiate the role of management and climate in sugarcane production and look 
historically as well as into the future on climate linked production trends. There is also a need to 
obtain from climatologists improvements in the general circulation models, and particularly in the 
regional climate forecasts.  
 
Using such models one would be able to assess proposed adaptive strategies, which are largely 
agronomic and are discussed in the next question below. An important application of such models 
will be regional assessments of production trends in response to climate change.  
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4.2 Will climate change require a change in agronomic practices (e.g. crop cycles, trash 
management)? (Impact 3.2) 

 
Intermediate importance and urgency 
 
4.2.1 Impacts and adaptive strategies 
 
The general consensus was that climate change would require a change in agronomic practices. 
Many of the proposed changes are in any event best agronomic practice under current climate 
conditions. Thus the industry should adopt a ‘no regret’ policy by doing the right things now, so 
that there will be no regrets if the climate does change. This is in a sense applying the precautionary 
principle.  
 
The main adaptive strategies would be in terms of land use management practices that would 
alleviate the impacts of climate change. These could include revised field layouts, with appropriate 
conservation structures, able to cope with higher intensities of rainfall that are likely to be part of 
the greater variability in rainfall patterns. There is a need to improve the moisture holding 
characteristics of the soil, though minimum tillage, trashing and mulching with organic manures to 
reduce soil moisture stress during dry periods.  
 
Changes to crop cycles to capture optimal growth stages of the crop, under the new climate 
regimes, and changes in pest and disease cycles brought about by higher temperature thresholds 
would also be required. Revised fertilizer strategies accounting for changing crop production 
potential and soil mineralisation processes, would be needed. Weed management strategies would 
need to be adapted to account for more rapid weed promulgation likely under more favorable 
climate conditions.  
 
4.2.2 Research 
 
These above aspects would need to be modeled individually and jointly to see where they have an 
effect, if they have an effect and what that effect would be. Ultimately integrated solutions are 
likely to be the most successful and would require an integrated modeling research approach. The 
role of trash management has been promoted in the sugar industry for some time but adoption is 
still slow with 90% of the industry burning before harvest.  
 
In cooler areas where ratooning is a problem under a trash blanket, the need to burn is understood, 
although increased temperature through climate change may alter this trend. The increased cost of 
hand harvesting green cane is also a real one. Nevertheless an integrated view and economic 
assessment of the benefits of trashing (moisture retention, organic matter build up, shorter harvest 
to crush delay, erosion control, weed control etc) need to be balanced against the costs (harvesting, 
cane quality, pests etc) and assessed not only on terms of today’s weather but that of the future.  
 
4.3 Will climate change impact on water security and availability for irrigation and mill 

operation? (Impact 3.3) 
 
High importance and urgency 
 
4.3.1 Impacts and adaptive strategies 
 
This is an important area since sugarcane production is very much dependent upon water transpired, 
be it water supplied by rainfall or irrigation. Rainfall is expected to decline under climate change 
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(while temperatures, CO2 levels and hence potential evapotranspiration rates increase). Irrigation 
water will become increasingly scarce since a 10% drop in rainfall often translates into a 3 or 4 fold 
drop in streamflow and water resources available for irrigation. Prime areas for sugarcane 
production are thus likely to be those with reliable access to irrigation water and higher rainfall 
regimes. The need to maximize rainfall effectiveness, through for example trash blankets and 
maximum canopy cover during the wet season, will increase.  
 
Climate change could also result in a decrease in water quality both in high flow and low flow 
periods. Climate change is likely to bring higher rainfall variability with heavy rains bringing down 
excessive amounts of sediment and surface nutrient enriched wash-off. During low flow periods 
there are likely to be increased proportions of irrigation seepage and effluent flows in our rivers, 
and less dilution by natural streamflow. This will have an environmental impact on rivers and an 
impact on the water available for irrigation.  
 
The impact of climate change on water resources could thus be acute. An adaptive strategy will be 
to increase water storage, both storage in the root zone using the practices mentioned earlier 
(trashing, mulching and minimum tillage) and storage in dams for irrigation purposes. There tends 
to be an anti-dam mindset, which ignores the socio-economic benefits storage dams constructed 
using environmentally sound principles.  
 
Climate change will increase the importance of marginal areas where small changes can affect 
economic viability. As an adaptive strategy there needs to be more care when looking at marginal 
production areas, which will be most vulnerable in the future in terms of soil quality and water 
availability. Consideration needs to be given as to whether these areas will improve or get worse 
with climate change and whether they should be withdrawn from cultivation. New land expansion 
should take cognizance of future productivity under a less favourable climate regime. 
 
The whole approach to irrigation management will require far greater attention, which will be in 
line with the requirements of the current Water Act. Irrigation scheduling to maximize water use 
efficiency and stretch water supplies will be critical. System selection with an emphasis on 
application efficiency and uniformity will become of prime importance.  
 
4.3.2 Research  
 
Currently models are probably adequate to assess the impacts of most of the above strategies on the 
crop and the water resource, under conditions of climate change. Model development to better 
represent agro-hydrological processes is thus not as important as model development to account for, 
for example, the impact of climate change on pest and disease populations and sucrose 
accumulation. More critical from a research perspective is model application across all climate 
regimes of the industry, using appropriate GCM forecasts of climate change, to assess trends and 
determine appropriate management strategies.  
 
4.4 Will climate change require new varieties? (Impact 3.4) 
 
Important but not urgent 
 
4.4.1 Impacts and adaptive strategies 
 
It is critical that new varieties are bred for likely future climate conditions. However this is not an 
urgent action, since the plant-breeding program is already accommodating change since varieties 
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are selected in different regions with different climate regimes and on an ongoing basis accounting 
for the present rate of climate change.  
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Climate change is likely to result in changes in optimum crop cycles, changes in pest and disease 
threats, changes in cane quality patterns through the season, all of which will require an evolution 
of new varieties suited to the conditions. 
 
4.4.2 Research 
 
Plant breeders need to look more at causative reasoning. At the moment there is a tendency to 
looking at climate change by implication in our breeding programs, because variety selection is 
taking place in different regions. There needs to be a more explicit assessment of climate change 
and varieties to try to explain why certain varieties should perform better under certain conditions. 
If one can explain why one can extrapolate it to a new climate - to a new region - more easily. 
Models should thus be improved to mimic the crop physiological processes of, for example, 
partitioning and flowering under changing climate conditions.  
 
4.5 Will climate change impact our vulnerability to pests and diseases? (Impact 3.5) 
 
High importance and urgency 
 
4.5.1 Impacts and adaptive strategies 
 
It is possible that climate change could have a huge impact on pest and disease outbreaks. The 
industry is very vulnerable to pests and diseases, especially the eldana borer and smut, which both 
have temperature and stress as primary factors in their development and life cycles. 
 
Many industry strategies to counter pests and diseases are already in place. Changes to climate 
regime could however help pests to thrive under less effective biological control as the ecological 
balance is disrupted. Disease and pest outbreaks could shift to new areas where economic impacts 
could become more severe. Existing strategies will need to be refined as conditions change.  
 
4.5.2 Research 
 
Research needs are to identify regions in the industry which are at greatest risk, using daily 
temperature driven models, accounting for not only the impact of changes to “average” temperature 
but also changes to temperature thresholds. A greater understanding of the drivers of pest and 
disease cycles is required in order to answer such questions as “how many consecutive days out of 
30 would this combination of temperature and moisture thresholds need to be in place for a 
significant outbreak to be expected?” 
 
It is clear that climate change is going to affect a whole lot of issues which are interlinked, this 
requires better understanding of the production system as a whole and the impact climate change 
will have on pests and diseases, partitioning sucrose and fibre, soil-plant-water balances and 
nutrition. A good understanding of the system, through models, is a priority for research. 
 
4.6 Will climate change provide an opportunity to capitalize on carbon credits? (Impact 3.6) 
 
High urgency and moderate to low importance 
 
4.6.1 Impacts and adaptive strategies 
 
There is much opportunity for the sugar industry to capitalize on carbon credits, but this should be 
regarded as a bonus to the industry rather than the core business of the industry. The industry 
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should be looking at strategies of better land management, energy efficiency and cogeneration. 
Most importantly, the industry must act in a cohesive fashion in relation to other stakeholders such 
as the government, international negotiators, and the carbon traders.  
 
4.6.2 Research 
 
Research that is needed is fairly technical in most cases. There is a need to document changes in the 
other trace gases with changes in practices, for example burning vs green cane harvesting. While 
burning cane may be CO2 neutral there are a host of other emissions such as methane, which are 
damaging to the environment and affect climate change. Trading of carbon savings can only take 
place where the climate benefits and sustainable development goals are met. Thus land management 
practices will have to be shown to have limited environmental and social impacts. Thus research 
would need to look at developing a full greenhouse gas account to prove that nitrous oxide or the 
methane emissions offset the positive carbon balance.  
 
Research will also need to show what the co-benefits of sugarcane production are. If there are 
negative co-benefits, it will not be possible to satisfy the requirements of sustainability. Existing 
soil databases should be investigated to document changes in soil carbon in the past, to establish a 
baseline. The impact of changes in field practices on this baseline can then be determined.  
 
4.7 Will climate change provide an opportunity for better use of the cane plant at the mill 

through cogeneration or using cane as biofuel? (Impact 3.7) 
 
Moderate urgency High Importance 
 
4.7.1 Impacts and adaptive strategies 
 
There are a range of opportunities offered in this area, not necessarily only due to climate change, 
but also to the deregulation of the power industry in South Africa, which is imminent, and the 
emergence of green energy markets. Irrespective of whether there is climate change or not, the 
opportunities are there for a more profitable and diversified industry with the additional incentive of 
substantial carbon credits. While this is an area of high importance there can be no urgency since 
the responsibility lies with government to initiate a process, which would recognize carbon credit 
trading in South Africa. There is need for a cohesive approach to promote the concept to 
government including cogeneration, carbon sequestration in the soil and ethanol production from 
cane. It would be advisable to lobby government together with other interested industries rather 
than do it in a fragmented way. 
 
4.7.2 Research 
 
The challenge is for the sugar industry to change focus on sugarcane as an energy crop rather than a 
sweetener crop. This may change the sugarcane variety selection criteria away from maximum 
sucrose production. There is an important need for the sugar industry to document the greenness of 
its products taking account of the potential of the crop for renewable energy generation, benefits in 
terms of the CO2 balance and the many other social and environmental factors. These issues need to 
be clearly documented. Further research is also required on the details of cogeneration, including 
optimal configurations and processes.  
 
4.8 Will climate change impact significantly on small-scale grower viability and affect industry 

support requirements? (Impact 3.8) 
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Moderate urgency and importance 
 
4.8.1 Impacts and adaptive strategies 
 
It was agreed that with climate change there would be an increase in the risk profile to a group that 
is already in many cases close to the threshold in terms of viability. It is likely that the small-scale 
grower sector will be the first to feel the pinch under changing climate regimes.  
 
4.8.2 Research 
 
Many of the research requirements are not specific to the small-scale grower sector. There is need 
for a strategy to optimize varieties, not only for maximum production but also for robustness under 
variable circumstances. There is need for sufficient extension support and risk-spreading strategies 
for this high-risk group. Research should concentrate on quantifying risk for developing growers 
with research and extension products specifically developed for this group. Consideration needs to 
be given to regions where it might be possible for small-scale growers to grow sugarcane in the 
future, and particular problems associated with these areas. This should be given a high priority, 
largely because there is a negative perception to not being seen to take actions in areas enhancing 
previously disadvantaged communities. The sugar industry is not financially dependent on small 
growers, but the industries political and social sustainability is critically hinged on its ability to 
demonstrate that it is taking this issue seriously. 
 
4.9 Will climate change impact our sugar quality and markets? (Impact 3.9) 
 
Moderate urgency and importance 
 
4.9.1 Impacts and adaptive strategies 
 
In considering whether climate change will affect our sugar quality and markets, the key issue is 
what the effects of climate change will be on our competitors, because it’s what’s available in the 
marketplace in terms of both quality and quantity that controls what we are able to sell. The SA 
sugar industry is already in the situation where the sugar quality is quite variable given diverse 
climate, management and environmental factors across the industry. The issue of variability in 
sugar quality is thus already being managed and climate change will impose an incremental shift in 
a baseline, which is already quite variable.  
 
4.9.2 Research 
 
One of the key research requirements will be to understanding and forecasting the long-term effect 
on competitors and the short-term ability to forecast what competitors are putting into the market in 
terms of quantity and quality. GCM models have been used to assess winners and losers across the 
world and it would be sensible to review the results of this research in the context of sugarcane 
production. 
 
There is a need to better integrate the climate change (long-term) and climate variability (seasonal) 
research scales. A lot of emphasis is being placed on integrating climate variability predictions with 
management and decision models. Short-term climate variability is in a sense a compressed 
microcosm of what the future is likely to be. Emerging economies (like South Africa) need to pay 
more attention to the immediate problems of climate variability. This does however allow the tools 
and models to be developed for assessing the impacts of climate change.  
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CLIMATE CHANGE –  
IMPLICATIONS FOR THE SA SUGAR INDUSTRY 

 
 
 

PROGRAMME 
 

08h30–09h30  Registration 

 

09h30-13h00 Chairman: Abraham Singels 

 Welcome – Erik Schmidt 
 

09h30-10h00  Model simulations of global and regional scale climate change 
scenarios over sub-Sahara Africa 

 Hannes Rautenbach  

10h00-10h30 Climate change projections: Scale and uncertainty 
 Bruce Hewitson  
 
10h30-11h00 Climate change: Sweetener to South Africa’s sugarcane production 

or the acid test? 
 Roland Schulze & Mark Horan 

 
11h00–11h30  Tea 

11h30–12h00 Addressing climate change impacts on the Mauritian sugarcane 
industry  

 Rasack Nayamuth, S Koonjah & FC Cheeroo-Nayamuth 
 
12h00-12h30 Climate change, international treaties and the sugar industry  
 Bob Scholes 
 
12h30-13h00 Discussion  
 
13h00–14h00  Lunch 
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MODEL SIMULATIONS OF GLOBAL AND REGIONAL SCALE CLIMATE 
CHANGE SCENARIOS OVER SUB-SAHARA AFRICA 

 
C J deW Rautenbach 

 
Laboratory for Research in Atmospheric Modelling (LRAM), Department of Geography, 

Geoinformatics and Meteorology, Faculty of Natural and Agricultural Sciences,  
University of Pretoria, Pretoria, 0002. E-mail: hrautenb@postino.up.ac.za  

 
 

Concern has been expressed about the gradual increase in surface temperatures recorded at many 
weather stations, especially in the Northern Hemisphere, over the past 140 years. This global 
temperature increase was preceded by a long period (approximately 1000 years) of temperatures 
with an average deviation of less than 0.2oC. What is more alarming is the fact that the 1990s have 
been regarded as the warmest decade, and more recently, 1998 the warmest year on record. One 
also has to keep in mind that more severe natural temperature fluctuations have occurred in Earth's 
history over the past four billion years. What makes the temperature increase over the past 140 
years significant is not the magnitude in change related to the longer history, but the impact that it 
might have on the present structure of biodiversity on Earth. 
 
The immediate, and rather complex, question is whether recent temperature increases are due to 
natural climate fluctuations or human activities (anthropogenic factors). To find answers one needs 
to search for human related contributions that might have altered atmospheric temperatures over the 
past 140 years. Associated graphs from atmospheric measurements of anthropogenic emissions of 
carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and sulphate (SO4) concentrations 
produce curves that relate well with the recent observed increase in atmospheric temperatures. 
Higher concentrations of greenhouse gasses such as CO2, CH4 and N2O (and water vapour) will 
lead to a positive radiative forcing which might result in an increase in atmospheric temperatures. 
 
However, the response of the global atmosphere system, with its interaction with Earth surface 
properties, to increased anthropogenic emissions is complex. Improvements in mathematical 
models, which simulate physical and dynamic properties of the atmosphere, allow for reasonable 
accurate simulations of present day climate. An obvious approach would be to employ these 
models, with prescribed estimated future trends in the concentration of atmospheric constituents, to 
determine the response of climate variables such as global temperatures, winds and rainfall patterns. 
 
In this study future model simulated results from the global general circulation model (GCM) 
developed by the CSIRO Atmospheric Research in Australia, namely the CSIRO-9 GCM, have 
been considered. Simulations for the 10-year periods 1991-2000 (present), 2021-2030 and 2051-
2060 were performed with prescribed concentration of atmospheric constituents as defined by the 
A2 SRES scenario. Global temperature, mean sea-level pressure (MSLP) and rainfall fields for 
January (austral mid-summer) and July (austral mid-winter) are compared with results obtained in 
the latest report of the Intergovernmental Panel on Climate Change (IPCC). It is concluded that the 
CSIRO-9 GCM is capable to capture the most prominent present synoptic scale circulation patterns 
of the atmosphere, and that results from CSIRO-9 GCM climate change scenario simulations agree 
well with those published in the IPCC report. On a more local scale model estimations points 
towards general drier conditions over South Africa for both months, and wetter conditions over 
Mozambique as a result of the prescribed A2 SRES scenario. The CSIRO-9 GCM (and other global 
GCMs) with its coarse resolution of approximately 300km x 500km makes it difficult to produce 
climate change scenarios focused on the mesoscale (< 100km).  

mailto:hrautenb@postino.up.ac.za
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For this purpose a limited area model with a finer resolution of 60km x 60km was nested into the 
simulated fields of the GCM. Results from the GCM therefore served as boundary input for the 
limited area model that was nested over the Sub-Sahara region. The limited area model used is 
known as the Division of Atmospheric Research Limited Area Model (DARLAM) - also developed 
by the CSIRO Atmospheric Research in Australia. Mesoscale simulations have been performed for 
the same months and periods defined in the GCM simulations. Simulations representative of present 
day rainfall, MSLP, minimum temperatures and maximum temperatures climate as well as the 
associated future climate change scenarios have been completed. 
 
Summer rainfall and occasional showers that might develop during winter months mainly affect the 
South-African sugar industry. During winter-months South African rainfall confined to the southern 
coastal region is usually formed by means of frontal convection when cold air masses (fronts) 
sweep over the southern parts of South Africa. Even summer rainfall might be influenced by mid-
latitude frontal systems that propagate eastwards, and is normally followed from behind by higher 
pressures - a phenomenon known as the Atlantic High that ridges to the south of the country. Such a 
system of anti-cyclonic circulation will result in an onshore flow of moisture along the southern and 
eastern coastline. Summer rain might also emanate from continental convection of moisture flux 
from the tropics caused by surface and upper air troughs over the interior. 
 
DARLAM climate change scenario results are analysed by first considering model-simulated 
changes in the major synoptic scale rain producing systems over southern Africa and secondly to 
asses the impact of these alterations on the local scale rainfall and temperature of the country. In 
general it is indicated that continental MSLPs and atmospheric temperatures are expected to rise 
which might results in a decline of moisture flux from the tropics and a southward displacement of 
the route followed by frontal systems to the south of the country. The latter will result in more 
frequent summer and winter droughts as indicated on the spatial maps of estimated mesoscale 
changes in the climate variables considered. 
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CLIMATE PROJECTIONS: SCALE AND UNCERTAINTY 
 

Bruce Hewitson 
University of Cape Town 
hewitson@egs.uct.ac.za  

 
The issues of projecting climate beyond the time scales of a few days has long been of great 
importance to Africa, and at the same time presented a significant challenge. Methodologically, the 
most viable approach is through the use of climate modeling to simulate the earth system processes. 
Such models, both global and regional in their domain, are computational representations of the 
fundamental physics and dynamics of the climate system. This talk investigates the usefulness of 
such climate projections, and some of the caveats and cautions that are essential in order to draw 
valid conclusions about the future.  
 
Prior to considering future climate, however, it is important that the past climate be understood. In 
this regards one needs an adequate baseline climatology – not just means and variances. For 
example, what has happened to wet spell duration over the last 50 years, or have the seasonal 
boundaries shifted? This allows one to assess the model simulation results for firstly, validity, and 
secondly, whether the projections of the climate system concur with how the system has responded 
in the recent past. This is no trivial task, and requires careful consideration of how to compare point 
station data to the area averages from models. 
 
While the models are an effective tool, no single model should be considered “the truth”. Rather, an 
attitude of “all models are wrong, but some are more useful than others”, should be adopted. This is 
to say models are erroneous, yet much useful information may be derived from them. Over time 
different model developers have evolved a range of computational approaches to simulating the 
climate system, with the result that each model has different spatial and temporal characteristics, 
and more importantly, different skill which is dependant on the geographic location, seasonal 
period, and variable under examination. In regard to the latter, precipitation (the variable often of 
greatest interest) is the variable most poorly simulated by models. The skill level of a model, that is, 
the spatial scale at which specific values of the model can be trusted to approach reality, is often 5-7 
grid cells. For a global model, this can translate to spatial scales of 700km or larger. Compounding 
the issues of differences in physics, models also contain extensive components of parameterization 
– aspects of the climate system that cannot be explicitly resolved in the model physics, and are at 
best statistical or empirical approximations of real-world processes.  
 
The implications of such parameterizations is one of stationarity; are the empirical approximations, 
which are based on the present observed climate, still valid under a future climate. An example 
would be that of cloud formation which is contingent in part on the particulates in the atmosphere. 
If the concentration and/or size of particulates were to change into the future, cloud formation (and 
hence precipitation) would change, and a simple parameterization would be wrong. 
 
The net consequence of the above is to introduce uncertainty into any climate projections – creating 
an uncertainty envelope within which one may be fairly confidant the future lies, but not with 
exactness. For example, a given model, if run repeatedly (an ensemble) to simulate the same period, 
but initialized with slightly differing conditions, will generate an envelope of possible climates. 
Using additional models expands this envelope of uncertainty. Yet is important to use multiple 
models as there is no clear indication which model is more justifiable, nor which model is more 
skillful for a given location. Unfortunately, the larger the envelope the greater the difficulty in 
utilizing the results. 

mailto:hewitson@egs.uct.ac.za
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To make matters worse, it is recognized that there are other factors affecting future climate which 
are not (currently) considered in climate change simulations. Apart from uncertainty arising from 
future anthropogenic gas emission, perhaps the most important of these is land use and land cover 
change, whether from climate change forcing or from human activities. It has been shown that land 
use change can give rise to a regional change signal of comparable magnitude to the anthropogenic 
climate change signal. 
 
Ultimately, in order to be proactive about climate change it becomes essential to use output from 
models, either for direct assessment of potential impacts, or for further downscaling (discussed 
below). In this case, it is important to approach with the following questions in mind: 

- What variable, time, and spatial scale is of importance? 
- How skillful is the model in reproducing these for the present day climate? 
- What are the bounds of the uncertainty envelope for these? 
 

If at least the sign of the change is agreed upon by the models, than the direction of the potential 
impact can be know. However, if the uncertainty envelope is so wide as to preclude usefulness then 
the baseline model output must either be disregarded, or further processed to enhance the 
information content. In the latter approach, potentially much can be achieved. At the very least, one 
can consider whether the uncertainty envelope may be constrained through consideration of the 
skill level of the models used. If, for example, model A can be shown to be half as skillful as model 
B, then this information may be used to reduce the influence of model A on setting the bounds of 
the uncertainty envelope. 
 
Having undertaken the above, the next step is to regionalize the climate change information. 
Downscaling, the common term for this approach has become a major focus of research in order to 
derive greater spatial and temporal information from the relatively coarse global model resolutions. 
Two approaches are possible; empirical downscaling and nested regional climate models. Both of 
these approaches use the fact that the large-scale circulation aspects of the global models are 
relatively robust fields, and that these are these dominant determinant of local climate.  
 
The first approach, empirical downscaling, utilizes cross-scale relationships derived from present 
day observations that are then applied to the large-scale data from the global model. This is 
computationally relatively simple and cost effective. The downscaling can cover a broad range of 
variables at different time and spatial scales. If future climate change is manifest primarily in terms 
of changes in persistence, frequency, and intensity of events then empirical downscaling is likely to 
be very effective. The alternative is to use regional climate models – effectively a global model 
scaled to some limited spatial domain and forced at its boundaries with the data from the global 
model. This approach of computationally demanding, and requires rigorous validation of the 
regional climate model before climate change simulations can be undertaken. As with empirical 
downscaling, this approach is also vulnerable to stationarity issues. 
 
At present, both approaches are considered to be of equal skill (and both may introduce additional 
uncertainty!). It is important to note that both techniques will propagate any error in the driving 
fields from the global model. As such, it is imperative that the global fields are adequately 
evaluated in order to understand the validity of the downscaled product.  
 
To conclude, the climate change projections of a number of models will be presented, and the 
envelope of uncertainty examined, and the regional projections considered for the north east coastal 
plain of South Africa. Finally, pertinent information about constraints for climate change research, 
and the current development of climate change projections will be discussed.  
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CLIMATE CHANGE : SWEETENER TO SOUTH AFRICA’S SUGARCANE 
PRODUCTION OR THE ACID TEST? 

 
Roland Schulze and Mark Horan 

School of Bioresources Engineering & Environmental Hydrology 
University of Natal, Pietermaritzburg, South Africa 

SchulzeR@nu.ac.za  
 
Anthropogenically forced climate change scenarios for an effective doubling of atmospheric carbon 
dioxide concentration may still display inconsistencies when results from a number of General 
Circulation Models are compared, but they do share the commonality that a 2-3�C temperature 
increase is expected, coupled with a general decrease in rainfall. To the multi-million Rand 
sugarcane industry in South Africa repercussion could be significant to both growers and millers, 
with possible shifts in climatically optimal growth areas and changes in yields likely over the next 
few decades. 
 
This paper commences by outlining some general agricultural impacts of anticipated climate change 
over South Africa. These include first order changes, e.g. of temperature, second order changes 
such as those on heat units and frost occurrence/duration and third order impacts such as changes in 
yields and pest breeding cycles. Thereafter a sensitivity study is undertaken with the ACRU-
Thompson cane yield model, assessing in turn sugarcane=s sensitivity to changes in CO2 and 
associated transpiration feedbacks, changes in temperature (which, while accelerating growth, also 
results in higher evaporative demand) and changes in rainfall magnitudes, while keeping the other 
variables unchanged. This is followed by an assessment of potential changes in cane yield, as 
estimated by the ACRU-Thompson model, using the inputs of ∆T and ∆P for a 2 x CO2 scenario 
from the HadCM2 GCM. 
 
The paper concludes by evaluating possible pros and cons of potential climate change on sugarcane 
production with the aid of a schematic representation of an agricultural sector analysis. 
 

mailto:SchulzeR@nu.ac.za
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ADDRESSING CLIMATE CHANGE IMPACTS ON THE 
MAURITIAN SUGARCANE INDUSTRY 

 
A R Nayamuth, S Koonjah and F C Cheeroo-Nayamuth 
Mauritius Sugar Industry Research Institute, Reduit, Mauritius 

E-mail: rnayamut@msiri.intnet.mu 
 
 
The science of climate change has progressed significantly in recent years and scientific evidence 
strongly supports climate change as factual. Increased concentrations of the main anthropogenic 
greenhouse gases carbon dioxide, methane and nitrous oxide stemming from combustion of fossil 
fuels, agriculture and land use change have resulted in global warming and related changes in the 
climate system. These changes include sea level rise, precipitation distribution and intensity, cloud 
cover and wind regimes. Climate variability has increased as well as the frequency and intensity of 
extreme weather events.  
 
Analysis of long-term data for Mauritius revealed a nominal increase in maximum temperature but 
a significant one for minimum temperature and the amplitude. Rainfall decreased while solar 
radiation increased. The trend is a reduction in the number of cyclones but with increasing intensity. 
Drought recurrence increased during the last decade. Simulations with four Global Circulation 
Models under a doubling of atmospheric CO2 for Mauritius indicated a mean annual temperature 
increase of 2.12oC to 3.59oC, annual rainfall and solar radiation varying from -13% to +19% and -
2% to +6% respectively. 
 
A vulnerability and adaptation assessment of the sugarcane crop to climate change in Mauritius was 
undertaken using the APSIM-Sugarcane model to quantify the impacts on sugar productivity and to 
evaluate the adoption of irrigation, changes in cropping schedules and the possibility of using 
existing genetic potential as adaptative measures.  
 
The industry was found highly vulnerable with sucrose yield decreasing from 32% to 57%. The water 
use efficiency (WUE) decreased to 14.2 mm t-1 cane and 17.2 mm t-1 cane from 10.5 mm t-1 cane. A 
sensitivity test within anticipated limits revealed that for every 2oC rise, a reduction of about 32% in 
sucrose yield is expected while every 154mm (10%) rainfall increase/decrease resulted in about 
15% change in sucrose yield.  
 
Adoption of irrigation increased sucrose yield, improved WUE and reduced temporal variation. Under 
the GCM scenarios it nullified almost completely the effects of climate change. When water is not 
limiting, a 2oC rise in temperature resulted in a 2% yield increase whereas a 4oC rise was never 
compensated and sucrose yield decreased by 5%. Varieties responded differently to the changed 
climate thus indicating the possibility of using the interaction of existing genetic potential with the 
environment as an adaptive measure. A change in the harvest season appeared an attractive adaptive 
option only when the crop was fully irrigated.  
  
Findings to-date, support a higher productivity and WUE in response to increased levels of CO2 but this 
is not proven for the sugarcane in its natural environment. Due to constraints at the plant and/or soil 
level and in terms of water availability, the higher water needs resulting from elevated temperatures 
will most probably not be satisfied, thus depressing yields. Water storage capacity will have to be 
increased while taking care of the changed hydrological and irrigation cycle/regime. Coastal 
boreholes servicing irrigation could have reduced productivity and be affected by salt-water 
intrusion due to sea level rise. Such water will increase salinity problems. The new C:N atmospheric 
ratio will affect nitrogen mobilisation and release while nitrogen volatilisation could increase. N2 

mailto:rnayamut@msiri.intnet.mu
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application schedules and amounts will have to be reviewed in light of new cropping patterns, crop 
demands and phenological changes.  
 
The crop's phenology is expected to change with varying effects on productivity. Higher temperatures 
will affect partitioning and it is highly probable that more dry matter will be partitioned into trash and 
more fibre will accumulate at the expense of sucrose in the stalk. Climate change could lead to profuse 
flowering and eventual yield reductions while reduced flowering will affect the breeding 
programme and the industry in the long-term.  
 
Insect pests are expected to thrive with less effective biological control as the ecological balance is 
disrupted. Insects may colonise new areas and new species could make their appearance. Disease 
boundaries could change and non-economic diseases develop as the climate becomes more 
favourable. C3 weeds will benefit more from CO2 fertilisation and will complete their cycle more 
rapidly. The distribution and weed mix could thus change, rendering chemical control more 
difficult. 
 
Land suitability will change and sugarcane areas will shift poleward and in altitude. It may compete 
with other crops for the same appropriate areas. Land use change has to be analysed in relation to 
mills, infrastructure and the society. The potential of vast areas will change necessitating a review 
of milling capacity and/or siting. Any deterioration in cane quality will reduce milling efficiencies. 
 
The C3 sugar beet will benefit more than tropical sugarcane from climate change. The cost of 
production and evolution in world market prices could play on the viability of the sugarcane 
industry.  
 
The ratification and implementation level of the Framework Convention on Climate Change will 
determine the future increase of atmospheric greenhouse gases and climate change, hence the difficulty 
to forecast the magnitude of change in crop production. Nonetheless the completion of an impacts and 
adaptation assessment can be very enlightening, especially when identified adaptation options demand 
for decisions at the policymaker's level over and above contributing to the awareness and preparedness 
of all stakeholders.  
 
One optimistic note for the sugarcane industry is that it is more environment-friendly than the 
sugarbeet industry being a lower emitter of greenhouse gases. This characteristic could be very 
determining for its continued existence and viability within a world in quest of sustainability.  
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CLIMATE CHANGE, INTERNATIONAL TREATIES AND  
THE SUGAR INDUSTRY 

 
Bob Scholes 

CSIR 
bscholes@csir.co.za  

 
 
The climatic future of the eastern seaboard of South Africa remains somewhat uncertain. 
Temperatures of up to several degrees warmer are highly likely in the next fifty years, and effective 
rainfall may decrease somewhat. The counterbalancing effect of elevated carbon dioxide in the 
atmosphere may keep production levels approximately the same as at present. 
 
There is a silver lining, provided by the opportunities to use sugarcane, one of the world’s most 
productive crops, as a ‘biofuel’ with zero net atmospheric impact. This can take one or more of 
several routes: the enhanced use of sugar byproducts (eg bagasse and trash) as a fossil fuel 
substitute in efficient combined-cycle electricity generation; or the production of ethanol from sugar 
itself. Under scenarios of rising oil prices, stricter environmental controls and an emerging 
hydrogen economy, sugar-for-energy would become increasingly viable. 
 
In the immediate term, the sugar industry can reduce its climate impact by addressing the issue of 
cane burning. While combustion of cane or its residues has no net effect on the carbon balance of 
the atmosphere, it does increase the load of methane, and a series of ozone precursor gases 
(tropospheric ozone is a powerful greenhouse gas). Preliminary calculations indicate that 
eliminating burning in 40% of sSouth African canefields would have the equivalent effect of 
avoiding the emission of 300 000 tons of CO2 annually – a small fraction of South Africa’s 
emissions, but a useful contribution. The nuisance and health impacts of the smoke would also be 
reduced.  
 

mailto:bscholes@csir.co.za


SURNAME NAME COMPANY/ORGANISATION Email / Telephone
ALEXANDER CLIVE DONNYBROOK SUGAR ESTATE cjalex@iafrica.com
ARMITAGE ROGER SA CANEGROWERS 035 - 3371135
BAILEY ROGER SASEX xpatrb@sugar.org.za
BEZUIDENHOUT CAREL SASEX xagrcb@sugar.org.za
BOTHA FRANCOIS SASEX xextfb@sugar.org.za
BRAITHWAITE PETER ILLOVO SUGAR LTD pbraithwaite@illovo.co.za
BRETT DYMOCK KHANYAKUDE FARM dymockb@iafrica.com
BUCHANAN GRANT SASEX xextgfb@sugar.org.za
CHURCH ANDY SA CANEGROWERS andy@canegrowers.co.za
CLOWES MIKE SWAZILAND SUGAR ASSOCIATION mikeclowes@ssa.co.sz
COETZEE NATALIE SASEX xpbrnc@sugar.org.za
COLE KEVIN KEVARD SUGAR (PTY) LTD 039 - 9711615
DAVIS STEVE SMRI sdavis@smri.org
DE BEER THEO ILLOVO SUGAR LIMITED tdebeer@illovo.co.za
DE LANGE JULIUS ILLOVO SUGAR - UMFOLOZI jdelange@illovo.co.za
DOMLEO KEITH ILLOVO SUGAR - SEZELA kdomleo@illovo.co.za
DOVEY PETER KYNOCH peterd@umb.kynoch.co.za
DOXEY JEAN SASEX xchmjd@sugar.org.za
DU PISANI LOUIS BOX 97239, MAERUA PK, WINDHOEK ldupisan@mweb.com.na
EDMONDS ANTHONY DONOVALE FARM donovale@iafrica.com
EVANS CLIVE
FENWICK LOUISE SA CANEGROWERS lfenwick@canegrowers.co.za
GARDINER PETER MONDI FORESTS peter_gardiner@mondi.co.za
GARNETT PIERS MAYFIELD FARM 032 - 4837461
GILLESPIE GREG TRANSVAAL SUIKER BEPERK gillespieg@tsb.co.za
GOSNELL JERRY BOX 200, RAMSGATE gosnell@venturenet.co.za
GROOM GARETH SA CANEGROWERS ggroom@canegrowers.co.za
HALSE EDMUND ILLOVO SUGAR - NCHALO ESTATES ehalse@illovo.co.za
HALSE ROGER XINAVANE 082 820 2225
HARDING TERRY ILLOVO SUGAR - SEZELA tharding@illovo.co.za
HARDING ROD SASEX xbiorh@sugar.org.za
HEWITSON BRUCE UNIVERSITY OF CAPE TOWN hewitson@egs.uct.ac.za
HURLY KATHY SASEX xextkh@sugar.org.za
ISYAGI MARTIN ILLOVO SUGAR - NCHALO ESTATES misyagi@illovo.co.za
JOHNSTON NEIL ILLOVO SUGAR - GLEDHOW njohnston@illovo.co.za
KOEN ANDRE ILLOVO SUGAR LIMITED akoen@illovo.co.za
KOSTER KEN ILLOVO SUGAR LIMITED kkoster@illovo.co.za
LEIBBRANDT NOEL VOLCANO AGROSCIENCE noel@coastals.co.za
LESLIE GRAEME SASEX xentgl@sugar.org.za
LIENGME DUNCAN DEPT OF AGRICULTURE liengmed@dae.kzntl.gov.za
LYNE PETER UNIVERSITY OF NATAL lynep@nu.ac.za
MACNAUGHTON MARK TONGAAT-HULETT SUGAR mark.macnaughton@huletts.co.za
MALOA BIGMAN SA CANEGROWERS bmaloa@canegrowers.co.za
MEADOWS DAVE TONGAAT-HULETT SUGAR dave.meadows@huletts.co.za
MELLAART EDUARD ITSC eduard.mellaart@itsc.agric.za
MEYER EDDIE SASEX xengem@sugar.org.za
MEYER JAN SASEX xchmjm@sugar.org.za
MITCHELL FELICITY DEPT OF AGRICULTURE mitchellf@dae.kzntl.gov.za
MKHIZE SKHUMBUZOSMRI smkhize@smri.org
MOOR GRAHAM SA CANEGROWERS graham@canegrowers.co.za
MOREL DU BOIL PAMELA SMRI pduboil@smri.org
MUNSAMY STANLEY ILLOVO SUGAR - UMZIMKULU smunsamy@illovo.co.za
MURRAY TIM CANEGROWERS tim@fatacre.com
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SURNAME NAME COMPANY/ORGANISATION Email / Telephone

DELEGATE LIST

NAYAMUTH RASACK MAURITIUS RESEARCH INSTITUTE rnayamuth@msiri.intnet.mu
NDLOVU LEONARD RSSC - SWAZILAND lndlovu@rssc.co.sz
NEETHLING MIKE BOX 1365, PORT SHEPSTONE 039 - 687 0305
LECLER NEIL SASEX neil_lecler@sugar.org.za
PARFITT ROY SASEX xpbrrp@sugar.org.za
PEACOCK NEILL VOLCANO AGROSCIENCE neill@coastals.co.za
PEARCE BRIAN SA CANEGROWERS bpearce@canegrowers.co.za
PFOTENHAUER CARL ILLOVO SUGAR - SEZELA cpfotenhauer@illovo.co.za
PRINCE PETER TONGAAT-HULETT SUGAR peter.prince@huletts.co.za
PURCHASE BRIAN SMRI bpurchase@smri.org
RAPSON BRIAN ILLOVO SUGAR - PONGOLA brap@illovo.co.za
RAU STAN ILLOVO SUGAR LIMITED jdebeer@illovo.co.za
RAUTENBACH HANNES UNIVERSITY OF PRETORIA hrautenb@postino.up.ac.za
RUSSELL PAUL TONGAAT-HULETT SUGAR paul.russell@huletts.co.za
RUTHERFORD STUART SASEX xtecsr@sugar.org.za
SCHMIDT ERIK SASEX xenges@sugar.org.za
SCHOLES BOB CSIR bscholes@csir.co.za
SCHOONEES BARBARA SMRI bschoonees@smri.org
SCHULZ EDDIE BOX 51, DALTON eddie@schulz.co.za
SCHULZE ROLAND UNIVERSITY OF NATAL schulzer@nu.ac.za
SCOTT ROB TONGAAT-HULETT SUGAR rob.scott@huletts.co.za
SIEMONS PETER TRANSVAAL SUIKER BEPERK siemonsp@tsb.co.za
SIEMONS ROULIENNE KOMATI MILL GROUP BOARD siemonsr@tsb.co.za
SIMPSON ALLAN ILLOVO SUGAR - SEZELA alsimpson@illovo.co.za
SIMPSON RICHARD SMRI rsimpson@smri.org
SINGELS ABRAHAM SASEX xagras@sugar.org.za
SINGH DEV ILLOVO SUGAR - GLEDHOW 032 - 5513031
SMIT MICHIEL SASEX xagrms@sugar.org.za
SONKOSI MAWETHU SA CANEGROWERS mawethu@canegrowers.co.za
SPALDING GORDON ILLOVO SUGAR - GLEDHOW 032 - 5513031
STAINBANK HAROLD ELSINORE FARM maxwilton@zi.co.za
STAINBANK GRAEME ELSINORE FARM maxwilton@zi.co.za
STRUDWICK RODNEY ILLOVO SUGAR - NOORDSBERG rstrudwick@illovo.co.za
SWART BANIE SASEX xextbs@sugar.org.za
THOMSON DAVE TRANSVAAL SUIKER BEPERK thomsond@tsb.co.za
VAN ANTWERPEN TANIA SASEX xpattv@sugar.org.za
VAN ANTWERPEN RIANTO SASEX xchmrv@sugar.org.za
VAN DEN BERG DEON TONGAAT-HULETT SUGAR deon.vandenberg@huletts.co.za
VAN GASS DEON TRANSVAAL SUIKER BEPERK vangassd@yebo.co.za
VEENSTRA HANS ILLOVO SUGAR - NOODSBERG hveenstra@illovo.co.za
VON KAUFMANN MIKE BOX 1943, UMHLANGA mikevk@mega.co.za
WALFORD STEPHEN SMRI swalford@smri.org
WALKER SUE UNIVERSITY OF THE FREE STATE walkers.sci@mail.uovs.ac.za
WARREN MALCOLM ILLOVO SUGAR - SEZELA mwarren@illovo.co.za
WAY MIKE SASEX xentmw@sugar.org.za
WHITBREAD MIKE ILLOVO SUGAR - MALAWI mwhitbread@illovo.co.za
WIENESE ARNOUD SMRI awienese@smri.org
WISEMAN IAN BOX 25, MFOLOZI wiseowl@iafrica.com
WRATHMALL JOHN BOX 1742, UMHLANGA ROCKS kirton@mweb.co.za
WYNNE ADRIAN SA CANEGROWERS awynne@canegrowers.co.za
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