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Executive summary

Executive summary [A Concise Executive Summary will be made available in
English, Afrikaans and Xhosa]
Introduction
The agricultural sector is characterised by multiple challenges and risks. Farmers and
others in the agricultural value chain are recognised for their ability to respond and
survive, while managing risk responsibly. Climate change presents a new and very
significant threat to agricultural systems.
In the Western Cape, farmers and agri-businesses are already implementing responses
to existing climate risks and some are starting to respond to climate change. The scale
of this threat is going to require innovation and backing through policy, practical
support and guidance from, amongst others, the Western Cape Department of
Agriculture (WCG: Agriculture). A co-ordinated and co-operative approach is required
for the development of long-term resilience to climate change impacts. Farmers and
their suppliers and support structures within the value chain form a crucial partnership
on this journey and can contribute through shared learning, new insights and the joint
identification and promotion of effective and practical responses. Climate smart
agricultural practices can meet the challenges of food security and sustainability, while
ensuring continued profitability and growth opportunities.
In a first-time collaborative effort, the WCG: Agriculture and the Western Cape
Department of Environmental Affairs & Development Planning (WCG: EADP) launched
the Smart Agriculture for Climate Resilience (SmartAgri) project in August 2014. Under
the leadership of the University of Cape Town’s African Climate and Development
Initiative (ACDI), a consortium is developing a provincial climate change response
framework and implementation plan for the agricultural sector.
The Status Quo Review in Phase 1 goes beyond the assessment of climate change
responses in agriculture. It also engages in the assessment of risk and impacts of specific
commodities and agro-climatic zones. This is done in order to provide a detailed
understanding of the response gaps, needs and opportunities. A total of 23 agroclimatic zones have been identified for the Western Cape. These were identified by
aggregating more than 80 Relatively Homogeneous Farming Areas (RHFAs) based on
climatic, vegetative and productive attributes.
The Review is based on in-depth desktop study and on findings from previous studies. It
is also informed by the findings from two stakeholder workshops that took place in
October 2014 as well as by the information generated during interviews with experts.
While each chapter discusses the agricultural sector of the Western Cape from a
different angle, jointly and with the assistance of spatial maps they create a holistic
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understanding of the agricultural sector from a systems perspective. The Review is
intended to become a practical tool that helps stakeholder groups and government
agencies with their day-to-day and long-term decision-making. The Review is structured
as follows:
Chapter 1

General introduction to the SmartAgri project and aims of the Review

Chapter 2

General background and context to climate change and agriculture
globally and in the Western Cape

Chapter 3

The policy framework which supports agriculture and climate change in
South Africa and in the Western Cape, as well as other related sectors

Chapter 4

The climate system of the Western Cape and trends and projections of
climate change across the province

Chapter 5

The structure and importance of agriculture in the Western Cape
including an assessment of employment trends (production of the main
commodities as well as the value chain)

Chapter 6

Overview of energy supply and consumption as well as the Greenhouse
Gas emissions profile of the sector

Chapter 7

Overview of the natural resource base including soils and land, water
resources, biodiversity and ecosystem services

Chapter 8

Overview of the food system and the status quo of food security in all its
dimensions, including nutritional security

Chapter 9

Review of risks and impacts of climate change on: the main agricultural
commodities, the value chain and food security, climate related
disasters and small holder/emerging farmers and those who are
marginalised

Chapter 10

Adaptation to climate change in the agricultural sector and associated
risk management, including a summary of current responses

Chapter 11

Mitigation of climate change by the agricultural sector, including an
assessment of viable response options

Chapter 12

Overview of Monitoring and Evaluation (M&E) systems currently
available or under development which could inform the Western
Cape’s Climate Change Response Implementation Plan for Agriculture

Chapter 13

Conclusion
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Background and context
Scientific evidence points unequivocally towards human-driven climate change across
the globe. This includes continued warming and changes in rainfall patterns, amongst
others. While agriculture is highly sensitive to climatic fluctuations, the impacts will differ
widely from place to place. The scale of the impacts will depend on local farming
systems, commodities, natural resources such as water, and socio-economic situations.
Farmers have always learnt to understand and deal with climate-related risks. The
concern is that climate change could shift existing patterns of risk and impacts beyond
current experience, where available response options become inadequate and
inappropriate. For example, production factors, yields and prices have become more
variable and show greater extremes, with recovery hampered by multiple and
sequential shocks. Iterative risk management based on monitoring, learning and
effective communications can assist with decision-making in complex situations, where
much uncertainty exists.
Globally, greenhouse gas (GHG) emissions from agriculture, forestry and other land use
are steadily increasing. They now stand at just under a quarter of global emissions, and
future emissions may further increase by up to 30 % by 2050. In the agricultural sector
there is significant potential for mitigation through an enhancement of GHG removals
and emission reductions through management of land and livestock and demand-side
management.
Climate Smart Agriculture takes a systems approach to securing sustainability and
resilience by addressing both adaptation and mitigation in agriculture while providing
economic, ecological and social benefits.
The Western Cape is expected to be particularly hard hit by the combination of
warming and additional stress on already constrained water supplies. Agriculture in the
Western Cape is highly developed and forms the backbone of the provincial rural
economy and employment, with many of the province’s small towns relying heavily on
the sector. The highly diverse production environment allows for a diversified agricultural
economy. The sector generally enjoys a well-developed infrastructure and includes
significant value-added and niche-product opportunities. Without an adequate and
timeous response, climate change could constrain the future development of this
sector and threaten jobs and livelihoods.
Although the region is regarded as climatically relatively stable, it is prone to damaging
climate extremes and disasters. Between 2003 and 2008, direct damage costs
associated with climate-related extreme events amounted to over R3 billion. The sector
also faces significant non-climatic drivers and pressures. These include global market
instability and rising input costs, competition against highly subsidised counterparts
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internationally, water and energy supply uncertainties, serious disease outbreaks, labour
unrest, and land reform process uncertainties. All these factors are compounded by a
growing urban population that is making demands on land, food and water.
The main sources of GHG emissions from agricultural activities in the Western Cape are
coal-generated electricity, diesel consumption and synthetic nitrogen-based fertilisers.
Cooling and agri-processing rely heavily on electricity. Global market initiatives to
reduce the carbon footprint of imported agricultural produce are placing pressure on
farmers in the province to switch to alternative energy sources and improve energy
efficiencies. In these countries and in South Africa, planned carbon taxes could alter
prices and profits.
Planning must draw on solutions that are practical, affordable, easily adopted, not
maladaptive, and that have been shown to be sustainable to human and natural
systems.
Policy environment
Sustainable development goals and objectives guide all policy development at local,
provincial and national level. The emphasis is on reducing poverty and inequality with
substantial job creation. Policies and strategies covering the following themes h have a
bearing on agriculture and climate change include the following: the Green Economy,
Climate Change, Agriculture, Rural Development and Land Reform, Food Security,
Water Resources, Sustainable Development, Waste management, Energy, Transport
and Infrastructure, and Disaster Risk Reduction and Management. The Status Quo
Review makes the following findings:







In recent years there has been a great effort to incorporate climate change into
National, Provincial and Local Government Policy.
The fundamental unpredictability of the biophysical and socio-economic
environment has forced policy makers to look for ways to use policy to boost
resilience, through aligning policy between tiers of government.
This is also pursued through the formation of new partnerships beyond government
with business, the private sector, academic institutions and civil society
organisations.
Despite these efforts, further policy alignment is needed, as well as further
clarification of national versus provincial mandates.

Climate change
Complex mountain topography and ocean influence combined with heterogeneous
land use, vegetation and soils, results in a rich mosaic of meso-climate and agricultural
production potential.
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Climate change models indicate that the Western Cape faces a warmer future. This
alone poses serious threats to a number of agricultural commodities in the province.
Changes in mean annual rainfall, the spatial distribution of precipitation, seasonal
cycles and rainfall extremes are also likely even if the magnitude and direction of
changes are uncertain.
Based on the current understanding of climate processes, climate change will cause
shifts in locally important climate systems or processes. This will include a strengthening
of conditions which give rise to orographic rainfall in autumn and spring, the poleward
contraction of rain-bringing storm tracks during winter, and possibly more energetic
mid-latitudes, which may result in more intense storm systems.
Recent climate trends in the Western Cape, as observed using the weather station
network, include rising temperatures (maximum, minimum and mean) and reductions in
the number of rain days in autumn and summer.
Trends perceived by stakeholders include a progressively later start to the season
(onset) and a later end to the season (cessation). Observed (measured) trends do
suggest a reduction in rain days during the March-April-May (autumn) season though
no detectable trend in total rainfall during this season. This could align with a later
onset of the season, though the trends vary considerably across landscapes.
During spring, observed trends are insignificant except for a few places showing positive
trends (increases) in the number of rain days during later spring/early summer
(November) but there appear to be virtually no trends in total rainfall during the same
period. However, downscaled projections of change across the winter rainfall areas of
the Western Cape demonstrate a fairly strong message of a shift towards a wetter late
season (September-October-November).
The Western Cape experiences regular flooding events, droughts and heat waves.
These events have had significant impacts on the province ranging from loss of life and
property damage, through to large scale infrastructural damage, agricultural losses,
costly response measures, and economic loss.
Climate modelling for the Western Cape shows that future increased temperatures
across the region are almost a certainty with all model projections in agreement. The
greatest increases are likely to be inland and the lowest increases along the coast
indicating a moderating effect from the oceans. Projected changes for the 2040–2060
period are in the range of 1.5 °C to 3 °C depending on the model and the location.
The following changes are thus expected: higher mean annual temperatures, higher
maximum temperatures, more hot days and more heat waves, higher minimum
temperatures, fewer cold days and frost days.
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As expected, projected changes in rainfall are far more complex. However, some
degree of reduced rainfall across the province in the 2040–2060 period is indicated by
almost all Global Circulation Models (GCMs). On the other hand, downscaled
projections of rainfall show high uncertainty with growing evidence that increased
orographic (mountain) rainfall in spring is a possibility. Given the current state of the
science, both possibilities (increased and decreased rainfall) should be considered by
decision makers though decreased rainfall generally poses the highest risk.
There is a great need to improve the in situ (i.e. weather stations) and other types of
observations across the province which would enable both research and ongoing
monitoring of changes (trends and variability).
Overview of agriculture
The total extent of farmland in the Western Cape is approximately 11 560 609 ha. This
constitutes 11 % of total farmland in South Africa and 89 % of the total land in the
province. Of this, approximately 2 126 342 ha (16 %) are arable and 320 000 ha are
under irrigation. The bulk of the remaining land (70 %) is under grazing.
There are about approximately 6 653 farming units in the Western Cape and these
generate approximately R39 billion gross production value. The province has the
highest market value of assets of all provinces in South Africa at R44 billion and also the
largest farming debt at R9.6 billion.
The agricultural sector of the Western Cape is important, contributing 23.3 % to the
national Agriculture, Forestry and Fisheries (AFF) sector and more than 4 % to total
Western Cape Provincial GDP. The province contributes 45 % of national agricultural
exports, and steady increases in exports of wine, fruits and livestock products have
contributed positively to economic growth and rural incomes.
The agricultural sector in South Africa employs approximately 730 000 people of which
some 150 000 live in the Western Cape. Economic multipliers and Gini coefficients show
that agriculture (and its value chain) plays a major role in the economy and
employment of the Western Cape. Employment in AFF is particularly high in the Cape
Winelands (21 %), West Coast (24.3 %) and Overberg (18.7 %) District Municipalities.
The agricultural sector has strong forward linkages to the manufacturing sector in the
form of food and beverage processing. Across the province, around 37 % of the
sector’s output is used for food and beverage production, much of which is exported.
There are also strong backward linkages to input suppliers such as feed, equipment,
fertiliser and packaging companies. These industries contribute significantly to
employment in the province. It is estimated that the production sector contributes
71.6 % to employment in the agri-processing value chain.
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Climate change is very likely to have an impact on the sector’s ability to retain and
increase jobs but this has not been well studied. Current trends in job losses related to
the recent economic downturn, mechanisation and a shift from permanent to seasonal
labour in response to many uncertainties are all areas of concern.
The sector is well diversified with numerous major commodities across field crop,
horticultural crop and livestock sub-sectors, reflecting a wide range of agro-ecological
conditions. The contribution to food security provincially and nationally is very
important. However, the largest value comes from the export segment which is driven
by high value fresh and processed fruits, wine, indigenous tea and some livestock
products.
Urban and peri-urban agriculture is part of the overall food system, although
participation rates by poor households in Cape Town (5 % in 2007) and in the province
(2 %) are very low. However, the Philippi Horticultural Area of Cape Town makes a very
important contribution to the supply of fresh vegetables to the city’s supermarkets.
Other urban production areas such as the Joostenbergvlakte contribute to the chicken
and pork supply.
Unpredictable weather patterns and fluctuating global commodity markets contribute
to uncertainty and increase the price volatility of agricultural products.
Persistent structural problems in the agricultural socio-economic setup reflecting the
country’s recent history remain as barriers and threats to the sector, contributing to a
perceived decline in resilience when combined with climatic and global economic
threats.
Nevertheless, current strengths in the system which provide the ability to respond to
climate change include high levels of diversification of commodities, farming systems
and markets, as well as an organised commercial sector managed by commodity
groups with farmer participation, a very strong value chain, and excellent local
research and training capacity (although with insufficient focus on climate change).
Areas of development which would increase the potential to grow the sector under
climate change include technological advances and testing under local conditions,
market development based on shifting competitive advantages, education and skills
transfer at all levels including strengthened extension, capacity building of input
suppliers and others in the value chain.
Overview of energy and GHG emissions
Energy plays an important role in the socio-economic development of nations and subnational regions such as provinces. Sufficient and clean energy is required for
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sustainable development. Economic growth is perceived to be unsustainable if it
demands a lot of energy, generates significant pollutants, and negatively affects public
health. The combustion of fossil fuels is driving climate change and other environmental
problems.
An important factor in the need to improve economic competitiveness of the
agricultural sector is to ensure international acceptability of agricultural products from
the Western Cape by minimising the environmental impact of their manufacture and
compliance with agreed standards for energy use.
One way of mitigating the negative effects of climate change is through the
exploitation of renewable energy (such as solar and wind) and the implementation of
energy efficiency plans and policies.
The agricultural sector consumes approximately 2.3 % of South Africa’s energy (based
on 2006 estimates).
Eighty-five percent of electricity is generated through the combustion of coal outside
the Western Cape. The province has some generation capacity based on nuclear, gas
and pumped storage plants, and a growing wind and solar energy generation
capacity. Two large refineries supply a significant portion of the refined liquid fuels
consumed in the province.
The most significant portion of energy is consumed by the transport (52 %) and industry
(34 %) sectors in the Western Cape. The agricultural sector accounts for only 2 % of
energy consumption in the province.
There is limited data available on the energy supply and consumption specifically for
the Western Cape agricultural sector. Energy sources are used at different stages of
agricultural production and processing, particularly in land preparation, irrigation,
refrigeration and packaging. The most significant sources of energy for agricultural
activities are diesel followed by electricity (national level data). Agricultural land and
buildings are increasingly being used to host solar and wind energy generation
installations, and the production of biofuels remains a future possibility. The Confronting
Climate Change (CCC) Project is in the process of developing a substantial benchmark
database of energy use and carbon emissions for the fruit and wine sectors and has
started to expand into the grain industry.
The land sub-sector within the Agriculture, Forestry and Other Land-use sector is
accountable for 8.5 % of national GHG emissions (this excludes the carbon sequestered
by landscapes). The agriculture sector of the Western Cape accounts for 5 % of the
province’s total emissions, which are dominated by industrial (38 %), transport (29 %)
and residential (17 %) emissions. Estimates suggest that the livestock sub-sector is
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accountable for approximately 16 % of provincial agricultural GHG emissions (highest
contribution from cattle), grains and field crops for 28 % (highest contribution from
wheat), fruit and wine for 55 % (highest contributions from pome fruit and wine grapes)
and other commodities for 1 %.
Overview of the natural resource base
Certain components of the natural resource base are currently in a precarious state in
some areas. This applies to water balance (supply versus demand) and water quality,
fire risk, invasive alien plant infestations, and biodiversity loss. All are expected to
become worse under climate change, but current initiatives to deal with these
problems exist and can be stepped up. The value of ecosystem services to agriculture
in the province and its ability to provide resilience to climate change is very poorly
studied.
The Food-Energy-Water-Land-Biodiversity Nexus approach shows great promise in
framing the system which supports agriculture and to which agriculture contributes,
whilst identifying linkages which require strengthening.
Soil and land
The Western Cape has a highly diverse geology and topography, which gives rise to
complex soil patterns and varied landscapes with different production potentials. In
many places soils limit productive agriculture, particularly in the sandy coastal plains
and on nutrient-poor Table Mountain Sandstone-derived soils. Arable soils are
concentrated on the shale-derived soils between Cape Town and Piketberg, in the
Rûens area and parts of the Southern Cape. Most cultivated hectares are under wheat
and other field crops followed by wine grapes, deciduous fruit and rooibos. Shifting
agricultural land uses to other areas in response to climate change will not be easy.
The biggest threat to productive land use is transformation driven by dense stands of
woody invasive alien plants and urbanisation (particularly in areas close to Cape Town).
The total area under cultivation has remained stable. Agricultural intensification is
needed to grow the sector on its existing footprint. This requires a focus on increasing
efficiencies and reduced losses of inputs and produce.
The two principle drivers of plant growth and the turnover of litter and soil organic
material are temperature and precipitation. Climate change in the medium- to longterm may result in a change in observed carbon stocks and fluxes. Predicted warming
and drying in certain areas may lead to a decrease in net primary productivity and an
associated decrease in above- and below-ground carbon stocks. Protracted warm
and dry periods may, in addition, lead to increases in the frequency and intensity of fire.
However, the heterogeneity of changes in climate across the province, topography, as
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well as variability in response and resilience between species makes projections of
changes in carbon stocks very difficult.
Water resources
While there is still some uncertainty about the specific impacts of climate change on
the water resources of the province, climate change is likely to result in a reduction in
the surface water availability. It is also likely to cause potential shifts in the seasonality of
rainfall and runoff and an increase in the magnitude and frequency of flood events.
Increasing temperatures will lead to increased evaporation from reservoirs, lakes and
streams as well as increasing the potential impact of invasive alien plants and forestry
which are considered streamflow reduction activities. Irrigation demands will also
increase.
The primary requirement for water in agriculture is for crop production, either through
precipitation (‘green’ water) or irrigation (‘blue’ water). In the agricultural production
cycle, water is also required for the crops that are grown to feed the animals that are
then used to produce other agricultural products such as meat and milk. The
measurement of the total water requirement through the production process (also
called water footprinting) is still in the early stages in the Western Cape.
The irrigation of crops accounts for a high proportion of water use in the four original
Water Management Areas (WMAs): 42 % in the Berg WMA, 68 % in the Breede WMA, 87
% in the Olifants Doorn WMA, and 61 % in the Gouritz WMA (2005 data).
Water resources are already stressed in much of the province with a low level of
assurance for agricultural use. Climate change is likely to increase this stress through
increasing demand (rising temperatures) and more variable rainfall. The link between
climate change and water supply impacts is highly non-linear with multiple factors
impacting on yield and not just change in precipitation.
Due to the seasonality of rainfall, agriculture in the Western Cape is highly dependent
on irrigation water usage and storage capacity is essential. The provision of additional
storage capacity could be considered as an adaptation option, but the opportunities
are limited and the benefits may not be realised in all cases particularly under a drier
future scenario.
Water quality is a major concern and poses a significant risk, particularly to high value
export crops. The negative impact of agriculture, for example runoff from poorly
managed dairy operations and piggeries, on downstream water quality needs to be
addressed. Water quality is sensitive to warming and variable or extreme rainfall.
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Water conservation and demand management (WC/WDM) should be implemented as
part of best practice to improve irrigation efficiencies. The potential may be limited due
to progress already made and issues of costs and ownership of infrastructure.
The protection and management of high-yielding catchments and flow-regulating
wetlands upstream of farmlands is critical for the optimisation of water flows serving
agriculture.
There is the potential for additional utilisation of groundwater, but some areas are
already stressed by over-abstraction and this is likely to increase in future with increasing
demands.
South Africa has a history of best practice water resource management and planning.
This has taken high natural climate variability into account and has resulted in a highly
developed and integrated water supply system for the greater Cape Town area. This
provides a high degree of resilience to potential climate change impacts for this main
demand centre. Smaller and less well integrated systems do, however, remain
vulnerable to climate change impacts.
Biodiversity and ecosystem services
The Western Cape contains ecosystems with exceptional biodiversity and endemism by
world standards. Some components of these ecosystems are under threat particularly
where land transformation for agriculture has occurred in the lowlands. Other areas –
such as the mountains – enjoy considerable protection. Future up-slope shifts in
agricultural climatic potential will come up against restrictions imposed by conservation
objectives.
Invasive alien plant species have significant negative impacts on ecosystems,
agriculture and society. Despite the massive effort to clear invasive alien plants,
extensive tracts of land are still infested and this represents an enormous cost to
landowners. The areas worst affected are the mountain catchments, the sandy
lowlands and along river courses. Invasive alien plants compete with indigenous
species and agricultural crops for water, light and nutrients. They also exacerbate fire
risk. Climate change is expected to increase the invasive alien plant infestation
problem in future.
While wildfires are a natural feature of fire-driven ecosystems (such as fynbos) in the
Western Cape, climate changes are altering their frequency and intensity. This is having
an adverse impact on these particular ecosystems. Wildfires occasionally spread into
farms and this is often linked to invasive alien infestations. These fires cause livestock loss
and extensive damage to orchards, vineyards, grazing, fodder banks, equipment,
stores, packhouses and on-farm processing plants. Valuable perennial crops are often

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

xv
Executive summary
embedded in, or border on, the fire-prone fynbos. Emergent farmers can sometimes
lose their entire livelihoods - particularly those with small stock. Larger fires are very
difficult to control and they place firefighters (often farm labourers) at significant risk.
The frequency of wildfires is likely to increase substantially in the hotter, drier conditions.
High fire risk conditions are projected to increase by up to 40 % in the west, and almost
triple in the east of the province. Farms, particularly those close to natural areas, will be
subject to increased risk.
Riparian zones and wetlands have particularly important linkages with farmland
management and they offer resilience to climate variability and extremes. Fynbos
pollinators (bees and wasps) are vital to the agricultural economy of the province but it
is not known to what extent they could be affected by climate change.
The Western Cape can draw on its very strong research and knowledge base on
natural resources to devise strategies that strengthen the linkages with agriculture and
its productive potential into the future. This will require a targeted focus on better
understanding and monitoring such linkages, and improved collaboration between the
agriculture, water and biodiversity sectors.
The current potential to respond is hampered by the loss of institutional and human
capacity (and institutional memory) in critical areas in provincial government. Research
capacity and expertise at municipal decision-making level is limited and collaboration
and co-operation is lacking.
Recent initiatives to launch projects which meet the needs of Ecosystem-Based
Adaptation (EbA), the establishment of Biodiversity Corridors and the forging of
partnerships present a platform for further advances. If successful, these can be scaled
up and will provide benefits to agriculture in the long term.
The potential to grow agriculture in the environmental and climate change context will
be a step change in education and awareness-raising. A massive boost would be given
by winning the war on aliens and incorporating the true value of water into economic
decision-making.
Overview of the food system
The agriculture sector is a major element of the province’s food system. The concept of
the food system enables recognition of the complex set of interlinked activities and
outcomes of the commodity chain of production through to consumption. Food
security is the outcome of this complex articulation of multiple factors interacting across
multiple levels. Food security can be divided into three elements: food availability (the
production, distribution and exchange of food), food access (the affordability,
allocation and preference of food) and food utilization (food’s nutritional and social

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

xvi
Executive summary
value and food safety). These outcomes from a set of activities and processes in the
food system also include social and environmental outcomes. The close relationship
between agriculture and the food system is not well-understood or acknowledged in
policy-making. Indeed, the failure to take on a systems approach to the issue of food
has meant that inadequate availability, accessibility and utilisation have often been
addressed as technological challenges rather than systemic failures.
A number of characteristics of the current status of the food system in South Africa and
the Western Cape should be highlighted. South Africa is undergoing a ‘nutrition
transition’ where stunting, wasting and undernutrition in young children is occurring
alongside increasing levels of obesity and overweight in older children and adults.
These public health concerns are largely influenced by the consumption patterns of
South Africans who often do not have access to a healthy diet. Several South African
studies have shown that the majority of low income South Africans consumes a limited
range of foods consisting predominantly of starchy staples such as maize and bread
with low intakes of fruit and vegetables.
Some of these changing dietary patterns are due to urbanisation, the expansion of
supermarkets and the availability of processed foods. Indeed, the majority of South
Africans, including those living in the Western Cape, access food through a
combination of formal and informal markets. In the formal system there is a
concentration of power of a few corporates and this affects consumer choices.
Informal food systems operate relatively well, with flexible sourcing and distribution
systems by some retailers and informal traders. Nonetheless there are limitations in the
form of a lack of small-scale post-harvest infrastructure (storage, distribution, cold chain
and transport) for smaller players.
Climate change risk and impact
The assessment of risk and impact on the agricultural sector requires an integrated view
of the linkages between climate drivers, direct and indirect consequences on crops,
livestock and the productive environment, and the social and economic context.
Agriculture is generally highly exposed to, and often highly sensitive to climate
variability and climate change, leading to significant impacts. The potential for climate
change to disrupt this sector and food security needs to be taken very seriously.
In the Western Cape, the agricultural system has proven its resilience and is already
relatively well adapted to existing climate variability. No major disruptions in overall
production have been experienced over the last two decades or so, with climaterelated disasters having a relatively small footprint and knock-on effect (with the
possible exception of the 2009 drought).

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

xvii
Executive summary
It is expected that flexible adaptation approaches, the use of rotational production
systems, an increasing shift to conservation agriculture combined with the fertilising
effects of rising atmospheric CO2, could provide sufficient resilience to warming of up to
~+2 °C for winter grains. Opportunities for increased grain production could potentially
arise in currently marginal areas such as the eastern Rûens (Heidelberg-Riversdale
area), particularly if rainfall increases there.
The biggest threats of climate change to field crops are likely to lie in changes to the
distribution and intensity of pest species, the spread of diseases and growth of weeds.
Very little is known about this although knowledge of the species allows experts to make
some informed projections. The potential threat applies equally to drying or wetting
scenarios. More frequent failure of the autumn start of the rainfall season is another
significant threat.
Irrigated horticultural crops are well studied and temperature thresholds known. Apart
from apples, horticultural crops are unlikely to become limited by moderate warming.
However, seasonal shifts in rainfall, temperature and humidity give rise to production
and quality problems. These cannot currently be predicted with much certainty.
Temperature extremes (heat waves) will have negative impacts, but gentle warming
could make drying of fruit and vegetables more feasible in some areas. There are likely
to be winning and losing production regions, and possibly new areas suitable for
horticultural production.
The biggest threats of climate change to irrigated horticultural crops are insufficient
water for irrigation, pests and diseases and warming of the currently warmest
production regions. Apples are under threat in the warmer production regions unless
cooling technologies are widely implemented and/or acceptable low chill cultivars
become available.
Dryland horticultural crops (e.g. rooibos) will experience range shifts in suitable
production areas, with warmer and drier areas contracting and new areas becoming
suitable which are currently too cool or wet. Responses will depend primarily on rainfall
trends which are still very uncertain.
Undercover protected crop cultivation will have to deal with increased cooling costs
and risks associated with cooling failure, changing pressure of pests and diseases, and
storm damage. Opportunities could open up in currently colder parts of the province,
particularly in areas where water resources are available.
Extensive livestock production (cattle, sheep, goats and ostriches) will be primarily
impacted by rangeland vegetation changes (fodder), changes in the distribution of
pests and diseases and water availability. Dairy cattle are at greater risk of
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experiencing heat stress with reduced milk production and fertility. Choice of breed is
the primary adaptation already being used.
Intensive livestock production (feedlot cattle, pigs, chickens) is likely to be adversely
affected by heat stress in warmer regions, feed scarcity, cost increases and diseases.
More resilient heat- and drought-tolerant indigenous breeds are available but are
currently restricted mainly to small holder and subsistence farmers.
Generic risks include floods, droughts, hail, frost and fires and damage to agricultural
infrastructure. Rising input prices and volatile market prices are already squeezing
margins and these could be further affected by local and global impacts of climate
change.
Food security and its components are driven primarily by issues of economic access to
healthy food choices, and changing food preferences and consumption patterns.
Climate change will interact indirectly with these drivers. Adverse impacts on the sector
and the employment it offers could heighten levels of poverty, drive urbanisation, and
increase food insecurity.
The well-being of agricultural workers is likely to be affected by increasing heat stress,
diseases associated with floods and poor water quality, and physical danger
associated with storms, floods and fires. Poor nutritional status and other health threats
(stunting, obesity, HIV/AIDS) render rural workers less resilient to the demands of
agricultural labour.
On a production level, agriculture in the province shows fairly high levels of adaptive
capacity, with only a few commodities likely to come under threat with a moderate
warming (until mid-century). However, resilience may be declining because of multiple
stressors interacting with climate, a higher frequency of events with insufficient time for
recovery, and generally more difficult conditions in some of the more marginal regions.
Under climate change, agriculture continues to show growth potential if current
institutional, legal and other barriers to adaptation can be removed. A continued focus
on partnerships and collaboration at all levels, and between the public and private
sector, would set the sector on a new growth path. At a global level, the sector’s major
competitors in Mediterranean-climate regions are projected to face a bleaker future
climatically than the Western Cape; this could present opportunities for increasing
market share in commodities such as wine and olives, for example, and particularly for
seasonal fresh produce such as deciduous and citrus fruit if production volume,
efficiency or quality falls in competing production regions in the Southern Hemisphere.
Countries such as Chile, Brazil and Australia have some serious problems to deal with if
climate changes develop as expected.
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Summary table of climate change impacts and agriculture for each agro-climatic
zone:
Name

Main commodities

Future agricultural potential1

Bokkeveld

Pome fruit, wheat, stone fruit,
onions, potatoes

Remains high as long as the
dams fill up

Cattle
Bo-Langkloof-Outeniqua

Breede

Pome fruit, hops, wheat
Cattle, sheep, goats

Increasingly marginal,
constrained by water
availability and extremes

Wine grapes, wheat, stone
fruit, pome fruit, olives

Remains high as long as dams
fill up

Broilers, egg layers
Cape Town-Winelands

Wine and table grapes, wheat,
stone fruit, vegetables, olives,
canola, berries

Remains high as long as dams
fill up

Broilers, egg layers, pigs
Cederberg

Rooibos, wheat, citrus, wine
grapes, potatoes

Increasingly less productive
particularly in the north

Cattle
Grabouw-VilliersdorpFranschhoek

Pome fruit, wine grapes,
wheat, barley, stone fruit,
berries

Remains high as longs as dams
fill up, but apples become
unviable due to warming

GrootBrak-Plett

Wheat, barley, vegetables

Possibly less productive but
depends on rainfall shifts

Dairy, cattle, egg layers
Hardeveld/ Sandveld-north

Wheat, wine grapes, rooibos,
potatoes

Increasingly marginal

Sheep, cattle
Hex

1

Table grapes, citrus

Remains high as longs as dams
fill up

For the medium term future 2040-2060
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Name

Main commodities

Future agricultural potential1

Knersvlakte

Wheat, wine and table grapes,
rooibos

Already very marginal
becoming worse

Sheep, cattle, goats
Koup

Olives, vegetables and
vegetable seed

Slowly declining productivity,
constrained by heat

Sheep, cattle, goats, game
Little-Karoo

Wheat, vegetables, wine
grapes, stone fruit, olives

Remains moderately high as
longs as dams fill up

Dairy, ostriches, sheep, cattle,
goats, pigs
Montagu-Barrydale

Stone fruit, wheat, barley, wine
grapes, pome fruit, citrus,
olives

Remains high as longs as dams
fill up

Sheep
MosselBay-Herbertsdale

Wheat, barley, canola, berries
Dairy, ostrich, pigs, cattle,
sheep

Transition area, productivity
could improve with more
irrigation capacity

Nelspoort

Cattle, sheep, goats, ostrich

Depends on rangeland
changes, constrained by heat
and water

Olifants irrigation

Citrus, wheat, wine and table
grapes, rooibos, tomatoes

Remains viable as long as river
flows and dams fill up, but
constrained by heat

Piketberg

Pears, fynbos flowers, stone
fruit, wheat, citrus,
herbs/essential oils, wine
grapes, Cape rush

Remains viable as long as farm
dams fill up, but changing due
to warming

Sheep, cattle
Rooikaroo-Aurora

Wheat, canola, rooibos
Sheep, cattle

Increasingly marginal for
wheat
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Name

Main commodities

Future agricultural potential1

Rûens-east

Wheat, barley, canola

Currently becoming marginal
for small grains but could
improve given possible
increases in rainfall

Sheep, cattle, dairy, pigs
ostrich
Rûens-west

Sandveld-south

Wheat, barley, canola
Dairy, sheep, cattle

Remains high for small grains
but with increasing yield
variability

Wheat, potatoes, rooibos

Increasingly marginal

Sheep, cattle
Swartland

Wheat, wine and table grapes,
canola, olives
Dairy, pigs, sheep, cattle

Tankwa-van Wyksdorp

Wheat, stone fruit, wine grapes
Sheep, goats, pigs, cattle,
game, ostrich, dairy

Remains high for small grains
but with increasing yield
variability
Slowly declining productivity,
constrained by heat and
water availability

Adaptation
This chapter addresses adaptation to climate change, with a focus on global principles
followed by what is already being done in the agriculture sector of the Western Cape.
Following international convention, adaptation is separated from mitigation in this
review. However, there are numerous examples in the agricultural sector where
adaptation and mitigation are interlinked and mutually beneficial. This view is included
as one of the approaches of the Western Cape Climate Change Response Strategy.
Responding to climate-related risks involves decision-making in a changing world, with
continuing uncertainty about the severity and timing of climate change impacts and
with limits to the effectiveness of adaptation. Iterative risk management with multiple
feedbacks is a useful approach for adaptation in agriculture. Assessment of the widest
possible range of potential impacts, including low-probability outcomes with large
consequences, is central to understanding the benefits and trade-offs of alternative risk
management actions. The complexity of adaptation actions across scales and contexts
means that monitoring and learning are important components of effective
adaptation.
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The agricultural sector of the province is adapting by responding to the demands
posed by current climate variability and extremes in the context of other equally
challenging socio-economic drivers and pressures. Although there are some
anticipatory responses, most of the current responses are reactive and focused on the
short term.
Producers need a wide range of hard and soft technologies and approaches from
which to make appropriate choices tailored to their own situation and needs. ‘Noregret’ measures should be robust to a wide range of future climate possibilities.
Adaptation must be aligned with sustainable development and job retention/creation
which could give rise to the need for trade-offs. Local government and the private
sector are increasingly recognised as critical to progress in adaptation, given their roles
in scaling up adaptation of communities, households, and civil society and in
managing risk information and financing. The Western Cape already has good
examples of successful public-private partnerships in this regard.
In the agricultural sector, technology clearly plays an extremely important part in
productive potential and adaptive capacity. It includes hardware, software and
orgware (the capacity to organise and use all of these). Improvements of technologies
support greater and more efficient production, lower costs, help farmers to reach new
markets, and can also be employed to reduce risks. Appropriate technologies are
those which can be managed and maintained by farmers over the long term, and
which integrate environmental, economic and social sustainability principles.
Irrespective of production system, location or resource status, if producers have access
to a wider choice of appropriate technology options, they are able to innovate and
improve their practices. The capacity to differentiate and decide between
technologies is also necessary.
Underpinning research and local testing is inadequate due to lack of access to
databases, insufficient climate monitoring, lack of research capacity (in climate
change) and lack of funding. The private sector has taken the lead in providing
research support, with some areas of research covered by the WCG: Agriculture.
Water planning and adaptive initiatives for the agricultural sector are often hampered
by multiple policy, regulatory and institutional frustrations.
Almost all the adaptive responses which are already being implemented in the
province are driven primarily by non-climatic drivers, particularly economic drivers (both
on-farm and consumer-driven), and in some instances the need for greater ecological
and social sustainability. Farmers and agri-businesses adopt new ways of doing things
only where it makes economic sense and/or the market demands it. However, future
climate resilience is often acknowledged as a co-benefit. Good examples of ‘no-
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regrets’ approaches providing multiple benefits are Conservation Agriculture and the
FruitLook Project.
Mitigation
In this chapter we focus briefly on the two approaches which hold promise for
agriculture: (1) reducing energy consumption and switching to renewable energy
sources, and (2) sequestering carbon through land-based interventions.
Agri-businesses in the Western Cape are already developing renewable energy (mainly
solar photovoltaic) and energy efficiency programmes. The drivers are numerous and
not all related to climate change.
There are seven principal land-use based climate change mitigation activities in the
Western Cape. Four of the activities - the restoration of rangelands, reducing
degradation, conservation agriculture and the application of biochar - will lead to a
net increase in terrestrial carbon stocks and have substantial secondary ecosystem
service and climate change adaptation benefits.
The restoration and long-term sustainable management of indigenous vegetation and
agricultural soil not only leads to a net increase in carbon stocks above- and belowground but it improves the productivity, water infiltration and water retention of the
land as well as reducing soil erosion and the siltation of rivers.
The remaining three activities are energy related, either through improving energy
efficiency at a farm and packhouse level, or through the production of bioethanol and
electricity through anaerobic biogas digestion.
Both the implementation of anaerobic biogas digestion and bioethanol provide a
means of processing waste streams from the agricultural sector in a way that generates
energy, leads to a net reduction in GHG emissions, and reduces potential water and
soil pollution (similar projects in KwaZulu-Natal are primarily being implemented for the
water pollution benefit before climatic considerations).
All seven climate change mitigation opportunities will require further investment in rural
areas and the creation of required expertise and capacity, making their realization a
potential source of jobs and skill development in rural parts of the Western Cape where
such opportunities are certainly needed.
Monitoring and Evaluation (M&E)
M&E for Climate Smart Agriculture is becoming a high priority and is starting to be
developed. However, there is a critical gap to which the Western Cape SmartAgri
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project can make a significant contribution, both for the benefit of the agricultural
sector in the province and much wider.
It does mean that much pioneering work will be required in the M&E component of the
project. Given that the team capacity for M&E only comprises one M&E Specialist, it will
be essential that the other team members think ‘M&E’ in the development of the
strategy so that, in particular the development of the indicators , can benefit from their
collective expertise.
Another requirement will be to keep abreast with the fast moving emergence of
publications and hopefully some examples of Climate Smart Agriculture M&E
frameworks, systems and indicators and the evaluation reports which follow.
Finally, methodological innovations around issues such as uncertainty, longer term
results, baselines and attribution are also important, publishable project results.
Conclusions
The Western Cape agriculture sector is faced with numerous difficulties and climate
change will exert its influence in the context of multiple interacting drivers and pressure
points. Agriculture is highly dependent on effective risk management covering all three
sustainability components: economic, environmental and social.
All farms can experience exposure to variable and extreme weather, but some are
able to draw on resources and skills to ‘bounce back’ relatively unscathed, whereas
others never fully recover and become morbid or fail. Economies of scale and
diversification across commodities and agro-ecological zones renders larger farming
groups much more resilient than small and undiversified farming operations.
In order to succeed on a green growth path, agriculture must go beyond response and
plan strategically (anticipatory) for the near- and mid-term future. While pockets of
increasingly marginal production potential need to be identified, there are many areas
of opportunity. In some cases certain agro-ecological zones will benefit from relatively
benign climate changes such as moderate warming with potentially stable or even
increased rainfall. In other cases, a shift to more resilient crop types and farming systems
(climate smart agriculture) can buffer agriculture against some aridification without
negatively impacting profitability or jobs.
This review has found that, although the agricultural value chain is known to be
extremely important in the Western Cape, almost no work has been done to assess the
impacts of climate change across the value chain. Growth opportunities in the value
chain should be well assessed against climate change risks and impacts, including the
question of limiting resources (water, energy) required for these activities.
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The sector is beginning to measure its carbon footprint. The transition from measuring to
reducing the footprint now needs to be made, with the correct policy support. Farmers
will adopt mitigative actions if convinced of the benefits, and this will drive the response
to reduce GHG emissions from the agriculture sector. Some options such as wind and
solar energy at scale could even become lucrative sources of additional income for
land owners.
In conclusion, the Western Cape will likely remain a strong agricultural region, at least in
the near- to medium-term. It is likely that there will be ‘winners’ and ‘losers’ and the
sector together with government needs to identify the latter and provide support. The
next step of the SmartAgri project will be to develop a Climate Change Response
Framework and Implementation Plan. This will provide the mechanisms for such support.
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Abbreviations and acronyms

Abbreviations and acronyms
ACCESS

Applied Centre for Climate and Earth System Science

ACDI

African Climate & Development Initiative, UCT

ADRMP

Agricultural Disaster Risk and Management Plan

AFF

Agriculture, Forestry and Fisheries

AFOLU

Agriculture, Forestry and Other Land Use

AR5

Fifth Assessment Report of the IPCC

ARC

Agricultural Research Council

ARC-API

Agricultural Research Council Animal Production Institute

ARC-ISCW

Agricultural Research Council Institute for Soil, Climate and Water

ARC-SGI

Agricultural Research Council Small Grains Institute

ARC-VOPI

Agricultural Research Council Vegetable and Ornamental Plant Institute

BFAP

Bureau for Agricultural Policy

BGCMA

Breede-Gouritz Catchment Management Agency

BOCMA

Breede-Overberg Catchment Management Agency

BRC

Berg River Catchment

BRIP

Berg River Improvement Plan

BWI

Biodiversity and Wine Initiative

C.A.P.E.

Cape Action for People and the Environment

C3 and C4

Photosynthetic pathway types

CA

Conservation Agriculture

CBA

Community-Based Adaptation

CC

Climate Change

CCAFS

Climate Change, Agriculture and Food Security program

CCC

Confronting Climate Change project
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CDM

Clean Development Mechanism

CGA

Citrus Growers Association of Southern Africa

CGIAR

Consultative Group on International Agricultural Research

CH4

Methane (a greenhouse gas)

CIP

Climate Information Portal, CSAG UCT

CL

Compulsory Licensing

CMA

Catchment Management Agency

CMIP5

Coupled Model Intercomparison Model Project Phase 5

CMS

Catchment Management Strategy

CO2

Carbon dioxide (a greenhouse gas)

CPUT

Cape Peninsula University of Technology

CRDP

Comprehensive Rural Development Programme

cRDR

Cumulative Relative Development Rate

CRI

Citrus Research International

CSA

Climate Smart Agriculture

CSAG

Climate Systems Analysis Group, UCT

CSIR

Council for Scientific and Industrial Research

CSP

Concentrated Solar Power

DAFF

Department of Agriculture Forestry and Fisheries

DEA

Department of Environmental Affairs

DM

District Municipality

DMP

Disaster Management Plan

DPCU

Daily Positive Chill Units

DRDLR

Department of Rural Development and Land Reform

DSG

Departmental Strategic Goal
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DSO

Dam Safety Office

DWA

Department of Water Affairs

DWS

Department of Water and Sanitation

EbA

Ecosystem-based Adaptation

ECI

Environmental Change Institute

EGVV

Elgin-Grabouw-Vyeboom-Villiersdorp

EIA

Environmental Impact Assessment

EMG

Environmental Monitoring Group

ENSO

El Niño Southern Oscillation

EPWP

Expanded Public Works Programme

ERC

Energy Research Centre, UCT

EU

European Union

EWR

Ecological Water Requirement

EWS

Early Warning System

FAO

Food and Agriculture Organization of the United Nations

FEWLB

Food-Energy-Water-Land-Biodiversity

FPA

Fire Protection Association

FST

Fruit Surface Temperature

GCM

General Circulation Model

GDP

Gross Domestic Product

GDPR

Gross Domestic Product Regional

GEF

Global Environmental Fund

GHG

Greenhouse Gas

GPP

Gross Primary Productivity

GWS

Ground Water Strategy
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Ha

Hectare

HACCP

Hazard Analysis and Critical Control Points

HIV/AIDS

Human Immunodeficiency Virus / Acquired Immune Deficiency Syndrome

IB

Irrigation Board

IDP

Integrated Development Plan

IGDP

Integrated Growth and Development Plan of DAFF

IPCC

Intergovernmental Panel on Climate Change

IPM

Integrated Pest Management

IPP

Independent Power Producers

IPW

Integrated Production of Wine

IWRM

Integrated Water Resources Management

LM

Local Municipality

LTAS

Long Term Adaptation Scenarios

LTMS

Long Term Mitigation Scenarios

M&E

Monitoring and Evaluation

MAP

Mean Annual Precipitation

MAR

Mean Annual Runoff

MRV

Monitoring, Reporting and Verification

MTSF

Medium Term Strategic Framework

MW

MegaWatt

N2O

Nitrous Oxide (a greenhouse gas)

NAMC

National Agricultural Marketing Council

NCCR

National Climate Change Response

NDMF

National Disaster Management Framework

NDP

National Development Plan
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NFEPA

National Freshwater Ecosystem Priority Area

NFSD

National Framework for Sustainable Development

NGO

Non-Governmental Organisation

NMMU

Nelson Mandela Metropolitan University

NSSD

National Strategy for Sustainable Development and Action Plan

NWA

National Water Act

NWRS

National Water Resources Strategy

PLAAS

Institute for Poverty, Land and Agrarian Studies, UWC

PPECB

Perishable Products Exports Control Board

PSG

Provincial Strategic Goal

PSO

Provincial Strategic Objective

PV

Solar Photovoltaic

RADAR

Research Alliance for Disaster and Risk Reduction

RADP

Recapitalisation and Development Programme

RCM

Regional Climate Model

RCP

Representative Concentration Pathway

REDD+

Reduced Emissions from Degradation and Deforestation

REIPPP

Renewable Energy Independent Power Producers Programme

RHFA

Relatively Homogeneous Farming Area

SA

South Africa

SAAPPA

South African Apple and Pear Producers’ Association

SAB

South African Breweries

SACU

Southern African Customs Union

SADC

South African Development Community

SAEON

Southern African Environmental Observation Network
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SAHP

South Atlantic High Pressure Cell

SAM

Southern Annular Mode

SANBI

South African National Biodiversity Institute

SANHANES

South African National Health and Nutrition Survey

SAOSO

South African Organic Sector Organisation

SASPA

South African Stone Fruit Producers’ Association

SATI

South African Table Grape Industry

SAWIS

South African Wine Industry Information & Systems

SAWS

South African Weather Service

SDF

Spatial Development Framework

SIT

Sterile Insect Technique

SIZA

Sustainability initiative of South Africa

SmartAgri

Smart Agriculture for Climate Resilience Project

SMME

Small, Medium and Micro Enterprise

SOMD

Self-Organizing Maps Downscaling

SU

Stellenbosch University

t CO2e

Ton of carbon dioxide equivalent

tC

Ton of carbon

THI

Temperature Heat Stress Index

TMG

Table Mountain Group

UCT

University of Cape Town

UGEP

Utilisable Groundwater Exploitation Potential

UK

United Kingdom

UKCIP

United Kingdom Climate Information Portal

UKZN

University of Kwazulu-Natal
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UNDP

United Nations Development Programme

UNESCO

United Nations Educational, Scientific and Cultural Organization

UNFCCC

United Nations Framework Convention on Climate Change

UNISDR

United Nations International Strategy for Disaster Reduction

UWC

University of the Western Cape

V&V

Verification and Validation

VCS

Verified Carbon Standard

WAAS

Berg Water Availability Assessment Study

WAR

Water Allocation Reform

WARM

Water Authorisation and Registration Management

WAS

Water Accounting System

WC/WDM

Water Conservation and Water Demand Management

WCCCRS

Western Cape Climate Change Response Strategy

WCCS

National Climate Change Strategy for Water Resources

WCG: EADP Western Cape Department of Environmental Affairs & Development
Planning
WCG: Agriculture

Western Cape Department of Agriculture

WCWSS

Western Cape Water Supply System

WfW

Working for Water

WfWe

Working for Wetlands

WMA

Water Management Area

WRC

Water Research Commission

WUA

Water User Association

WWF-SA

World Wide Fund for Nature South Africa

WWTW

Waste Water Treatment Works
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Glossary
Adaptation: The process of adjustment to actual or expected climate and its effects. In
human systems, adaptation seeks to moderate harm or exploit beneficial opportunities.
In natural systems, human intervention may facilitate adjustment to expected climate
and its effects.
Adaptation options: The array of strategies and measures that are available and
appropriate for addressing adaptation needs. They include a wide range of actions
that can be categorized as structural, institutional, or social.
Adaptive capacity: The ability of systems, institutions, humans, and other organisms to
adjust to potential damage, to take advantage of opportunities, or to respond to
consequences. Adaptive capacity of individuals, households and communities is
shaped by their access to and control over natural (e.g. water resources), human (e.g.
knowledge, skills), social (e.g. cooperation, support), physical (e.g. irrigation
infrastructure) and financial (e.g. credit) resources.
Adaptive management: A process of iteratively planning, implementing, and modifying
strategies for managing resources in the face of uncertainty and change. Adaptive
management involves adjusting approaches in response to observations of their effect
and changes in the system brought on by resulting feedback effects and other
variables.
Agriculture, Forestry and Other Land Use (AFOLU): Agriculture, Forestry and Other Land
Use plays a central role for food security and sustainable development. The main
mitigation options within AFOLU involve one or more of three strategies: prevention of
emissions to the atmosphere by conserving existing carbon pools in soils or vegetation
or by reducing emissions of methane (CH4) and nitrous oxide (N2O); sequestration—
increasing the size of existing carbon pools, and thereby extracting carbon dioxide
(CO2) from the atmosphere; and substitution—substituting biological products for fossil
fuels or energy-intensive products, thereby reducing CO2 emissions. Demand-side
measures (e.g., by reducing losses and wastes of food, changes in human diet, or
changes in wood consumption) may also play a role. FOLU (Forestry and Other Land
Use)—also referred to as LULUCF (Land use, land-use change, and forestry)—is the
subset of AFOLU emissions and removals of greenhouse gases resulting from direct
human-induced land use, land-use change and forestry activities excluding agricultural
emissions.
Bioenergy: Energy that is derived from biological matter (i.e. from plants and animals)
but which has not undergone a geological process (cf. fossil fuels). Carriers of
bioenergy may be solid (e.g. wood, straw), liquid (e.g. biodiesel, bioethanol) or gaseous
(e.g. methane).

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

9
Glossary
Bioethanol: This is a liquid biofuel, mainly produced by the fermentation of
carbohydrates. A variety of materials contain carbohydrates that can be fermented to
produce bioethanol, such as cereals, milk (lactose), potatoes, sugar beet, sugarcane
and wine.
Biofuel: A fuel, generally in liquid form, developed from organic matter or combustible
oils produced by living or recently living plants. Examples of biofuel include alcohol
(bioethanol) and soybean oil.
Biogas: This is a gaseous biofuel. It is mainly produced by the anaerobic fermentation of
biological feedstocks (e.g. animal manure, residues and biowaste, energy crops). When
biogas is upgraded to biomethane, contaminants and carbon dioxide are removed,
which allows it to be used in the same way as natural gas. Biogas can also be obtained
through gasification of ligno-cellulosic material (e.g. wood chips, straw, corn stover) or
through pre-treatment with steam and enzymes.
Biome: A biome is a major and distinct regional element of the biosphere, typically
consisting of several ecosystems (e.g., forests, rivers, ponds, swamps within a region).
Biomes are characterized by typical communities of plants and animals.
Carbon dioxide (CO2): A naturally occurring gas, also a by-product of burning fossil fuels
from fossil carbon deposits, such as oil, gas, and coal, of burning biomass, of land use
changes, and of industrial processes (e.g., cement production). It is the principal
anthropogenic greenhouse gas that affects the Earth’s radiative balance. It is the
reference gas against which other greenhouse gases are measured and therefore has
a Global Warming Potential of 1.
Carbon dioxide (CO2) fertilization: The enhancement of the growth of plants as a result
of increased atmospheric carbon dioxide (CO2) concentration.
Carbon footprint: Measure of the exclusive total amount of emissions of carbon dioxide
(CO2) that is directly and indirectly caused by an activity or is accumulated over the life
stages of a product.
Carbon sequestration: The removal and storage of carbon from the atmosphere in
carbon sinks (such as oceans, forests or soils) through physical or biological processes,
such as photosynthesis.
Carbon tax: A levy on the carbon content of fossil fuels. Because virtually all of the
carbon in fossil fuels is ultimately emitted as carbon dioxide (CO2), a carbon tax is
equivalent to an emission tax on CO2 emissions.
Climate change: Climate change refers to a change in the state of the climate that
can be identified (e.g., by using statistical tests) by changes in the mean and/or the
variability of its properties, and that persists for an extended period, typically decades
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or longer. Climate change may be due to natural internal processes or external forcings
such as modulations of the solar cycles, volcanic eruptions, and persistent
anthropogenic changes in the composition of the atmosphere or in land use. Note that
the Framework Convention on Climate Change (UNFCCC) defines climate change as:
‘a change of climate which is attributed directly or indirectly to human activity that
alters the composition of the global atmosphere and which is in addition to natural
climate variability observed over comparable time periods’. The UNFCCC thus makes a
distinction between climate change attributable to human activities altering the
atmospheric composition, and climate variability attributable to natural causes.
Climate model: A numerical representation of the climate system based on the
physical, chemical, and biological properties of its components, their interactions, and
feedback processes, and accounting for some of its known properties. The climate
system can be represented by models of varying complexity; that is, for any one
component or combination of components a spectrum or hierarchy of models can be
identified, differing in such aspects as the number of spatial dimensions, the extent to
which physical, chemical, or biological processes are explicitly represented, or the level
at which empirical parameterizations are involved. Climate models are applied as a
research tool to study and simulate the climate, and for operational purposes, including
monthly, seasonal, and interannual climate predictions.
Climate scenario: A plausible and often simplified representation of the future climate,
based on an internally consistent set of climatological relationships that has been
constructed for explicit use in investigating the potential consequences of
anthropogenic climate change, often serving as input to impact models. Climate
projections often serve as the raw material for constructing climate scenarios, but
climate scenarios usually require additional information such as the observed current
climate.
Climate Smart Agriculture: An approach to developing the technical, policy and
investment conditions to achieve sustainable agricultural development for food security
under climate change. The magnitude, immediacy and broad scope of the effects of
climate change on agricultural systems create a compelling need to ensure
comprehensive integration of these effects into national agricultural planning,
investments and programs. The CSA approach is designed to identify and
operationalize sustainable agricultural development within the explicit parameters of
climate change.
Climate variability: Variations in the mean state and other statistics (such as standard
deviations, the occurrence of extremes, etc.) of the climate on all spatial and temporal
scales beyond that of individual weather events. Variability may be due to natural
internal processes within the climate system (internal variability), or to variations in
natural or anthropogenic external forcing (external variability).

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

11
Glossary
Community-based adaptation: Local, community-driven adaptation. Communitybased adaptation focuses attention on empowering and promoting the adaptive
capacity of communities. It is an approach that takes context, culture, knowledge,
agency, and preferences of communities as strengths.
Disaster: Severe alterations in the normal functioning of a community or a society due
to hazardous physical events interacting with vulnerable social conditions, leading to
widespread adverse human, material, economic, or environmental effects that require
immediate emergency response to satisfy critical human needs and that may require
external support for recovery.
Disaster risk management: Processes for designing, implementing, and evaluating
strategies, policies, and measures to improve the understanding of disaster risk, foster
disaster risk reduction and transfer, and promote continuous improvement in disaster
preparedness, response, and recovery practices, with the explicit purpose of increasing
human security, well-being, quality of life, and sustainable development.
Disaster risk reduction: Denotes both a policy goal or objective, and the strategic and
instrumental measures employed for anticipating future disaster risk; reducing existing
exposure, hazard, or vulnerability; and improving resilience.
Downscaling: Downscaling is a method that derives local- to regional-scale (10 to 100
km) information from larger-scale models or data analyses. Two main methods exist:
dynamical downscaling and empirical/statistical downscaling. The dynamical method
uses the output of regional climate models, global models with variable spatial
resolution, or high-resolution global models. The empirical/statistical methods develop
statistical relationships that link the largescale atmospheric variables with local/regional
climate variables. In all cases, the quality of the driving model remains an important
limitation on the quality of the downscaled information.
Ecosystem-based adaptation: The use of biodiversity and ecosystem services as part of
an overall adaptation strategy to help people to adapt to the adverse effects of
climate change. Ecosystem-based adaptation uses the range of opportunities for the
sustainable management, conservation, and restoration of ecosystems to provide
services that enable people to adapt to the impacts of climate change. It aims to
maintain and increase the resilience and reduce the vulnerability of ecosystems and
people in the face of the adverse effects of climate change. Ecosystem-based
adaptation is most appropriately integrated into broader adaptation and
development strategies.
Ecosystem services: Ecological processes or functions having monetary or nonmonetary value to individuals or society at large. These are frequently classified as (i)
supporting services such as productivity or biodiversity maintenance, (ii) provisioning
services such as food, fiber, or fish, (iii) regulating services such as climate regulation or
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carbon sequestration, and (iv) cultural services such as tourism or spiritual and aesthetic
appreciation.
Extensive farming (as opposed to intensive farming): An agricultural production system
that uses small inputs of labour, fertilizers, and capital, relative to the land area being
farmed. Extensive farming most commonly refers to sheep and cattle farming in areas
with low agricultural productivity.
Food security: A state that prevails when people have secure access to sufficient
amounts of safe and nutritious food for normal growth, development, and an active
and healthy life.
Food system: A food system includes the suite of activities and actors in the food chain
(i.e., producing, processing and packaging, storing and transporting, trading and
retailing, and preparing and consuming food); and the outcome of these activities
relating to the three components underpinning food security (i.e., access to food,
utilization of food, and food availability), all of which need to be stable over time. Food
security is therefore underpinned by food systems, and is an emergent property of the
behaviour of the whole food system. Food insecurity arises when any aspect of the food
system is stressed.
Greenhouse Gases: Those gaseous constituents of the atmosphere that absorb and
emit radiation at specific wavelengths within the spectrum of infrared radiation emitted
by the Earth’s surface, the atmosphere, and clouds.
Invasive alien species: A species introduced outside its natural past or present
distribution (i.e., an alien species) that becomes established in natural or semi-natural
ecosystems or habitat, is an agent of change, and threatens native biological diversity.
Land use and Land use change: Land use refers to the total of arrangements, activities,
and inputs undertaken in a certain land cover type (a set of human actions). The term
land use is also used in the sense of the social and economic purposes for which land is
managed (e.g., grazing, timber extraction, and conservation). Land use change refers
to a change in the use or management of land by humans, which may lead to a
change in land cover. Land cover and land use change may have an impact on the
surface albedo, evapotranspiration, sources and sinks of greenhouse gases, or other
properties of the climate system and may thus give rise to radiative forcing and/or other
impacts on climate, locally or globally.
Maladaptive actions (or maladaptation): Actions that may lead to increased risk of
adverse climate-related outcomes, increased vulnerability to climate change, or
diminished welfare, now or in the future.

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

13
Glossary
Mitigation (of climate change): A human intervention to reduce the sources or
enhance the sinks of greenhouse gases.
Monitoring and Evaluation (M&E): A process that helps improving performance and
achieving results. Its goal is to improve current and future management of outputs,
outcomes and impact. It is mainly used to assess the performance of projects,
institutions and programmes set up by governments, international organisations and
NGOs. It establishes links between the past, present and future actions.
Phenology: The relationship between biological phenomena that recur periodically
(e.g., development stages, migration) and climate and seasonal changes.
Renewable energy: Any form of energy from solar, geophysical, or biological sources
that is replenished by natural processes at a rate that equals or exceeds its rate of use.
Representative concentration pathways: Scenarios that include time series of emissions
and concentrations of the full suite of greenhouse gases and aerosols and chemically
active gases, as well as land use/land cover. The word representative signifies that
each RCP provides only one of many possible scenarios that would lead to the specific
radiative forcing characteristics. The term pathway emphasizes that not only the longterm concentration levels are of interest, but also the trajectory taken over time to
reach that outcome.
Resilience: The capacity of a social-ecological system to cope with a hazardous event
or disturbance, responding or reorganizing in ways that maintain its essential function,
identity, and structure, while also maintaining the capacity for adaptation, learning,
and transformation.
Risk: The potential for consequences where something of human value (including
humans themselves) is at stake and where the outcome is uncertain. Risk is often
represented as probability of occurrence of hazardous events or trends multiplied by
the consequences if these events occur.
Risk management: The plans, actions, or policies implemented to reduce the likelihood
and/or consequences of risks or to respond to consequences.
Sustainable development: Development that meets the needs of the present without
compromising the ability of future generations to meet their own needs.
Uncertainty: A state of incomplete knowledge that can result from a lack of information
or from disagreement about what is known or even knowable. It may have many types
of sources, from imprecision in the data to ambiguously defined concepts or
terminology, or uncertain projections of human behaviour. Uncertainty can therefore
be represented by quantitative measures (e.g., a probability density function) or by
qualitative statements (e.g., reflecting the judgment of a team of experts).
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Value chain: The set of actors (private, public, and including service providers) and the
sequence of value-adding activities involved in bringing a product from production to
the final consumer. In agriculture they can be thought of as a ‘farm to fork’ set of
processes and flows.
Vulnerability: The propensity or predisposition to be adversely affected. Vulnerability
encompasses a variety of concepts including sensitivity or susceptibility to harm and
lack of capacity to cope and adapt.
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1. Introduction
1.1

The Project: SmartAgri

First-hand experience by farming communities and scientific projections for the future
strongly suggest that climate change will have significant implications for the resilience
of the agricultural sector in the Western Cape of South Africa. Global market instability,
rising input costs, increased pressure on natural resources, and uncertainties around
land reform processes are additional realities and drivers that challenge the robustness
of the Western Cape’s agricultural sector. It has become evident that practical
solutions are required to the additional issue of climate change, which will provide real
measurable resilience to farmers and agri-businesses, with wide-ranging knock-on
benefits to rural communities and natural resource management. Such solutions require
framing and planning at sub-national level, and for the agricultural sector, within the
co-operative governance approach of the Western Cape Provincial Government. To
this end, a collaborative project between the Western Cape Department of Agriculture
(WCG: AGRICULTURE), the Department of Environmental Affairs & Development
Planning (WCG: EADP), a consortium led by the University of Cape Town’s African
Climate & Development Initiative (ACDI), and the agricultural sector has been
launched. The project is called Smart Agriculture for Climate Resilience (SmartAgri) and
runs from August 2014 to March 2016.

1.2

SmartAgri: Aims and work phases

SmartAgri sets out to facilitate the collective identification, analysis and prioritisation of
feasible risk management approaches, effective existing and new technologies which
create resilience, and implementation pathways for specific climate change risks,
commodities and farming systems across the province. It also aims to identify
opportunities where the agricultural sector of the Western Cape can contribute to the
reduction of Greenhouse Gas (GHG) emissions as the country implements its targets in
this respect. Furthermore, SmartAgri seeks to build a strong network of key stakeholders
and decision-makers that can create an enabling environment for collective action
and knowledge sharing over the short and long term. The overarching aim is to develop
a practical and relevant climate change response framework and implementation
plan specifically for the agricultural sector of the Western Cape.
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SmartAgri has been organised into three work phases as set out in Figure 1.1.

Figure 1.1: The three work phases and deliverables of the SmartAgri project

Phase 1: Status Quo
Phase 1 will focus on a Status Quo Assessment of impacts and responses to climate
change in agriculture in the Western Cape. The primary product of this phase is a Status
Quo Review, the scope and objective of which is discussed in more detail at the end of
this chapter. The other two products are the creation of a stakeholder database which
captures the diversity of stakeholder groups that make up the sector as well as the
organisations of two stakeholder workshops which initiated the in-depth participatory
multi-stakeholder consultation process.
Phase 2: Framework
The output of Phase 2 will be a practical and locally relevant Climate Change
Response Framework which builds on a strong science basis, best practice (including six
adaptation/mitigation case studies) as well as intensive stakeholder engagement
throughout the province in order to collate the various response strategies and
technologies being used or that are potentially available to farmers to increase
resilience to climate change.
Phase 3: Implementation Plan
Based on the Climate Change Response Framework from Phase 2, an Implementation
Plan will be developed. To ensure the effective implementation of response strategies
the plan is to be accompanied by a communication campaign. This communication
campaign draws on the stakeholder engagement and communication plan of Phases
1 and 2 and will enhance the optimisation of communication, information sharing and
learning across all relevant groups and decision-making authorities. The campaign will
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also strengthen the support and ownership of the implementation plan among
government agencies, farmers, agribusinesses and support organisations. The successful
execution of the plan will be further strengthened through a tailored monitoring and
evaluation (M&E) plan which will allow for effective management and reporting of the
implementation activities.

1.3

SmartAgri: Approach and Methodology

As its point of departure, SmartAgri adopts a fully participatory and collaborative
approach that captures the understanding, experiences and needs of a wide range of
stakeholders across the province. It takes into account the near term (2015-2035) and
the medium term (2040-2060). This approach is, however, framed within the globalised
nature of climate change and agricultural impacts. It also considers broader
timeframes from recent history (1960-2012) to end-century (2075-2095), and the
importance of agriculture not only for its immediate local actors but for the economy
and security of the provincial and national population.
The project is based on the understanding that in order to respond to climate change
appropriately, one first needs to understand the impacts on various agricultural
activities. To understand impacts one needs to be clear about risk, sensitivity to risk and
local context. The risk analysis which will inform the framework and implementation plan
will draw on four key considerations:





climate futures;
scenarios for the future of agriculture as a sector under changing conditions,
including social, economic and environmental considerations;
the importance of place (spatial context); and
farming category (commercial, smallholder or subsistence).

Individual commodities have widely differing sensitivities and opportunities under
conditions of climate change. As such, a commodity-based approach will be taken to
assess suitable response strategies and technologies. By taking such a holistic
approach, SmartAgri will be able to identify and foster commodity- and area-specific
response options that are tailored for the needs and capabilities of a range of farming
categories and available resources.
For the purposes of the SmartAgri project, spatial units or agro-climatic zones have
been identified for the Western Cape. These were arrived at through the aggregation
of the more than 80 Relatively Homogeneous Farming Areas (RHFAs) based on climatic,
vegetative and productive attributes (Map 1.1, Table 1.1). They define the agricultural
landscape of the province and will be used throughout this project.
RHFAs are described as follows (http://www.elsenburg.com/gis/): “Homogeneous
Farming Areas demarcate areas where the main agricultural activities practiced, or
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which realistically could be practiced, are common to most farm enterprises and within
which the pertinent climate factors do not vary sufficiently to influence production
practices and potential. These agro-ecological zones provide an excellent spatial unit
for representing the specific agricultural character, current enterprises and climatic
potential of a locality.”
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Map 1.1: Merged Relatively Homogeneous Farming Areas (RHFAs) showing 23 agro-climatic zones as used for the
SmartAgri Project. Developed by M. Wallace, WCG: Agriculture.
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Table 1.1: Summary of broad biophysical features and crop/livestock commodities for
each agro-climatic zone in the Western Cape
Name

Main biophysical features

Main crops

Livestock

Bokkeveld

High altitude plains

Pome fruit, wheat, stone fruit,

Cattle

between mountain ridges

onions, potatoes

BoLangkloofOuteniqua

East-west mountains and
valleys near coast

Pome fruit, hops, wheat, stone
fruit, flowers, honeybush

Cattle, sheep,
goats

Breede

Broad river valley
surrounded by mountains,
fertile

Wine and table grapes, wheat,
stone fruit, pome fruit, olives,
citrus, vegetables, flowers

Broilers, egglaying
chickens

Cape TownWinelands

Oceanic with mountains

Wine and table grapes, wheat,
stone fruit, vegetables, olives,
canola, citrus, flowers, berries

Broilers, egglaying
chickens, pigs

Cederberg

High elevation mountains
and valleys

Rooibos, wheat, citrus, wine
grapes, stone fruit, vegetables,
potatoes, flowers

Cattle

GrabouwVilliersdorpFranschhoek

Plains with low elevation
mountains

Pome fruit, wine grapes, wheat,
barley, stone fruit, flowers,
berries

GrootBrakPlett

Coastal plains

Wheat, barley, vegetables,
nuts, berries, flowers,
honeybush

Cattle, dairy,
egg-laying
chickens

Hardeveld/
Sandveldnorth

Coastal plain

Wheat, wine grapes, rooibos,
potatoes, vegetables

Cattle, sheep

Hex

Interior narrow valley
surrounded by high
mountains

Table grapes, citrus

Knersvlakte

Very flat plain rising gently
to escarpment

Wheat, wine and table grapes,
rooibos

Cattle, goats,
sheep

Koup

Mostly flat plain rising
gently to escarpment

Olives, vegetables and
vegetable seed, stone fruit

Cattle, game,
goats, sheep

Little-Karoo

Flat but surrounded by
mountain ranges

Wheat, vegetables, wine
grapes, stone fruit, olives, nuts

Cattle, dairy,
goats,
ostriches, pigs,
sheep
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Name

Main biophysical features

Main crops

Livestock

MontaguBarrydale

Mountainous with fertile
valleys

Stone fruit, wheat, barley, wine
grapes, pome fruit, citrus, olives,
flowers, nuts

Sheep

MosselBayHerbertsdale

Hilly coastal plain up to
mountain range

Wheat, barley, canola, flowers

Cattle, dairy,
ostriches, pigs,
sheep

Nelspoort

Flat with isolated hills, on
escarpment

Olives

Cattle, goats,
ostriches,
sheep

Olifants
irrigation

Narrow coastal hilly plain,
dry land with fertile river
valleys

Citrus, wheat, wine & table
grapes, rooibos, tomatoes,
potatoes

Piketberg

‘Island mountain’, fertile
shale soils

Pears, fynbos flowers, stone
fruit, wheat, citrus,
herbs/essential oils, wine
grapes, Cape rush, rooibos

Cattle, sheep

RooikarooAurora

Flat dry plains

Wheat, canola, rooibos, table
& wine grapes, potatoes, olives,
flowers

Cattle, sheep

Rûens-east

Hilly coastal plain,
bordered by mountains in
north, coast in south,
fertile soils

Wheat, barley, canola, citrus,
olives, herbs/essential oils,
Cape rush, berries, honeybush

Cattle, dairy,
ostriches, pigs,
sheep

Rûens-west

Hilly coastal plain,
bordered by mountains in
north, coast in south,
fertile soils

Wheat, barley, canola, wine
grapes, pome fruit, flowers,
vegetables, olives, citrus,
herbs/essential oils, berries

Cattle, dairy,
sheep

Sandveldsouth

Coastal, sandy infertile
soils

Wheat, potatoes, rooibos,
canola, citrus, flowers

Cattle, sheep

Swartland

Fertile, undulating
bordered by mountains to
the east

Wheat, wine and table grapes,
canola, olives, citrus,
vegetables, stone fruit, berries,
flowers

Cattle, dairy,
pigs, sheep

TankwavanWyksdorp

Mostly flat plain, bordered
by mountains with
escarpment to the north,
split by the Klein
Swartberge and with
Langeberge to the south

Wheat, stone fruit, wine & table
grapes, vegetables, olives, nuts

Cattle, dairy,
game, goats,
ostriches, pigs,
sheep
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1.4

The Status Quo report: scope and objective

The Status Quo Review is a critical component of the SmartAgri project as it informs the
development of the Climate Change Response Framework and Implementation Plan.
The Review goes beyond the assessment of climate change responses in agriculture. It
also engages in the assessment of risk and impacts of specific commodities and agroclimatic zones in order to provide a detailed understanding of the response gaps,
needs and opportunities.
This Review brings together the knowledge of an interdisciplinary team of scientists who
have high levels of expertise in climate change and agriculture. While each chapter
discusses the agricultural sector of the Western Cape from a different angle, jointly and
with the assistance of spatial maps they create a holistic understanding of the
agricultural sector from a systems perspective.
The Review is based on in-depth desktop study and on findings from previous scientific
studies undertaken by the chapter authors and others working in this field. In addition,
the report is informed by the findings from two stakeholder workshops that took place in
October 2014 (Appendix 1) as well as by the information generated during expert
interviews in Phase 1.
The Review is intended to become a practical tool that aids the decision- making of the
stakeholder groups and government agencies in their day-to-day and long-term
decision-making. The close collaboration and regular knowledge exchange between
the chapter authors, the core project team comprised of government officials and
researchers and the consultation of key representatives from the agricultural sector
provided ample opportunities to test whether the data, findings and recommendations
presented in the report are of value to the agricultural communities.
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2. Background and context
2.1

Global climate change and agriculture

Climate change is one of the most serious issues facing the world over the coming
decades, as it can be seen as a disruptive ‘game changer’ given the many concurrent
economic, political and social issues. It is a highly complex problem, interacting with
other global changes such as human population growth and increasingly limiting
natural resources. The most recent global assessment of climate change, the
Intergovernmental Panel on Climate Change (IPCC) 5th Assessment Report (IPCC, 2013;
IPCC, 2014a; IPCC, 2014b), commonly termed the AR5, confirms that the scientific
evidence points unequivocally towards continued warming and changes in rainfall
patterns. It provides a comprehensive compilation of the global status quo and
projections on climate change.
Agriculture is highly vulnerable to these changes, and in a globalised world this means
significant impacts on agriculture and food systems at multiple scales. However, climate
trends and impacts will differ from place to place, even within smaller areas such as
provinces and districts. This complicates our understanding of impacts, but also creates
significant opportunities.
The underlying drivers of climate change are well researched and relate primarily to the
burning of fossil fuels and other human activities which release gases such as carbon
dioxide (CO2) into the atmosphere. These so-called Greenhouse Gases (GHGs) have a
strong warming effect on the earth’s climate, and this has been measured for over 100
years. Each of the last three decades has been successively warmer at the Earth’s
surface than any preceding decade since 1850. In the Northern Hemisphere, 1983–2012
was likely the warmest 30-year period of the last 1400 years (Figure 2.1 and Figure 2.2).
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Figure 2.1: Observed global mean combined land and ocean surface temperature
anomalies, from 1850 to 2012 from three data sets. Top panel: annual mean values.
Bottom panel: decadal mean values including the estimate of uncertainty for one
dataset (black). Anomalies2 are relative to the mean of 1961−1990. A positive anomaly
means that temperatures have risen during this period. Source: Adapted from IPCC
(2013).

“Anomaly” in the context of climate change refers to the deviation of a variable such as
temperature or rainfall from its value averaged over a reference period.
2
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Observations indicate that it is most likely that 2014 is currently one of the four warmest
years on record, and that it could become the warmest (WMO, 2014). It is worth noting,
in the specific context of this review and the Western Cape’s agricultural competitors in
the Mediterranean-climate regions globally, that the European Mediterranean region,
California and southern Australia have experienced serious warming, heat waves and
drought this year (Figure 2.2) and during the preceding years (see also Box 9.6).
Warming in the Western Cape and South America has not been nearly as great. These
differentials, if they continue, could fundamentally alter the global market dynamics for
produce such as wine and olives.

Figure 2.2: January to October 2014 average air temperature anomalies over land and
sea-surface temperature anomalies over the oceans (relative to the 1961-1990
average) from the HadCRUT.4.3.0.0 data set. A grid cell average is calculated if there is
at least one month of data for each quarter: January-March, April-June, JulySeptember, October. A positive anomaly (orange-red) means that temperatures were
higher, and a negative anomaly (blue) means that temperatures were lower relative to
the average over 1961-1990. Source: WMO (2014)

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

26
Chapter 2 Background and context

Figure 2.3: Coupled Model Intercomparison Project Phase 5 (CMIP5) multi-model
simulated time series from 1950 to 2100 for change in global annual mean surface
temperature relative to 1986–2005. Time series of projections and a measure of
uncertainty (shading) are shown for scenarios RCP2.63 (blue) and RCP8.5 (red). Black
(grey shading) is the modelled historical evolution using historical reconstructed
forcings. The mean and associated uncertainties averaged over 2081−2100 are given
for all RCP scenarios as colored vertical bars. The numbers of CMIP5 models used to
calculate the multi-model mean is indicated. Source: Adapted from IPCC (2013).

Global surface temperature change for the end of the 21st century is likely to exceed
1.5 °C relative to 1850 to 1900 for all Representative Concentration Pathway (RCP)
scenarios4 except RCP2.6. It is likely to exceed 2 °C for RCP6.0 and RCP8.5, and more
likely than not to exceed 2 °C for RCP4.5. Warming will continue beyond 2100 under all
RCP scenarios except RCP2.6. Warming will continue to exhibit interannual-to-decadal
variability and will not be regionally uniform.
Changes in the global water cycle in response to the warming over the 21st century will
not be uniform. The contrast in precipitation between wet and dry regions and
between wet and dry seasons will increase, although there may be regional
exceptions. The Mediterranean-climate regions worldwide are all expected to suffer
decreasing rainfall.
The 5th Assessment Report of the IPCC has placed risk assessment and management at
the centre of its approach (IPCC, 2014a). Risk is often represented as probability of
occurrence of hazardous events or trends multiplied by the impacts if these events or
trends occur. Throughout history, farmers and agriculture-dependent societies have
evolved a deep understanding of climate-related risk and risk management and have
adjusted to and coped with these factors as best they could. Decisions and actions
3
4

For an explanation of the Relative Concentration Pathways (RCPs) please see Box 4.1 on pg. 93
ibid
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and their associated costs are influenced by perception, experience and nature of the
risk, and the specific nature of the process being adapted and the assets involved
(OECD, 2009). However, farming societies are now moving into uncharted territory
where known patterns of climate risk and impact are shifting due to climate change.
Production factors, yields and prices have become more variable and show greater
extremes, often driven by local to global climate events (IPCC, 2014a). Hazards with a
low historical probability but with significant consequences are becoming more
frequent, for example heavy rainfall leading to flash flooding or heat stress events
(Battisti and Naylor, 2009; IPCC, 2012; World Bank, 2013a). In some cases, critical
thresholds may be breached, calling for transformative and possibly disruptive
approaches to adaptation.
Risk management is the range of strategies and instruments applied to avoid or
minimise losses and to utilise opportunities (World Bank, 2013b). It also includes the
building of resilience to those impacts which cannot be avoided, through adequate
preparedness and adaptation, as well as safety nets. Agricultural role-players may
perceive or rank risks and potential benefits differently, given diverse values and goals
(OECD, 2009). Approaches range from autonomous (e.g. on-farm), to collective (e.g.
driven through farmers’ associations or a given value chain), to state-facilitated (e.g.
market stabilisation instruments). They must take into account the timeframes of the
hazard i.e. acute (e.g. heat wave) or chronic (e.g. consecutive years of drought), and
the short- and long-term climate changes and impacts. These complexities call for a
multi-dimensional suite of response options and integrated decision support.
Climate change is a particularly problematic additional stress in regions already
experiencing high pressure within the food-energy-water-land-biodiversity nexus (Hoff,
2011; Midgley and New, 2014). Food production is critically dependent on water, land,
energy and ecosystem services, but also exerts impacts on its environment and
resources required by other sectors. As resource constraints and shortages begin to
emerge, economic development decisions are coming face to face with tradeoffs and
the need to seek greater efficiencies of resource use and optimisation of overall
benefits, whilst maintaining food, energy and water security. This will be compounded
by climate change.
Responding to climate-related risks involves decision-making under continuing
uncertainty about the severity and timing of climate change impacts and with limits to
the effectiveness of adaptation (IPCC, 2014a). Iterative risk management is a useful
framework for decision-making in such complex situations. Assessment of the widest
possible range of potential impacts is central to understanding the benefits and
tradeoffs of alternative risk management actions. The complexity of adaptation actions
across scales and contexts means that monitoring and learning are important
components of effective adaptation. A critical element of this process is effective
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communications. Raymond and Robinson (2013) showed that a lack of communication
between formal institutions (e.g. government agencies) and communities of practice
(farmer associations) was a major barrier to adaptation by farmers. A better model
would be based on co-management of climate change across multiple groups in the
agricultural sector.
Adaptation and mitigation contribute towards the building of socio-economic
resilience, including the pursuit of ‘climate-resilient pathways’ and transformative
approaches where limits to adaptation are evident. Climate-resilient pathways lead to
a more resilient world through adaptive learning, increasing scientific knowledge,
effective adaptation and mitigation measures, and other choices that reduce risks.
Pathways that lower resilience can involve insufficient mitigation, maladaptation, failure
to learn and use knowledge, and other actions that lower resilience.
Climate change will have significant impacts on food security and food production
systems (Porter et al., 2014; Lobell et al., 2008; Lobell and Tebaldi, 2014; Thornton et al.,
2011; Thornton and Lipper, 2014; Hatfield et al., 2014; DEA, 2013b; Blignaut et al., 2009).
Globally, and particularly in low- to mid-latitude regions, yields of most crops will suffer
and climate-related extremes will increase inter-annual yield variability. Livestock
production will also be impacted both directly and indirectly. As a result, price volatility
increases, to which both producers and consumers (including those in the Western
Cape) are highly sensitive (HLPE, 2011). Furthermore, changes in geographical
distribution of production and global trade patterns will affect particularly those farmers
and enterprises strongly dependent on exports.
GHG emissions from agriculture, forestry and other land use (AFOLU) are increasing
steadily globally. They now stand at just under a quarter of global emissions, and future
emissions may further increase by up to 30 % by 2050 (Tubiello et al., 2014). In the
agricultural sector there is significant potential for mitigation (reduction in emissions)
through an enhancement of removals of GHGs and reductions in emissions through
management of land and livestock (Smith et al., 2014) and demand-side
management.
It is widely acknowledged that adaptation and mitigation in agriculture must go
beyond crop/livestock- or breed-specific interventions to support production goals, and
take a systems approach in order to secure sustainability and resilience (McIntyre et al.,
2009). Many of these approaches seek synergies between adaptation and mitigation,
and have disaster risk reduction co-benefits. Examples which have gained considerable
traction globally and in South Africa include Conservation Agriculture (CA)
(http://www.fao.org/ag/ca/), Climate Smart Agriculture (CSA) (FAO, 2013a; DAFF,
2013a, Box 2.1) and Ecosystem-Based Adaptation (EbA) (Midgley et al., 2012). They are
approaches to managing agro-ecosystems for improved and sustained productivity,
increased profits and food security, while preserving and enhancing the resource base
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and the environment. They focus not just on the farm level but also on the landscapes
that provide the climatic, agro-climatic and social context. Water, soil and energy
management are crucial elements in CA, CSA and EbA. CSA also focuses on the
management of agricultural genetic resources and genetic diversification for food and
agriculture and sustainable food value chains.
Box 2.1: What is Climate Smart Agriculture? Source: From FAO (2013a).
Climate Smart agriculture (CSA), as defined and presented by FAO at the Hague
Conference on Agriculture, Food Security and Climate Change in 2010, contributes to
the achievement of sustainable development goals. It integrates the three dimensions
of sustainable development (economic, social and environmental) by jointly addressing
food security and climate challenges. It is composed of three main pillars:
1. Sustainably increasing agricultural productivity and incomes;
2. Adapting and building resilience to climate change;
3. Reducing and/or removing greenhouse gases emissions, where possible.
CSA is an approach to developing the technical, policy and investment conditions to
achieve sustainable agricultural development for food security under climate change.
The magnitude, immediacy and broad scope of the effects of climate change on
agricultural systems create a compelling need to ensure comprehensive integration of
these effects into national agricultural planning, investments and programs. The CSA
approach is designed to identify and operationalize sustainable agricultural
development within the explicit parameters of climate change.
Achieving the transformations required for CSA and meeting these multiple objectives
requires an integrated approach that is responsive to specific local conditions. Coordination across agricultural sectors (e.g. crops, livestock, forestry and fisheries) as well
as other sectors, such as with energy and water sector development is essential to
capitalize on potential synergies, reduce trade-offs and optimize the use of natural
resources and ecosystem services.
This approach also aims to strengthen livelihoods and food security, especially of
smallholders, by improving the management and use of natural resources and
adopting appropriate methods and technologies for the production, processing and
marketing of agricultural goods. To maximize the benefits and minimize the tradeoffs,
CSA takes into consideration the social, economic, and environmental context where it
will be applied. Repercussions on energy and local resources are also assessed. A key
component is the integrated landscape approach that follows the principles of
ecosystem management and sustainable land and water use.
Box 2.1 cont.
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CSA is not a single specific agricultural technology or practice that can be universally
applied. It is an approach that requires site-specific assessments to identify suitable
agricultural production technologies and practices.
This approach:
1. Addresses the complex interrelated challenges of food security, development and
climate change, and identifies integrated options that create synergies and benefits
and reduce trade-offs;
2. recognises that these options will be shaped by specific country contexts and
capacities and that the particular social, economic, and environmental situation where
it will be applied;
3. assesses the interactions between sectors and the needs of different involved
stakeholders;
4. identifies barriers to adoption, especially among farmers, and provides appropriate
solutions in terms of policies, strategies, actions and incentives;
5. seeks to create enabling environments through a greater alignment of policies,
financial investments and institutional arrangements;
6. strives to achieve multiple objectives with the understanding that priorities need to be
set and collective decisions made on different benefits and trade-offs;
7. should prioritise the strengthening of livelihoods, especially those of smallholders, by
improving access to services, knowledge, resources (including genetic resources),
financial products and markets;
8. addresses adaptation and builds resilience to shocks, especially those related to
climate change, as the magnitude of the impacts of climate change has major
implications for agricultural and rural development;
9. considers climate change mitigation as a potential secondary co-benefit, especially
in low-income, agricultural-based populations; and
10. seeks to identify opportunities to access climate-related financing and integrate it
with traditional sources of agricultural investment finance.

2.2

Western Cape climate change response

The Government of the Western Cape is highly concerned that this province is
expected to be particularly hard hit by the combination of warming and additional
stress on already constrained water supplies (Midgley et al., 2005). The province has
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responded with a Western Cape Climate Change Response Strategy and Action Plan
(WCG: EADP, 2008) which has recently been revised to align with national policy
directions (WCG: EADP, 2014). Winter rainfall agriculture was not assessed for
vulnerability to climate change as part of the Western Cape Climate Change Status
Quo report (Midgley et al., 2005) but the subsequent first Response Strategy and Action
Plan (WCG: EADP, 2008) did assess the impacts and responses of agriculture broadly,
and included a number of actions relating to agriculture. The revised strategy (WCG:
EADP, 2014) identifies food security as one of the nine focus areas, with the promotion
of climate smart agriculture being one of its priority programmes.
Agriculture in the Western Cape is highly developed and forms the backbone of the
provincial rural economy and employment, with many of the province’s small towns
relying heavily on the sector (see Chapter 5). The production environment is
characterised by winter and year-round rainfall, diverse topography, soils and
microclimates, and a gradient from oceanic to inland continental climatic influences.
Agricultural production is well diversified, generally enjoys a well-developed
infrastructure, and includes significant value-added and niche-product opportunities.
Without an adequate and timeous response, climate change could constrain the
future development of this sector and threaten jobs and livelihoods (DEA, 2014a), with
impacts falling disproportionately on the poor (Erasmus et al., 2000).

Figure 2.4: Satellite photograph showing the diverse topography and oceanic influence
of the Western Cape.
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Although the region is regarded as climatically relatively stable, it is prone to damaging
climate extremes and disasters (see Section 9.6). Between 2003 and 2008 direct
damage costs associated with climate-related extreme events amounted to over R3
billion (Holloway et al., 2010). The sector is also faced with significant non-climatic
drivers and pressures, including global market instability and rising inputs costs,
competition against highly subsidised counterparts internationally, uncertainties around
water and energy supply, serious disease outbreaks, labour unrest, uncertainties around
the land reform process, and a growing urban population making demands on land,
food and water. There is a great need for agricultural economic development in rural
areas and supporting small towns to improve socio-economic conditions. Lack of
confidence by some in the sector and competing priorities have made wider proactive
actions on climate change difficult, with perceived lack of urgency.
The agricultural sector in South Africa has a lower contribution to national GHG
emissions than could be expected from global figures (see Chapter 6). Significant
sources of GHG emissions are livestock enteric fermentation and manure management,
biomass burning, and synthetic nitrogen-based fertilisation. In addition, the carbon
footprint of farming and agri-processing is influenced by energy use and reliance on
electricity generated mainly from coal. Global and national mitigation actions have the
potential to impact on the agricultural sector. As an exporting region, the province is
vulnerable to carbon footprint reduction goals in recipient markets. In these countries
and in South Africa, carbon taxes could alter prices and profits.
Since even the best current climate science still has many uncertainties, the best
approach is to assess what is currently known and with what level of certainty, and to
assess the full potential range and probability of climate-related risks and impacts (the
‘window’). We can then frame the response within this window, leaving ample room for
adjustments to alternative futures as they evolve. All this must happen within the
specific socio-economic context of individual farms and enterprises, farming regions
and associated settlements, and trade between these regions and centres of demand,
both provincially/nationally and globally. Planning must be based on solutions that are
practical, affordable and that will be adopted. They must have been shown to be
sustainable to human and natural systems and not be maladaptive.
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3. Policy environment – South Africa and Western Cape

Key messages

3.1



In recent years there has been a great effort to incorporate climate change
into National, Provincial and Local Government policy.



The fundamental unpredictability of the biophysical and socioeconomic
environment has forced policy makers to look for ways to use policy to boost
resilience, through aligning policy between tiers of government.



This is also pursued through the formation of new partnerships beyond
government with business, private sector, academic institutions and civil
society organisations.



Despite these efforts, further policy alignment is needed, as well as further
clarification of national versus provincial mandates.

Introduction

Suitable policies are vital in underpinning a healthy functioning agricultural and food
system in the face of uncertainties and risks associated with climate change. South
Africa has achieved much in its efforts to respond appropriately. The National Policy
framework around climate change is to a large degree in place and it has moved
strongly towards implementation, through the Long Term Mitigation Scenarios
Assessment (LTMS 2007), the Long Term Adaptation Scenarios Assessment (LTAS 2013–
2014), and emerging sectoral strategies (DAFF, 2013b). It is now important that highly
exposed and sensitive sectors, such as agriculture, develop focused strategies and
practical plans at sub-national (provincial) scale. These should deliver real measurable
resilience to farmers and agri-businesses, with wide-ranging knock-on benefits to rural
communities and natural resource management. It is in this context that the range of
other policies that have a bearing on agriculture and climate change are considered.
This section looks at the current National and Western Cape Provincial Policy
environment in relation to agriculture and climate change.
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3.2

Policy mandates, roles and responsibilities

The Republic of South Africa is a constitutional democracy with a three-tier system of
government (Local, Provincial and National). Horizontal and vertical coordination
across all three tiers of government is essential for integrated planning and effective
implementation. The national, provincial and local levels of government all have
legislative and executive authorities in their own spheres, as outlined in the Constitution,
and are defined in the Constitution as ‘distinctive, interdependent and interrelated’.
The constitution prescribes a principle of ‘cooperative government’ whereby the
various layers of government must coordinate their actions and legislation.
A provincial agricultural climate change response framework and implementation plan
must take into account not only the policy and service delivery mandates of the
Department of Agriculture and the Department of Environmental Affairs &
Development Planning, but also align with relevant policies and planning processes
across National, (other) Provincial and Local Government levels. The Western Cape
Government has taken strong steps towards entrenching transversal governance (e.g.
through Working Groups) as well as developing systems for stronger cooperation and
joint planning between the Provincial Government and Local/National Government, for
example the Joint Planning Initiatives between the Provincial Government and the
Local Municipalities.
Essentially, the Western Cape Department of Agriculture provides development,
research and support services to the agricultural community, whereas the Department
of Environmental Affairs & Development Planning is responsible for ensuring that our
natural resources are protected and maintained.
For agriculture, the Constitution of South Africa provides for the following functional
areas of concurrent National and Provincial legislative competence, as outlined in
Schedule 4 Part A (from WCG: Agriculture, 2010):









Agriculture
Animal control and diseases
Disaster management
Environment
Soil conservation
Tourism
Trade
Urban & rural development

And Schedule 4 Part B: National & Provincial Government regulates municipal
implementation:


Municipal planning.
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The following functional areas of exclusive Provincial legislative competence apply to
agriculture:
Schedule 5 Part A:




Abattoirs
Provincial planning
Veterinary services (excluding regulation of the profession).

Schedule 5 Part B: Province regulates and monitors municipal implementation




Fencing and fences
Markets
Municipal abattoirs

The Department of Agriculture in the Western Cape has the following policy mandates:

























Millennium Development Goals (MDG)
The Comprehensive Africa Agricultural Development Programme (CAADP)
Accelerated Shared Growth Initiative of South Africa (ASGISA)
National Development Plan 2030 (NDP)
National Programme of Action with its 12 National Outcomes (NO)
Integrated Growth and Development Plan (IGDP) of DAFF
Primary Animal Health Care Policy of DAFF
Higher Education Policy Framework
Further Education and Training Framework
National Qualifications Framework (NQF)
Occupations Qualifications Framework (A)
Norms and Standards for Educators
Norms and Standards for Agricultural Training Institutes of South Africa
National Education and Training Strategy for Agriculture and Rural Development
in South Africa
National Mentorship Framework for the Agricultural Sector
Norms and Standards for Extension and Advisory Services in Agriculture
National Articulation Framework for Agricultural Training Programmes
National Agricultural Research and Development Strategy
National Strategic Plan for HIV and AIDS
Settlement Implementation Strategy
Integrated Food Security and Nutrition Strategy
Comprehensive Rural Development Programme (CRDP)
Comprehensive Agricultural Support Programme (CASP)
The Western Cape’s Strategic Plan and its various strategic goals with specific
emphasis on Strategic Goals No. 4: Enable a resilient, sustainable, quality and
inclusive living environment
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Agricultural and Agri-business Strategy for the Western Cape
OneCape 2040 Provincial Spatial Development Strategy
Integrated Development Plans of Local Government

With respect to the Department of Environmental Affairs & Development Planning in the
Western Cape, the Constitution provides for the following functional areas of
concurrent (National and Provincial, Schedule 4) and exclusive (Provincial, Schedule 5)
legislative competence:
Schedule 4 Part A:






Environment
Nature conservation, excluding national parks, national botanical gardens and
marine reserves
Pollution control
Regional planning and development
Urban and rural development

Schedule 4 Part B:




Air pollution
Municipal planning
Water and sanitation services limited to potable water supply systems and
domestic wastewater and sewage disposal systems.

Schedule 5 Part A:


Provincial planning

Schedule 5 Part B:



Noise pollution
Refuse removal, refuse dumps and solid waste disposal

The following major policy mandates also inform the roles and responsibilities of the
Department of Environmental Affairs & Development Planning:








National Spatial Development Perspective (2006)
National Biodiversity Strategy and Action Plan (2005)
National Biodiversity Framework (draft 2007)
National Waste Management Strategy (1999)
National Framework for Air Quality Management in the Republic of South Africa
(2007)
National Climate Change Response Strategy (2004)
National Framework for Sustainable Development (draft 2008)
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State of Environment Report (DEAT, 2007)
Western Cape Climate Change Strategy and Action Plan
Western Cape Provincial Spatial Development Framework
Western Cape Sustainable Development Implementation Plan
Western Cape Situation Analysis and Stimulation of the Recycling Economy
Western Cape Environmental Economy Overview Report and Strategies for
Development
Western Cape Integrated Energy Strategy
National Environmental Management Act (NEMA) Environmental Impact
Assessment (EIA) Regulations Supplementation Project
NEMA EIA Norms and Standards project
Provincial Growth and Development Strategy.

While these two Departments have many exclusive mandates, there are also many
areas of overlap and linkage, for example in spatial and development planning, rural
development, and environment. These also link upwards to National Departments and
Local Municipalities. The management of water resources, key to a climate change
response in agriculture, also cuts across all three tiers of government, with the primary
mandate in the National Department of Water and Sanitation, and Local Municipalities
being responsible for the delivery of water services. Similarly, energy supply is a National
mandate (Department of Energy), and Local Municipalities are responsible for energy
services to users. In these cases, provincial government does not have primary
mandate but clearly plays a critical intermediate connecting role.

3.3

National and Provincial development

The overarching goal of The National Development Plan (2012) is to eliminate poverty
and reduce inequality by 2030 (NDP 2012:24). The plan recognises South Africa’s role as
a contributor to GHG emissions and outlines climate change as a vital area to respond
to towards its goals. Climate change poses particular vulnerabilities to ‘health,
livelihoods, water and food with a specific impact on the poor, women and children’
(WCG: EADP, 2014, p.11)
Chapter 1 of the NDP looks at unprecedented global changes such as within financial
systems, the roles of emerging markets and developing countries, changing
demographic structures, increased urbanisation and climate change. It draws attention
to the uncertainty of the cumulative effects of change and the need for policy to be
innovative and responsive to these shifts and trends. While climate change is seen as a
major threat, this section also states that developments in science and technology will
enable countries to mitigate the effects, without undermining growth (NDP, 2012:79).
Agriculture in Africa is posed as having ‘vast untapped’ potential and being ‘well
positioned to address some of the world’s food challenges’ in the face of population
growth. In the face of rising mean temperatures, changing weather patterns and water
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shortages that will be the likely result of climate change, the NDP calls for ‘innovative
strategies’ for South Africa (NDP, 2012:69).
Chapter 5 focuses on environmental sustainability and building resilience. It identifies
the need to transition to a more sustainable and low-carbon economy. It outlines a
number of actions in relation to climate change. These include the development of
goals for GHG emissions, the entrenchment of carbon prices and goals for mitigation
measures in building, waste reduction, transport and goals for renewables. Goals for
agriculture include channelling ‘public investment into research, investigating new
agricultural technologies for commercial farming as well as for the development of
adaptation strategies and support services for small-scale and rural farmers’.
The policy outlines the importance of a collaborative approach to facing future
challenges and uncertainties of climate change. It proposes a collaborative
‘Independent Climate Change Centre to be established by government to support the
actions of government, business and civil society’ in achieving the way forward.
The importance of initiatives that link agriculture to the green economy is recognised in
Chapter 3, which focuses on the economy and employment. Climate change is seen
as being hugely influential in informing the feasibility of developments within forging the
Green Economy.
Agriculture is seen as a vital focus within the NDP. In Chapter 6 of the NDP, “Inclusive
Rural Economy”, the agricultural is targeted with creating 1 million jobs by 2030. It is,
therefore, highly concerning that the sector will be strongly influenced by climate
change and the unpredictability associated with it. The overall approach of the NDP is
one that focuses on the importance of innovation and partnerships which help inform
and strategise ways of making the most out of the situation towards overarching goals
such as through the operationalisation of a green economy within agriculture.
The Western Cape Provincial development policy is guided at high level by OneCape
2040 (2012). OneCape 2040 aims to stimulate a transition towards a more inclusive and
resilient economic future for the province. It articulates the vision of ‘a highly skilled,
innovation-driven, resource-efficient, connected, high opportunity society for all’.
The Western Cape Draft Strategic Plan (2009 – 2014) with its 12 Provincial Strategic
Objectives (PSOs) has guided the Western Cape Government for the past five years.
The seventh PSO, ‘Mainstreaming sustainability and optimising resource-use efficiency’,
has a strong focus on climate change. The eleventh PSO, ‘Creating opportunities for
growth and development in rural areas’ supports the aim to promote export growth
and jobs across the agricultural sector and in related industries. The two pillars of the
government’s approach to economic development are (a) the creation and
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maintenance of a situation where business can grow, and (b) demand-led, privatesector-driven government support for agricultural sub-sectors, industries and businesses.
This Strategic Plan has been revised for the period 2015-2020. In order to achieve the
vision of OneCape 2040, the Provincial Cabinet has approved five Provincial Strategic
Goals (PSGs) to be achieved during the next five years. They are:
Table 3.1: Provincial Strategic Goals for 2015-2020.
PSG
1

TITLE
Create opportunities for growth and jobs.

2

Improve education outcomes and opportunities for youth development.

3
4
5

Increase wellness, safety and tackle social ills.
Enable a resilient, sustainable, quality and inclusive living environment.
Embed good governance and integrated service delivery through
partnerships and spatial alignment.

As the Western Cape Department of Agriculture needs to be responsive towards both
national and provincial imperatives, five Departmental Strategic Goals (DSGs) have
been agreed, which articulate with the National Outcomes as well as the Provincial
Strategic Goals. The Departmental Strategic Goals are:

Table 3.2: Departmental Strategic Goals for 2015-2020. WCG: Agriculture.
DSG TITLE
1
Support the Provincial Agricultural Sector to at least maintain its export
position for the next 5 years by growing its value added from R14.014
billion in 2009.
2
Ensure that at least 60% of all agricultural land reform projects in the
Province are successful over the next 5 years.
3
Support the sector (farmers and industries) to increase agricultural
production (primary provincial commodities) by at least 10% over the next
10 years.
4
5

Optimise the sustainable utilisation of our natural resources through
conservation methodologies to increase agricultural production.
Increase agricultural economic opportunities in selected rural areas
based on socio-economic needs over a 10 year period.
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The issue of climate change will resort under PSG 4, whilst it also resides under DSG 4.
However, it is also indirectly of importance to all the other DSGs.

3.4

The green economy

The term ‘green economy’ was first coined in an article Blueprint for a Green Economy
(Pearce et al., 1989). This signalled the importance of integrating systems thinking and
sustainability approaches into economic growth visions. In the face of a global
economic crisis, the depletion of natural resources, climate change and high
unemployment, this concept has become vital. An interest in combining the goals of
reducing poverty, improving the economy and at the same time reducing carbon
emissions and ecosystem degradation has caught on globally. In 2010, a Green
Economy Summit was hosted by the South African Department of Environmental Affairs
(DEA). From this Summit the Green Economy in South Africa was envisaged as ‘a
sustainable development path that is based on addressing the interdependence
between economic growth, social protection and natural ecosystems’. (SAGEM,
2013:10)
In November 2011, a social pact between government, labour unions, private sector
and civil society to advance the Green economy was announced. This showed
collective commitment to the objectives of job creation through a green economy
approach and ‘transition to a more inclusive and sustainable path of growth and
development’. (SAGEM, 2013)
This was the beginning of developing a Green Economy plan for South Africa. This
process resulted in the development of the Green Economy Modelling Report of South
Africa (SAGEM) published in June 2013. The aim of the report was to assess potential
opportunities and options to promote a green economy within NDP priority sectors,
which could be used to inform future visions, plans, strategies and policy. The report
focuses on modelling four key sectors needing transformation. Agriculture is noted as
one of these four key sectors alongside Natural Resource Management, Transport and
Energy. These were prioritised through stakeholder engagement from nine key green
economy programmes. The nine programmes include: Resource conservation and
management, Sustainable waste management practices, Water management,
Environmental sustainability, Green buildings and the built environment, Sustainable
transport and infrastructure, Clean energy and energy efficiency, Agriculture, food
production and forestry and Sustainable consumption and production.
‘The findings from this assessment using the parameters of economic growth, poverty,
employment, resource efficiency and climate change, show that the strengthening of
natural resource management and environmental protection is fundamental for
sustained economic growth and well-being’(SAGEM,2013: 2). This has important
implications for the vision of agriculture in South Africa.
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Green is Smart published in 2013 is the Western Cape’s Green Economy Strategy
Framework. Agriculture is placed as a central focus of this document, given that the
Western Cape is South Africa’s primary agricultural export area. Agriculture is also the
largest employer in the region. This makes it a vital area of focus as it is expected to be
seriously affected by changes in climatic conditions with the average mean
temperature expected to become higher than global mean predictions. The already
water-stressed region is expected to experience increased water scarcity into the
future, which will potentially compound the problem.
The overall outlook of the framework ‘is about achieving the double dividend of
optimising green economic opportunities and enhancing...environmental
performance’. The framework outlines five ‘drivers of change’ in working towards Green
economic objectives of which ‘smart agricultural production’ is one. The others are:
smart mobility, smart ecosystems, smart enterprise and smart living and working. It
envisions that these five drivers are supported by five ‘enablers’ namely, Finance, rules
and regulations, knowledge management, capabilities and infrastructure.
The agricultural sector is highly resource intensive and accounts for up to 55 % of water
use as well as having a very large carbon footprint. This ‘challenge’ is seen within the
green economy framework as having a number of embedded opportunities, which are
outlined in the strategy framework (WCG: EADP, 2014). Key opportunities are envisaged
in working with farmers and retailers towards ‘sustainable farming practices’ and
‘farming in harmony with nature’.
This includes:
-

3.5

developing knowledge-sharing partnerships
undertaking research into sustainable techniques;
finding climate appropriate breeds and cultivars;
building on the DEA conservation farming programmes;
looking into the use of resource-efficient technologies and waste beneficiation
technologies; and
supporting the emergence of new markets associated with sustainable
agriculture with appropriate financial mechanisms.

Climate change response at a national level

South Africa’s policy framework on climate change is a response to the United Nations
Framework Convention on Climate Change (UNFCCC). The National Climate Change
Response White Paper (2011) states:
“Having ratified both the United Nations Framework Convention on Climate Change
(UNFCCC) and its Kyoto Protocol, will continue to meaningfully engage in the current
multilateral negotiations to further strengthen and enhance the international response
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to the climate change crisis. The Government specifically aims to continue its efforts to
strengthen and ensure the full implementation of the UNFCCC and its Kyoto Protocol
through additional multi-lateral rules-based and legally-binding international
agreements that will come into force after 2012. These should effectively limit the
average global temperature increase to below a maximum of 2°C above pre-industrial
levels. In so doing, South Africa will strive to ensure that such agreements are inclusive,
fair and effective; reflect a balance between adaptation and mitigation responses;
and recognise that solving the climate problem will only be possible if developing
countries' priorities of eradicating poverty and promoting sustainable development are
taken into consideration.”
On a National level, The National Climate Change Response White Paper (2011), which
followed the National Climate Change Response Strategy (2004), currently guides South
Africa’s Policy on climate change. This outlines that ‘climate change resilient’
development must prioritise both mitigation and adaptation (p12). The white paper
explicitly states a dual objective: To ‘effectively manage the inevitable climate change
impacts through interventions that build and sustain South Africa’s social, economic
and environmental resilience and emergency response capacity’ and; To ‘make a fair
contribution to the global effort to stabilise GHG concentrations in the atmosphere at a
level that avoids dangerous anthropogenic interference with the climate system within
a timeframe that enables economic, social and environmental development to
proceed in a sustainable manner’.
The white paper enforces the need for governmental departments and enterprises to
review and streamline policies, strategies, legislation, regulations and plans to align with
the National Climate Change response. The National Climate Change response will
itself be subject of review every five years. It outlines the importance of all sectors being
involved and of provincial scaled sectoral plans in response to climate change (p 5).
Agriculture along with water, forestry, health, biodiversity and human settlements are
identified as needing specific priority. DAFF has developed the Draft Climate Change
Sector Plan for Agriculture, Forestry and Fisheries (DAFF 2013) which provides high level
guidance to the sector on the necessary responses. Equally, the Draft Climate Change
Adaptation Strategy for Water (2013) is currently under discussion. It is aligned with the
South African Development Community (SADC) approach for climate change and
water strategies and has been developed in parallel with the revision of the National
Water Resources Strategy (NWRS) and the drafting of the NWRS-2. The NWRS-2 contains
a chapter on climate change adaptation, based on this strategy, and conversely, the
actions contained in this strategy are aligned with those of the NWRS-2. The Climate
change adaptation sector plan for rural human settlements (2013) is another step in the
development of national sectoral policy responses, with relevance to agriculture.
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Of great future relevance to the agricultural sector is the proposed carbon tax. The
Carbon Tax Policy Paper (May 2013) aims to facilitate a transition within the South
African economy to one that follows an environmentally sustainable growth path,
through the development of a low-carbon green economy. The South African
government has committed to curbing GHG emissions by 34 % by 2020 and 42 % by
2025 below the business as usual trajectory, and has opted for the implementation of a
carbon tax in order to achieve these targets.
At first, in the period 2015–2020 [now delayed to 2016-2021 with the announced delay in
the implementation to 2016], the carbon tax will only cover Scope 1 emissions: direct
GHG emissions from sources that are owned or controlled by the entity (i.e. emissions
that result directly from fuel combustion and gasification, and from non-energy
industrial processes). However, there will be ‘mandatory reporting of GHG emissions for
entities, companies and installations that emit in excess of 100 000 tons of GHG
emissions annually, or consume electricity that results in more than 100 000 tons of
emissions from the electricity sector’.
In the interests of competitiveness, ‘locally based and trade-exposed carbon-intensive
sectors and businesses, as well as distributional concerns, such as the impact on lowincome households’, tax-free thresholds have been proposed for specific industries,
where a "percentage-based threshold on actual emissions will be applied, below which
the tax will not be payable for the first five years’ [now 2016–2021]. This includes the
AFOLU and waste sectors, but the intention is to include these sectors after the initial five
year period, post-2020.
While agricultural entities (e.g. farms, packhouses) are highly unlikely to have high
enough carbon emissions (including from electricity usage) to be subjected to the
carbon tax directly at first, the tax is expected to filter through the economy and will
affect agriculture indirectly from 2017.

3.6

Climate change response at a provincial level

Western Cape Climate Change policy is underpinned by the Western Cape Climate
Change Response Strategy (2014) (WCCCRS) and associated Western Cape Climate
Change Response Strategy Implementation Framework (2014). This builds upon the 2008
Western Cape Climate Change Response Strategy and Action Plan. This new Strategy is
aligned to the National Climate Change Response White Paper (2011) (Figure 3.1),
therefor underlining its aim to ‘strategically direct and mainstream climate change
actions and related issues throughout relevant Provincial transversal agendas’. Focus
areas include streamlining policy, strategies and plans through implementation of new
ones and reviewing existing ones. As many of the 24 local municipalities have little
capacity, it is envisaged that they are supported at District Municipality level as well as
through master level strategy such as the Spatial Development Frameworks (SDFs),
Integrated Development Plans (IDPs) and Disaster Management Plans (DMPs).
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As with the National Climate Change Response White Paper, the provincial strategy
adopts a ‘two-pronged’ approach in its address of climate change: First, it focuses on
mitigation and cutting GHG emissions and steering toward a low-carbon economy,
while synonymously looking toward economic growth and social upliftment goals. It is
envisioned that this can be achieved through ‘setting performance benchmarks,
identifying sectoral mitigation potentials/contributions, developing sectoral plans and
looking towards unlocking innovative market potential that intersects with GHG
reductions’.
The second part focuses on adaptation through three outcomes. 1) the protection of
natural systems to reduce vulnerability and improve resilience 2) supporting community
resilience and coping mechanisms and 3) the development of an ‘actively adaptive
and climate change responsive economy’ that is able to take advantage of
opportunities and reduce losses. (WCCCRS, 2014:27)
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Figure 3.1: Alignment between OneCape Vision 2040, Provincial Strategic Objectives
and the Western Cape Climate Change Response Strategy. Source: WCG: EADP, 2014.
A vital part of the approach of the strategy is that it needs to be worked into all spheres
of Western Cape government as well as within business, industry, academia, research
institutions and civil society. It also stresses the importance of being prepared to deal
with complexity and uncertainty as climate change is essentially unpredictable. Despite
projections and modelling, there is a degree of unknown about the future. For this
reason it calls for continued research and monitoring. It also outlines the need for
strategies and plans to be flexible and adaptive. As ‘no blueprint’ exists for the way
forward there needs to be space for trial and error while at the same time plans must
be carefully considered and informed by a holistic systems approach (WCCCRS,
2014:28). There is an intrinsic need for cross-disciplinarity and a prioritisation of
sustainable development approaches. Climate change creates a need to form ‘crosssectoral adaptations and innovative partnerships’ and as vulnerability often needs
specific and localised responses the approach needs to be multi-scalar.
The WCCCRS (2014) priorities select focus areas, including; Energy Efficiency and
Demand-Side Management, Renewable Energy, The Built Environment, including
Critical Infrastructure, Human Settlements and Integrated Waste Management,
Sustainable Transport, Water Security and Efficiency, Biodiversity and Ecosystem Goods
and Services, Coastal and Estuary Management, Food Security and Healthy
Communities.
As well as these focus areas, it speaks of the need to have ‘cross-cutting programs’
such as communication, awareness and education and capacity programmes as well
as supportive financial mechanisms. A monitoring and evaluation system will also be
developed to track the transition to a low-carbon and climate-resilient Western Cape.
Resource mobilisation needs to be informed by the mainstreaming of planning and
decision- making of government, the private sector and civil society. This can be
achieved by creating an enabling environment for climate-resilient development, by
promoting the green economy and consolidating and extending existing initiatives
towards a climate- resilient economy.
Sector commitment and plans through which mitigation and adaptation are the key
approaches and which aims to make the most of ‘significant new and emerging
opportunities related to developing a low carbon, climate resilient Western Cape’.
With specific relation to agriculture, the policy outlines the Western Cape’s vital role in
the agricultural sector. Climate change poses a significant threat to this climate
dependent sector, which in turn raises food security and employment concerns.
(WCCCRS, 2014:6).
The WCCCRS prioritises the following areas in relation to food security and agriculture:
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-

conservation farming;
climate smart agriculture;
adoption of water efficient technology and practice;
research into climate-resilient crops and livestock appropriate to the Western
Cape; and
making municipal support available to address vulnerability.

It also envisages partnerships with ‘organised agriculture and community
organisations’ (WCCCRS, 2014:40).

3.7

Climate change response at a municipal level

The national Climate Change Response White Paper (2011) does not require
municipalities to develop climate change strategies or policies, but does acknowledge
the crucial role that local government plays in building climate resilience. This takes
place planning around human settlements and urban development, the provision of
municipal infrastructure and services, water and energy demand management, and
local disaster response amongst others. Climate change considerations and constraints
should be integrated into municipal development planning tools such as the Integrated
Development Plans and municipal service delivery programmes.
Work has taken place with municipalities in the Western Cape to support climate
change responses at a local level. Two district municipalities (West Coast and Eden)
and six local municipalities (Bergrivier, Cape Agulhas, Drakenstein, George, Mossel Bay
and Saldanha Bay) have to date been supported through the Western Cape
Government’s Climate Change Municipal Support Programme. Other municipalities in
the Western Cape have previously been supported through programmes facilitated by
other organisations. These municipalities have been supported in the development of
adaptation and mitigation plans as well as integrated response frameworks or
strategies, but most of these documents are still in a draft form with the plans not
approved by the municipal Council. This is one of the key challenges experienced by
municipalities when trying to focus on an issue like climate change which is considered
by some to not be a direct mandate activity of the municipality.
Municipalities have, however, realised the importance of incorporating climate change
responses into planning and decision-making and are starting to mainstream these
responses into their day-to-day operations. There is very little capacity or budget to
take on an additional portfolio such as climate change at the local level. The
approach therefore is to mainstream and embed climate change into local and district
level line functions and master planning, such as the Integrated Development Plans
(IDPs), Spatial Development Frameworks (SDFs), Disaster Management Plans (DMPs)
and sector plans such as Electricity Master Planning, Water Demand Management and
Integrated Transport Planning.
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The new Joint Planning Initiatives (JPIs) also offer a vehicle for the integration and
mainstreaming of climate change into “joined up government”. The JPI is a process
whereby the three spheres of government agree on joint priorities and joint initiatives for
the next 15 years (2015 to 2030), in order to realise national and provincial development
goals. This is the first time that long-term projects have been identified and agreed
upon between Province and Municipalities, and will strengthen implementation and
delivery at Municipal level.

3.8

Agricultural policy

The Department of Agriculture Forestry and Fisheries (DAFF) is primarily responsible for
Acts related to this sector at national level with implementation across the provinces. It
is both a national and provincial competency. This section reviews some of the key
guiding documents produced by DAFF making specific reference to their approach to
climate change.
Since 1994, policies in agriculture have had three main focus areas in common, namely
improving competiveness of commercial agriculture in a free market dispensation;
improving participation by disadvantaged communities, and protecting the natural
resource base. In 1996 the national agricultural policy (White Paper on Agriculture) was
approved. The mission statement of the white paper was to ‘Ensure equitable access to
agriculture and promote the contribution of agriculture to the development of all
communities, society at large and the national economy, in order to enhance income,
food security, employment and quality of life in a sustainable manner’.
In 2001, the Strategic Plan for South African Agriculture was signed. A review of this plan
in 2008 indicated that many of the proposed goals had not been adequately
addressed due to slow implementation, limited capacity within government to
implement many of programmes and the limited coverage and inadequate funding of
critical programmes. The review team found that inadequate leadership in directing
the Strategic Plan with a focused sense of urgency and commitment and
implementation capacity (institutional and management capacity and skills), as well as
the lack of a comprehensive implementation plan, were contributing factors. The poor
performance of the agricultural sector required new perspectives on a strategy for the
sector.
The DAFF Integrated Growth and Development Plan (IGDP) (2012) was published in
2012. This document is aimed at achieving transformation and restructuring within DAFF.
It seeks to optimise previous and existing frameworks and fast track progress in
accordance with the encompassing national goals outlined in the Medium Term
Strategic Framework (MTSF) of 2009 and other cross-sectoral policies. The IGDP sets its
vision as toward ‘equitable, productive, competitive, profitable and sustainable
Agriculture, forestry and fisheries sector, growing to the benefit of all South Africans’. It
highlights the challenges and realities faced by DAFF as well as goals, objectives and
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proposed interventions. It outlines ecological sustainability as a key challenge to the
objectives of DAFF. Ecosystem services on which agriculture, forestry and fisheries
depend are dependent on natural capital. The plan therefore identifies the need for
continued research in this area and how to foster multi-disciplinarity and collaboration.
Climate change is recognised as a huge threat especially to the poor and agriculturally
marginalised and will pose significant challenges of ensuring food security and poverty
reduction (IGDP, 2012:42). Challenges could include heat stress to crops and livestock,
decline and change in rainfall patterns, increased evapotranspiration, and increased
risk of extreme climatic conditions, flooding, erosion, and disruption of crop production.
Yet while the threat of climate change looms, it is recognised that ‘ecosystems in good
health’ can provide opportunities. It is therefore vital to undertake a path towards
sustainable agriculture. Recommended interventions include the establishment of
adequate protected areas, the development of adaptation and mitigation strategies,
diversification of crops and livestock to increase resilience, the development of
financial assistance for small-scale farmers and enabling policies. It recognises climate
change as a great potential for the sector’s ability to contribute to building a green
economy.
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The most recent Strategic Plan for the Department of Agriculture, Forestry and Fisheries
(SPDAFF) (2013/14 to 2017/18) builds upon the DAFF IGDP document, bringing together
a focused five-year vision for DAFF. It aims to provide an effective framework to address
the challenges facing agricultural sectors and to set the delivery targets for the
departmental programmes from 2012 to 2017.
In this document climate change is seen as ‘the apex’ which threatens to reduce
national and household food security (SPDAFF, 2013:44). The need to work towards
agro-ecological practices (conservation agriculture) is considered vital.

3.9

Rural development, land reform and food security policy

While land reform had begun in 1994, the White Paper for land reform was published
three years later in 1997. This looked to address the injustices and land inequalities
created during pre-colonial and colonial rule as well as during apartheid. The need to
address the inequalities rose from the 1913 Land Act which severely undermined South
African agriculture and land use patterns with restrictions on where farming was
permitted and who could farm where.
The Land Reform White Paper outlines three methods of land reform:
-

restitution to people and communities unjustly dispossessed of land,
tenure reform; and
redistribution programmes.

These three parts were designed to try and address a problem of immense complexity
and sensitivity. This process fell under one ministry, DAFF.
By 2009, land reform targets were not being reached and unequal distribution of assets,
resources and infrastructure in rural areas continued. This was an enormous problem in
the Northern and Western Cape. While there were a number of successful projects
being carried out, there were also many ‘failures’ and difficulties being experienced
with little evidence to show that the livelihoods of beneficiaries had improved in the
implementation of reform projects (McLachlan & Thorne, 2009). This has been partly
explained by Greenburg (2010) as resulting from land reform being a national
competency while agriculture is a national and provincial competency with the
Department of Agriculture only recently considering land reform beneficiaries as key
constituents.
In 2009 the Department of Rural Development and Land Reform (DRDLR) was
established to oversee and address the social and economic development of rural
South Africa. The Comprehensive Rural Development Programme/strategy (CRDP) was
also published in 2009. This was intended to be an integrated strategy for land reform,
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rural development and agrarian transformation (DRDLR, 2011)5. The strategy outlines the
following objectives:
-

fostering community initiatives and sustainable settlements;
meeting basic human needs and strengthening rural livelihoods;
establishment of co-operatives and enterprises and use of assets to produce
income, leadership training and communication of CRDP);
- skills development with a focus on women and youth;
- democratisation of rural development (participatory programmes and
ownership of all processes, projects and programmes by rural communities);
- collaboration with NGO’s, faith based organisations and civil society; and
- social cohesion and access to human and social capital.
The roll out of the CRDP to all municipalities is a key priority of the DRDLR.
In 2013 the Recapitalisation and Development Programme (RADP) was published in
order to improve productivity in land reform projects and to provide support to
emerging farmers and rural communities.
The latest Strategic Plan 2011–2014 of the DRDLR outlines six key priorities (DRDLR, 2013):
-

ensure the roll out of the CRDP to all municipalities;
improve the productivity of land reform projects through effective
implementation of the RADP;
expedite the finalisation of land claims;
improve corporate governance and ensure enhanced service delivery;
implement better change management and innovation strategies; and
enhance efficient management systems.

At this time climate change and the need for this to be addressed is not included in the
above policy. However in June 2013 the Climate Change Adaptation Sector Plan for
Rural Human Settlements was drawn up by DRDLR. DRDLR’s internal mandate, to
achieve ‘vibrant, equitable and sustainable rural communities and food security for all’
is hugely at risk to changes in climatic conditions. Climate change threatens to affect
rural populations, especially many rural households with low and erratic household
incomes for whom subsistence agriculture remains an important source of food security.
As well as to their internal mandates, the Adaptation Plan also responds to the
mandate outlined in the 2011 National Climate Change Response White Paper (NCCR)
for sectoral based climate change adaptation plans. The plan identifies four priority
areas:

5

http://www.ruraldevelopment.gov.za/about-us/the-department#.VETA85Fb7_l
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1. Integrating climate change responses into the CRDP, as well as piloting
adaptation responses and strategies.
2. Developing norms and standards for incorporating climate change risk and
vulnerability into spatial development frameworks, land use schemes, and
environmental impact assessments.
3. Improving disaster risk management and planning through partnering with the
National Disaster Risk Management Centre, improving early warning systems,
developing climate-related disaster response strategies for rural areas, and
undertaking local disaster risk and vulnerability assessments to inform local
government planning.
4. Developing a climate change resilience for rural human settlements research
programme to support climate resilient rural human settlements. The key
research areas in this programme include climate resilient agriculture relevant to
small-scale and subsistence farmers, technology innovation in service delivery to
rural human settlements, and an audit of indigenous agricultural knowledge and
practices.

This sector response plan is the beginning of a process of incorporating a climate
change response into the Vision of the DRDLR.
The WCG: Agriculture oversees rural development, facilitating the implementation of
the various policies emanating from the national level. The key priority of rural
development for the province is to create an enabling environment that facilitates
private sector investment and socio-economic development in rural areas. Rural
development in the Western Cape is structured into two sub-programmes: Rural Nodal
Development and Farm Worker Development. Each is discussed briefly below.
The Western Cape has approximately 150 000 farm workers and is home to
approximately 20 % of the farm workers in the country (see Section 5.1). This is an
indication that farming in the province is relatively more labour intensive than in the rest
of the country. In the Western Cape, 33 % of people live outside of the Cape Metro.
Research through household profiling initiatives has shown that some rural communities
have unemployment figures of up to 80 %.
Rural Nodal Development (Western Cape):




This program aims to create an environment for business in rural areas, and the
development of selected rural nodes to facilitate their socio-economic growth
towards a sustainable future.
Increased unemployment, because of a lack of investment and skills in rural areas is
leading to increased poverty and socio-economic problems. This also causes more

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

52
Chapter 3 Policy environment – South Africa and Western Cape
people to move to cities in search of jobs, which impacts negatively on the
resources in city areas.
Farm Worker Development (Western Cape):






The program's aim is to improve the image and the socio-economic conditions of
farm workers by providing them with life skills to improve their quality of life.
Geographically, the Western Cape's farm activities are very large and diverse and
therefore it is important to uplift and help our farm workers on all levels.
Some farmer workers live in remote areas and don't have regular access to life skills
training.
In most cases, farm workers lack the knowledge of the dangers of drug and alcohol
abuse and the impact it has on families and the community in general.
The Farm Worker Development program's aim is to build pride amongst farm workers
as they contribute towards the success of agriculture in the Western Cape.

The Strategic Goals of the Rural Nodal Development Program are outlined below:









All provincial departments and local government authorities will deliver services in a
coordinated and organized way in the 15 rural nodes, through the establishment of
15 nodal interdepartmental steering committees.
To establish the Council of Stakeholders in the 15 selected rural nodes, where
communities are consulted and empowered in terms of the identification and
implementation of new community projects.
The establishment of economic and infrastructure projects to facilitate economic
growth in the 15 rural nodes.
To provide skills development and social training for unemployed people in the 15
rural nodes.
To create sustainable employment for unemployed people in the 15 rural nodes.
To provide improvement in food security through interventions at household level in
the 15 rural nodes.

The Strategic Goals of the Farm Worker Development Program:




To improve the quality of life of farm workers by facilitating the provision of social
awareness campaigns.
To create skills training opportunities for farm workers and farm worker communities.
To co-ordinate the involvement of different government departments in farm worker
development.
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3.10 Water resources policy
South Africa has a nested multilevel water policy and planning regime that integrates
the three broad sectors of water resource management, water resource infrastructure
and water services (see Figure 3.2). Most of the policies that are of relevance to the
agricultural sector and that are discussed below are part of water resource
management. See Section 7.3 for a discussion of water resources and agricultural
water use in the Western Cape.
The National Water Resource Strategy (NWRS2) provides the strategic direction of water
management in South Africa for the next 20 years including specific priorities for the
period 2013-2017. With regard to climate change the NWRS2 emphasizes that climate
change will increase the pressure on South Africa’s already stressed water resources
and that effective management, use, allocation and reallocation of available water
resources are critical for reducing this pressure.
Key climate change objectives of the NWRS2 are (2012:77):










Reduce the vulnerability and enhance the resilience of communities, people,
enterprises and ecosystems, to water-related impacts of climate change,
particularly for those groups most at risk.
Improve and enhance water resources management processes to build the
required resilience and adaptive capacity.
Integrate climate change considerations into short-, medium- and long-term
water planning processes for water resources and water services.
Implement the best catchment and water management practices to maximise
the degree of water security and resource protection under changing climatic
conditions.
Enhance the human, legal, regulatory, institutional, governance and financial
resources and capacity to assist with the effects of climate change on water.
Undertake focused monitoring and research to ensure the efficacy of water
adaptation approaches over the long term.
Ensure inter-linked climate and hydrological modelling tools that represent the
complex interrelated natural systems.

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

54
Chapter 3 Policy environment – South Africa and Western Cape

Figure 3.2: Water resources planning framework in South Africa (light blue –
management; blue – infrastructure; orange – services). Source: Adapted from DEA
(2013c)
Concerning agriculture, the NWRS2 states that irrigated agriculture is the largest single
user of water in South Africa (60 %) and it has a huge potential socio-economic impact
in rural communities. The strategy also acknowledges that water is the major limiting
factor in the growth of this sector and poor water quality has a negative impact on
agricultural exports and associated foreign income. Regarding future water needs in
the agriculture sector, the NWRS2 states that a target of an increase of more than 50 %
of irrigated land in South Africa was set by the Irrigation Strategy. However, the NWRS2
points also out that the Department of Water Affairs (DWA, now the Department of
Water and Sanitation, DWS) assumes that the amount of water allocated for agriculture
will remain the same and that an increase in irrigation will be effected through wateruse efficiency, and selected new development.
According to the NWRS2, the greatest impact of Water Conservation and Demand
Management (WC/WDM) in agriculture can be achieved by addressing wastage from
conveyance losses. The strategy highlights that many irrigation agricultural schemes
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experience water losses of between 35 % and 45 % and stresses the importance of the
maintaining and upgrading of irrigation infrastructure. The NWRS2 continues to say that
a small percentage in improvement in water use efficiency on farms can lead to
substantial reduction in water losses therefore all efforts must be made to use water
efficiently from on-farm storage, distribution systems, and in-field application supported
by best management practices. Another important component of WC/WDM in the
agricultural sector will be the creation of an enabling environment to facilitate
technology transfer about water use efficiency and productivity improvement
technologies, such as the water accounting system (WAS) developed by the Water
Research Commission (WRC) for irrigation schemes.
Regarding the transformation of irrigated agriculture the NWRS2 acknowledges that the
development and transformation of Water User Associations (transformation of existing
irrigation boards and establishing new WUAs comprising resource poor farmers) has
been very slow and that strategic interventions are required that help to facilitate
access to water for irrigation purposes by historically disadvantaged individuals.
Under the NWRS there are several thematic plans that relate closely to climate change
as well as agriculture. Among these are:
The National Climate Change Strategy for Water Resources (WCCS) (currently under
development by DWS). According to the NWRS the role of the WCCS will be to provide
guidance on adaptation to water related impacts to climate change and to maximise
any beneficial impacts.
The Ground Water Strategy (GWS) (2010) is also a national plan that is of great interest
to the agriculture as irrigation accounts for most of the national ground water use (DEA,
2013c). Furthermore, given that ground water is currently an underutilised water
resource in South Africa it is considered an important adaptation response with the aim
to enhance the diversification of water sources and strengthen water supply that is
considered.
Key policies that give guidance for developing water related climate change
responses at the provincial level are the Western Cape Reconciliation Strategy, the
Provincial Water Sector Plan as well as the Western Cape Sustainable Water
Management Plan.
The Western Cape Reconciliation Strategy (2013), which is discussed in greater detail in
Chapter 7, guides the long-term water infrastructure planning in the Western Cape
based on current trend and projected demands (e.g. population growth rates or sector
specific) and scenario planning. The aim is to assess when the next infrastructure
scheme needs to be built and where. The planning horizon of the strategy is 20 to 30
years. By assessing on a regular basis the current use and future requirements of water
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for the Western Cape, the strategy is a key tool in the development of an effective
medium-term adaptation approach.
The Provincial Water Sector Plan is currently under development by DWS.
The Western Cape Sustainable Water Management Plan - 2012 (hereafter referred to as
‘the Water Plan’) was developed in 2011. Its development was undertaken
collaboratively by the Western Cape Government’s Provincial Departments and the
National Department of Water Affairs: Western Cape Regional Office. Short (1–5 years),
medium (6–15 years) and long term (+16 years) actions to guide the implementation of
projects/activities were developed as a means of achieving integrated and sustainable
management of water in the Western Cape. The Vision of the Water Plan is:
‘Sustainable water management for growth and development in the Western Cape,
without compromising ecological integrity’.
The following four strategic goals were identified as key to achieving the vision of the
Water Plan:





Ensure effective co-operative governance and institutional planning for
sustainable water management;
Ensure the sustainability of water resources for growth and development;
Ensure the integrity and sustainability of socio-ecological systems;
Ensure effective and appropriate information management, reporting and
awareness-raising of sustainable water management.

Agriculture is highlighted as needing to contribute to the achievement of targets on
improved water use efficiency, including proper metering for the calculation of water
balances. The sector also enjoys significant opportunities for the implementation of the
WC/WDM programme.
The following four factors significantly affect the efficiency of water use within the
agricultural sector and are elaborated on in the Water Plan:





Assurance of water supply due to the particular hydrology in an area, as
influenced by climatic, rainfall and catchment variables;
Losses in the conveyance system (river or dam to field edge);
Losses relating to the type of application method (e.g. flood irrigation, sprinkler
etc.); and
Irrigation scheduling, according to monitored soil moisture content.

The National Water Act (NWA) No. 36 of 1998 and the NWRS 1 & 2 view the catchment
level as the most focal level for the management of South Africa’s freshwater resources.
According to the Act, catchment management agencies are responsible for the coordination and implementation of water management practices at this level. Once the
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two catchment agencies for the WMAs (Breede-Gouritz water management area and
the Berg-Olifants water management area) in the Western Cape are functioning, they
will develop catchment management strategies (CMSs). The CMSs will provide strategic
guidance to planning at catchment scale and in this context they will also regulate
agricultural water use and prioritise specific adaptation strategies in response to existing
and future climate change. It is further envisioned that the CMSs will be complemented
by the water management plans of Water User Associations at the sub-catchment
level. These plans will regulate the usage and distribution of agricultural water at the
sub-catchment scale and enable farmers and farm workers to take direct ownership
over the planning and management processes of their local water resources.
According to the NWRS2, the development of water management plans by WUAs is
central to implementing WCWDM in the agricultural sector. To what extent these plans
are going to consider climate change needs to be seen.

3.11 Sustainable development policy
The South African National Framework for Sustainable Development (2008) (NFSD) and
The National Strategy for Sustainable Development and Action Plan 2011-2014 (NSSD 1)
(2011) are vital documents underpinning policy objectives around natural resources
and sustainability. In 2008 the NSFD prioritised the importance of promoting the
effective stewardship of South Africa’s natural, social and economic resources (NSSD 1,
2011:5). The NSSD 1 builds on the NFSD. This proactive document outlines sustainable
development as ‘a long- term commitment, which combines environmental protection,
social equity and economic efficiency with the vision and values of the country’.
It states that as ‘the economy depends heavily on energy and mineral resources,
biodiversity, agriculture, forestry, fishing and tourism…. South Africa has no option but to
manage its natural resources in a sustainable manner’ and work towards developing a
green economy (NSSD, 2011: 23).
It outlines five priorities or strategic objectives:
-

enhancing systems for integrated planning and implementation;
sustaining our ecosystems and using natural resources efficiently;
working towards a green economy;
building sustainable communities; and
responding effectively to climate change.

These priority areas need to be worked into policy to ‘achieve a national vision for
sustainable development’ (NSSD, 2011:41).
The incorporation of sustainable agriculture into rural land-claim projects and
promoting self-sufficiency, food security and equitable access to natural resources that
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support livelihoods is seen as vital. The importance of the agriculture sector being
underpinned by sustainable principles in order to be more resilient and also have the
ability to adapt to climate variability and change is also stressed.
Through this document it is envisaged that DEA will be the co-ordinator. It will work with
relevant spheres of government, the private sector, NGOs and civil society to establish
National Committee on Sustainable Development, which will operate at multiple levels
to engage government departments, civil society, the private sector, academia,
independent reviewers and other stakeholders to integrate sustainability planning into
their operations. This collaborative approach will aim to ensure goals6 of sustainability
outlined in the framework are harmonized in planning and execution.
The DEA, in collaboration with the relevant sector departments and stakeholders, will
initiate action towards the implementation of the strategy through the harmonised
planning of programmes and execution. Principles of sustainability will be incorporated
into the National Plans (Vision 2030) and in tiered level plans NSSD, 2011:36). Sustainable
development plans should be integrated into national frameworks to ensure access to
the budget (NSSD, 2011:35).

3.12 Waste management policy
Waste management in South Africa is governed by the National Environmental
Management: Waste Act, 2008 (Act No. 59 of 2008) which came into effect on 1 July
2009, and the National Environmental Management: Waste Amendment Act, 2014 (Act
26 of 2014). Following the enactment of the Waste Act, the Minister of Environmental
Affairs established the National Waste Management Strategy (NWMS) which was
approved by the Cabinet in November 2011. The Waste Act supports the waste
management hierarchy in its approach to waste management, by promoting cleaner
production, waste minimisation, reuse, recycling and waste treatment with disposal
seen as a last resort in the management of waste. According to the Waste Act, the
provincial environmental departments are responsible for management and licensing
of General Waste Management Activities listed in terms of Section 19 of the Act.
According to the White Paper on Integrated Pollution and Waste Management,
municipalities are responsible for providing waste management services, and
managing waste disposal facilities.

Goals include: • Increase awareness and understanding of the value of ecosystem services to human wellbeing • Ensure effective
integration of sustain- ability principles into all policies, planning and decision-making at national, provincial and local levels • Ensure
effective system-wide integration and collaboration across all functions and sectors • Monitor, evaluate and report performance and
progress in respect of ecological sustainability in relation to socioeconomic goals • Develop and promote new social and economic goals
based on ecological sustainability and build a culture that recognises that socioeconomic systems are dependent on and embedded in ecosystems.
6
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The WCCCRS (WCG: EADP, 2014) prioritises ‘Integrated Waste Management’ as well as
‘Critical Infrastructure’. For the Western Cape there is a Provincial Integrated Waste
Management Plan which was first drafted in 2010. This plan is chiefly in place in order to
facilitate the implementation of the Waste Act and to improve waste management in
the Western Cape as well as to promote sustainable waste management. This involves
cleaner production, waste minimisation, resource recovery and recycling. Composting
of organic waste and re-use and recycling is the most efficient way to divert waste from
landfills and can also be utilised in agriculture and energy generation. These are all
outlined in the 2010 plan. It seems that there are basic services backlogs in marginalised
areas and these have been prioritised.
Organic wastes are produced as a result of a wide range of agricultural activities, for
example crop residues, animal manure, poultry litter, etc. These can be converted to
energy by a range of technologies, including direct combustion, gasification, and
anaerobic digestion (to produce biogas). Zero waste agriculture is a type of sustainable
agriculture which optimizes use of the five natural kingdoms, i.e. plants, animals,
bacteria, fungi and algae, to produce biodiverse-food, energy and nutrients in a
synergistic integrated cycle of profit making processes where the waste of each
process becomes the feedstock for another process. Zero waste agriculture presents a
balance of economically, socially and ecologically benefits.
There are, however, not strong linkages between waste management and DAFF. A link
should be made more often, particularly with regards to organic waste and
composting. Further links should also be made to energy production and research into
this could prove beneficial in reducing waste currently destined to landfill sites.

3.13 Energy policy
Energy is an integral part of the economy, including the agricultural economy, and
makes a crucial contribution to the attainment of national and provincial policy
imperatives. The National Department of Energy derives its mandate, amongst others,
from the White Paper on Energy Policy of 1998. Various other energy policies have been
developed and are in different stages of implementation. Some of the key policies
include:






The White Paper on Renewable Energy, 20003;
The National Energy Efficiency Strategy of the Republic of South Africa, 2008;
The Nuclear Energy Policy for the Republic of South Africa, 2008;
The Biofuels Industrial Strategy of the Republic of South Africa, 2007; and
The Electricity Basic Services Support Tariff (Free Basic Electricity) Policy, 2003.

South Africa is currently finalising its Integrated Energy Plan (IEP). The purpose and
objectives of the Integrated Energy Plan (IEP) are anchored in the National Energy Act,
2008 (Act No. 34 of 2008). The IEP endeavours to provide a long-term vision of how
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energy can be optimally used as a mechanism for South Africa to remain competitive.
Optimal use of energy may at times require a shift in the use of a particular energy
resource. Integrated energy planning involves thorough analysis of the benefits and
shortcomings of integrated relationships and seeks to optimise the energy system as a
whole.
The IEP has multiple objectives, some of which include:






To guide the development of energy policies and, where relevant, set the
framework for regulations in the energy sector;
To guide the selection of appropriate technologies to meet energy demand (i.e. the
types and sizes of new power plants and refineries to be built and the prices that
should be charged for fuels);
To guide investment in and the development of energy infrastructure in South Africa;
and
To propose alternative energy strategies which are informed by testing the potential
impacts of various factors such as proposed policies, introduction of new
technologies, and effects of exogenous macro-economic factors.

South Africa is currently working on a biofuels initiative which, in the long term, will
contribute to the pool of locally produced liquid fuel. The DoE is working on the
regulatory instruments which will guide the implementation of the Biofuels Strategy and
facilitate the introduction of biofuels in the South African liquid fuels market. In 2013, the
Mandatory Blending Regulations were promulgated and the necessary regulatory and
other implementation issues, such as pricing, are supposed to be finalised before 1
October 2015. The consideration of feedstock such as soya bean, sugar beet and
sorghum are critical for implementation. It is envisaged that the increased cultivation of
energy crops will be coupled with agrarian reform to result in more job opportunities
and transformation of the economy.
The Western Cape Government is at this stage focusing on waste-based bioethanol for
fleet transport and viability assessment of biofuels for the province. A study conducted
by GreenCape (Williams, 2014) identified a number of unresolved or problematic issues
under the current national biofuels policy. “It will be important to consider all waste
resources as potential feedstocks (including agricultural residues); understand the
potential of non-food crops; as well as implications for land use and management; and
to compare/contrast the business opportunities related to biofuels for blending versus
biofuels as dedicated fuels.”
The Western Cape has identified Energy Efficiency and Demand-Side Management,
and Renewable Energy, as two of the nine focus areas of the WCCCRS (WCG: EADP,
2014).
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In 2008, the Western Cape planned to generate 15 % of the provincial energy from
renewable sources by 2014. It planned to do this by not adopting a ‘least cost
approach’ but rather a portfolio-based approach which focuses on securing a range
of secure energy generation and management options (Sustainable Energy Strategy,
2007). The province has invested in wind energy and solar energy and developed a
White Paper on Sustainable Energy for the Western Cape Province in 2008. A provincial
imperative is to reduce the carbon footprint as well as providing access to all citizens in
the province, while addressing numerous health, social and environmental problems
associated with current energy use patterns. Changes are required in both our energy
production system, sources of supply and in energy consumption patterns. For a
discussion on energy and agriculture linkages in the Western Cape see Section 6.1.

3.14 Transport and infrastructure policy
Transport and infrastructure cut across several government departments. It involves
energy, transport, agriculture, health and industries. The WCCCRS (WCG: EADP, 2014)
prioritises sustainable transport as well as sustainable built environment which includes
critical infrastructure.
In 2008 the transport sector was responsible for 53 % of the total energy consumption in
the Western Cape and produced 29 % of the carbon emissions (see Chapter 6), relying
predominantly on petrol and diesel. Transport associated with the agricultural sector
(trucks) contributes substantially to this, particularly in areas such as the Cape
Winelands and the Breede River valley. Very little freight is transported by rail.
Understandably, exhaust emissions account for a large percentage of the province’s
particulate air pollution. A model shift in the transport sector from private to public has
been suggested, which would lead to massive energy and CO2 emission reductions.
The Provincial Land Transport Framework (2011/12–2015/16) informs all transport and
land-use related provincial decision-making with respect to transport infrastructure
development, management and investment, public transport, non-motorised transport,
freight transport, and land transport safety, and guides district wide and local
integrated transport planning. It calls for a well-maintained road network; a sustainable,
efficient high speed rail long distance freight transport network; efficient international
standard airport and ports, and a transport system that is resilient to peak oil, amongst
others. A growing and resilient agricultural sector also requires the transport
infrastructure to be resilient to extreme weather associated with climate change.
Furthermore, not only transport but also other infrastructure across the province
including that for energy, water and ICT, is of strategic importance to agriculture and
must be safeguarded against climate change risks and impacts. The Western Cape
Infrastructure Framework of 2013 has been developed in order to align the planning,
delivery and management of infrastructure, provided by all stakeholders (national
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government, provincial government, local government, parastatals and the private
sector), to the strategic agenda and vision for the province.
The recent provincial Growth Potential Study (van Niekerk, 2014) determined the growth
potential and socio-economic needs of settlements in the Western Cape outside of the
Cape Town metropolitan area. Growth potential of agriculture-driven towns and
settlements cannot be realised without consideration of the potential disruption caused
by climate change. The study does not explicitly address this but an integrated systems
view is taken.

3.15 Disaster risk reduction and management policy
The development of Disaster Risk related policy began in 1994. At this time severe
flooding took place in Cape Town in the low-lying Cape Flats area. This highlighted the
urgent need to develop appropriate policy and response systems (NDMF, 2005:1). In
response, a Green Paper was established and then the White paper on Disaster Risk
Management was published in 1999.
In 2002 the Disaster Risk Management Act (DRMA) was produced through collaborative
efforts between a wide group of stakeholders. This act made provisions for an
‘integrated and co-ordinated disaster risk management policy’ which focuses on
reducing risk of disasters, mitigation of severity of disasters, working on preparedness
and rapid and effective response and post-disaster recovery systems. It also makes
provision for the establishment of national and provincial Disaster Risk Management
Centres and associated volunteers to increase capacity when needed (NDMF, 2005:1).
DRMA identified the great need for ‘uniformity’ of approaches and through this an
opportunity to reduce disaster and the effects through a collaborative approach of all
spheres of government and the private sector and civil society.
In 2005, the National Disaster Management Framework (NDMF) was established to coordinate actions throughout spheres of government. This framework informs provincial
and municipal disaster risk frameworks and is intended to provide ‘coherent,
transparent and inclusive policy on disaster management’ (NDMF, 2005:2). The
document stresses the importance of reducing vulnerability to disaster of disaster-prone
households, communities and areas (SALGA, 2011).
As explained in the NDMF, ‘disaster risk is driven by a combination of hazard and
vulnerability processes, including changing patterns of land use, infrastructure
development/maintenance, urban growth and settlement densification. Similarly,
household size and composition, health status and level of livelihood security affect
household potential for loss’ (NDMF, 2005:36).
Given this, Disaster Risk management is, by its intrinsic nature and further compounded
by climate change, very difficult to strategise and prepare for. It requires a multiStatus Quo Review of Climate Change and Agriculture in the Western Cape Province
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stakeholder commitment and engagement. Some risks especially brought on by
climatic processes need to be reviewed seasonally or even monthly. Others require less
frequent assessments. Given this, the NDMF outlines that National, Provincial and
municipal government need to be continually up to date with their disaster risk profiles
(NDMF, 2005:36).
While the NDMF stresses the need for continual monitoring and improving capacity to
predict, mitigate and respond to natural disasters, it does not engage with the added
level of uncertainty brought on by climate change.
The National Climate Change Response White Paper (2011) offers some insight. It states
that ‘Resilience to climate variability and climate change-related extreme weather
events will be the basis for South Africa’s future approach to disaster management and
we will use region-wide approaches where appropriate’ (NPC, 2014:5).
South Africa experiences a wide variety of natural and human-induced hazards,
however, ‘the three that occur most frequently – floods, droughts and fires – are all
associated with water, its excess or its lack’. With climate change models predicting
increased water scarcity, this needs to be carefully considered and planned for (IFRC,
2011).
The Western Cape Government gazetted the Western Cape Provincial Disaster
Management Framework in 2007. It emphasises the need for co-operative governance
for the purposes of disaster risk management, and the involvement of all stakeholders in
strengthening government’s capability to reduce the likelihood and severity of
disasters. The Framework presents detailed guidelines to ensure that the requirements of
the Act (DRMA, 2002) are addressed within the Province.
Other instruments addressing disaster risk reduction in mainly the agricultural sector
include the Drought Management Plan (2005), Agricultural Disaster Risk and
Management Plan (ADRMP), the Agricultural Flood Management Plan, Agricultural
Cold Spells Management Plan, and the Agricultural Veld Fire Management Plan. All
except the first are at different levels of development (DEA, 2014b), as is the drought
management policy. The ADRMP is a sector-specific plan with a focus on climate
change, disaster risk reduction and Early Warning Systems (EWSs), and economic losses
and damage of property. Most of the legislative instruments do not directly link to
climate change or its impacts, but they do address issues pertaining to disaster risk
reduction and management and early warning, often with a strong focus on the
agricultural sector.
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4. Climate Change in the Western Cape

Key messages


Agriculture is fundamentally driven and impacted by climate systems and
many commodities are highly exposed to climate variability and climate
change.



The complex mountain topography and ocean influence in combination with
heterogeneous land use, vegetation and soils, results in a rich mosaic of mesoclimate and agricultural production potential.



Climate change will cause shifts in locally important climate systems or
processes, such as the strengthening of conditions which give rise to
orographic rainfall in the shoulder seasons (autumn, spring) and poleward
(southerly) contraction of rain-bringing storm tracks during winter.



Recent trends indicate year-round warming and a reduction in rain days
during autumn in some areas. This is a trend also perceived by the farming
community.



Downscaled projections of temperature indicate continued warming of 1.5 °C
to 3 °C across the whole province with some moderation of increases along
coastal areas.



Global Circulation Models and the C-CAM dynamically downscaled
projections of rainfall indicate reductions in winter rainfall over most of the
province by mid-century.



Statistically downscaled projections of rainfall show high uncertainty with
growing evidence that increased orographic rainfall in spring is a possibility.
Given the current state of the science, both increased and decreased rainfall
should be considered by decision-makers. Decreased rainfall generally poses
the highest risk.

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

65
Chapter 4 Climate change in the Western Cape

4.1

Introduction

Climate change models indicate that the Western Cape faces a warmer future. This
poses serious threats to some sensitive agricultural commodities in the province, but
also presents opportunities to others. Changes in mean annual rainfall as well as
changes to the spatial distribution, seasonal cycles and extremes in rainfall are also
likely, even if the magnitude and direction of these changes are uncertain. It is
imperative that the agricultural sector, and associated water resources and
economic sectors consider the implications of climate change in their strategic
planning in the medium term (10–40 years).
Agricultural production is closely linked to climate and weather. These linkages are
varied, however, and can be quite complex. Climate sensitivities can involve
relatively simple statistics such as seasonal total rainfall. More commonly they involve
far more specific statistics such as dry spell duration during the crop germination
phase, or rainfall during the harvesting period. Sensitivities to water and temperature
are often coupled with higher temperatures often tolerated as long as rainfall is
sufficient or increased. Temperature sensitivities are often quite complex, particularly
for fruit. Some crops are irrigated which, while allowing a buffering of water supply,
still requires sufficient water resources and storage and increasingly finds competition
from other demands such as domestic and industrial consumption.
Approaches to integrating climate information into agricultural planning or strategy
vary greatly. On the one end of the spectrum, crop models can be used to explore
different agriculture management strategies or adaptation measures under different
climate scenarios. These models require careful construction and verification but are
very useful for exploring a wide range of options. Unfortunately they are not
available for many crops or other agricultural commodities. On the other end of the
spectrum, more descriptive ‘story lines’ can be used where climate scenarios are
described in general terms.

4.2

Western Cape climate processes

The climate of the Western Cape is very heterogeneous and ranges from the semiarid summer rainfall regime in the north-east Karoo areas, to nearly year-round
rainfall on the south coastal areas, and dominantly winter rainfall in the south-west
and western areas. The province includes some of the wettest locations in South
Africa such as the Jonkershoek mountains where mean annual rainfall exceeds 1 500
mm, as well as relatively dry areas such Laingsburg where mean annual rainfall is
around 150 mm.
A number of key climate processes are responsible for the nature of the climate
across the region.
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4.2.1 Rainfall processes
Rainfall is produced by three main weather processes.


Frontal systems: These systems are associated with mid-latitude storm systems
passing to the south of the country. By themselves, they produce consistent
rainfall but when they interact with topography they can produce very high
rainfall amounts and rates resulting in flooding events. Mid-latitude troughs
that produce frontal systems can also develop into closed cold low pressure
systems called cut-off lows. Cut off lows have been associated with some of
the most severe flooding events in the Western Cape including Laingsburg in
1981 and Montagu in 2003.



Orographic rainfall: This is produced by southerly winds carrying moist,
relatively warm air off the warm Agulhas current over the coastline and up the
Cape mountain chains. As the warm air is forced up the mountain slopes it
cools and orographic rainfall is produced in the mountainous areas.
Combined with upper air low pressure systems which enhance the uplift, the
result is the famed ‘black south-easter’ which has also been responsible for
some of the heaviest rainfall events recorded. Black south-easters also occur
outside of the normal winter rainfall months and have even occurred in
December and January. Orographic rainfall under conditions of ridging South
Atlantic High Pressure Cell (SAHP) and southerly wind conditions has been
identified as the dominant source of rainfall for the Cape south coast region
(Engelbrecht et al., 2013).



Convective thunder storms: The final important process produces summer
convective rainfall, largely concentrated in the northerly and north-easterly
areas but sometimes extending as far south as Cape Town. Convective
thunderstorms are typically summer events and can occur in isolation as a
result of intense surface heating. They are generally driven by a west coast
low pressure trough which provides the moisture flow required to induce
significant and large scale precipitation.

4.2.2 Temperature processes
While temperature tends to be far more homogenous across regions, the Western
Cape topography and surrounding oceans add a great deal of heterogeneity to
temperature patterns across the province. The cold ocean to the west moderates
temperatures along that coastline but even the warmer ocean to the south has a
strong moderating effect on coastal temperatures along the southern coastline.
Sea breezes that develop during the day as a result of more rapid heating of the
land can produce 5 °C cooler temperatures along the coastline tens of kilometres
inland (Bonnardot and Cautenet, 2009). Added to this is the effect of topography,
with many areas of the province at an altitude greater than 500 m. This can result in
5 °C cooler temperatures relative to areas near sea-level. Many of the valleys
isolated from the coastline by mountain ranges can experience very high summer
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time temperatures. Large towns such as Worcester regularly experience
temperatures higher than 40 °C.
Mid to late summer is characterised by strong southerly and south-easterly winds.
These winds generally dominate any possibility of cooling sea breezes along the
western coastal areas while providing cooler conditions to the southern coast.
Cold temperatures in winter are a result of two processes. The first is the night time
radiative cooling under clear sky conditions. Clear skies allow for a rapid cooling of
the land surface resulting in rapid drops in near surface temperatures throughout the
night. This can result in near freezing temperature at sea-level and sub-zero
temperatures at higher altitudes by sunrise. The second driver of cold temperatures
occurs during and after cold fronts. These systems circulate cold air from the southern
ocean over the province and are associated with rain and cold temperatures;
intense systems can also bring snow to the higher mountain areas.

4.3

Climate change and the Western Cape

While there is now very little uncertainty around global warming, uncertainties still
remain around regional and local responses. It is useful to consider regional
responses in terms of changes to the important climate systems or processes at play.
Model simulations can provide some understanding of the large-scale shifts in
climatic systems and downscaling methods attempt to relate these shifts to localscale responses. However it is important to understand these tools and their strengths
and weaknesses.
Global model simulations of future climate are consistent with a conceptual
understanding of the sub-tropical/mid-latitude climate system. Increased surface
heating intensifies the Hadley circulation, intensifying and possibly shifting the
important sub-tropical high pressure systems polewards. For the Western Cape the
most important high pressure system is the SAHP. Across southern Africa, a summer
time heat low is also important for the Western Cape. With increased surface heating
it is likely that this heat low will intensify. The SAHP, interacting with the continental
heat low, produces the dominant southerly winds that characterise mid to late
summer in the Western Cape. Given this conceptual understanding it seems likely
that these southerly winds will increase in strength, a change supported by results
from most General Circulation Models (GCMs). While southerly winds are generally
associated with summer conditions, they can also, given suitable upper air low
pressure systems, be associated with orographic rainfall on the Western Cape
mountains. This may cause increased rainfall during the ‘shoulder’ seasons of autumn
and spring. Statistically downscaled projections seem to support such a change.
Core winter rainfall is largely associated with frontal rainfall so would likely not be
affected by increases in southerly winds.
Another impact of an intensification of the SAHP would be a tendency to shift the
cold front storm tracks further south. Such a shift is congruent with some historical
observations (Marshall, 2003). Observations of the southern ocean are however very
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sparse and historical observed trends are tentative at best. A more energetic midlatitude zone is another possible result of a more intense Hadley circulation. This has
already been tentatively observed (Tokinaga and Xie, 2011; Atlas et al., 2011)
through increased wind speeds in the southern ocean (Young et al., 2011) although
the IPCC states that confidence in these trends is low. Cold fronts are a result of
eddies in the mid-latitudes and it is possible that a more energetic mid-latitude zone
could produce more intense and deeper cold fronts.
There has also been an observed increase, since the 1970s, in the Southern Annular
Mode (SAM) index (Marshall, 2003) which describes the latitudinal position of the
westerly wind belts south of South Africa. A positive SAM index is associated with a
contraction of the westerly wind belts towards Antarctica and has been associated
positively with drying in southern Australia (Meneghini et al., 2007). Multiple GCM
projection experiments have also shown that the southern hemisphere circulation
response to global warming largely corresponds to a positive shift in the SAM
suggesting that recent trends in the SAM may be a result of global warming and that
these shifts may continue into the future.
Finally, summer rainfall processes are likely to change under a warmer climate. With
higher humidity levels and more intense lower tropospheric heating it is reasonable to
expect that convective (thunderstorm) rainfall processes will be more intense in the
future. This would result in more intense rainfall events in the summer in those inland
areas of the province that receive summer convective rainfall. However, convective
rainfall is dependent not only on available moisture and surface heating, but also on
large scale circulation patterns that are conducive to instability and convection.
What is not yet clear from the projections is whether these large scale patterns will
become more or less frequent over the Western Cape in the future. Hence there
remains uncertainty around changes in mean annual rainfall in the summer rainfall
areas.
Conceptually, therefore, Western Cape responses to global climate change seem
likely to be associated with a poleward contraction of the westerly wind belts and
associated storm tracks during winter, possibly more energetic mid-latitudes resulting
in more intense storm systems, and a possible increase in southerly wind induced
orographic rainfall in the shoulder seasons. Summer rainfall areas are likely to
experience more intense thunderstorm events. The aggregate response would
indicate a reduction in rainfall in the core of the winter rainfall season, an increase in
extreme rainfall events in the core of the winter season, and a possible extension of
the rainfall both into autumn and spring. This conceptual understanding doesn’t
address the question of changes in total annual rainfall as this statistic will depend
strongly on the strength of various system responses to the changing global climate.
This is likely the reason for the relatively strong disagreement between models
regarding changing total rainfall over the Western Cape.

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

69
Chapter 4 Climate change in the Western Cape

4.4

Observations

A key challenge to understanding the Western Cape climate system and processes
is the lack of observations. The maps below show the number of stations within the
province that have reported at least 30 years of daily temperature values (Map 4.1)
and rainfall values (Map 4.2) between 1960 and 2012. These maps are based on the
two main sources of weather station archives for the Western Cape; The South
African Weather Service (SAWS), and the Agricultural Research Council (ARC).
Access to SAWS data is possible for research institutions; however the coverage of
mountain areas and coverage for temperature observations are fairly limited. The
ARC archive is extensive but access is restricted and hence little analysis or
generation of derived products is possible outside of the ARC. The picture for rainfall
is somewhat better with many parts of the province well covered by long term
monitoring stations. However, higher mountainous regions are still poorly observed.
Installation of high altitude stations is now a priority activity for a number of institutions
including the Southern African Environmental Observation Network (SAEON7) and the
GEF funded Fynbos Fire project8.

Map 4.1: Location of stations within the Western Cape that report temperature
values between 1960 and 2012.

7
8

www.saeon.ac.za
www.fynbosfire.org.za
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Map 4.2: Location of stations within the Western Cape that report rainfall values
between 1960 and 2012.
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The historical climatology of the Western Cape can be estimated using a number of
observed products. Map 4.3, showing mean annual rainfall, is based on a very high
resolution (3 km) climate analysis product currently under development at the
Climate Systems Analysis Group (CSAG), UCT. This product has not yet been
exhaustively validated but is presented here in order to highlight the complexity and
spatial heterogeneity of rainfall across the region. Magnitudes of rainfall and
temperature presented in the following series of maps should therefore be taken as
indicative rather than as accurate fully validated climate data.

Map 4.3: Mean annual rainfall (mm) approximated by high resolution (3 km) climate
analysis.

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

72
Chapter 4 Climate change in the Western Cape
Map 4.4 shows the aggregated (averaged) rainfall for each of the agro-climatic
zones. This map draws on the same data as the previous map but allows for an
easier evaluation of the climate of each agro-climatic zone.

Map 4.4: Mean annual rainfall (mm) aggregated to agro-climatic zones.
Map 4.5 shows the mean daily maximum temperatures across the agro-climatic
zones. Temperatures largely reflect altitude though the ocean influence in coastal
areas does constrain daily maximum temperatures.

Map 4.5: Mean maximum daily temperatures averaged over agro-climatic zones.
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Map 4.6 shows the mean daily maximum temperatures of the hottest month of the
year, February. It can be seen that mean daily maximum temperatures in the inland
areas and the Cederberg valleys can reach very high values exceeding 32 °C.

Map 4.6: Mean maximum daily temperatures in February averaged over agroclimatic zones.
Map 4.7 shows the mean daily minimum temperatures for one of the coolest months,
July. Again this strongly reflects altitude with high altitude inland areas experiencing
very cold minimum (night time) temperatures in winter.

Map 4.7: Mean minimum daily temperatures for July averaged over agro-climatic
zones.
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4.4.1 Alternative observation datasets
Given the limitations of station observations, alternative sources of observed data
are often used. However there are a number of limitations associated with many of
these sources. Gridded products are often used as they have ‘complete’ spatial
coverage. However gridded products such as CRU (Harris et al., 2014) are
interpolations of station observations and therefore contain no more information
than exists in the underlying station observations, they merely attempt to interpolate
stations observations across the region. Interpolation of climate variables across
space is complex and particularly challenging in mountainous regions and long
coastlines where strong, complex climate gradients exist.

4.4.2 WorldClim data products
The high resolution gridded climate normal products provided by WorldClim (Hijmans
et al., 2005) are very attractive to researchers due to their very high spatial resolution
(~1 km). However there are important caveats to this product that need to be
highlighted.
Firstly, the product is still dependent on information from station observations, which
are sparse in the Western Cape. Secondly, the climate means (averages)from each
station were based on any 10 years within the 1960-1990 period or the extended
1950-2000 period so the climate mean for one station could be from a completely
different historical period to the climate mean for the next station. Finally, the
interpolation method uses thin-plate splines and latitude, longitude, and altitude as
independent variables.
The resultant product for a small region like the Western Cape is dominated by the
altitude variable. While this may be largely acceptable and reasonable for
temperature (though it is worth further validation), it is far more difficult to defend for
precipitation. There are known strong climate gradients between the coastline and
inland, and rain shadow effects (where the lee of a mountain receives much less
rain) are very dominant. Comparison of station observations with WorldClim climate
normal show very strong biases. For example, stations within the catchment of the
Berg River dam receive nearly 300 mm in July on average. The WorldClim 1 km
product indicates rainfall totals of around 150 mm in July in the same area. It is
therefore critical to validate the WorldClim product for any particular application
area.
WorldClim also provide ‘downscaled’ future projections based on the Coupled
Model Intercomparison Project Phase 5 (CMIP5) model projected changes in rainfall
and temperature. The method used is more commonly referred to as the ‘delta
method’ and assumes that the spatial distribution of rainfall within a smaller region
like the Western Cape will remain the same into the future. In other words it assumes
that all locations will experience the same shift in temperature or precipitation in the
future. Given our understanding of the Western Cape climate processes this is a
tenuous assumption. Dynamical, or circulation based downscaling method that
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associates shifts in the large scale circulation dynamics to local scale changes and is
therefore able to capture changing climate processes, are likely to provide a more
defensible downscaling message.
Most CMIP5 GCMs project moderate to strong drying for the Western Cape under
global warming and the WorldClim downscaled projections will directly reflect this.
However, process based downscaling methods such as SOMD (Self-Organizing Maps
Downscaling) show a much more complex picture, reflecting the complexity of
changing dynamical processes within the GCMs and strong suggestions of wetter
conditions over the mountainous regions.

4.4.3 Satellite rainfall products
Satellite based rainfall products are highly attractive because of their spatial
coverage. It is highly likely that these products will be used more and more. They are
likely to prove to be more useful in the future as the length of observational record
increases, sensors are improved, and the algorithms used to derive precipitation
characteristics are fine tuned. Currently, a number of satellite based products are
available, many of which are based on the TRMM (Huffman et al., 2007) satellite or
the Meteosat geostationary satellites.
Over the Western Cape, satellite based rainfall products have some limitations. Most
processing algorithms used to extract rainfall estimates from sensor data depend on
cloud top height as a proxy for intensity of rainfall. This works well for convective
rainfall where storms with higher cloud tops typically are associated with more
intense rainfall. But for orographic rainfall, cloud top heights can be very low and
are poor proxies for rainfall intensity below the cloud. The TRMM satellite also uses a
microwave sensor which interacts strongly with precipitation droplets in clouds.
However, once again, under orographic rainfall conditions, such sensors do not
perform well.
A number of products exist which attempt to blend station observations with satellite
derived rainfall estimates. The NOAA CPC African Rainfall Climatology product (Love
et al., 2004) takes this approach and provides fairly high resolution daily estimates of
rainfall across Africa. However, for the Western Cape this product is very poor as the
satellite estimates of rainfall are very low and the product largely depends on a very
sparse station network that is inconsistent through time.

4.4.4 Observation product development
The observation challenge for South African, but particularly for the Western Cape, is
acute and needs serious research attention backed by policy and funding
commitments. One possible development involves the use of high resolution
regional climate models (RCMs) which can be used to represent the very local scale
effects of topography on winds, temperature, and rainfall distributions. A number of
high resolution RCM simulations over South Africa now exist including simulations
done by the CSIR (C-CAM) as well as simulations done under the Danish funded
South Africa Wind Atlas project. This second product is now being used to develop a
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3 km resolution observed gridded product mapping temperature and rainfall
distributions on a daily basis over the Western Cape. The product is still in a research
phase but initial results are promising and is hoped that this product could contribute
significantly to future research and explorations of the Western Cape climate system.
It is clear that no single observational product is currently suitable for general
application in the Western Cape. Combining multiple products allows us to draw on
the strengths of the different products most effectively. Satellite products provide
good spatial coverage; gauge data is most representative of what is experienced
on the ground; and model derived data is able to capture physical processes that
are important. It is also likely that no single product will ever provide the best
information for all applications, but rather that different products are needed. Some
products would be more suitable for long term trend analysis, others for studying
extreme events, others hydrology, etc. The development of these products would
seem to be a key strategic activity to support further agricultural decision making
processes.

4.5

Historical observed trends

Two factors constrain the analysis of historical observed trends in the Western Cape
region. The first is the already discussed observed data constraint. In order to ensure
that any analysed trend is representative of long term changes (multi-decadal) and
not a result of a short-term variability (decadal variability) it is necessary to analyse
trends over approximately a 30-year period. The number of stations, particularly
rainfall observing stations, which report 30 years of observations in the last 40-50
years, is very small.
Secondly, the Western Cape has very high interannual and decadal variability. This
means that statistical significance of trends is difficult to obtain in many cases as any
long-term trend is strongly dominated by decadal variability. This is, however, a key
point when considering future projections of rainfall over the Western Cape. While
projected changes in rainfall may indicate changes on the order of 30 % in some
months, such changes are well within the natural variability of the region over
decadal time periods. In other words, even if future projected changes show drier
conditions, it is certainly feasible that a decade of relatively wet conditions could
occur during the next 30 years.

4.5.1 Station data trend statistics
There have been a number of studies of observed trends over South Africa, the most
recent of which is MacKellar et al. (2014) which summarises previous findings as well
as describing more recent analysis of the latest minimum temperature, maximum
temperatures, and rainfall observations for the period 1960-2010. The most recent
Western Cape Government Climate Science Input into Municipal Adaptation Plans
document confirms many of the results of MacKellar et al.
Key findings are that statistically significant trends in rainfall are very rare across the
country including within the Western Cape (Figures 4.1 to 4.4). An interesting finding is
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the negative trends (decreases) in minimum temperatures in the centre of the
country which is counter to the general global tendency for minimum temperatures
to increase more rapidly than maximum temperatures (Easterling et al., 1997). The
results indicate the complexity of climate trends over South Africa and the likely
complexity of such trends over the Western Cape if adequate observations were
available.
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Figure 4.1: Statistically significant (90 % - 99 % levels) monthly total rainfall trends (1960-2012) for stations across the Western Cape expressed as
absolute change (mm) per decade. The colour of the circle indicates a positive (blue) or negative (red) rainfall trend with a colour range
centred on white for zero trends. Black dots indicate location of all stations with 70 % valid observations between 1960 and 2012.
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Figure 4.2: Statistically significant (90 % - 99 %) monthly wet day trends (1960-2012) for stations across the Western Cape expressed as absolute
change in days per decade. Red circles show a decrease in wet days, while blue circles show an increase. Black dots indicate location of all
stations with 70 % valid observations between 1960 and 2012.
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Figure 4.3: Statistically significant (90 % - 99 %) monthly maximum temperatures trends for stations across South Africa expressed as °C change
per decade. Only stations that are statistically significant at p < 0.1 are plotted.
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Figure 4.4: Statistically significant (90 % - 99 %) monthly minimum temperatures trends for stations across South Africa expressed as °C change per
decade. Only stations that are statistically significant at p < 0.1 are plotted.
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Climate trends in the Western Cape are summarised in Table 4.1:
Table 4.1: Climate trends in the Western Cape. Source: Climate Systems Analysis
Group, based on MacKellar et al. (2014).
Climate parameter

Trend

Confidence/comments

Mean annual maximum temperature

Positive
~ +0.2 °C/decade
Positive
~ +0.15 °C/decade

High

Mean annual minimum temperature

Mean annual rainfall

No detectable trend

Mean annual rain days

Negative
~ -2 days/decade

Mean summer rain days

Negative
~ -0.5 days/decade
Negative
~ -0.7 days/decade

Mean Autumn rain days

High
Weaker trend than
Tmax
Some stations show
some trends in some
months
Moderate
Largely concentrated
on the south coast with
some increasing trends
in the west in spring
Moderate
Mostly in late summer
Moderate
Mostly along the south
coast

4.5.2 Process trends
It is useful to explore trends not only in station observations of rainfall and
temperature but also in the processes outlined in Section 4.3. Examples of this kind of
analysis include the exploration of trends in cut-off low pressure systems responsible
for many flooding events in the region, as well analysis of trends in particular
circulation states associated with rainfall over the Western Cape (Lennard and
Hegerl, 2014).
The analysis of the occurrence of cut-off low pressure systems indicates a positive
trend (increase) in the number of events of around 25 % between 1979 and 2008 with
a distinct step change in frequency around 1998/1999. The latitudinal positioning of
cut off lows is also shown to be well correlated with El Niño Southern Oscillation
(ENSO) with cut off lows occurring further North during La Niña years and further
South during El Niño.
Interestingly, a detailed study (Philippon et al., 2012) of the relationship between
daily station rainfall statistics over the Western Cape and ENSO identified a significant
correlation between core winter rainfall (May, June, July) and ENSO. The results
indicate that wet spell duration, total rainfall, and heavy rainfall spells are positively
correlated with El Niño conditions. This is in contrast to the Favre et al. (2012) study on
cut-off low pressure systems, though it is important to note that cut-off low pressure
systems are only responsible for around 25 % of Western Cape rainfall and the rest is
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the result of cold fronts and orographic (around mountains) rainfall. Therefore the
two results may not be entirely contradictory and further analysis is needed.

4.5.3 Perceived trends
The first set of stakeholder workshops under the SmartAgri project identified a few
trends as perceived by various participants. While human perceptions of change
over long time periods are complex and often strongly skewed by perceptions of
normal and negative rather than positive events, perceptions also often relate to
more nuanced aspects of climate such as number of cloudy/rainy days, seasonal
onset, cessation, and length, clustering of events etc. Understanding these
perceptions better can often point to more informative quantitative analyses of
climate and climate trends (Wiid and Ziervogel, 2012).
An example of this is the analysis of trends in wet days. Not only is the number of wet
days coupled to soil moisture conditions but people are also sensitised to wet or dry
conditions much more than magnitude of rainfall. And for many sectors, as long as a
useful amount of rainfall falls (often 10 mm in agriculture) then the actual magnitude
beyond that threshold is less important (excluding extreme events).
Later seasonal onset and cessation
A common trend identified during the stakeholder workshops is that of a
progressively later start to the season (onset) and a later end to the season
(cessation). Observed trends do suggest a reduction in rain days during the MarchApril-May (MAM) season though no detectable trend in total rainfall during this
season. This could align with a later onset of the season, though the trends vary
considerably across landscapes.
During spring, observed trends are insignificant except for a few places showing
positive trends (increases) in the number of rain days during later spring/early summer
(November) but there appear to be virtually no trends in total rainfall during the
same period.
However, as will be described in the later section on climate change projections,
downscaled projections of change across the winter rainfall areas of the Western
Cape do demonstrate a fairly strong message of a shift towards a wetter late season
(September-October-November, SON).

4.6

Extreme events

The Western Cape experiences fairly regular flooding events associated with intense
winter rainfall systems. It has also experienced a number of droughts, some
extending into multiple years. Both types of events have had large impacts on the
province ranging from loss of life and property damage, through to larger scale
infrastructure damage, agricultural losses, costly response measures, and economic
loss (see Section 9.6 for further discussion). Other extreme weather risks encountered
include storms (strong wind), hail, extreme cold, extreme heat, and severe humidity.
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While covering a relative short time frame (2003–2008), the RADAR Western Cape
2010 Risk and Development Annual Review report (Holloway et al., 2010) details the
various economic costs across sectors associated with various extreme events. It
illustrates that single events such as the flooding in November 2008 can cost the
province nearly R1 billion and many events also resulted in tragic loss of lives.

4.6.1 Flooding events
Almost all floods experienced in the Western Cape are the result of mid-latitude
troughs and associated cold fronts and/or cut-off low pressure systems. A few events
have been the result of the so-called ‘black south-easter’ which occurs when the
South Atlantic high pressure ‘ridges’ in behind the passage of an upper air low. The
resultant atmospheric instability and propensity for deep convection, coupled with
ready available moisture at low levels, as well as topographic forcing, can produce
very intense rainfall. The cut-off low and subsequent black south-easter of November
2007 resulted in over R800 million of damage and the direct displacement of 300
people (Holloway et al., 2010).

4.6.2 Heat waves
In December 1999, temperatures kept rising in Cape Town. According to the UCT
Climate Information Portal (CIP), the average maximum temperature recorded was
28.53°C in December 1999. Sea surface temperatures also rose to record levels in the
northern part of Cape Town and were the highest recorded temperatures in 40 years
(Jury, 2001). The heat was an outcome of a ‘blocking high’. Upper air blocking highs
and shallow coastal surface troughed over the Western Cape as a high ridged along
the east coast, resulting in easterly offshore flow and associated adiabatic warming
beneath the western escarpment (Jury, 2001).
Heat waves are very common in the Western Cape and can cause huge impacts on
the population and the environment. In December 1999, it affected the health of
people and disturbed both terrestrial and marine ecology. It also posed a threat to
the Koeberg nuclear power station which almost closed (Jury, 2001). In January 2000
several run-away fires occurred in Cape Town as a consequence of the hot dry
December conditions before the 25th December 1999 (Jury, 2001).

4.6.3 Drought
Another historic climatic event was the severe drought of 2003. This dry spell affected
several parts of the Western Cape, mostly the wheat production areas. The decrease
in rainfall and soil moisture in the Western Cape resulted in a decrease in the yield of
wheat and barley. As the satellite pictures in Figure 4.5 show, the vegetation health
deteriorated from 21st July 2002 to 21st July 2003. Some regions, mostly between
Cape Columbine and the southern part of Cape of Good Hope experienced
dramatic changes.
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Figure 4.5: Satellite photographs showing the effect of the drought of 2003. Source:
WCG: EADP (2008).

4.6.4 Hail
Hailstorms are relatively rare and localised in the Western Cape, but when they
occur they have the potential to inflict substantial physical and economic damages
on farms. In November 2006, a hailstorm in the Haarlem area damaged almost 400
hectares of fruit trees and resulted in loss of employment and income 354
farmworkers (see Table 9.7 in Chapter 9). Even though the affected area was
relatively small, direct damages came to R9.4 million. More recently, in November
2013, hail damage wiped out crops (apple, pears, stone fruit and onions) on scores
of farms in the Witzenberg, Ceres and Koue Bokkeveld areas and caused significant
damage to much of the remaining crop. Some farmers lost their entire annual
turnover. Ninety percent of farms in the Ceres and Witzenberg area and half the
farms in the Koue Bokkeveld and Warm Bokkeveld area suffered between 50 % and
100 % damage. The predictability of the occurrence of hail is quite poor as a result of
the dynamic and chaotic nature of the weather systems giving rise to hail.

4.7

Climate Change Projections

Section 4.4 above described a conceptual ‘model’ of the climate system of the
Western Cape and discussed possible implications of global scale climate system
changes for the region. These included shifts in the intensity and location of the high
pressure systems, the westerly wind systems, and continental heating. In the section
below, model-based climate projections will be presented. The approach to the
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presentation of the projections is to the multi-model, multi-method approach which
starts with the premise that all models are wrong, but some models are useful. It then
extends this to consider climate downscaling of models and how downscaling
changes the messages produced by the models. Finally it considers the various
assumptions and the consequences of the assumptions behind the models and
downscaling methods in order to cut through some of the challenges of multi-model
uncertainty.

4.7.1 Climate Modelling
GCMs are large, complex, computer programmes. Models start as a set of
fundamental equations that capture our understanding of atmospheric dynamics.
These equations are essentially fluid dynamics equations which have been well
described for many decades. However, fluid mechanics equations are generally
solved by making certain assumptions that simplify the full equations into a form that
can either be solved, either analytically, or through large computations. The
atmosphere is a particularly difficult fluid dynamics problem because it covers very
wide ranging spatial and temporal scales, it is a compressible fluid, it involves phase
changes of water (evaporation, condensation, sublimation, etc.) and it includes
complex chemistry and radiation dynamics.
As a result, different modelling groups make different sets of simplifications or
assumptions to reduce the full fluid dynamics and energy equations to a form that is
solvable using computationally efficient methods. They then select or develop
various computational methods to solve the equations. The computational methods
typically operate at discrete spatial scales which for climate change models vary
from around 100 km to 250 km. Finally, they select existing, or develop new
‘parameterisation schemes’ to approximate processes that have been lost through
the simplifications. These include processes like turbulent mixing near the earth’s
surface, convection in thunderstorms, and the interaction between the suns
radiation and aerosols.
Because each model is developed with different simplifications, computational
methods, grid resolutions and parameterisations, each model ends representing the
atmosphere in different ways and performing differently compared to observations
for different aspects of the climate system. This results in what we call structural
uncertainty which is an important source of uncertainty in climate projections.

4.7.2 Seasonal forecasting
In South Africa, seasonal forecasts generally consist of an outlook of precipitation
and temperature for the rainfall season of a specific area. Such forecasts can be
issued monthly throughout the year, or at least prior to the rainy season. In most
cases the forecast is presented as a 3-month average.
Johnston et al. (2004) point out that accurate seasonal forecasts that could assist
with the planning of planting, fertilisation and harvesting could help increase crop
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productivity and profitability as well as reducing agricultural losses, while later
research by Vogel and O’Brien (2006) and Johnston (2011) amongst others shows
how the limited uptake of seasonal forecasts has undermined their potential
usefulness. A lack of skill is partly to blame (Landman et al. 2012), especially in the
Western Cape region, but the availability, access and understanding of forecast
information is also a problem.
Nevertheless it is doubtful that the limits of predictability have been reached and
ongoing research into refining forecasts and tailoring them to users’ needs is
continuing worldwide as well as in South Africa.

4.7.3 Natural variability and decadal prediction
The coupled ocean atmosphere land surface system is incredibly complex involving
numerous non-linear feedbacks, very slow processes (e.g. ocean heat uptake) and
very fast processes (e.g. convective rainfall). The result is a system that exhibits very
strong natural variability. Natural variability is the variation in the mean state of the
climate system either globally, or regionally, over periods of 10–30 years. This results in
extreme variations with large impacts over many years such as the West African
drought (Hulme, 2001).
There is some academic debate about the predictability of the climate system on
multi-decadal time scales (10–30 years). Some climate scientists argue that the
climate system is inherently chaotic which means that predictability is intrinsically
limited regardless of improvements in observations. Others argue that give detailed
enough and accurate observations of the full coupled system, including the deep
ocean temperatures and salinity, significant predictability on multi-decadal time
scales could be achieved.
The reality is that at this point in time our ability to observe the coupled oceanatmosphere-land system is very poor and the result is that multi-decadal
predictability is fundamentally constrained. Most current attempts at decadal
prediction focus on incorporating as many observations of the ocean state into the
starting conditions of the models. The result is some skill in global and large regional
mean temperatures (largely centred on the North Atlantic), but very little skill for
precipitation (Meehl et al., 2014).
Goddard et al. (2010) recognise the role of interdecadal climate variability
compared to seasonal and interannual variability in helping to understand overall
climate variations, but warn that predicting climate beyond a year is very difficult
due to its chaotic and variable nature. They also admit that, in a developing country
context, longer-term climate information is considered most actionable, and
therefore information for the next one to three decades (‘near term climate
change’) is in high demand. Johnston and New (2013) have shown that various
agricultural activities especially fruit farming would certainly benefit from these scales
of forecasts. Goddard et al. (2012) encourage investment and research into
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seasonal forecasting as it is expected that it would also benefit the decadal
timescale research.
The key consequence of natural variability is that we do not expect climate change
projections based on coupled ocean-atmosphere-land to accurately capture
variations in the climate system on the decadal time scale. This means that if a
climate model projects a relatively dry period between 2020 and 2030 and this dry
period never occurs, the climate model would not be considered wrong because
we don’t expect any model to capture such short time scale variations. Similarly, if
the Western Cape climate system is actually heading towards warmer wetter
conditions in the future, this doesn’t in any way exclude a particular decade in the
next 50 years being anomalously dry and cool. Such ‘events’ are completely
consistent with our historical observations of the climate system and there is no
reason to expect this variability to halt in the future.

4.7.4 Downscaling
For computational reasons, GCMs represent the climate system and the earth and
ocean surface as averages over large ‘grid boxes’. For many modern GCMs these
grid boxes are between 150 km and 250 km across. This means that many
topographic features, coastlines, ocean temperature structures, vegetation
variations, and climate processes such as clouds and land-sea breezes that operate
on scales smaller than this are not explicitly resolved by such models. In reality, the
‘skill scale’ or the spatial scale at which we would expect GCMs to realistically
represent the real climate system is typically even larger, closer to 500 km. For small
regions such as the Western Cape we therefore would not expect GCMs to be able
to capture real spatial variations in the climate across the region and patterns of
projected changes across such a region are likely of poor reliability.
Downscaling is a methodology that aims to add spatial detail to the large scale
climate data produced by GCMs. Downscaling is based on the understanding that
the local scale weather (spatial scales of tens of kilometres) is a result of the large
scale weather patterns, such as passing cold front, and local scale processes or
features, such as topography. It is possible to use either statistical models, or
dynamical models to capture these relationships between the large scale and local
scale.
Statistical downscaling
Statistical methods typically rely on observations of historical weather at the local
scale and corresponding observations of large scale weather patterns to produce a
statistical model that captures the relationship. Statistical downscaling methods are
diverse and different approaches have different strengths and weaknesses. Some
methods are designed specifically to addresses questions around extreme events;
others are focussed on capturing mean climate and variability. A number of
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activities are currently taking place to allow for more rigorous description, evaluation,
and application of statistical downscaling methods.
Statistical downscaling generally provides some level of implicit or explicit bias
correction which means that it is often used for impacts modelling that requires
unbiased absolute magnitudes as they are calibrated on observed magnitudes.
Dynamical models, whether GCMs, or dynamical downscaling typically produce
quite strongly biased absolute values which require further bias correction before
being applied to impacts models.
Dynamical downscaling
Dynamical modelling methods (RCMs) borrow from the same methods as GCMs but
represents the climate system over a smaller area on much fine grid resolutions
(typically 50 km but can be as fine as 1 km). Computationally, it is much cheaper to
simulate a small regions climate, this allows computer resources to be used to
represent the climate at finer spatial scales and thereby better capture local scale
features and processes. RCMs require GCM data to provide information about the
evolution of the daily large scale weather patterns outside of the domain of the
regional model.
Stretched grid models
A relatively unusual dynamical downscaling method has been developed and
implemented by the CSIR. The model used is C-CAM (Engelbrecht et al., 2009), which
is what is known as a stretched grid model. These types of models use variable grid
sizes so that different areas of the world can be represented at higher resolution
without the need to run another RCM and yet keeping computational expenses
manageable by degrading the resolution over areas of the world that are not of as
much interest.
The C-CAM projections presented below were developed by the CSIR and
documented both in the LTAS Climate Science report (DEA, 2013a) and in a number
of publications (Engelbrecht et al., 2009, 2011). These projections are produced by
imposing bias corrected future projected changes in ocean temperatures from
CMIP5 GCMs as ocean temperatures for the C-CAM model. The projections are
therefore only forced by the ocean temperatures of the GCMs whereas other
dynamical or statistical methods are driven by the projected circulation changes of
the GCMs. It is therefore difficult to compare the downscaled projections from the CCAM model with the statistically downscaled projections produced by the CSAG
group at UCT (also presented below) as the two methods are drawing on very
different sources of change information from the GCMs.

4.7.5 GCM projections for the Western Cape
Figure 4.6 shows projected changes in JJA (winter) rainfall across the Western Cape
region from 11 different CMIP5 GCMs (Taylor et al., 2012). Changes are relative to the
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1976–2005 climate averages and are for climate averages between 2040 and 2060.
All but one model shows either reduced rainfall or no change with one model
showing increased rainfall along the south of the region.

Figure 4.6: GCM CMIP5 projected changes in JJA (winter) rainfall for the 2040-2060
period
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It must be noted that most of the CMIP5 GCMs have a grid resolution of around 200
km. This means that topography in the models is represented as average altitude
across each 200 km x 200 km grid box. The result is that the highest topography
represented in the models is a few hundred meters above sea level whereas the real
topography extends to over 2 000 m altitude. These GCMs are therefore unable to
capture orographic rainfall or the interaction of mid-latitude cyclones (cold fronts)
with topography. It is therefore likely that the GCM-projected changes in rainfall will
be strongly dominated by projected changes in the mid-latitude storm tracks and
the high pressure systems.
Figure 4.7 shows the projected changes in summer mean maximum (day time)
temperatures from 11 different CMIP5 GCMs. The changes are relative to the 19762005 climate averages and are for the climate averages between 2040 and 2060. All
models show increased temperatures of between 1.5 and 3 °C with the strongest
increases inland and to the north.
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Figure 4.7: GCM projections of DJF (summer) maximum temperatures, RCP8.5, 20402060.
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Box 4.1. What are the Representative Concentration Pathways (RCPs) referred to in
Figure 4.7 and the figures below? Source: IPCC (2013)
Climate change projections in IPCC Working Group I require information about
future emissions or concentrations of GHGs, aerosols and other climate drivers. For
the Fifth Assessment Report of IPCC, the scientific community has defined a set of
four new scenarios, denoted Representative Concentration Pathways (RCPs). They
are identified by their approximate total radiative forcing in year 2100 relative to
1750: 2.6 W m-2 for RCP2.6, 4.5 W m-2 for RCP4.5, 6.0 W m-2 for RCP6.0, and 8.5 W m-2
for RCP8.5. For the Coupled Model Intercomparison Project Phase 5 (CMIP5) results,
these values should be understood as indicative only, as the climate forcing resulting
from all drivers varies between models due to specific model characteristics and
treatment of short-lived climate forcers. These four RCPs include one mitigation
scenario leading to a very low forcing level (RCP2.6), two stabilisation scenarios
(RCP4.5 and RCP6), and one scenario with very high GHG emissions (RCP8.5). The
RCPs can thus represent a range of 21st century climate policies, as compared with
the no-climate policy of the Special Report on Emissions Scenarios (SRES) used in the
Third Assessment Report and the Fourth Assessment Report. For RCP6.0 and RCP8.5,
radiative forcing does not peak by year 2100; for RCP2.6 it peaks and declines; and
for RCP4.5 it stabilises by 2100.
Most of the CMIP5 and Earth System Model simulations were performed with
prescribed CO2 concentrations reaching 421 ppm (RCP2.6), 538 ppm (RCP4.5), 670
ppm (RCP6.0), and 936 ppm (RCP 8.5) by the year 2100. Including also the
prescribed concentrations of CH4 and N2O, the combined CO2-equivalent
concentrations are 475 ppm (RCP2.6), 630 ppm (RCP4.5), 800 ppm (RCP6.0), and
1313 ppm (RCP8.5).

4.7.6 Downscaled projections
The downscaled projections presented below have been produced by CSAG at
UCT, and by the CSIR. The CSAG downscaled projections use a statistical
downscaling method called SOMD to statistically downscale 11 CMIP5 GCMs. The
statistical model is developed using an observed datasets called WATCH WFDEI
(Weedon et al., 2011) which represents rainfall and temperature over 50 km square
averaging grid cells so is of fairly course resolution. However at this resolution some of
the major topographic effects on the region’s climate are captured. The results for
temperature are presented in Figure 4.8 and those for rainfall in Figure 4.9.
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Figure 4.8: SOMD Downscaled projections DJF (summer) maximum temperatures,
RCP8.5, 2040 – 2060.
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Figure 4.9: SOMD Downscaled projected changes in JJA (winter) rainfall for the
period 2040-2060
The dynamically downscaled projections were developed by the CSIR C-CAM
modelling system. This model configuration uses bias corrected projected changes in
global ocean temperatures to produce perturbed ocean temperatures in the model
and thereby capture the atmospheric response to the ocean temperature
perturbations. The resulting projected changes in rainfall for the 2040-2060 period are
presented in Figure 4.10. The methodology utilised for these projections does not fit
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into a classic dynamical downscaling methodology. Essentially it is a single GCM
forced by a range of future ocean temperatures and sea ice concentrations.

Figure 4.10: Projected change in the average seasonal rainfall (mm) over South Africa for
JJA (winter), SON (spring), DJF (summer) and MAM (autumn), for the period 2040-2060 relative
to 1971-2005. The 90th percentile (upper panels), median (middle panels) and 10 th percentile
(lower panels) are shown for an ensemble of downscalings of six CGCM projections, for each
of the seasons. The downscalings were generated using the regional model CCAM. All the
CGCM projections are contributing to CMIP5 and AR5 of the IPCC, and are for RCP4.5.
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The C-CAM projections consistently show fairly strong to very strong reductions in
rainfall over the Western Cape during winter. It therefore stands in agreement with a
number of the CMIP5 GCMs which project similar reductions, but in contrast to some
of the downscaled projections which show increased rainfall. This emphasises the
need to further explore model and downscaled projections in order to understand
agreements and contradictions.

4.7.7 Summary of projected changes
The projected changes show that future increased temperatures across the region
are almost a certainty. All GCMs and all downscaled projections show increasing
temperatures across the region. Both the GCMs and the downscaled projections
indicate greatest increases inland and lowest increases along the coasts indicating a
moderating effect from the oceans. Projected changes for the 2040–2060 period are
in the range of 1.5 °C to 3 °C depending on the model and the location.
Projected changes in rainfall are, as expected, far more complex. However, there is
greater consistency than may first appear. Firstly, there is fairly good consistency
across the different GCMs as almost all GCMs project some degree of reduced
rainfall across the province in the 2040–2060 period. Only two GCMs indicate possible
increased rainfall and this is isolated to the southern coastal mountains or eastern
coastal areas. Interestingly, the GCM that projects increase rainfall along the
southern coastal mountains is one of the highest resolution (finest spatial grid) models
in the suite of models so it is possible that this model is capturing some orographic
effects though this would have to be explored further.
Statistically downscaled projections of rainfall contrast quite strongly with the raw
GCM projections in that almost all the downscaled projections show some areas of
increased rainfall for the core winter period but with quite complex spatial patterns
and differences. When applying a statistical downscaling method that is able to
capture at least some aspect of the interaction between large scale circulation and
topography, the projected changes in rainfall change from almost dominantly drier
to a complex mixture of wetter and drier conditions.
The climate change impacts for the Western Cape are complex and strongly related
to the interaction between large scale circulation and topography. These dynamics
should be the focus of ongoing research coupled by a strong drive to improve the insitu (i.e. weather stations) and other types of observations across the province.
Improved observations enable both research and ongoing monitoring of changes
(trends and variability).
Table 4.2 summarises some of the key projected changes and some very general
possible impacts. Both increased and decreased rainfall are considered as possible
changes and both need to be considered in any strategy or planning.
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Table 4.2: Climate change projections and examples of potential impacts for the
Western Cape. Source: WCG: EADP (2014).
Projection
Higher mean annual temperatures

Possible impacts (examples)



Higher maximum
temperatures, more hot
days and more heat
waves












Higher minimum
temperatures, fewer cold
days and frost days






Possible decreased rainfall

Increased evaporation and decreased
water balance;
Increase wild fire danger (frequency and
intensity).
Heat stress on humans and livestock;
Increased incidence of heat-related illnesses;
Increased incidence of death and serious
illness, particularly in older age groups;
Increased heat stress in livestock and wildlife;
Decreased crop yields and rangeland
productivity;
Extended range and activity of some pests
and disease vectors;
Increased threat to infrastructure exceeding
design specifications relating to temperature
(e.g. traffic lights, road surfaces, electrical
equipment, etc.);
Increased electric cooling demand
increasing pressure on already stretched
energy supply reliability ;
Exacerbation of urban heat island effect.
Decreased risk of damage to some crops
and increased risk to others such as
deciduous fruits that rely on cooling period in
autumn;
Reduced heating energy demand;
Extended range and activity of some pests
and disease vectors;
Reduced risk of cold-related deaths and
illnesses.




Decreased average runoff, stream flow;
Decreased water resources and potential
increases in cost of water resources;
Decreased water quality;
Decrease in shoulder season length
threatening the Western Cape fruit crops;
Increased fire danger (drying factor);
Impacts on rivers and wetland ecosystems.

OR possible increased rainfall in
spring





Increased average runoff, stream flow;
Increased flooding potential
Increased water logging and crop damage

Increased mean sea
level and associated



Salt water intrusion into ground water and
coastal wetlands;
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Projection
storm surges

Possible impacts (examples)




Increased storm surges leading to coastal
flooding, coastal erosion and damage to
coastal infrastructure;
Increased impact on estuaries and
associated impacts on fish and other marine
species.

The expected increases in maximum temperatures and the number of hot days are
significant for agriculture and deserve further mention. Figure 4.11 shows the monthly
count of days exceeding 32 °C for Moorreesburg in the Swartland area, as well as
projected changes in the same statistic for the 2040-2060 period. This shows that
under current climate, very hot days are frequent in the late summer months but also
that under climate change such occurrences will increase dramatically, possibly as
much as doubling. Perhaps even more significantly, a similar figure for Laingsburg
(Figure 4.12) but using a higher threshold of 36 °C, shows that in spring and early
summer, when under current climate exceedance of such high temperature
thresholds is very rare, projections show a shift to regular exceedances. This could
have a higher impact than changes in already hot months such as February.

Figure 4.11: Observed (grey) and downscaled (lines and red) projections of number
of hot days (> 32°C) per month for Moorreesburg. Projections are for the 2040 – 2060
period for RCP 8.5 and red bars indicate the 10th to 90th percentile range of the multimodel ensemble.
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Figure 4.12: Observed (grey) and downscaled (lines and red) projections of number
of hot days (> 36°C) per month for Laingsburg. Projections are for the 2040 – 2060
period for RCP 8.5 and red bars indicate the 10th to 90th percentile range of the multimodel ensemble.
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5. Overview of agriculture and its significance

Key messages







The agriculture sector of the Western Cape contributes 23.3 % to the
national Agriculture, Forestry and Fisheries sector and more than 4 % to
total provincial GDP. The province contributes 45 % of national
agricultural exports, and steady increases in exports of wine, fruits and
livestock products have contributed positively to economic growth.



The sector is well diversified across field crop, horticultural crop and
livestock sub-sectors, reflecting a wide range of agro-ecological
conditions. The contribution to food security provincially and nationally
is highly significant.



The agriculture sector in the Western Cape employs approximately
150 000 people, 20 % of the national figure. Economic multipliers and
Gini coefficients indicate that agriculture and its value chain play a
major role in the economy and employment of the Western Cape.



Unpredictable weather patterns and fluctuating global commodity
markets contribute to uncertainty and increase the price volatility of
agricultural products.



Structural problems in the agricultural socio-economic situation
reflecting the country’s history remain as barriers and threats to the
sector, contributing to a perceived decline in resilience when
combined with climatic and global economic threats.



Nevertheless, current strengths in the system which provide the ability
to respond to climate change include high levels of diversification of
commodities, farming systems and markets, as well as an organised
commercial sector managed by commodity groups with farmer
participation, a very strong value chain, and excellent local research
and training capacity.



Areas of development which would increase the potential to grow the
sector under climate change include technological advances and
testing under local conditions, and market development based on
shifting competitive advantages. More can be done to strengthen
education and skills transfer at all levels which would encourage
informed decision making.
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5.1

Employment in the agricultural sector

The agriculture, forestry and fisheries [AFF] sector in the Western Cape is a significant
source of formal and informal employment (Western Cape Government Provincial
Treasury, 2014b). The sector provides job opportunities to around 150 000 people,
which equates to 20 % of total national employment opportunities offered by the
agricultural sector, and 8.2 % of the regional work force.
Employment in AFF as a proportion of total employment ranges from 3.5 % in the
Cape Metropolitan Municipality to 24.3 % in the West Coast District Municipality (DM).
However the largest number of jobs in the sector is found in the Cape Winelands DM
and the Cape Metro (Table 5.1). The latter is showing strong growth and job creation
related in some part to the strength of the fisheries component. At Local Municipality
(LM) level (Table 5.2) Theewaterskloof is highly dependent on agricultural jobs (68%)
and in a number of LMs in the West Coast, Cape Winelands and Central Karoo DMs,
AFF provides between 20 and 30 % of jobs.
The province has been experiencing job losses in the AFF sector of 2.0 % per annum
on average during the period 2000-2013 (Western Cape Provincial Treasury, 2014b).
The West Coast and Cape Winelands DMs have been worst affected. These
contractions are partially linked to the economic downturn of 2008-2009 but have
continued into the post-2009 recovery period, indicating structural changes in the
regional economies. In many cases it is likely that workers who were retrenched in
the agricultural sector became informal entrepreneurs or found employment in other
sectors such as transport and tourism. The services sector has also absorbed such
workers. Many areas are experiencing a transition from being primarily agriculturebased to an economy with greater strength in the secondary and tertiary sectors
and greater diversification. This has changed the face of employment in primary
agriculture. Those agricultural centers not making this transition appear to have low
developmental potential and restricted opportunities for labour.
Formal versus informal employment tends to be cyclical. During the recession many
retrenched workers moved from the formal to the informal sector, although the latter
could not absorb them all. The data indicate however that in the AFF sector the
reverse is not occurring as the economy picks up again. Job losses appear to have
become permanent, although stabilised. Farmers have also increasingly
mechanised, and have gradually shifted from permanent workers to temporary
workers in response to uncertainty in many agricultural markets, consolidation of
farming units and agri-business as larger farming units dominate, and fears of land
reform and land tenure reform.
The agriculture sector has strong forward linkages to the manufacturing sector in the
form of food and beverage processing. Across the province around 37 % of the
sector’s output is used for food and beverage production, much of which is exported
(Western Cape Provincial Treasury, 2014b). There are also strong backward linkages
to input suppliers such as feed, equipment, fertiliser and packaging companies.
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These industries contribute significantly to employment in the province. It is estimated
that the production sector contributes 71.6 % to employment in the agri-processing
value chain.
Table 5.1: Trends in employment in agriculture, forestry and fishing (AFF) during the
period 2000-2013 across the five District Municipalities and the Cape Metropolitan
Municipality. Source: Extracted from Western Cape Provincial Treasury (2014b).

Cape Metro
West Coast
Cape
Winelands
Overberg
Eden
Central Karoo

AFF
contributio
n to GDPR
in 2013 (%)

AFF
Number of
contributio jobs in
n to jobs
AFF (2013)
in 2013 (%)

Trend in
AFF job
numbers
2000-2013

Trend in
AFF GDPR
growth
2000-2013
(% p.a.)

1.6
14.5
11.6

3.5
24.3
21.0

42 900
25 500
52 000

+16 618
-19 786
-33 784

9.3
-0.2
0.7

Trend in
AFF
employme
nt 20002013 (%
p.a.)
4.0
-3.5
-3.0

11.5
5.2
8.6

18.7
8.9
14.3

14 300
16 100
2 100

-13 549
-11 640
-2 405

-0.4
1.2
-1.0

-4.1
-3.3
-4.8

Table 5.2: Percentage share of employment in agriculture,
forestry and fisheries (AFF) in 2013 for each Local Municipality
within the five District Municipalities of the Western Cape
Province. Source: Extracted from Western Cape Provincial
Treasury (2014a).
Municipality

% Share employment in
AFF (2013)

West Coast DM:
Matzikama
Cederberg
Bergrivier

18.9
18.0
17.9

Saldanha Bay
Swartland

20.7
22.9

West Coast DMA
Cape Wineland DM:

1.5

Witzenberg
Drakenstein

27.4
20.5

Stellenbosch
Breede Valley
Langeberg

12.6
21.1
15.1
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Municipality

% Share employment in
AFF (2013)

Cape Winelands DMA
Overberg DM:

3.4

Theewaterskloof
Overstrand
Cape Agulhas
Swellendam
Overberg DMA
Eden DM:

68.0
13.4
10.5
8.1
0.0

Kannaland
Hessequa

13.1
13.5

Mossel Bay
George

16.5
16.4

Oudtshoorn
Bitou
Knysna
Eden DMA
Central Karoo DM:
Laingsburg
Prince Albert
Beaufort West
Central Karoo DMA

16.0
6.1
7.8
10.7
24.1
24.2
29.4
22.4

The future of employment in this sector, as impacted by climate change, is not well
studied. Erasmus et al. (2000) modelled the impacts of climate change on the
Western Cape farm economy, and found that a generally drier climate will have a
negative overall effect on the producer, consumer and worker. With increasing
aridification, farmers switch from intensive high value vegetable, fruit and livestock
production (requiring large amounts of water, and much higher labour intensity, Map
5.1) to extensive lower value dryland production systems (field crops and extensive
livestock) with a much lower labour intensity (Map 5.1). In effect, the availability of
water, especially where competition from urban users is strong, will determine the
future growth potential of agriculture, and thus of job preservation and creation.
A more recent national study on maize and wheat (DEA, 2014a) found small declines
(1 % to 2.3 % annually) in employment under four climate change scenarios for 20142025. These were moderated by increases in commodity prices as conditions
became more stressful, leading to increased maize planting. The modelled
reductions in employment do not necessarily equate to a decline in absolute
agricultural employment due to the transfer of farmland area to the production of
other crops such as soybean or sorghum.
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Map 5.1: The labour requirements of crop (permanent labour) (above) and livestock
(below) expressed as number of workers per hectare. Source: C. Rethman.
More studies are needed using multiple and more recent climate change models
which make these linkages between climate, natural resources, production potential
and labour intensity across the various agricultural sub-sectors.
The future of labour is at the centre of trends in mechanisation, which could be seen
by some in the sector as an adaptive response. The tension and the trade-offs which
could arise require frank multi-stakeholder discussions. Solutions may well lie in
searching for job growth opportunities in the agriculture-based secondary
(processing) and tertiary (services) economic value chain rather than in primary
production.
The Western Cape’s 2040 vision of ‘A highly skilled, innovation-driven, resourceefficient, connected, high opportunity society for all’ prioritises creating opportunities
for growth and jobs. The goal of inclusive growth includes sustainable poverty
alleviation through a pace and pattern of economic growth that creates productive
jobs. Constraints to such growth and job creation require analysis, particularly in the
context of real earnings for workers trapped in low-income jobs (Western Cape
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Provincial Treasury, 2014b). Climate change could well become an increasingly
troublesome constraint to growth and jobs in agriculture and should be incorporated
into developmental strategies targeted at the agricultural sector, including the
spatial dimension of projected changes.

5.2

Provincial and sub-provincial agricultural economy

The relative contribution to national output made by the country's nine provinces
varies significantly, but the Western Cape consistently performs better than the
average (Figure 5.1). Between 2002 and 2010 only three provinces, viz, Western
Cape (4.1%), Gauteng (4.0%) and KwaZulu-Natal (3.7%), recorded a growth rate
higher than the national average (3.6%) (Statistics South Africa, 2012).

Figure 5.1: Western Cape economic (GDPR) growth rate versus the rest of South
Africa, 2003-2012. Source: Western Cape Provincial Treasury (2014b)

Gauteng remains by far the largest provincial economy in South Africa, accounting
for 35 % of national economic activity (Figure 5.2). This is double the contribution of
the second largest provincial economy, KwaZulu-Natal (16.4 %). These two provinces,
together with the Western Cape (14.9 %), account for 66 % of South Africa's total
economy.
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Figure 5.2: SA provinces contribution to SA economy. Source: Statistics South Africa
(2012)
The total area of farmland in the province is recorded as 11 560 609 ha, which
constitutes 11 % of total farmland in South Africa (Figure 5.3). Of this, approximately
16 % is arable and 70 % is used for grazing (Table 5.3). About 320 000ha are under
irrigation.

Figure 5.3: Distribution of farm land in SA. Source: DAFF (2013c)
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Table 5.3: Agricultural and rural land use as a proportion of total land area in the
Western Cape. Source: WCG: Agriculture (2012).
Category
Total area
Farmland
Other

Area (ha)
12 938 600
11 560 609
1 377 991

% of total farmland

Arable land
Grazing
Nature conservation
Forestry

2 126 342
9 105 821
730 731
198 138
12 161 032

16
70
6
2
94

89
11

There are about 6 653 farming units in the Western Cape (Statistics South Africa,
2007b) generating approximately R39 billion gross production value. The Western
Cape has the highest market value of assets of all provinces in South Africa at
R44 billion and also the largest farming debt at R9.6 billion.
Almost a quarter of South Africa's agricultural output is produced in the Western
Cape (Table 5.4), although agriculture's contribution to the Western Cape economy
is barely 4 % (Table 5.5). In the national context, the province has a clear
comparative advantage in agricultural economic activity, since the province’s
contribution to national GDP is around 15%.

Table 5.4: Provincial contribution to South Africa's GDP by sector, 2010 (percentage
of national output). Source: Statistics South Africa (2012).
Sector

Agriculture, forestry and fisheries

Western Cape (% of
national agricultural
output)
23.3

Mining & quarrying
Manufacturing

0.4
15.0

Electricity, gas and water
Construction

10.4
19.0

Wholesale and retail trade, repairs and restaurants

16.2

Transport, storage & communications
Finance, real estate & business activities

14.8
20.6

Personal services
General government services

12.3
9.9
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Table 5.5: Sectoral contribution to provincial and national GDP, 2012. Source:
Western Cape Government Provincial Treasury (2014b).
Sector

Western Cape
(% of
provincial
output)
4
0
13
2
5
20

South Africa
(% of
national
output)

Transport, storage & communication
Finance, insurance, real estate & business services

10
29

9
20

Personal services
General government services

6
11

6
17

Agriculture, forestry and fisheries
Mining & quarrying
Manufacturing
Electricity, gas and water
Construction
Wholesale and retail trade, catering &
accommodation

2
11
12
3
4
16

The sector’s direct contribution to total value added in the province was 3.8 % in
2013 (R1 076 million). The sector contributes 15.1 % to provincial exports, and this has
been growing by 10.5 % (year-on-year) between 2000 and 2013 (Western Cape
Government Provincial Treasury, 2014b). The sector’s primary products constitute the
third largest contribution to exports from the region. The largest contribution by a
single sector is made by the food, beverages and tobacco sector (22.0 %, R11 986
million) which relies heavily on the local agriculture (primary production) sector. This
emphasises the important links between agriculture and the rest of the economy.
The bulk of the Western Cape’s agriculture, forestry and fishing output is produced in
the Cape Winelands (34 %) and the Cape Town Metropolitan Municipality (29 %), as
well as the West Coast (16 %) (Western Cape Government Provincial Treasury,
2014b).
The most recent Provincial Economic Review and Outlook (Western Cape
Government Provincial Treasury, 2014b, page 33) states that “The agricultural sector
is likely to remain a pillar in the Western Cape economy, especially in rural areas.
However, the sector is subject to key risks which could dampen short term growth
and undermine the longer term potential of the sector. These risks include a lack of
clean water sources, climate change and pressure on profitability, land reform
policies and crime.” Furthermore, “The Western Cape sectors are directly exposed to
environmental risks and scarcities such as water shortages and droughts. These
factors affect the resilience of sector growth and employment creation prospects,
specifically in the agriculture and tourism sectors.”
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The diverse composition of the province’s economy and also of the AFF sector
stands it in good stead, especially in the light of the volatility of commodity (e.g.
mineral resource) prices. Thus, sharp declines in commodity prices have a less
pervasive effect on the performance of the Western Cape economy than is the
case for a number of other provinces. The diversity of agricultural products is a key
feature of the AFF sector and underpins its potential for growth.

5.3

Urban and peri-urban agriculture

In light of the urbanisation trends across southern Africa, urban and peri-urban
agriculture play a noteworthy role in the agriculture sector and food system of this
region (Crush et al., 2010).
Urban agriculture takes place on the boundaries of cities or towns. Commercial
farms within city boundaries (e.g. the wine farms of Constantia in Cape Town) are
excluded from this definition. In South Africa urban agriculture refers primarily to
household and community gardens that are intended to contribute to household
food security of poorer communities. Many of these community garden projects are
supported by provincial (Map 5.2) and national government departments, nongovernmental organisations (NGOs) and community-based organisations (CBOs).
However, there are also an increasing number of middle income households
choosing to create food gardens as part of a healthy lifestyle choice, particularly in
the Western Cape (Statistics South Africa, 2011). Research has shown that the
participation rates of urban agriculture by poor households in Cape Town (5 % of
households in 2007) and the province (2 %) are still extremely low in comparison to
other provinces (e.g. 64 % in the Eastern Cape) and other large southern African
cities (22 %) (Crush et al., 2010).
While the contribution of urban agriculture to household food security needs more
scientific scrutiny, the additional benefits that it provides to urban residents and to
cities at large should not be underestimated. Urban agriculture is for example
important in creating a link between people, land and the food they eat. As part of
city green areas, urban agricultural land can also contribute to cities’ and towns’
strategies to adapt to climate change e.g. through the reduction of heat islands.
Such green areas are often also important for the production of urban ecosystem
services.
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Map 5.2: Food security community projects (2012/2013) of the Western Cape.
Source: Western Cape Department of Agriculture.
Peri-urban agriculture, which refers to agricultural activities at the city boundaries, is
more complex and diverse. It increases the area of productive land, contributes to
household food security and makes a significant contribution to local and regional
markets. Peri-urban agriculture ranges from subsistence to commercial farming
activities. For example, 70-80 % of the produce grown in the Philippi Horticultural Area
of Cape Town is supplied to supermarkets. While peri-urban agriculture produces a
diverse range of fresh produce, it usually focuses on the production of long lasting,
low cost, high weight produce such as pumpkins, onions and carrots. In some areas,
such as the Joostenbergvlakte on the edge of Cape Town, farmers contribute to the
city’s chicken and pork supply. Peri-urban agriculture has a unique and important
role in the Cape Metro, since it increases access to affordable staple foods to urban
residents, in particular the poorer communities (Battersby-Lennard and Haysom,
2012). Peri-urban agriculture also provides various employment opportunities related
to farming actives and animal husbandry but also in the areas of transport and
trading.
In recent years, peri-urban agriculture has declined substantially in the Western
Cape, as a result of the severe contestation for land and the encroachment of cities
and towns onto farmland.
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5.4

Commodities in the Western Cape

Table 5.6 reflects the composition of agriculture in the Western Cape. Table 5.7
summarises the ten most important crops in terms of annual production value. Table
5.8 shows the relative contribution of livestock enterprises to total production value.

Table 5.6: Western Cape annual production value. Source: Own calculations based
on data provided by the WCG: Agriculture.
Sub-sector

Annual production value
(R million)

%

Grain, oils seeds & lupines
Vegetables

3 108
4 806

8
12

Perennial crops
Tobacco & teas
Livestock
Total

20 947
270
10 751
39 882

53
1
27
100

Table 5.7: Western Cape top 10 crops. Source: Own calculations based on data
provided by the WCG: Agriculture.
Crop

Hectares (ha)

% of hectares

Apples
Wine grapes
Table grapes
Pears
Wheat
Potatoes
Onions
Plums
Citrus
Olives
Other

22 501
99 680
10 083
12 034
254 450
7 884
8 107
5 767
7 625
6 167
257 474

3
14
1
2
37
1
1
1
1
1
37

Production
value (R
million)
4 851
4 821
2 372
2 074
1 726
1 397
1 369
1 261
1 134
940
7 184

Total

691 773

100

29 131

% of
production
value
17
17
8
7
6
5
5
4
4
3
25
100
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Table 5.8: Western Cape livestock sub-sector composition. Source: Own calculations
based on data provided by the WCG: Agriculture.
Livestock
Broilers

Production value (R million)
4 533

% of production value
42

Dairy
Sheep
Cattle
Ostriches
Other
Total

3 355
999
811
276
777
10 751

31
9
8
3
7
100

For the following crop commodities, discussed in the sections below, distribution
maps are presented in Appendix 2: citrus, flowers, dryland grain, irrigated grain,
dryland grapes, irrigated grapes, lupines, oilseeds (mainly canola), dryland planted
pastures, irrigated planted pastures, pome fruit, stone fruit, tea, dryland vegetables,
irrigated vegetables. Furthermore, distribution maps for beef cattle, chicken houses,
goats, ostriches, piggeries and sheep are also presented in Appendix 2 (based on
data from the Western Cape Livestock Census (WCG: Agriculture, 2014a).

5.4.1 Pome fruit
South Africa is one of the top four Southern Hemisphere apple and pear exporting
countries, the others being Chile, New Zealand and Argentina. Together they
contribute about 22.3 % of world apple and 30 % of world pear exports.
The major apple and pear production areas are all in the Western Cape and
adjacent area of the Eastern Cape Province (Langkloof East). Table 5.9 shows the
area distribution of apple and pear plantings. The Elgin-Grabouw-VyeboomVilliersdorp (EGVV) is the largest production area. Together with Ceres and the other
production areas of the province it contributes 80 % to South Africa’s pome fruit
production. The apple production area shows an average year-on-year increase of
2 % since 2008 while the pear area has increased by 1 % annually.
During the 2012/2013 season South Africa produced 906 827 tons of apples and 391
952 tons of pears and the total value of production was R 6 925 million (DAFF, 2013c).
About 28 % of apples and 15 % of pears are sold on the local fresh produce markets.
According to the Bureau for Agricultural Policy (BFAP, 2013) the 2012 apple and pear
prices are expected to increase on average by more than the projected 5 %
consumer price inflation rate per annum. This could result in positive growth in the
local market.
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Table 5.9: Apple and pear production areas. Source: HORTGRO (2014a)
District

Area (ha)
Pears

Apples

Total

EGVV
Ceres

9 518
6 571

2 540
4 556

12 058
11 127

Langkloof & Eastern Cape
Wolseley / Tulbagh

4 509
21

1 850
1 355

6 359
1 376

Klein Karoo
Southern Cape
Piketberg
Free State
Somerset West

276
405
334
481
123

819
148
209

1 095
553
543
481
280

Mpumalanga
Stellenbosch
Paarl
Worcester
Hex Valley
Franschhoek
Northern Province
Total

187
14
5
33

1
161
117
55
43
22

2
20
22 499

157

12 033

188
175
122
88
43
24
20
34 532

Between 37 % and 45 % of apple production is exported every year. During the 2013
season 31.7 million cartons of apples were exported mainly to the United Kingdom
and Africa (27 % each). The Far East & Asia absorbed 20 % and Europe 14 % of the
harvest. According to BFAP (2013) the apple price is expected to grow faster than
the pear price due to expansion into the African market. This softens the impact of
the Northern Hemisphere apple stock. Other Southern Hemisphere apple suppliers
have diverted their exports away from some of South Africa’s main export
destinations.
On average, 48 % of the pear crop is exported and during 2013 this amounted to
15.8 million cartons. The pear export market is heavily dependent on the European
market which receives 60 % of South African pear exports. This dependency makes
financial returns more sensitive to European carry-over stock.
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Photo: Stephanie Midgley

5.4.2 Stone fruit
The major production areas in South Africa are the Little Karoo, Ceres, Wolseley,
Tulbagh and Paarl (Table 5.10). All these areas are located in the Western Cape. The
province accounts for more than 90 % of all the stone fruit produced in South Africa.
Table 5.10: Production areas for stone fruit. Source: HORTGRO (2014a)
District

Area (ha)
Apricots

Klein Karoo
Ceres
Wolseley /
Tulbagh
Paarl

Nectarines

Dessert
peaches

Cling
peaches

Plums

Prunes

Total

2 317

188

230

2 779

1 303

18

6 835

115

899

345

1 049

424

105

2 937

38

286

179

453

452

125

1 533

33

237

109

6

982

0

1 368

Piketberg

101

90

271

67

93

3

624

Northern
Province

20

221

260

35

37

0

572

Southern
Cape

41

1

12

361

127

0

542

121

54

28

106

196

1

506

2

43

12

22

415

0

495

Langkloof East
Stellenbosch

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

116
Chapter 5 Overview of agriculture and its significance
District
Villiersdorp /
Vyeboom

Area (ha)
66

51

6

172

170

2

466

Worcester

7

35

11

337

Hex Valley

84

30

29

130

15

0

405

84

12

369

Franschhoek

1

20

20

18

284

0

342

Groenland

0

9

4

20

126

0

159

Mpumalanga

6

Free State

3

20

56

72

4

0

158

7

96

21

3

3

133

Langkloof
West

44

11

4

17

38

0

115

Somerset West

0

0

0

0

92

0

92

Gauteng

0

20

48

1

11

0

81

Eastern Cape

1

12

21

8

1

0

44

Lower Orange
River

0

4

0

0

23

8

35

Upper Orange
River

14

1

9

9

2

0

35

Cape Town

6

0

0

0

13

0

19

Kwazulu-Natal

0

0

0

6

0

0

6

3 020

2 239

1 752

5 690

4 895

276

17 871

Total

The production of apricots varies between 50 000 and 65 000 tons per season.
Approximately 75 % of production is processed, 12 % dried and 8 % exported. The
value of production is ±R200 million per season (DAFF, 2013c).
The annual production of peaches and nectarines is more than 180 000 tons of
which 68 % is processed, 5 % dried and 22 % sold on the local market. The price for
processed peaches and nectarines increased from R1 575 per ton in 2010/2011 to
R2 205 per ton in 2012/2013. The total value of production during the 2012/2013
season was R813 million (DAFF, 2013c).
Of the 5 % of peaches that were exported, the Middle East absorbed 43 % and the
United Kingdom 36 %. Nectarine exports also destined primarily for the UK (47 %) and
the Middle East (27 %) (HORTGRO, 2014a). Chile is South Africa’s major competitor
from the Southern Hemisphere in the export market.
During the 2012/2013 season, 11.35 million cartons of plums (5.25 kg equivalents)
were exported, representing 74 % of total production. The average net price was
R10 861 per ton. The bulk of the exports went to Europe and Russia (52 %), while 25 %
was sold in the UK and 16 % in the Middle East (HORTGRO, 2014a).
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5.4.3 Citrus fruit
China is the world’s largest citrus producer with around 30 million tons per year,
followed by Brazil with 20 million tons and the USA with 12 million tons (CGA, 2013).
Global exports fluctuate between 14 and 16 million tons annually. Spain is the largest
exporter of fresh citrus fruit in the world representing about 25 % of total exports,
followed by South Africa with 11 %, Turkey with 9 % and China and the USA with 7 %
each in 2012.
There are approximately 1400 citrus growers in South Africa, Zimbabwe and
Swaziland who are members of the Citrus Growers Association of Southern Africa
(CGA, 2013). Citrus has been grown in South Africa for well over a hundred years. In
1997 a milestone was reached, marking 100 years of citrus exports. Southern Africa is
able to produce a wide range of citrus products over an extended season due to
the region’s diverse climate. This also allows Southern Africa to produce citrus with a
wide range of quality attributes, meeting the desires of the global consumer.
The Western Cape accounts for 14 % of hectares planted to citrus across South
Africa and Swaziland (Figure 5.4). The most widely grown citrus product is the
Valencia orange with over 40 % of the total citrus area. The northern areas have the
most Valencia, while the south-western area grows more soft citrus.
Since 2006/2007 South Africa produces around 2 million tons of citrus annually. The
gross value of production for the 2012/2013 season was R6.99 billion.
About 74 % of South Africa’s citrus production is exported. Fruit that is not exported is
either processed (8 %) or sold on the local market (18 %). Northern Europe and the
Middle East are the major export destinations representing 23 % and 20 %,
respectively, of total citrus exports in the 2012/2013 season. Russia followed with 12 %
and the Far East and UK with 10 % each.

Figure 5.4: Citrus production areas. Source: CGA (2013)
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Citrus Black Spot has become a major problem for the industry with core markets
having closed to citrus from some parts of South Africa (but not from the Western
Cape). These occurrences present significant uncertainty and illustrate the
importance of diversified markets in export orientated industries (BFAP, 2014).

5.4.4 Wine grapes
South Africa is ranked 12th in the world with respect to area of wine grapes planted,
but ranks 9th in terms of wine production. On the international market South Africa
contributes 4 % of the total world production.
The Western Cape accounts for 95 % of the total area planted in South Africa. Table
5.11 shows the distribution of wine grape vineyards per wine region. The most
prominent production regions in terms of total area under wine grapes are
Stellenbosch, Paarl, Robertson, Swartland and Breedekloof.
Table 5.11: Wine production areas. Source: SAWIS (2014)
Wine regions
Stellenbosch
Paarl
Robertson
Swartland
Breedekloof
Olifants River
Worcester
Northern Cape
Klein Karoo
Total

Number of vines
49 523 365
48 460 222
49 743 713
34 165 525
41 366 550
27 498 000
28 028 029
9 879 230
8 110 484
296 775 118

% of vines
17
16
17
12
14
9
9
3
3
100

Hectares (ha)
16 294
16 106
14 676
13 509
12 878
10 116
8 814
4 652
2 637
99 682

% of
hectares
16
16
15
14
13
10
9
5
3
100

During 2013 South Africa’s 564 wine cellars produced 568.5 million litres of white wine
and 347 million litres of red wine. The total producer’s income for 2013 was R4 821
million of which 47 % was destined for the export market.
According to SAWIS (2014) the domestic consumption of wine has shown an
increasing trend since 2009 and in 2013 the total domestic consumption was 369.4
million liters.
South African wine exports reached a record 517 million liters in 2013. The UK is the
leading export market for South African wines in terms of volume and absorbed 25 %
of wine exports in 2013. Germany followed with 21 %. Russia and France, with 8 %
each, showed renewed interest with a significant increase in market share in 2013.
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South Africa showed strong growth in both bulk and bottled wine exports in 2013. The
weak rand, together with increased bulk wine prices in other wine-producing
regions, made South African wine more competitive.
South African wine producers will have to seek new markets to maintain growth.
Success as a bottled wine exporter is becoming limited to those companies with the
ability to build strong brands. The key will be a deeper understanding of the target
consumer and what drives purchase beyond price. Future success for bulk wine
producers will require extremely high efficiencies of production and logistics
(Rabobank, 2014).

5.4.5 Table Grapes
In 2013 the South African Table Grape Industry (SATI) ranked 3rd in the Southern
Hemisphere in terms of export value. Export volumes from Chile, the largest
competitor in the Southern Hemisphere, have been more or less stable since 2006,
while Peru has surpassed South Africa’s exports in recent years.
The global export value for table grapes in 2013 was US$ 7 227 million of which SA’s
contribution was US$441 million (5.8 %).
Table 5.12 shows South Africa’s areal distribution of table grapes based on SATI’s 2014
vine census. 10 083 ha of the planted area (62 % of the total area) is in the Western
Cape. The Hex River Valley has the largest area under table grapes.
Table 5.12: Table grape production areas. Source: SATI (2014)
Region
Northern Provinces
Orange River
Olifants River
Berg River
Hex River Valley
Total

Area (ha)
1 250
4 896
1 192

No. vines
1 940 999
8 149 056
2 169 406

3 706
5 185
16 229

6 389 117
10 933 118
29 581 696

% of vines
7
28
7
22
37
100

The table grape industry employs 24 478 seasonal and 7 349 permanent farm
labourers.
Table grape production during the last decade fluctuated between 237 000 and
286 000 tons of which between 10 % and 17 % was marketed locally. The balance
(83 % - 90 %) was exported mainly to Europe which absorbed 28.5 million (57 %) of
the 50.3 million cartons (4.5 kg equivalents) exported during the 2013/14 season. The
European market favours the white seedless varieties. The UK is the second largest
(23 %) table grape market destination and favours mainly the red seedless grape
varieties.
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Despite the upward surge in the local price for fresh grapes, returns in the local
market remain significantly lower compared to returns in the export market (BFAP,
2013). Considering that SA’s table grape industry is heavily dependent on the export
market a depreciating exchange rate results in an increased return. According to
BFAP (2013) the average inflation rate over the next ten years is projected at around
5 %, and over the medium term the projected increase in input prices exceeds the
inflation rate. This could reduce profitability and discourage expansion of the industry
(BFAP, 2013).

5.4.6 Rooibos and Honeybush
The global tea industry currently produces 4.4 million tons of tea annually and
showed a growth rate of 4.25 % per year from 2000 to 2010. China has dominated
the global industry since 2005 and is the largest producer and consumer of tea.
Rooibos and honeybush tea is made from plant species which are endemic to the
Cape Floristic Region and are produced and harvested only in this region.
Rooibos tea
Rooibos is sometimes harvested from the wild, but up to 99 % of all rooibos is
cultivated in the Olifants River area and in the Sandveld.
Though wild rooibos is characterised by low productivity, these plants produce high
quality tea. There are currently about 300 commercial tea producers as well as
numerous small-scale producers. Harvesting of both wild and cultivated rooibos is
very labour intensive. Rooibos is processed to make a red caffeine-free tea that has
traditionally been used for medicinal purposes. Although rooibos tea has until
recently been consumed largely domestically, production and exports have
expanded significantly with rising global demand. Total production now averages
about 12 000 tons per year, half of which is destined for export.
In terms of volume sold on the local market, rooibos has gained market share over
black tea. The average year-on-year growth rate for rooibos since 2007 has been
7.7 % per year and in 2011 a total of 5 406 tons rooibos with a value of R0.487 million
was sold locally.
South Africa is the only exporter of rooibos tea and exports more than 6000 tons per
year. Rooibos tea is exported to more than 30 countries across the globe, principally
Germany, Netherlands, Japan, UK and USA (SARC, 2013).
Honeybush tea
Honeybush grows in the wetter mountains of the southern Cape across an area of
approximately 30 000 ha which includes the Tsitsikamma, Kouga, Baviaans,
Langeberg and Swartberg mountain ranges. There are approximately 230 ha of
honeybush under cultivation, with 10 commercial growers who contribute 30 % of the
annual production. The rest is harvested from the veld and processed at on-farm
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processing facilities. These are currently being accredited with HACCP (Hazard
Analysis and Critical Control Points). About 200 tons is produced per year, of which 50
tons is packed for local consumption with a value of ~R1.2 million, and 150 tons is
packed for export with a bulk loose tea value of ~R3.8 million. Currently the demand
exceeds the supply.
Approximately 500 workers are directly involved along the honeybush tea value
chain from production to final product (DAFF, 2013d).

5.4.7 Fynbos flowers
The fynbos cutflower production region consists of six main areas:







West Coast which includes Porterville, Piketberg, Hopefield, Citrusdal,
Clanwilliam
Boland which includes Ceres, Wolseley, Tulbagh, Paarl, Franschhoek,
Stellenbosch, Somerset-West
Overberg which includes Villiersdorp, Grabouw, Caledon, Riviersonderend,
Hermanus, Stanford, Gansbaai, Bredasdorp, Napier
Southern Cape which includes Swellendam, Riversdal, Heidelberg, Mossel
Bay, George, Barrydale, Koo, Montagu
Eastern Cape which includes Knysna, Plettenberg Bay, Humansdorp, Port
Elizabeth
Other areas such as KwaZulu-Natal, the North-West etc.

The main commercially grown fynbos flowers are members of the Proteaceae
(Protea, Leucadendron, Leucospermum, Serruria), but Brunia, Chamelaucium and
others (Phylica, Erica) are also grown. Flowers are both cultivated and harvested in
the wild on farms and in the mountains (under a permit system), but in the western
production cluster production is entirely cultivated.
The area under cultivation is about 1000 ha, with an average of 24 ha per producer
(Conradie and Knoesen, 2012). The cultivation sector is growing rapidly. On average
25 % of plantings are not yet in production, and 88 % of cultivators say that they
definitely plan to expand over the next three years.
Most producers have their own packhouses and the vast majority of product
(around 90 %) is exported (mainly Europe and the Middle East), with the balance split
between the florist industry, local supermarkets, the street trade and sales directly to
the public.
A growth in export volumes is anticipated for the 2013/2014 season. Protea exports
are estimated to increase by 19 % (3.5 million stems), Leucadendron exports are
expected to increase by 8 % (6.6 million stems) and Leucospermum exports are
estimated at 6.5 million stems. This represents an increase of 2 % compared to the
previous season (PPSA, 2014).
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5.4.8 Potato
For the past 50 years, the growth of potato production globally can be largely
attributed to the expansion of potato production in developing countries. In 2012 the
world potato production was 374 million tons, of which China contributed about 24 %
followed by India at 11 % (FAO, 2013b).
Potatoes are the most important vegetable crop in South Africa with a gross
producer value of R5 349 million in 2012 while the private consumption expenditure
on potatoes was R14 711 million (DAFF, 2013c).
There are about 680 commercial potato farmers in SA, spread across 16 production
regions. Thanks to the wide range of climates in these areas, potatoes are planted at
different times and fresh potatoes are thus available throughout the year. The total
national production area has remained stable over the past decade at between
50 000 and 54 300 ha (BFAP, 2013). In the Western Cape potato production occurs in
the regions Sandveld, Ceres, Southern Cape and South Western Cape (Table 5.13)
and accounts for 7 993 ha, roughly 15 % of national planted area.

Table 5.13: Potato production regions and production in 2011. Source: Potatoes
South Africa (2013)
Region
Eastern Free State
Limpopo

9 833
9 315

% of
hectares
19
18

Sandveld
Western Free State

6 818
6 421

13
12

30 694 945
30 433 300

14
14

4 603
2 830
2 553
2 138
1 600
1 544
1 436
1 292
1 005
885
183
107
52 563

9
5
5
4
3
3
3
2
2
2
0
0
100

19 575 700
12 348 118
11 887 578
8 059 806
7 216 350
7 023 100
6 296 000
4 738 300
3 996 925
4 567 772
779 869
478 500
219 661 242

9
6
5
4
3
3
3
2
2
2
0
0
100

Kwazulu-Natal
Mpumalanga
North West
Northern Cape
South Western Free State
North Eastern Cape
Eastern Cape
Loskop Valley
Gauteng
Ceres
Southern Cape
South Western Cape
Total

Area (ha)

10 kg bags

% of total
10 kg bags
29 012 039
13
42 552 940
19
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Potatoes are produced mainly for local consumption. Between 5 % and 6 % of
production is exported to neighbouring countries. Over the past 10 years the price
and profitability levels have been highly volatile. The industry has maintained positive
margins by improving yields by 38 % over this period. This also means that production
has kept pace with rising local demand. The per capita consumption of potatoes is
expected to increase by 25 % over the next decade to reach 2.6 million tons in 2022
(BFAP, 2013).
Prices and thus plantings are affected by the following factors:






A large potato harvest in Europe with associated cheap imports of frozen
potato chips.
A lower maize price could cause a shift towards more hectares of
potatoes
Yield size, frost and cold damage.
Marketing pace.
Carry-over stock.

5.4.9 Wheat
In South Africa there are between 3 800 and 4 000 wheat producers. The majority of
the wheat produced is used for bread, biscuits, breakfast cereals, rusks, etc. with
small quantities used for pasta (DAFF, 2012a). The milling industry, the baking industry
and the retail sector are the main role players in the value chain.
Wheat is produced throughout South Africa with the Western Cape (35 %), Free State
(28 %) and Northern Cape (17 %) accounting for 80 % of total production. In the
Western Cape approximately 254 450 ha are planted to wheat and production was
710 000 tons in 2011. Nationally, about 20 % of the area planted to wheat is under
irrigation and 80 % is cultivated under dry land conditions (DAFF, 2012a).
Since 2002/2003 the local consumption of wheat has exceeded the production,
hence South Africa is a net importer of wheat. On average, South Africa has over the
period between 2002 and 2012 imported about 1.18 million tons per annum. South
Africa imports wheat mainly from Argentina, Australia, France, UK and USA (DAFF,
2012a). Some wheat is exported, mainly to South African Customs Union (SACU) and
SADC countries such as the Democratic Republic of Congo, Zambia, Zimbabwe and
Mozambique.
Local wheat prices are strongly influenced by international market prices as wheat is
an internationally tradable commodity. Wheat prices are usually between the import
and export parity price levels (DAFF, 2012a).
Wheat farmers in the Western Cape provide work opportunities to about 9 800
people. The total capital investment in the milling industry in South Africa is
approximately R3 billion and this industry is estimated to employ around 3 800 people
(DAFF, 2012a).
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5.4.10 Barley
After wheat, barley is the most important small grain in South Africa. It is mainly used
for the production of malt (which is used for the brewing of beer), animal feed and
pearl barley. The average annual commercial production of barley in South Africa
amounts to about 220 000 tons while the local consumption requirements for barley
are around 265 987 ton per year (DAFF, 2012b).
The Western Cape is by far the largest producer of barley in South Africa with a share
of 81 %. The larger barley production volumes in the province can be attributed to
the winter rainfall climate which is highly suited to dryland barley and other winter
cereals (DAFF, 2012b).
Barley consumption exceeds the production resulting in South Africa being a net
importer of barley. In 2011 only 551 tons were exported and 93 305 tons were
imported. South Africa imports barley mostly from Canada, but also from Asia,
Europe and Oceania (DAFF, 2012b). There is thus opportunity for growth in the barley
industry.
It is important to note that in South Africa barley is planted mainly for malting
purposes. Barley differs from most other agricultural commodities in that there is only
one major barley buyer in South Africa, namely South African Breweries Malting (Pty)
Ltd, which supplies its major stakeholder South African Breweries (SAB) with malted
barley. Barley producers therefore have a guaranteed market and fixed price
contracts (DAFF, 2012b).
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5.4.11 Canola
Canola is a cool-season annual crop and is normally planted in autumn with harvest
in the spring or early summer. Canola has been successfully produced without
irrigation in various countries. Canola is processed into canola oil.
Canola is relatively new in South Africa. It has grown from virtually no production in
the early 1990s to a production area of almost 95 000 ha in 2014. Most of this area is
in the Swartland and Southern Cape (Rûens) with smaller areas in North West and
Limpopo provinces (Table 5.14). There are two oil processing plants in the Western
Cape, at Swellendam and Moorreesburg.
Table 5.14: Canola production in the Western Cape and the rest of SA between 2000
and 2014. Source: DAFF (2014)
Year

Western Cape

Rest of SA

2000
2001

ha
19 000
25 000

tons
20 000
23 750

t/ha
1.05
0.95

2002
2003

31 000
43 300

33 790
40 000

2004
2005

43 750
40 000

2006
2007
2008
2009
2010
2011
2012
2013
2014

31 800
33 200
34 000
35 000
34 000
43 200
42 500
72 000
95 000

ha
145
2 000

tons
300
2 000

t/ha
2.07
1.00

1.09
0.92

150
900

180
770

1.20
0.86

31 500
44 000

0.72
1.10

500
200

500
200

1.00
1.00

36 300
38 150
30 800
40 290
35 340
57 760
76 500
111 600
142 500

1.14
1.15
0.91
1.15
1.04
1.34
1.80
1.55
1.50

200

200

1.00

60
820
310
1 600
165

60
1 560
1 040
2 500
400

1.00
1.90
3.35
1.56
2.42

The average producer price of canola increased from R1 208/ton in 2000 to
R4 760/ton in 2013 (Table 5.15).
The production of canola is expected to grow in future because the local demand
for canola exceeds the local supply and good prices are therefore expected (DAFF,
2012c). The increasing demand for meat products is contributing to the growing
demand for protein feed, and higher relative returns are expected to drive a shift in
crop area from cereals to oilseeds (BFAP, 2014). Canola competes with other plant
oils, mainly sunflower oil and soya oil, on the local market. South Africa is a net
importer of plant oils.
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Table 5.15: Canola Gross Value. Source: DAFF (2014)
Year
2000

Tons

R/t
20 300

1208.00

Gross value R’1000
24 522

2001
2002

25 750
40 406

1638.00
2385.00

42 179
96 368

2003
2004

40 791
32 000

1754.50
1745.38

71 568
55 852

2005
2006
2007
2008
2009

44 200
36 500
38 100
31 200
40 100

1686.54
2660.00
2700.00
3100.00
2800.00

74 545
97 090
102 870
96 720
112 280

2010
2011
2012
2013

36 900
58 800
79 000
112 000

3182.04
3449.94
4579.87
4760.00

117 417
202 856
361 810
533 120

5.4.12 Broilers
The world broiler (chicken) production is driven by the top three broiler producing
countries namely USA (20 %), China (16.5 %) and Brazil (15.3 %) (USDA-FAS, 2013).
World production is growing steadily, particularly in Brazil and China. A strong
domestic demand, greater disposable income, economic growth, an expanding
middle class, competitive prices which favour poultry over red meats, and export
demand are the main drivers (USDA-FAS, 2011).
The South African broiler industry provides more than half of all animal protein
consumed in the country. About 13 large producers supply more than 70 % of the
country’s broiler production. Many small production units and the informal sector are
responsible for the remaining 30 %. Table 5.16 shows the provincial distribution of
chickens and indicates that 20.6 % of the broiler industry is located in the Western
Cape.
According to South African Poultry Association (SAPA) estimates, 12 889 farm staff
and 1 592 farm managers are employed in the broiler hatchery and rearing
industries, including parent-rearing and laying sites, hatcheries and broiler-rearing
sites (SAPA, 2014). Broiler processing activities employ 27 564 workers, distribution
employs 6 073 workers, and related feed industries employ 59 739 workers.
The broiler industry is dominated by two large producers, Rainbow Limited and Astral
Foods. Together they produce 46 % of total broiler meat production. Rainbow
produces approximately 235 million broilers per year and Astral Foods produces
about 220 million broilers per year. The top seven companies supply about 75 % of
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total South African broiler meat and 25 % is supplied by hundreds of smallholder
producers.
Table 5.16: Broiler and egg industry of SA. Source: Silverpath Consulting (2014)
Province

Broiler industry
Broiler
birds

Egg industry

% of total
broiler
birds

Layer
birds

Total

% of total
layer birds

Total birds

% of total
birds

Eastern Cape

6 889 221

6

900 543

4

7 789 764

6

Free State

6 843 378

6

3 443 017

15

10 286 395

8

Gauteng

8 010 522

7

5 822 456

25

13 832 978

10

KwazuluNatal

15 928 842

14

3 430 116

15

19 358 958

14

Limpopo

2 984 600

3

1 454 903

6

4 439 503

3

Mpumalanga

21 485 888

19

1 453 082

6

22 938 970

17

North West

27 937 891

25

2 552 536

11

30 490 427

22

Western
Cape

23 363 800

21

4 490 538

19

27 854 338

20

Northern
Cape

112 000

0

58 393

0

170 393

0

Total

113 556
142

100

23 605 584

100

137 161
726

100

Astral Western Cape (County Fair) is located in the Western Cape. It is a fully
integrated broiler producer processing 1.3 million birds per week. The abattoir
located in Agter-Paarl supplies birds to a processing facility in Epping Industria, Cape
Town. A wide range of products is marketed under the County Fair brand. The dayold chicks hatched and placed on County Fair’s grow-out farms are supplied by its
in-house breeding operations. Meadow Feeds situated in Paarl supplies all the
poultry feed requirements (Astral, 2014). After the purchase of the Tydstroom broiler
unit in Durbanville it is estimated that Astral Foods will increase processing in the
Western Cape by a further 0.7 million birds per week.
Elgin Free Range Chickens was started in Grabouw in 1997 and currently supplies
75 000 free range chickens per week to leading South African retailers, deli’s and
restaurants. This makes the company the largest independent free range chicken
farming operation in South Africa. Chickens are now reared by four contract growers
across the Elgin Valley and Overberg. The company has responded to the growing
demand for humanely raised pasture-raised chickens free of animal by-products,
antibiotics or growth promoters. Poultry imports into South Arica are in part driven by
the exchange rate, which negatively affects the potential expansion of the local
poultry industry. Annual poultry imports in 2011 were 350 202 tons - a 32 % increase
over 2010. Broiler meat accounts for 93 % of all poultry imports, the balance being
turkey products.
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Exports of South African broiler meat are destined mainly for SADC countries and in
particular Mozambique (60.4 %) and Zimbabwe (32.6 %) (2012 data). Exports promise
a window of opportunity for the industry, although access to large markets such as
the EU and USA remains problematic due to sanitary requirements.
The broiler meat value chain consists of parent stock rearing farms and contract
growers who rear broilers, feed companies and other input suppliers. There are
abattoirs, importers, exporters and retailers in the secondary sector. The input
suppliers such as feed companies and poultry equipment manufacturers play a
crucial role. The main feed input includes raw materials such as maize, soybean, salt,
vitamins and minerals. Maize is the major component of the feed ration at about
65 %. At the producer level, feed costs constitute a major portion of the total input
costs. Other input costs include veterinary services, heating, bedding, transport,
labour and overheads. Costs play a significant role in the margins achieved and
profitability across the value chain.

5.4.13 Beef
Meat is the most valuable livestock product. From the nutritional point of view,
meat’s importance is derived from its high quality protein containing all essential
amino acids, and its highly bioavailable minerals and vitamins.
While beef consumption has been relatively static in the developed world, annual
per capita consumption of meat has doubled since 1980 in developing countries.
Growing population and incomes, along with changing food preferences are
increasing the demand for livestock products. World bovine meat production is
projected to double by 2050. The red meat industry is also one of the fastest growing
industries in the South African agricultural sector. It contributed approximately 15.9 %
to the gross value of agricultural production in South Africa during 2011/12 (DAFF,
2012d).
The growing meat market provides a significant opportunity for livestock farmers and
meat processors. Nevertheless, increasing livestock production and the safe
processing and marketing of hygienic meat and meat products represents a big
challenge.
Approximately 80 % of the agricultural land in South Africa is suitable mainly for
extensive livestock farming. The total number of cattle at the end of August 2012 was
estimated at 13.84 million, comprising various international dairy and beef cattle
breeds as well as indigenous breeds. South Africa normally produces 85 % of its meat
requirements, while 15 % is imported from Namibia, Botswana, Swaziland, Australia,
New Zealand and Europe (DAFF, 2012d).
Figure 5.5 shows the distribution of beef production in South Africa per province.
While the cattle herd of the Western Cape is relatively small (4 % of national beef
production), it is part of the commercial sector and this explains why approximately
15 % of national beef exports originate from the Western Cape (2011 data; DAFF,
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2012d). Cattle are reared across the province but do particularly well on the
grasslands of the Noupoort area, with feedlots concentrated in the Swartland and
Southern Cape. The herd is estimated at around 94 000 head (WCG: Agriculture,
2014a).

Eastern Cape
23%

KwaZulu-Natal
20%

Mpumalanga
10%

Free State
17%

Northern Cape
4%

Limpopo
7%

Western Cape
4%

North West
13%

Gauteng
2%

Figure 5.5: Distribution of beef production by province. Source: DAFF (2012d)

5.4.14 Dairy
The dairy industry in South Africa is characterised by a rapid decline in the number of
dairy farmers. This is a global phenomenon. The number of dairy farmers declined
from 4 184 in January 2006 to 1 961 in January 2014. In the Western Cape the number
of dairy farmers declined from 878 to 529 in the same period, a 40 % decline. Dairy
farming is concentrated in the Swartland, Garden Route (Mossel Bay to Plettenberg
Bay) and the Little Karoo. The Western Cape livestock census (WCG: Agriculture,
2014a) estimated the dairy herd at around 129 000 head.
The Western Cape accounts for 27 % (761 million litres in 2013) of the domestic raw
milk, making the province the largest producer of raw milk in South Africa. Of this
production 58 % is used in liquid products and 42 % in concentrated products. There
are 23 producer-distributors in the province (MPO, 2013).
Although TMR (total mixed ration) systems are being used in the Western Cape the
most commonly used system is pasture-based or a combination of both. Climatic
conditions in the province tend to favour the pasture-based system. In South Africa,
feed cost varies between 60 % and 75 % of dairy farmers’ total cost, using the prices
of maize and soybeans are proxies (MPO, 2015). Farmers’ production decisions are
influenced by the ratio of producer milk prices to feed prices. The impacts of climate
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change on feed prices will thus have indirect impacts on dairy farming where feeds
are a significant input.
Despite the diminishing number of dairy farmers the production of raw milk has
increased. The productivity of South African dairy farms has increased rapidly over
the last 21 years. Milk production per cow has increased by 88.4 % between 1992
and 2013. This is attributed to improved genetics achieved through advance
breeding innovations, advanced technology and better management practices
(Clover, 2013). Short-term increases over the last two years are attributable to lower
grain prices and higher producer prices combined with favourable production
conditions (MPO, 2015).South Africa is a net importer of whey, butter, cheese and
concentrated milk and a net exporter of milk, cream, buttermilk and yoghurt. Net
exports equalled 10% of local production during the period 2013-2014 (MPO, 2015).

5.4.15 Sheep
Sheep farming is practised throughout South Africa. The Western Cape accounts for
roughly 12 % of the national sheep count (DAFF, 2012f) or 1.13 million sheep (WCG:
Agriculture, 2014a). Approximately 4 200 workers are employed on commercial
sheep farms in the province.
The mutton industry has been characterised by declining sheep numbers through
predation and stock theft. Together with the rapid population growth and an
increase in demand, this has led to shortages in the supply of mutton (DAFF, 2012f).
Since 2002 the production of mutton has not equalled consumption. This has resulted
in increases in the local retail price of mutton. South Africa is likely to remain a net
importer of mutton to satisfy the local demand.
Sheep farming also provides an income from the skin and wool. For each Merino
sheep the average quantity of wool per shear is 4-5 kg. Currently the wool price for
clean wool is R110.17 per kg (BKB, 2014). Sheep skins are produced from both main
breeds – Merino and Dorper (DAFF, 2012g).
Cape Town is the largest exporter of mutton in the Western Cape owing to the
volumes passing through the harbour and international airport. The value of imports is
substantially more than the value of exports, confirming the imbalance in supply and
demand.
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5.4.16 Ostrich
South Africa is the world leader in ostrich production with a 75 % market share. Ninety
percent of South African ostrich products are exported almost wholly to the EU,
contributing R2.1 billion per year in foreign revenue and providing 20 000 direct jobs
(DAFF, 2012h). The demand for ostrich meat in the export market (EU) is partially
related to the perceived health benefits of this alternative meat, which contains the
lowest fat and cholesterol levels of any meat and is rich in protein and iron.
South Africa has about 588 registered export farms of which 453 farms are in the
Western Cape. Between 2011 and 2013 there were an estimated 219 000 ostriches in
the province (WCG: Agriculture, 2014a). The Western Cape accounts for 77 % of
ostriches in the country, followed by 17 % in the Eastern Cape. The town of
Oudtshoorn in the Klein Karoo is regarded as the ostrich capital of the world. Ostrich
is characterised by three product phases, i.e. meat, leather and feathers and the
current main source of income is meat and leather. The industry is dominated by
Klein Karoo International based in Oudtshoorn, and Mosstrich in Mossel Bay (SAOBC,
2014). There are 10 EU approved export abattoirs, and 10 tanneries for exotic leather
like crocodile, snake, game and ostrich, of which two are dedicated to ostrich.
The industry can be regarded as a mature industry in terms of growth potential.
Production volume targets have been set at approximately 250 000 birds slaughtered
annually in order to limit the supply to markets and thus maintain the exclusivity of the
products. The industry is based almost entirely on export income with meat sold in
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Euro and leather sold in US dollar. Fluctuations in the exchange rates impact on Rand
income and the profitability of the industry (NAMC, 2010).
The industry has recently been plagued by two serious outbreaks of Avian Influenza,
the first in 2004 and the second in 2011 which cut short the recovery experienced in
2008/2009 and 2009/2010.

5.4.17 Aquaculture
Aquaculture is defined as the propagation, improvement, trade or rearing of
aquatic organisms (plant and animal) in controlled or selected aquatic
environments (fresh, sea or brackish waters) for any commercial, subsistence,
recreational or other public or private purpose (Hinrichsen, 2007). It is practiced as
either freshwater aquaculture or marine aquaculture, but this summary will focus only
on freshwater aquaculture since this Status Quo Review for agriculture does not
include the marine environment.
The gross value of aquaculture production in South Africa rose to between 50 and 60
million USD in 2010/11, and has been steadily increasing since 2002 (DAFF, 2013e).
Nevertheless, the industry is still in its infancy. Although marine aquaculture is
practiced primarily in the Western Cape, the province is a smaller producer of
freshwater aquaculture, mainly trout farmed in some mountain catchments and in
private dams. The bulk of trout production is marketed locally. Total freshwater
production in 2008 in the Western Cape was 518 tons, worth R1.7 million. The 11 trout
farms provide 346 full-time jobs and 163 part-time jobs (Naidoo, 2010). According to
the National Aquaculture Strategic Framework, the government wants to create a
climate in which aquaculture can grow. Special attention will be paid to freshwater
aquaculture as it has shown growth potential.

5.5

Value chains & multipliers

Eckert et al. (1997) pointed out that agriculture plays a major role in the economy of
the Western Cape. They used a social accounting matrix to calculate the fixed price
multipliers of agriculture. These are presented in Table 5.17. For example: R1.0 of
additional demand for the horticultural sector output will increase provincial value
added by R1.40, require R0.2 of additional imports and contribute R0.24 to
government revenue. In addition 92.8 person-years employment will be created per
extra R1.0 million final demand.
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Table 5.17: Fixed price multipliers for commodity and sector groupings. Source:
Eckert et al. (1997)

a
b

Employmenta

Value addedb

Importsb

Government
revenueb

All agriculture
Cereals

82.8
26.1

1.29
1.02

0.21
0.27

0.26
0.27

Other crops
Horticulture

70.8
92.8

1.36
1.40

0.19
0.20

0.25
0.24

Livestock
Agribusiness
Nonagriculture

88.4
39.7
29.4

1.25
1.02
1.10

0.20
0.26
0.25

0.27
0.20
0.22

– Number of person-years employment created per R1.0 million final demand
– Rand value per additional R1.0 of final demand

In addition, each sector of the economy will generate incomes received by
households in a unique multiplier pattern. According to Eckert et al. (1997) sectoral
differences appear in the amount of such incomes generated and in the equity or
inequity of their distribution. Household income multipliers reflect the amount of
additional household income resulting from R1.0 of additional sales in each sector.
The Gini coefficient reflects the level of inequality in the distribution of incomes
generated. Table 5.18 gives a summary of these coefficients for the most important
crops cultivated in the Upper Berg River.
Eckert et al. (1997) pointed out that lower Gini coefficients indicate multiplier
patterns that will lead to more equal income distributions whereas growth in sectors
with high Gini ratios will worsen overall provincial income distribution. The average
Gini coefficient for the province is 0.509. If the crops in Table 5.18 are considered it is
clear that these crops play an important role in the welfare of households in the
Western Cape.
Thus, commercial agriculture is the strongest provider of jobs and value added in the
Western Cape. Growth in almost any agricultural commodity will contribute to
improving aggregate income distributions. Because of the backward linkages to
production agriculture, agribusiness outperforms the non-agricultural sectors.
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Table 5.18: Income multipliers and Gini coefficients for selected economic sectors.
Source: Eckert et al. (1997)
Sector

Household income
multiplier

Gini coefficient

Agricultural production sectors
Field vegetables

0.905

0.384

Grapes
Deciduous fruit

0.924
0.871

0.404
0.413

Viticulture
Agribusiness sectors
Horticulture canning
Distilleries and wine
Agribusiness

0.740

0.429

0.792
0.772
0.641

0.482
0.493
0.500

0.794
0.837
0.353
0.708
0.427
0.952
0.861

0.438
0.450
0.519
0.523
0.546
0.562
0.628

Other economic sectors
Construction
Textiles
Metal manufacturing
Transportation
Non-metal manufacturing
Trade
Commercial services

5.6

Agri-processing and agri-business

Agriculture and agribusiness in the Western Cape involves all the different activities
that link the entire value chain from the farm to the consumer. This includes inputs
such as seed and fertiliser, production, processing, marketing and distribution of
agricultural products.
Processing of the Western Cape’s primary agricultural output (R28.5 billion in 2011) is
an integral part of regional economic production and employment creation.
Activities such as winemaking, canning (fruit, vegetables and fish), dairy processing
and baking add value to primary agricultural output and are key sources of
economic growth and development in the provincial economy.
The output of the food (72 % of food/beverage/tobacco) and beverage & tobacco
(28 % of food/beverage/tobacco) sectors amounted to R48.8 billion in 2011.
Employment in the food, beverage & tobacco sector is estimated at 52 700.
Combined with agriculture the sector employs 10 % of the regional workforce
(Western Cape Government Provincial Treasury, 2013).
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The bulk of the processed foods & beverages are sold directly to domestic
households (62.2 %) while 24.5 % are exported. The remaining 13 % finds its way back
to industry as intermediate output.
It is evident that the agri-processing industries are well supplied by the local primary
agricultural sector and other local industry, with intermediate imports only amounting
to 10.1 % of output. The ratio of processed food & beverage value added to
intermediate inputs (i.e. 0.74) is low which indicates there may be scope to move
higher up the value chain by producing more higher value added products. In the
agricultural sector it seems that both exports and domestic demand generate scope
for value addition and employment.
Out of a total of 564 wine cellars in South Africa in 2013, 550 are located in the
Western Cape (Map 5.3). These cellars include producer cellars, private wine cellars
and producing wholesalers (SAWIS, 2014), with Distell and KWV as major role players.

Map 5.3: Wine cellar distribution in the Western Cape. Source: data from WCG:
Agriculture
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The Western Cape has long been known as a producer of quality canned fruit, much
of which is exported. Although European subsidies have put South African canners
under pressure, there are still opportunities for high value added products for markets
in the Far East, Europe and the Americas. Tiger Brands, Heinz Foods SA (Pty) Ltd,
Langeberg & Ashton Foods (PTY) Ltd and Montagu Foods are some of the
companies involved in fruit and vegetable processing. The Rhodes Food Group is
known for its convenience meal products across fresh, frozen and long-life product
formats.
In the fruit juice industry, the biggest producer in the Western Cape is Ceres Fruit
Processors, which produces large quantities of apple and pear concentrate. Other
major players include Associated Fruit Processors, Elgin Fruit Juices, Granor Passi,
Capespan and KWV, which produces grape juice concentrate.
SA Dried Fruit is the largest dried fruit player and the only one processing and
marketing both tree and vine fruit. Montagu Dried Fruit & Nuts is the largest exporter
of dried fruit in South Africa.
The Oceana Fishing Group is not only involved in the fishing and allied services sector
but also provides extensive cold storage and fruit handling facilities. The same
applies to I&J Limited which not only offers seafood products but also supplies a small
range of quality chicken and beef products.
Companies that specialise in the catering, confectionery and baking industries
include Pioneer Foods, Sasko and Orley Foods. Wilson’s Foods is a packer of edible
oils in Cape Town and SOILL processes canola for oil and barley for animal feed
(SOILL, 2014). Parmalat is the biggest dairy producer in the Western Cape. Other
smaller processors in the dairy industry include Ladismith Cheese (Little Karoo),
Lancewood Cheese (George) and Fair Cape Dairies (Malmesbury) (Map 5.4).

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

137
Chapter 5 Overview of agriculture and its significance

Map 5.4: Dairy distribution in the Western Cape. Source: data from WCG: Agriculture
The processing firms outside the Cape Metro play an integral part in the
development of rural towns. Agricultural processing could provide opportunities for
new industries and small business development to support the objectives of inclusive
growth. This is one of the focal areas of the provincial government’s Project Khulisa.
Agri-business generates competitive exports. Agriculture and agri-processing exports,
measured at 31 % of output in 2011, accounted for more than a third of the
cumulative growth of total (i.e. including services) provincial exports over the period
2000 to 2012. The Cape Winelands is the leading exporting district, having made
strides with wine exports, followed by the Cape Metro, the West Coast and
Overberg. Modern agri-business is research & development-driven and the
development and growth of this sector is a key driver of science & technological
development, i.e. a potent virtuous circle. Far from being a sunset industry, agribusiness has gained renewed significance in the 21st century.
In this context, issues regarding climate change and emerging resource limitations
become important. The risks and impacts and also the opportunities for the value
chain beyond production as affected by climate change are very poorly discussed
from local to global scales. Clearly, a more holistic approach is required that
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accommodates resource flows, labour flows and financial flows, in order to gain a
true picture of the transitions which may face this system in the future.
GreenCape has embarked on a project which addresses some of these questions:
the Regional Resource Flow Modelling (RRFM) project investigates the resource
intensity of the Western Cape economy in an effort to better understand how
resources (water, energy, capital) are utilised to drive economic productivity, how
efficiently, and with what environmental impact (Janse van Vuuren and Pineo, 2014).
Such insight will provide policy makers with decision support tools to identify strategic
interventions to improve the resource productivity of the Western Cape economy
and drive the Green Economy. However, the project is concerned with the baseline,
for now, and does not address possible impacts of climate change on such flows.

5.7

Price, volatility and markets

Producer prices of agricultural products increased on average by 8.5 % from
2011/2012 to 2012/2013 (Figure 5.6).

Figure 5.6: Producer price indices. Source: DAFF (2013f)
The weighted average price of field crops increased by 9.7 %. The price of oilseeds
increased by 36.5 %, of dry beans by 33.4 %, of winter grain by 18.3 %, and of hay by
11.3 %. Producer prices of horticultural products increased by 9.0 %. The prices of
vegetables, fruit and viticulture products increased by 11.9 %, 7.4 % and 5.3 %,
respectively. The prices of animal products increased by 7.4 %. The average prices of
poultry meat, dairy products and pastoral products increased by 13.3 %, 10.9 % and
3.8 %, respectively, while the average price of slaughtered stock decreased slightly
by 0.7 %.
Figure 5.7 reflects the indices for certain agricultural produce prices from 2001 to
2012. Best achievers include livestock farming (cattle and mutton) and deciduous
fruit.
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Figure 5.7: Indices for certain agricultural produce prices. Source: DAFF (2013f)
Weather patterns are likely to become more unpredictable. Global commodity
markets are already fluctuating quite sharply as the world emerges from the
recession and climate-related crop failures impact on the market. Consumer
preferences are shifting strongly towards environment-friendly production methods.
The uncertainty that normally faces agriculture will become more pronounced in the
future and give rise to increasing price volatility of agricultural produce (Du Plessis,
cited by Kotze, 2013). Farmers need to ensure that they are prepared.
Exports of agricultural products from South Africa were in excess of R52 billion in 2012.
The Western Cape is the biggest contributor to agricultural exports (Table 5.19).
Table 5.19: Value of exports of agricultural products from South Africa for 2012.
Source: Statistics South Africa, 2013.
Product

14
11
8
7

%
cumulative
14
25
33
41

3 258 965
1 871 269

6
4

47
50

Sugar
Preserved fruit and nuts

1 604 679
1 528 592

3
3

53
56

Wool
Food preparations

1 331 040
1 238 412

3
2

59
61

20 388 565
52 578 912

39
100

100

Citrus fruit, fresh or dried
Wine
Grapes, fresh or dried
Apples, pears & quinces, fresh or
dried
Maize
Fruit and vegetable juices

Other
Total

Value in 2012
(R’000)
7 389 059
5 983 690
4 079 450
3 905 191

%
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About 45 % of South Africa's agricultural exports move through the Western Cape
(WCG: Agriculture, 2012). As from 2010 the Netherlands is SA’s biggest export
destination for agricultural products (Table 5.20). Nevertheless, the global macroeconomic outlook suggests that South African agriculture will increasingly look to
rapidly growing African economies as potential markets (BFAP, 2014).
Table 5.20: Destination countries for SA agricultural exports. Source: Statistics South
Africa, 2013.
Country of destination
Netherlands
United Kingdom
Zimbabwe
Mozambique
Angola
Unites States
Germany
Hong Kong
Zambia
Japan
Other
Total

Value in 2012 (R’000)
5 647 459
4 834 068
4 794 139
2 818 311
2 292 582
1 837 293
1 738 677
1 609 965
1 464 385
1 279 486
24 262 547
52 578 912

%
11
9
9
5
4
3
3
3
3
2
46
100

%
cumulative
11
20
29
34
39
42
46
49
51
54
100

Sixty-seven percent (67 %) of the 759 PPECB inspections points are in the Western
Cape. PPECB (Perishable Products Exports Control Board) is an independent service
provider of quality certification and cold chain management services for producers
and exporters of perishable food products (PPECB, 2014).
The local market for fresh produce has grown strongly over the last decade or so, in
terms of both volumes and prices (DAFF, 2012e, Figure 5.8). The Cape Town Fresh
Produce Market accounts for about 10 % of trade nationally (Figure 5.9). In 2012, the
market handled 307 483 tons of vegetables, fruit and nuts to a value of just over
R1 billion. The smaller George Market handled 8 985 tons of produce to a value of
about R24.5 million. The markets create employment at many levels, and many
informal traders source their produce there.
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Figure 5.8: Mass and average price of fruit sold on the 12 major fresh produce
markets of South Africa. Source: DAFF (2012e)

Figure 5.9: Market shares of the 19 major fresh produce markets according to 2012
turnover. Source: DAFF (2012e)
It has been estimated that the informal retail sector accounts for 30 % of national
food retail sales. This market is an important component of South Africa’s food system
and has important linkages to the agricultural sector in the Western Cape. The
informal sector sources much of its produce from local production. Informal markets
are particularly important for the food security of the urban poor as they often
provide greater flexibility, such as long opening hours of Spaza shops, and the
possibility to purchase smaller units. Purchasing options are frequently more tailored
to the limited cash flow of the customers e.g. the option to buy on credit. This market
also supplies basic vegetables and fruits at an affordable price. Another important
role of the informal market is in agricultural waste reduction. Animal and fresh
products that are rejected by the formal market become absorbed into the informal
market to some extent.
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6. Overview of energy and greenhouse gas emissions

Key messages


The agriculture sector consumes approximately 2.3 % of South Africa’s
energy (2012 figures). In the Western Cape, the agriculture sector
consumes approximately 2 % of the total energy consumption. There is
limited data available on the energy supply and consumption specifically
for the Western Cape agriculture sector.



Eighty-five percent of electricity is generated through the combustion of
coal outside the Western Cape, but the province has generation capacity
based on nuclear, gas, pumped storage, wind and solar energy sources. In
terms of energy sources for agricultural practices, the most significant
source is from diesel consumption, followed by electricity.



According to modelled values, the highest consuming energy activities
from the agriculture sector include pumping and irrigation, tractors,
harvesters and transport and processing.



The Confronting Climate Change (CCC) project is in the process of
collecting data from the agriculture sector in order to develop a
benchmark for fruit and wine producers, packhouses and wineries. The
data is used to quantify carbon emissions associated with various farming
and post-harvest activities, as well as finding potential mitigation options.



The land sub-sector within the Agriculture, Forestry and Other Land-use
(AFOLU) sector is accountable for 8.5 % of national GHG emissions (this
excludes the carbon sequestered by landscapes). The agriculture sector of
the Western Cape accounts for 5 % of the province’s total emissions, which
are dominated by industrial, transport and residential emissions.



Estimates suggest that the livestock sub-sector is accountable for
approximately 16 % of provincial agricultural GHG emissions (highest
contribution from cattle), grains and field crops for 28 % (highest
contribution from wheat), fruit and wine for 55 % (highest contributions from
pome fruit and wine grapes) and other commodities for 1 %.
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6.1

Energy

Energy plays an important role in the socio-economic development of nations and subnational regions such as provinces. Sufficient and clean energy is required for
sustainable development. An economic growth is perceived to be unsustainable if it
demands a lot of energy, generates significant pollutants, and negatively affects public
health. The combustion of fossil fuels is driving anthropogenic climate change and
other environmental problems.
An important factor in the need to improve economic competitiveness of the
agricultural sector is to ensure international acceptability of agricultural products from
the Western Cape by minimising the environmental impact of their manufacture and
compliance with agreed standards for energy use.
One way of mitigating the negative effects of climate change is through the
exploitation of renewable energy (such as solar and wind) and implementation of
energy efficiency policies. The total primary energy supply, total final energy
consumption and electricity generation are some of the important factors in assessing
the energy situation of a country, province and sector.

6.1.1 National agricultural energy consumption
South Africa consumed 2,627 million GJ of energy in 2006 (DOE, 2009), rising slightly to
2,657 million GJ in 2012 (DOE, 2014). The industrial and mining sectors account for 35 %
of all energy consumption followed by the transport sector (29 %, Figure 6.1).
Agriculture, commercial and residential sectors account for the remaining amount, with
the agriculture sector accounting for 2.3 % of all energy consumption in 2012. It should
be noted that liquid petroleum fuels used for agriculture off-farm transport are
allocated to the transport sector.

Figure 6.1: Energy Consumption by Sector in 2012. Source: DOE (2014)
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6.1.2 Energy supply
Eskom is South Africa’s prominent electricity provider supplying 95 % of the nation’s
electricity. Eighty-five percent of electricity is generated through the combustion of
coal, with renewable energy only providing 2 % of Eskom’s output (Walsh et al., 2011).
The Western Cape purchases the majority of its electricity from Eskom, most of which is
generated through the combustion of coal elsewhere in the country (predominantly
from Mpumalanga). A portion of the province’s electricity is generated locally.
Significant power generation activities in the province include the Koeberg nuclear
power station (1800 MW), the Open Cycle Gas Turbine peaking power stations at
Gourikwa (Mossel Bay, 746 MW), Acacia (171 MW) and Ankerlig (1338 MW), and the
Steenbras/Palmiet Pumped Storage Facility (580 MW).
The Western Cape is blessed with significant renewable energy resources, specifically in
terms of wind and solar potential (WCG: EADP, 2013a), and the provincial government
is strongly promoting clean energy. It is technically challenging to measure the total
amount of renewable energy that is produced off-grid, for example including the solar
panels currently being installed on many agricultural facilities. We highlight here only
the large scale contributions of renewable sources to the electricity grid.
Current applications of wind energy include water pumping, wind farms for
hydroelectric systems, solar-hydro hybrid systems and distributed power generation,
with the small scale water pump ‘windpomp’ structures on farms being a well-known
South African image (WCG: EADP, 2013a). The highest potential for wind power
generation exists along the West Coast, inland (Karoo) and in the Southern Cape (Map
6.1).
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Map 6.1: Map of annual mean wind speed for the Western Cape. Source:
http://www.elsenburg.com/gis/
The Darling Wind farm was the first wind power plant in SA, with four wind turbines and a
combined capacity of 5.2 MW, with plans to expand this capacity to 13 MW. The
Klipheuwel Demonstration Wind Farm has a capacity of 3.2 MW. Further wind
generation capacity in the planning stages, under construction or recently
operationalised in terms of the national Renewable Energy Independent Power
Producers Programme (REIPPP) include West Coast 1 (90.8 MW), Gouda (135.2 MW),
Dassiesklip (26.2 MW), Hopefield (65.4 MW) and Sere (100 MW).
Solar energy comprises different categories, the most well-known being Solar
Photovoltaic (PV), Concentrated Solar Power (CSP) and Solar Water Heating. Solar
energy can be directly used to heat water, space, generate electricity and in some
cases provide process heat for industrial activities (WCG: EADP, 2013a). The resource
potential in the Western Cape is regarded as very good (Map 6.2).
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Map 6.2: Map of global horizontal irradiation for South Africa. Source:
http://solargis.info/doc/_pics/freemaps/1000px/ghi/SolarGIS-Solar-map-South-Africaen.png
In terms of the REIPPP, four solar PV projects have been given the go-ahead by the
Department of Energy in the following areas: Vredendal (8.8 MW), Aurora (9 MW),
Touwsrivier (36 MW) and Swartland (5 MW). Hessequa Municipality has a 33 kW solar PV
installation from which the wastewater treatment works outside Riversdale is run.
Ultimately, the goal is to expand the facility to 5 MW capacity (WCG: EADP, 2013b). This
facility is not grid-connected, but rather utlised as a demonstration unit.
Hydropower installations can either be primary power generation units or they can be
installed as pumped storage units. The Western Cape has a reasonable potential for
small scale hydro power, but the total practically realisable potential for small scale
hydro power in the province is estimated at 20 MW. The most significant hydroelectric
power scheme in the Western Cape is the Steenbras / Palmiet Pumped Storage
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Scheme which is located in the Kogelberg Biosphere Reserve. The scheme plays a dual
role of firstly providing peaking power for Eskom and secondly providing water for Cape
Town, through its reversible pump turbines, as part of an Interbasin Transfer Scheme. It
has a capacity of about 580 MW (WCG: EADP, 2013b).
The further development of renewable energy resources will depend on pricing
structures, subsidies, and power purchasing agreements which are largely determined
by the national Department of Energy.
Box 6.1: Opportunities for micro-hydro power generation
The micro-hydro power generation potential in the Western Cape is reasonably good in
some areas (Map 6.3). The potential to develop the micro-hydro potential of the
agricultural sector should be investigated as a potential mitigation option, given the
many dams, canals and pipelines and the nature of the topography. A number of
existing dams such as the Clanwilliam Dam and the Stettynskloof Dam have small
hydropower plants that were installed during the construction of the dam. These could
be rehabilitated or upgraded with more modern technology. In addition, there has
been interest from a number of individuals and WUAs to consider retrofitting existing
dams and canal systems with hydropower potential in an attempt to access climate
change funding, but also to provide for alternative income generating potential, and
to mitigate the potential disruptions from being dependent on energy supplied by
Eskom and the increasing costs for electricity.

Figure 6.2: Break pressure tank at the outlet of the tunnel from the Roode Elseberg Dam
that could be retrofitted to provide micro-hydro. Source: Aurecon (2013)
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Map 6.3: Review of micro hydropower potential in South Africa. Source: Barta (2002)
A feasibility study could be initiated to investigate the potential for increased microhydro potential for the agriculture sector in the Western Cape, possibly focusing on a
few key dams and irrigation schemes. For example a recent assessment of the potential
to incorporate micro-hydro into the Roode Elsberg Dam for the Hex River Water User
Association (WUA) (Figure 6.2) concluded that a total of 0.53 GWh of electricity could
be generated on average with a yearly income of approximately R500 000 based on a
tariff of R1.00/kwr (Aurecon, 2013). Recent developments in terms of support for
independent power producers (IPP) as well as opportunities for feed-in-tariffs or net
metering arrangements with Eskom, metros and local municipalities make consideration
of micro-hydro a possibility for mitigation of climate change impacts by the agriculture
sector.
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In terms of liquid fuels, the Caltex refinery in Milnerton, and the Petro SA Gas-to-Liquids
refinery in Mossel Bay supply a significant portion of refined liquid fuels consumed in the
province, in addition to import of refined sources.

6.1.3 Energy consumption in the Western Cape
The Western Cape accounts for approximately 11 % of South Africa’s total energy
consumption - an amount equal to approximately 250 million GJ of energy in 2004
(Walsh et al., 2011).
Most of the carbon dioxide (CO2) released from energy use within the Province comes
from electricity production, followed by petrol and diesel use. The most recent analysis
of energy usage in the Western Cape shows that the majority of energy used within the
province is consumed by the transport sector (53 %), industrial (31 %) and residential
(9 %) sectors, followed by commercial (4 %) and agricultural (2 %) sectors (Figure
6.3).The figure for agriculture is based only on electricity use and does not include liquid
and other fuels.

Figure 6.3: Western Cape Energy Consumption by Sector in 2012. Source: Department
of Environmental Affairs & Development Planning.

6.1.4 Agricultural energy consumption
A variety of energy sources are used at different stages of the agricultural production
and processing, for example, in land preparation, irrigation, refrigeration and
packaging. Figure 6.4 illustrates the relative use of different sources of energy sources in
the South African agricultural sector (ERC, 2013).
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Figure 6.4: Energy source share of the Agriculture Sector consumption. Source: DOE
(2009)
Diesel is the most prominent source of energy, accounting for more than half of
consumed energy in the sector. Diesel is primarily used to fuel vehicles during the
preparation of land and the harvesting of produce. Electricity, mainly sourced from the
national grid, provides approximately a third of consumed energy (DOE, 2009; DOE,
2014). Petrol (motor gasoline), kerosene, heavy fuel oils and coal account for the
remaining energy consumed.
Data illustrating the further disaggregation of energy usage per source of energy is
however limited. The 2003 South Africa Integrated Energy Plan provides a description of
relative use of electricity by broad activity (Table 6.1), but data on the usage of diesel
and the other primary sources of energy in the sector is currently not readily available.

Table 6.1: Electricity usage per activity in the South African Energy Sector
Energy Service
Irrigation (electric, petrol, diesel)
Processing
Other Motive
Lighting
Homes & Hostels
HVAC
Fans
Cooling

Percentage Share
29.0%
26.0%
3.2%
4.1%
20.4%
6.4%
1.5%
9.5%
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In terms of electricity usage: irrigation, processing and homes and hostels account for
the majority of reported electricity usage in the sector. These reported results do
however, highlight the issue of how to define the boundaries of the agricultural sector
when auditing its energy usage or associated GHG emissions. Several entities have
argued that energy usage by homes and hostels and even processing, should not be
included within the sector’s accounting.
Specific energy usage data for the WP agricultural sector is limited, especially an
understanding of energy usage per activity. The Confronting Climate Change (CCC)
project is, however, in the process of developing a substantial database of activity
data for the fruit and wine sectors and has started to expand into the grain industry.
Following initial communications with the project’s management, the intention is access
primary activity in the next phase of the SmartAgri initiative to better understand the
nature of energy usage within the province and per principle commodity.

6.1.5 Climate change impact channels
The predicted changes in climate described in Chapter 4, particularly a warmer and
possibly drier climate across the province, are likely to lead to increased demand for
irrigation and an associated increase in electricity as well as diesel usage in some
cases. Warming will also lead to a greater demand for energy for the cooling of storage
and processing facilities in the fruit and wine industries, in particular, but also for
perishable vegetables. The amount of energy used in the preparation of land as well as
the harvesting of produce is however likely not to change significantly.

6.2

Greenhouse gas emissions

6.2.1 National GHG inventory
Overview
South Africa’s national GHG emissions were estimated to be approximately 579 256
GgCO2e in 2010 following an increase of approximately 25 % over the previous 10 years.
The land sub-sector within the AFOLU sector was estimated to be a net sink of carbon
over the period - including the subsector, national GHG emissions were reported as 575
419 GgCO2e in 2010 (DEA, 2013e).
The energy sector is responsible for the majority of South Africa’s GHG emissions (85 % in
2010). If emissions of the land-use sector are considered alone and not the carbon
sequestrated by South Africa’s landscapes, the sector is accountable for 8.5 % of the
national emission profile (Figure 6.5). Industrial processes and the waste sector make
similar (<10 %) contributions.
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Figure 6.5: South Africa’s National GHG emissions over the period 2000 – 2010 (excl. the
land). Source: DEA (2013e)

Agriculture sector contribution
The 2006 IPCC GHG auditing guidelines, stipulate that emissions from land-use should
be disaggregated into three categories:




Livestock IPCC Section 3A (1&2) - including enteric fermentation and manure
management;
Land IPCC Sections 3B (1-6) - including forests, cropland, grassland, wetlands,
settlements and other land;
Aggregate sources and non-CO2 emissions on land IPCC Sections 3C (1-6) - biomass
burning, liming, urea application, direct N2O emissions from managed soils and
indirect N2O from managed soils and manure management.

The AFOLU sector is estimated to be a net source of GHG emission despite the amount
of atmospheric carbon sequestrated in landscapes (Land 3B in Table 6.2). The net GHG
emissions from the sector fluctuated considerably from year to year, but in general
increased by approximately 60 % over the period 2000-2010.
The land sub-sector, which is essentially the net flux between terrestrial carbon pools
and the atmospheric due to plant growth (sequestration) and the release of carbon
located in biomass and soil, fluctuated between -3800 and -19 500 GgCO2e. The land
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estimates are prefixed by a negative sign to indicate a decrease in GHGs in the
atmosphere, compared to the other categories, which lead to an increase in GHGs in
the atmosphere.
Table 6.2: AFOLU sector trends in emissions and removals (GgCO2e) from 2000 – 2010.
Source: DEA (2013e)
Year

3 - Agriculture,
Forestry, and Other
Land Use

3.A - Livestock

3.B – Land

3.C - Aggregate sources
and non-CO2 emissions
sources

2000

19 975

30 502

-19 557

9 030

2001

23 525

30 509

-16 170

9 186

2002

21 969

28 703

-16 917

10 183

2003

18 249

28 086

-18 709

8 872

2004

23 127

28 085

-13 882

8 924

2005

31 185

28 351

-6 017

8 851

2006

31 789

27 870

-5 314

9 233

2007

28 011

27 163

-8 400

9 248

2008

32 127

27 945

-5 340

9 522

2009

23 294

27 430

-13 335

9 199

2010

33 717

28 279

-3 837

9 274

It should be noted that several potentially important sources or sinks of GHG emissions
have not been reported for the South African AFOLU sector to date. These include





Land conversions
Soil carbon and dead organic matter,
Harvested wood products
Enteric fermentation from buffalo and other game populations.

The Department of Environmental Affairs (DEA) is currently working on addressing these
particular issues for future national reporting needs.

6.2.2 Western Cape GHG inventory
Based on data for the Year 2009, the Western Cape State of the Environment Report
(WCG: EADP, 2013a), noted that the province emitted 41 303 GgCO2e. This estimate
translates to approximately 8.4 tCO2e per person or 178 tCO2e per million Rand
contribution to GDP.
Electricity usage is the largest source of GHG emissions in the province (53 %). On a
sectoral basis, industry (38 %) and transport (29 %) are responsible for the majority of
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emissions, followed by the residential (17 %) and commercial (9 %) sectors (Figure 6.6).
The agriculture sector accounts for 5 % of the province’s total emissions.

Figure 6.6: Western Cape GHG emissions Profile. Source: Department of Environmental
Affairs & Development Planning.

6.2.3 Western Cape agriculture sector contribution
Introduction
A full, detailed, comprehensive understanding of GHG emissions for the Western Cape
agricultural sector does not exist currently. There are, however, a number of parties
working on the topic, or on subjects that are closely related e.g. energy usage through
the production of certain commodities, from which an initial assessment of GHG
emissions from the sector can be made.
Our approach is to provide a framework that:
i)
ii)
iii)
iv)
v)

Defines the analytical process
Details the information and datasets that are required
Lists the information and data that already exists and is readily available
Identifies gaps that need to be addressed if a full assessment is to be achieved
Describes the nature and scope of on-going and planned initiatives within the
sector that could provide required data in the next 1-2 year period.

There are two broad methods through which the GHG emissions for an entire sector are
usually calculated – through either a “top-down” or a “bottom-up” approach:
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-

A bottom-up approach is where one starts with basic activity and field data (e.g.
diesel or electricity usage per farm), and using a set of recognised conversion
factors, one calculates the GHG emissions for a particular farm or processing unit.
The annual emissions for each farm or “business unit” are then aggregated for a
particular area or commodity, to provide an estimate of the total emissions for the
sector.
The advantage of a bottom-up approach is that it provides a robust assessment of
GHG emissions for a sector, including a detailed understanding of the nature of
emission sources and how they may vary relative to commodity or area. Such
assessments are therefore particularly useful for the identification of climate change
mitigation opportunities and other response measures.
The disadvantage of this approach is that it is resource intensive. Experience in the
Western Cape has shown that farm-level audits generally need to be supported
through extension services or an existing targeted program (e.g. the CCC project).
A full or at least representative estimate using a bottom-up approach may therefore
be prohibitively expensive and time-consuming, unless one can leverage existing
auditing programs.

-

A top-down approach is a method where one starts with broad national-scale
emission or activity data (e.g. national electricity usage) and then disaggregates to
a sector-, then provincial level and then further. The separation or disaggregation of
data into commodities, areas or emission sources, is based a defendable set of rules
that are informed by previous studies or expert opinion.
It is generally acknowledged that such an approach may not be as accurate as a
bottom-up approach and may not provide the same level of detail and insight, but
it does provide a pragmatic, defendable solution to estimating the GHG emissions
of a sector when financial resources, time or data are limited.

At present, there are entities using both approaches to quantifying the GHG emission
profile of the Western Cape agricultural sector (described further below). However,
both fall short of a full assessment of the sector at this stage. We therefore suggest a
combined approach that leverages all available information and that develops a more
comprehensive and robust assessment over the course of the next 1-2 years.
The primary approach will be bottom-up, with the additional explicit use of top-down
data to calibrate and validate the calculation process and results. Furthermore, there
are a number of parties undertaking detailed life-cycle energy analyses of specific
commodities in particular locations in the Western Cape. Again, the outcomes of these
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assessments will be used to calibrate and validate the bottom-up process and to better
understand the GHG emission profile of particular commodities and associated climate
change mitigation opportunities.

The status quo of available GHG emission data
Approach in brief












The starting point for the analysis was the list of commodities on which the SmartAgri
initiative is focusing. Olives were added to this list for the sake of completeness.
Including olives, the area covered by the analysis is 1 609 000 hectares or 99 % of the
cultivated land in the Western Cape. The remaining 14 990 hectares consists mainly
of vegetable crops and niche fruits (e.g. blueberries).
Data on production and GHG emissions per unit produce or hectare were then
sought for each commodity, with the priority on securing local survey data or
emission factors (Appendix 3, Tables A3.1, A3.2, A3.3, and A3.4).
Most of the spatial extent, yield, production and livestock population data were
sourced from surveys explicitly undertaken in the Western Cape in the last three
years. In certain cases, spatial extent or production data was sourced from national
agricultural statistics (DAFF, 2013).
The majority of adopted emission factors per unit produce or hectare are based on
international case studies. Where locally specific emission factors were not readily
available, a published, peer-reviewed estimate was sought, preferably based on a
meta-analysis of several sites.
Locally specific emission factors were only available for the fruit and wine
commodities that the CCC program has focused on to date (pome fruit, stone fruit,
citrus, grapes and wine - www.climatefruitandwine.co.za).
The boundaries of the scope of analysis were defined at packhouse/ cold store /
winery.

Opportunities to improve emission estimates during the course of the SmartAgri
project
Livestock




The study used a recently developed set of emission factors for livestock in South
Africa. It will be difficult and costly to improve on this set during the course of the
SmartAgri initiative.
However, improvement can be made in understanding the population of each subcategory within each animal type. The calculation of livestock emissions at present is
based on a single population estimate for each animal type and therefore a
generic emission factor is adopted.

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

157
Chapter 6 Overview of energy and greenhouse gas emissions


A better understanding of the sub-categories within each livestock type (Appendix
3, Table A3.3), may significantly improve the accuracy of the assessment. It is
assumed that such data may already exist but not necessarily be readily available
and could be pursued during the course of the extensive stakeholder engagement
over the next 1-2 years.

Grains




Whereas the spatial extent of grain and other field crops is well understood, there is
substantial variation of published emission factors. Several international metaanalyses were reviewed that each reported significantly different emission
estimates. The adopted set of emission factors are based a peer-reviewed analysis,
but there may well be a need to calibrate these estimates substantially for South
African conditions.
From November 2014, the CCC Program will be expanding its scope beyond fruit
and wine, to include the grain crops of the Western Cape. An indicative dataset
may be available by mid-2015 and should be requested to calibrate the emission
factors in Table A3.4.

Fruit and Wine










The CCC program has provided locally specific emission factors for pome fruit, stone
fruit, table grapes and wine. Due to limited time, only the mean estimates of GHG
emissions per unit produce were drawn from annual reporting.
However, the program is willing to share primary data at a minimal data extraction
cost. Access to such data would allow for an estimate of variance and therefore
representivity of the mean value as well as an understanding of how embodied
emissions vary with location and between regions in the Western Cape. Furthermore
it would provide a better understanding of the GHG emission profile of each
commodity and potential climate change mitigation opportunities.
In general, the estimated spatial extent and production numbers are based on
thorough industry reporting and while there may be opportunity to calibrate the
figures during the course of the stakeholder engagement, suggested changes may
not be substantial.
Yet there may well be good opportunity to calibrate the quoted emission factors
based on further bottom-up surveys. As noted, such surveys do cost a significant
amount and therefore it would be prudent to leverage existing auditing or
certification programs.
To date, the CCC program has undertaken exceptional work, compiling a South
African specific farm-level GHG calculator that has reviewed by leading
international GHG auditing bodies and used to sample a good initial set of fruit and
wine business units.
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Over the next year, the CCC program plans to increase its scope to typical grain
commodities in the Western Cape as well as partner with the Sustainability initiative
of South Africa (SIZA) and World Wide Fund for Nature South Africa (WWF-SA) to
create an ecological sustainability reporting standard for South African farms. The
standard will include water, biodiversity, sustainability as well as GHG emission
metrics. Importantly, the intention is for at least all SIZA members to adopt the
standard, comprising over 1000 members or 4500 producers, that would provide a
robust and extensive data set for the principle commodities in the Western Cape
(www.siza.co.za)

Table 6.3: Annual GHG emissions for the Western Cape agricultural sector - see
Appendix 3 for calculations and the source of data and emission factors
Commodity

Hectares

Livestock
Cattle
Ovine - sheep
Caprine - goats
Poultry
Ostrich
Pigs
Sub-total
Grains and field crops
Wheat
Triticale (rye)
Oats
Barley
Canola
Lupine
Small grain grazing
Pasture Grass
Lucerne
Sub-total
Fruit and wine
Pome fruit
Stone fruit
Citrus - hard
Citrus - soft
Grapes - table
Grapes - wine
Sub-total

Annual emissions - W.
Cape
tCO2e per year

% contribution

388 006
178 528
17 247
10 576
1 618
13 253
609 229

10.07
4.63
0.45
0.27
0.04
0.34
15.81

312 476
9 290
4 210
70 238
71 865
38 468
190 325
290 038
398 820
1 385 728

684 323
21 087
7 578
135 559
129 356
46 162
9 516
14 502
19 941
1 068 024

17.76
0.55
0.20
3.52
3.36
1.20
0.25
0.38
0.52
27.71

32 117
18 362
6 594
2 368
12 684
95 000
167 124

1 124 079
223 834
89 105
8 989
198 116
470 750
2 114 872

29.17
5.81
2.31
0.23
5.14
12.22
54.88
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Commodity

Hectares

Annual emissions - W.
Cape

% contribution

Other commodities
Fynbos flowers
Rooibos
Potatoes
Onions
Olives
Sub-total
TOTAL

1 795
35 798
9 800
3 200
6 164
56 757
1 609 610

40 698
18 544
2 281
61 523
3 853 648

1.06
0.48
0.06
1.60
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7. Overview of the natural resource base

Key messages


Certain components of the natural resource base and ecosystem
functioning are currently in a precarious state in some areas: water supply
and quality, fire risk, alien invasive plant infestations, and loss of biodiversity.
All are expected to become worse under climate change, but current
initiatives to deal with these problems exist and can be stepped up.



Soils are in many places limiting to productive agriculture and arable land is
intensively utilised, with some areas threatened by alien invasive plants and
urbanisation. Shifting of agricultural land uses to other areas, as a climate
change response, will not be easy. Agricultural intensification is needed to
grow the sector on its existing footprint.



Water resources are already stressed in much of the Western Cape with low
level of assurance for agricultural use. Climate change is likely to increase
this stress through increasing demand, increasing evapotranspiration, and
more variable rainfall. Due to the rainfall seasonality, agriculture is
dependent on irrigation water and storage capacity is essential. Water
quality is a major risk which could worsen, impacting high value export
crops. Water conservation and water demand management (WC/WDM)
should be implemented to improve irrigation efficiencies, wherever gains
can be made.



The Western Cape contains ecosystems with exceptional biodiversity.
Ecosystem services to agriculture may come under threat from climate
change. Future up-slope shifts in agricultural climatic potential will come up
against restrictions imposed by conservation objectives. Riparian zones and
wetlands have particularly important linkages with farmland management
for resilience to climate variability and extremes.



The province can draw on its very strong research and knowledge base on
natural resources to devise strategies and develop skills which strengthen the
linkages with agriculture and its productive potential into the future.



Recent initiatives to launch projects which meet the needs of Ecosystembased Adaptation (EbA), the establishment of Biodiversity Corridors, and
Partnerships present a platform for further advances and if successful can be
scaled up, thus providing benefits to agriculture in the long term.
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Healthy ecosystems connected to working landscapes form the ecological
infrastructure of a region and are the foundation for clean air and water, fertile soil and
food (DEA, 2013d). Well-functioning ecosystems provide an immensely valuable role in
buffering human society from the worst effects of climate variability and climate
change, provide opportunities for adaptation, and provide strong sinks for the
sequestration of carbon dioxide. These benefits are highly valid for farmed landscapes.

7.1

The Food-Energy-Water-Land-Biodiversity (FEWLB) Nexus

Food-Energy-Water Nexus thinking is developing internationally and in South Africa in an
attempt to understand and deal with the interdependencies which exist within
complex natural and human systems (Hoff, 2011; Midgley and New, 2014; Carter and
Gulati, 2014; von Bormann and Gulati, 2014). This is becoming important as increasing
demands on shared and scarce resources lead to resource constraints which then
become a limitation to economic development. Food, energy, water, land and
ecological systems are tightly interconnected – actions in one area impact on other
areas. We need an integrated consideration within this ‘stress nexus’ for decision
making which optimises and preserves resources for the future in a way that takes into
account human and environmental needs. This also requires a focus on the future and
additional resource constraints (e.g. water) and needs (e.g. energy) resulting from
climate change.
Some catchments of the Western Cape, such as the Berg River Catchment (BRC),
provide examples of an economically important regional system under high resource
extractive pressure at the nexus of water quantity and quality, food production and
energy supply, within the wider context of a rich biodiversity and intensive land use
(Midgley and New, 2014). Pollution in the BRC and other catchments is a cause of great
concern to communities, farmers and industries in the various municipalities of the
Western Cape. In addition, there is increasing concern that the water will not be
adequate in future to service the entire region and that economic development will be
constrained by water availability unless the management of the resource is changed
significantly. This is complicated by the high demand on water resources by growing
cities (notably Cape Town) and towns. Water must also be allocated to the ‘ecological
reserve’, representing the water required to protect the aquatic ecosystems.
A Food-Energy-Water-Land-Biodiversity (FEWLB) Nexus Framework was developed for
the BRC (Figure 7.1), but is applicable to any catchment within the province. It draws
on a nexus framework developed by the Stockholm Environment Institute, centred on
food, energy and environment but connected centrally to available land and water
resources. It conceptualizes land and water as critical resources used in energy, food
and environmental systems. It allows for more explicit identification and analysis of the
direct and indirect (via land and water) linkages between the three systems and gives
environment an important and equal role to food and energy.
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This framework is suited to developmental contexts where land issues are as important
as water issues and the nexus is thus able to capture problems of land use change. It is
also relevant to situations where economic development in biodiverse or vulnerable
ecosystems can lead to significant habitat losses and pollution. This was deemed to be
highly relevant for the BRC since land use change and the resulting loss of biodiversity
and environmental integrity are as pertinent as challenges related to the quantity and
quality of water. This framework was thus adapted and the term FEW Nexus broadened
to include Land and Biodiversity (FEWLB Nexus). The broader framework in which the
FEWLB Nexus Framework is embedded reflects the national (South Africa) and
provincial (Western Cape) development context and key drivers of change (Figure 7.1).

Figure 7.1: Diagrammatic representation of the broader FEWLB Nexus Framework for the
Western Cape Provincial context. Source: Midgley and New (2014)
Next, the ‘System’ Framework in the centre of Figure 7.1 was analysed in more detail
and the possible inter-linkages identified (Figure 7.2). The central FEWLB system is also
linked to industry/commerce and human settlements and infrastructure, since these
sectors compete directly for FEWLB resources and play a key role in decision making
around resource allocation for social and economic development.
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Figure 7.2: Diagrammatic representation of the interlinkages between Food, Energy,
Water, Land and Biodiversity. Source: Midgley and New (2014)
Energy use is the most important source of greenhouse gas (GHG) emissions which are
resulting in global climate change. Over time, this component of the Nexus will thus
have significant impacts on the whole ‘system’, through changes in hydrological and
nutrient cycles and seasonalities, and increasing frequencies and intensities of extreme
climate events. In this context, GHG emissions from land use and agriculture will result in
feedbacks, which are likely to exacerbate resource constraints and the stress nexus.
The following examples of interlinkages between nexus components were developed
for the BRC and serve to illustrate some of the connections between agriculture and
the system as a whole.
Water for agriculture and food:
•
•
•

Irrigation is used for wine and table grapes (89 %), fruit orchards (7 %) and pastures,
fodder and vegetables (4 %);
Irrigated crop production uses 50 – 60 % of the allocated water supply in the BRC
part of the Western Cape Water Supply System, and 36 % in the whole WCWSS;
Around 50 % of the irrigation requirement in the Berg WMA lies outside of the WCWSS
system (farm dams and run of river);
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•
•

•

Agricultural water use growth has been capped at 2 % per annum;
Water use of crops ranges from 8000-10000 m3/ha/annum (deciduous and citrus
fruit, wine grapes), 7100 m3/ha/annum (potatoes), 3600 m3/ha/annum (fynbos
flowers), to 3000 m3/ha/annum (vegetables);
Water quality decreases in a downstream direction, with fairly good water quality in
the headwaters of most of the rivers, but pollution where the rivers pass through
urban settlements and areas of intensive agriculture.

Energy for agriculture and food:

•

•
•
•
•

Farms receive electricity directly from Eskom through the national grid, with a small
additional contribution from renewable sources (mainly solar PV); diesel makes up
most of the balance of on-farm energy use;
‘Embedded energy’ is found in agro-chemicals and packaging and these inputs
are sensitive to energy pricing;
Post-harvest processes (cold chain, processing, packaging) are energy-intensive;
Agriculture uses 2 % of energy (all sources) (Western Cape Province), 1 % (West
Coast District Municipality), 9 % (Cape Winelands District Municipality);
Agriculture uses 2.2 % of electricity supplied directly by Eskom (nationally), 6 %
(Western Cape Province), 10 % (West Coast District Municipality), 23 % (Cape
Winelands District Municipality);
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•

•

Energy use is concentrated at earlier stages of the value chain (on-farm) but cold
storage of fruit and dairy processing shows significantly higher energy use at later
stages in the value chain;
Household expenditure for energy (mainly electricity) for cooking is roughly
equivalent to the cost of energy to produce the raw food.

Agriculture and food waste for energy:

•

•
•

There are two commercial biogas projects on farms in the Berg WMA, one based on
cow dung (dairy) (3 MW capacity) and the other on mainly chicken manure since
the volume of grape pommace is too low (winery);
Chicken manure has twice the biogas production potential of cow manure;
One tonne of grape pommace can produce approximately 828 kWh of renewable
electricity.

Biodiversity for agriculture and food security:

•
•

The fynbos flower industry is vitally dependent on the genetic richness of the fynbos
flora;
Integrated Pest Management (IPM) used by many BRC farmers seeks to work with
natural predators to control agricultural pests;
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•
•

The Cape Honeybee is a critical pollinator of deciduous fruit and vegetable crops
and is dependent on fynbos as forage in the off-season;
The Biodiversity and Wine Initiative (BWI) has facilitated the conservation of 130 000
ha of natural vegetation; for every hectare placed under vineyard, an additional
hectare of natural vegetation is committed to conservation.

Land:

•
•

•

•
•
•
•

The BRC comprises 24 % urbanized areas, 60 % agricultural areas, 1 % forestry areas,
and only 2 % of the catchment area remains natural;
Between 1986/7 and 2007 there was an expansion of artificial bare areas (25 %) and
urban vegetated areas around urban centres (202 %) – this represents accelerated
urban expansion and golf course developments; this pressure is expected to
continue in future;
Land use changes have resulted in the loss of and increasingly threatened state of
lowland biodiversity, especially Renosterveld which is now restricted to 5 % of its
original area;
Large tracts of land (13 % of catchment area) are heavily infested with alien
invasive plants;
Land use changes from natural vegetation to agriculture, on some shales in the midcatchment, has resulted in salinisation of the soil;
Land requirements for wind farms of 60-90 MW capacity are around 2200 – 2800 ha;
Conservation Agriculture is being increasingly adopted by Swartland grain farmers.
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7.2

Land and soil

7.2.1 Soils
The Western Cape has a highly diverse geology and topography giving rise to complex
soil patterns and varied landscapes with different production potentials. The prominent
mountains of the Cape Fold Belt dissect the interior semi-arid and arid plains from sandy
coastal lowland plains, both in a north-south-trending and a west-east-trending
orientation, meeting in the south-western Cape Winelands region.
Most of the Western Cape’s rock types comprise sedimentary rock, such as sandstone,
limestone and shale, which was formed from material that has over years been laid
down by wind and water erosion. The mountains from Paarl to Piketberg were formed
from lava or volcanic activity and comprise igneous rock, such as granite, basalt and
andesite. The Cape Folded Mountains are metamorphic rocks that were already
formed due to either lava activity or sedimentation and reformed under extreme heat
and pressure. Geology has a major influence on soil types and thus on agricultural
potential.
The Broad Soil Classification for the Western Cape is shown in Map 7.1 and described in
Fey (2010). The highly leached sandstone substrates of the Cape Fold Belt and
adjacent sand plains are nutrient-poor, whereas the more clay-rich shale-derived
substrates in the western inland plains are more fertile. Soils are predominantly shallow,
but deeper soils occur on the relatively small old land surface remnants and on the
sandy coastal plains. The fertility of soils found in the Central Karoo and Namaqualand is
variable, but these areas are not arable due to the harsh climate.
The last National Land Capability Map developed by the ARC is currently undergoing
extensive revision, in line with new legislation. This map was poor at capturing the
productive potential of land in parts of the Western Cape, where apparently poor soils
and rocky or steep terrain can sometimes yield a very high value product e.g.
"boutique" vineyards (WCG: EADP, 2013a). Some of the best wheat growing areas of
the province, in the Rûens area (Overberg) are located on very shallow, stony soils, and
are not identified by the current land capability map.
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Map 7.1: Soil types of the Western Cape. Source: www.elsenburg.com/gis/

In the context of climate change and extreme weather, soil erodibility is an important
factor in determining impacts on agricultural land. Map 7.2 shows that the sandy
coastal plains of the Western Cape are highly prone to erosion, particularly when they
have lost their natural vegetation cover.
The Western Cape has the second lowest provincial soil degradation index in South
Africa (Hoffman and Ashwell, 2001). Soil degradation is insignificant in most agricultural
lands, but affects some commercial grazing areas in the Little Karoo and around Van
Rhynsdorp (Map 7.3). Sheet erosion is the most common form of soil degradation, with
some rill and gully erosion in the southern Cape (Hoffman and Ashwell, 2001).
Salinisation affects some croplands in the north-east and some of the marine shalederived soils of the Swartland.
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Map 7.2: Soil erosion susceptibility of South Africa. Legend: Light green – very low; dark
green – low; yellow – moderate; pink – high; red – very high. Source:
www.agis.agric.za/agisweb/soils

Map 7.3: Total Soil Degradation Index (SDI) for the 42 magisterial districts of the Western
Cape. The SDI incorporates the severity and rate of soil degradation for all land use
types, adjusted for the % area of each land use type in the magisterial district. Source:
Hoffman and Ashwell, 2001.

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

170
Chapter 7 Overview of the natural resource base
A study by Mararakanye and le Roux (2011) mapped out gully erosion at a national
scale with a high level of accuracy (Map 7.4). It identified 25 403 ha of erosion gullies in
the Western Cape. The map identifies catchments in the eastern and western Little
Karoo and the Knersvlakte/northern Cederberg as suffering from moderate gully erosion
(1.1 - 4.0 %) with the remaining land area in the Western Cape having lower levels of
erosion.

Map 7.4: Degraded land by gully erosion per quaternary catchment in South Africa.
Source: Mararakanye and le Roux (2011)

7.2.2 Agricultural and other land use in the Western Cape
Observed indigenous landscapes and agriculture are determined by the biophysical
template as well as their evolutionary and land-use history. As noted in Chapter 4, the
Mediterranean-type climate of the Western Cape is characterised by its uniqueness in
the region as well as considerable heterogeneity in rainfall, temperature and
seasonality. Such variation in climate together with the edaphic template describe, has
given rise to exceptional biological diversity to the extent that the Cape Floral Region is
recognised as a global biodiversity ‘hotspot’ (Myers et al., 2000) and a World Heritage
Site by the United Nations Educational, Scientific and Cultural Organization (UNESCO).
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In terms of the indigenous template, fynbos (sclerophyllus scrub vegetation)
predominates the western and southern coastal plains as well as the Cape Peninsula
and mountain belts that separate coastal plains from the more arid Nama Karoo biome
of the interior (Map 7.5). Substantial areas of indigenous forest occur in the Outeniqua
Mountains and adjacent coastal area (the ‘Garden Route’) and in several locations in
the mountain belts, particularly in the 'fire shadows' on steep south facing slopes and
incised ravines (Geldenhuys, 1994).
Urban and peri-urban areas within the province are limited to the Cape Town
Metropolitan Area, smaller rural centres that support farming communities (e.g.
Worcester, Piketberg) and small coastal towns.

Map 7.5: The distribution of the principal land-use types in the Western Cape in 2010.
Source: GTI (2013)
The heterogeneous climatic and edaphic template has in a similar manner led to a
wide variety of agricultural commodities being produced across the province (Map 7.6,
Table 7.1). Wheat, barley, canola and other field crops are the most extensive
commodities, covering over 1.3 million hectares, primarily in the Swartland and Rûens
areas (see Appendix 3 for commodity maps). Fruit and wine farms cover a far smaller
area but one that is still significant (approximately 160 000 ha). It should be noted that,
while significant areas of the Nama Karoo are listed as 'indigenous', these areas are
often working livestock farms with substantial sheep and goat populations.
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Map 7.6: The distribution of the principal agricultural crops grown in Western Cape. Source: WCG: Agriculture

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

173
Chapter 7 Overview of the natural resource base
Table 7.1: The sum of all commodities listed below is 1 609 610 ha out of total of 1 731
934 ha of land identified as ‘cultivated’ in Western Cape. The remaining 122 325 ha
(8 %) of cultivated land is comprised mainly of vegetable and lower production fruit
crops. Extracted from source: Western Cape Department of Agriculture
Grains and field crops

Fruit and wine

Other commodities

Commodity

Hectares

Commodity

Hectares

Commodity

Hectares

Wheat

312 476

Pome fruit

32 117

Fynbos flowers

1 795

Triticale (rye)

9 290

Stone fruit

18 362

Rooibos

35 798

Oats

4 210

Citrus – hard

6 594

Potatoes

9 800

Barley

70 238

Citrus – soft

2 368

Onions

3 200

Canola

71 865

Grapes – table

12 684

Olives

6 164

Lupine

38 468

Grapes – wine

95 000

Small grain grazing

190 325

Pasture Grass

290 038

Lucerne

398 820

Sub-total

1 385 728

Sub-total

167 124

Sub-total

56 757

7.2.3 Land-based carbon stocks and emissions
In this section, we consider the carbon stocks and fluxes associated with indigenous
landscapes in the Western Cape, which often make up a considerable portion of
farming land. The GHG emissions generated through the production of fruit, wine and
field crops were considered in Chapter 6.
The terrestrial carbon stock and emission estimates presented here are essentially the
Western Cape portion of the results of the National Carbon Sink Assessment. The
national assessment that was completed in March 2014 took a progressive ‘continuousvariable’ approach to modelling and mapping both stocks and fluxes across the
country and is the best estimate of terrestrial carbon stocks currently available. For a full
description of the modelling process, input- and validation- data sets please see
Section 1 of the National Carbon Sink Assessment (Scholes et al., 2013).
The distribution of terrestrial carbon stocks across the province is illustrated in Map 7.7ac. Here the carbon sequestrated in the woody- and herbaceous- biomass pools are
illustrated as well as the soil organic carbon to a depth of 1 meter. Biomass and soil
organic matter is approximately half carbon (47 %) and therefore the determinants of
terrestrial carbon stocks and fluxes are principally those that determine plant growth
(rainfall, temperature, soil nutrients) and factors that control fire and the turnover of litter
and soil organic carbon (temperature, moisture, soil type, leaf lignin).
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Whereas we encourage the reader to review the full national assessment in detail, here
we highlight three particular points that important to considering carbon stocks and
fluxes in the Western Cape.
First, due to the substantial variability in climatic and edaphic conditions across the
province, there is similar observed variation in terrestrial carbon stocks ranging from
coastal and montane forests with biomass carbon stocks of over 70 tC/ha to the
Grassland and Karoo ecosystems with less than 5 tC/ha (Map 7.7a,b; Table 7.2). This
variability is also reflected in the annual carbon flux estimates (Map 7.7; Table 7.2).
Second, when considering which biomes are important in terms of carbon
sequestration, both the stock per unit area as well as the spatial extent of the particular
biome needs to be considered. For example, although the forest biome may have high
carbon stocks per hectare, it only extends over 49 983 ha in the Western Cape, whereas
fynbos occurs over an area of 6.7 million hectares.
(To better understand the relative importance of each biome, a logical next step would
be to multiply the average carbon stock per hectare by spatial extent to obtain an
estimate of the total carbon stock in each biome. The carbon stock per hectare
estimates in Table 7.2 are, however, based on the national average for each biome at
this point. Western Cape specific data has been requested and will available in the
next stage of the SmartAgri project).
Third, we must consider the magnitude and importance of soil carbon stocks relative to
woody and herbaceous biomass pools. As illustrated in Map 7.7a-c, the soil organic
carbon pool is typically about an order of magnitude larger than the woody biomass
pool for the majority of biomes. In a similar manner, the woody biomass pool is
approximately an order of magnitude larger than the herbaceous carbon pool, which
is significantly larger than the litter layer's carbon pool. At a national scale, over 90 % of
the country's terrestrial carbon stock is in the soil carbon pool. From a terrestrial carbon
management point of view, it would therefore make sense to prioritise the restoration
and long-term management of soil carbon, especially in agricultural landscapes where
soil degradation and erosion may be accelerated.
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Map 7.7: Components of the terrestrial carbon stock of the Western Cape: (a) the above- and below-ground woodyplant biomass pool, (b) above- and below-ground herbaceous biomass pool and (c) soil organic carbon to 1 m in depth.
Units are in all cases gC/m2. Source: Scholes et al. (2013)
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Table 7.2: An initial summary of terrestrial carbon stocks in indigenous vegetation types
in the Western Cape. The reported carbon stock estimates should be seen as
‘indicative’ as they are derived from the average carbon stock per hectare for a
particular biome at a national scale – not only for the Western Cape. The aim is to
obtain Western Cape specific data during the course of the SmartAgri project. The
initial data was derived from the first section of the National Carbon Sink Assessment
(Scholes et al. 2013).
Biome

Hectares

Mean carbon stock per hectare (tC/ha)*

Forest

49 983

Soil Organic**
110.6

Biomass***
71.9

Total
182.4

Fynbos
Grassland
Karoo
Thicket
Total

6 735 000
12 650
5 974 520
171 775
12 943 927

56.6
101.5
17.0
77.4

11.2
5.3
0.7
23.7

67.8
106.8
17.7
101.1

*To convert from gC/m2 (Map 7.7 above) to tC/ha, divide by 100
*Soil organic carbon to a depth of 1m - derived from the AfSIS dataset
** Sum of woody, herbaceous and litter carbon pools - both -above and -below ground

Map 7.8: Distribution of Gross Primary Productivity (GPP) in terrestrial ecosystems in the
Western Cape. GPP is the carbon which is taken out of the atmosphere into plant
biomass through the process of photosynthesis. Source: Scholes et al. (2013)
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Table 7.3: Gross Primary Productivity (GPP) of terrestrial ecosystems in the Western Cape
(data derived from the National Carbon Sink Assessment, Scholes et al. 2013). GPP is
about twice the Net Primary Production, which is the portion retained as biomass
growth after the plant has respired. In a similar manner to the terrestrial carbon stock
estimates, the reported GPP should be seen as ‘indicative’ as it is derived from the
average per hectare for a particular biome at a national scale – not only for the
Western Cape. The intention is to obtain Western Cape specific data during the course
of the SmartAgri project.
Biome

Hectares

GPP per ha
tC/ha.yr

Forest
Fynbos
Grassland
Karoo
Thicket

49 983
6 735 000
12 650
5 974 520
171 775

9.8
1.4
6.5
0.4
3.8

7.2.4 Trends and projections
To understand land-use trends over the past 10 years and over the future 10-15 years,
we have obtained data from a national analysis undertaken by GeoTerraImage (Map
7.9; GTI, 2013). The 2000 and 2010 maps are based on a classification of remote sensing
data for those periods in time, whereas the modelled ‘2020’ map is not linked to that
specific year, but is rather an interpretation of a likely scenario in 10-15 years’ time. The
initial report includes a detailed description of the methodology (GTI, 2013). Briefly, an
extensive set of land-cover restrictor and driver data was obtained from 19 South
African institutions whose activities may result in land-cover change (e.g. the
Department of Environmental Affairs, the Department of Rural Development and Land
Reform, and the Department of Agriculture, Forestry and Fisheries). This data and further
information on the probability of implementation were then used to conservatively
model potential land cover change over the next 10-15 year period.

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

178
Chapter 7 Overview of the natural resource base

Map 7.9: An illustration of the change in distribution of principal land-use types in the Western Cape over the period 20002010 and how it is predicted to change over the period 2010-2020. Source: Section 1.4 of the South African National
Carbon Sink Assessment, GTI (2013)
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Key observations:
 The predominant change from 2000 to 2010 and especially in the predicted period
2010 – 2020 is the change of large areas of intact fynbos and indigenous vegetation
in the Nama Karoo into more open degraded ‘bareground’ state. This change is not
a change in vegetation type but rather an increase in the area of degraded land
within each vegetation type.
 There is no significant change in the area under cultivation, be it cropland or
orchards. Following the rapid expansion of agricultural land in the 1960's and 70's,
the total area of cultivated land has remained relatively constant since the 1970's.
Whereas there may be annual fluctuations in planted area, there has been little
significant change in the total cultivated area over the past 10 years and
associated conversion of indigenous landscapes.
 There is a substantial increase in the extent of urban and peri-urban land,
particularly in the area adjacent to the Cape Town Metropolitan Area. The
expansion has led to the conversion of previously cultivated and indigenous
landscapes.

7.2.5 Climate change impact channels
Temperature and precipitation are two of the principle drivers of plant growth and the
turnover of litter and soil organic material. As noted in Chapter 4, these two climatic
variables are likely to change in the medium- to long-term, which may result in a
change in observed carbon stocks and fluxes.
In general, predicted warming and drying is certain areas may lead to a decrease in
net primary productivity and an associated decrease in above- and below-ground
carbon stocks. Protracted warm and dry periods may in addition lead to increases in
the frequency and intensity of fire.
However, identifying a universal 'rule' for the Western Cape (e.g. carbon stocks will
decrease by 10 % over the next 20 years) is difficult due to the sheer heterogeneity of
changes in climate across the province, topography, as well as variability in response
and resilience between species.

7.3

Water resources and agricultural water use

While there is still some uncertainty about the specific impacts of climate change on
the water resources of South Africa and the Western Cape, the emerging themes from
a number of studies are that climate change is likely to result in a reduction in the
surface water availability in the province, potential shifts in the seasonality of rainfall
and runoff and an increase in the magnitude of flood events (and possibly an
increased in the frequency of these events). Increasing temperatures, for which there is
much greater certainty, will lead to:
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greater transpiration from natural and farmed landscapes, leading to drier soils
and reduced streamflow;
increased irrigation demand;
increased evaporation from reservoirs, lakes and streams; and
increased impacts of invasive alien plants and forestry which are considered
streamflow reduction activities.

While further research is required to improve on the understanding of potential impacts,
there is already sufficient information for considering the implementation of various
mitigation and adaptation options. Many of these initiatives, for example improved
water conservation and demand management and improved monitoring, are
consistent with good water resources management practice and represent a noregrets strategy.
This section provides a brief overview of the water resources situation in the Western
Cape, a summary of recent studies on potential impacts and a preliminary assessment
of critical climate change risks and adaptation options for agriculture in the province.

7.3.1 Water management
Administration: Water Management Areas
During the implementation of the National Water Act (No.36 of 1998), South Africa was
divided into nineteen water management areas (WMA) to support the management of
water resources in the country (DWA, 2004). Following the second National Water
Resources Strategy (NWRS2, DWA, 2013a) a number of the WMAs have been merged
resulting in a total of nine WMAs across the country (Map 7.11). The WMAs can be
further grouped into six hydroclimatic zones as shown in Map 7.10 that have been used
to assess the regional differences in the potential impacts of climate change (DWA,
2013).
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Map 7.10: Original and future water management areas and general hydroclimatic
zones for South Africa. Source: DWA, 2013a.
The original WMAs of the Western Cape include the Olifants Doorn (WMA 17), the Berg
(WMA19), the Breede (WMA18) and the Gouritz (WMA16). These have now been
merged into the Berg-Olifants (9) and the Breed Gouritz (8) WMAs. The original WMAs
are generally consistent with primary catchments E, H, G, J and K. Each primary
catchment is further subdivided into a number of secondary, tertiary, quaternary and
even quinary catchments to assist in management. Although different, the general
hydroclimate conditions of the four Western Cape WMA are generally similar, and
have therefore been grouped together as Zone 6, the winter rainfall region (Map 7.10)
as defined for the DWS climate change strategy (DWA, 2012, 2014) and the LTAS (DEA,
2013c).

Catchment Management Agencies
One of the primary objectives of the NWA is the decentralisation of water resources
management to regional level through the establishment of Catchment Management
Agencies (CMAs) responsible for the management of water in each of the WMAs. Only
one CMA has been established in the Western Cape so far, and that is the BreedeOverberg CMA (BOCMA). This took place in 2005 and it was the second CMA to be
established in the country. The other CMA established in the country so far is the
Inkomati CMA.
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Both the Gouritz and Olifants/Doorn CMAs have been gazetted but the boards have
not been appointed. The Berg CMA was in the process of finalising the sectors to be
included in the board when the process of CMA establishment was halted by the DWA
National Office. The further establishment of CMAs has been delayed due to the Water
Management Institutions Alignment project being undertaken by the Department. As
mentioned above the current proposal is to only establish 9 rather than 19 CMAs. This
will entail the merging of the Gouritz and Breede WMAs and the Olifants-Doorn and
Berg WMAs, so that there will be only two CMA’s in the Western Cape.
Once established, the CMAs must progressively develop a Catchment Management
Strategy (CMS). The CMS must:







Include a water allocation plan;
Set principles for allocating water to existing and prospective users;
Take into account all matters in terms of the protection, use, development,
conservation, management and control of water resources;
Be in harmony with the national water resources strategy;
Must consult all stakeholders within its water management area; and
Be reviewed every five years.

Only the Breede-Overberg CMA has developed a CMS within the Western Cape. The
Breede-Overberg CMS outlines the vision, strategic goals and guiding principles for the
catchment as well as identifying three strategic areas, strategic measures, objectives
and actions. The three strategic areas identified in the CMS are:





Protecting our rivers, groundwater, wetlands and estuaries in a healthy and
functioning state for nature, people and the economy.
Sharing our available water equitably and efficiently to maintain existing activities,
support new development and ensure redress, while adapting to a changing climate
and world.
Cooperating to jointly nurture, take responsibility and comply, so that our water
resources are well managed, under the leadership of a strong Breede-Overberg
CMA.

Each strategic area is divided into supporting measures, summarised in Figure 7.3.
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Strategic Areas and Measures of CMS

Sharing

Protecting







Preliminary water resource management class
Environmental flow requirements
Water quality management
Groundwater protection
Natural asset conservation
Catchment and land use management








Water resource assessment
Water conservation and demand management
Water supply availability augmentation
Water allocation reform
Water allocation
Climate change resilience

Cooperating







Institutional arrangements and strategic partnerships
Stakeholder engagement and communication
Water use compliance (control & enforcement)
Financial and economic instruments
Monitoring and information
Climate, adaptation disaster risk management

Figure 7.3: Strategic areas and measures of the Breede-Overberg CMS. Source: BOCMA
(2011).

Water User Associations
The NWA also requires the establishment of Water User Associations (WUA) to assist with
the management of water resources at a more local level below the level of the CMA.
According to Schedule 5 of the NWA, The principal functions to be performed by a WUA
in its area of operation are:








To prevent water from any water resource being wasted;
To protect water resources;
To prevent any unlawful water use;
To remove or arrange to remove any obstruction unlawfully placed in a
watercourse;
To prevent any unlawful act likely to reduce the quality of water in any water
resource;
To exercise general supervision over water resources;
To regulate the flow of any watercourse by –
 Clearing its channel;
 Reducing the risk of damage to the land in the event of floods;
 Changing a watercourse back to its previous course where it has been
altered through natural causes;
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To investigate and record –
 The quantity of water at different levels of flow in a water course;
 The times when; and
 The places where water may be used by any person entitled to use water
from a water resource;
To construct, purchase or otherwise acquire, control, operate and maintain
waterworks considered to be necessary for –
 Draining land; and
 Supplying water to land for irrigation or other purposes;
To supervise and regulate the distribution and use of water from a water resource
according to the relevant water use entitlements, by erecting and maintaining
devices for –
 Measuring and dividing; or
 Controlling the diversion of the flow of water.

Key benefits of WUAs to water resources management include

The self-regulation of water use activities, which reduces the need for control of
water use by the Department. This has significant implications for cost savings.

The monitoring of water resources status and use on site. This also has implications
for cost savings to the Department.

Management of water use and conflicts between users during periods of
shortage in a fair and equitable way through water management plans.

Resource protection, pollution prevention and conservation. This directly
supports the goals of sustainable resource development of the Department, and
has the added advantage that potential problems can be prevented before
they occur thus saving considerable time and cost to the Department in terms
of clean-up and other emergency measures.

Possibly most important of all, the WUA provides a mechanism whereby people
who use the resource can be directly involved with the management of the
resource and can be able to take decisions that affect their own lives. This is in
line with the Constitutional principles of devolution of powers and functions to
people and in a more simplistic manner, it allows for people to build capacity in
water management and ensuring democratisation of water management on
local level.
To date DWS has established 38 WUAs in the Western Cape, which includes transformed
Irrigation Boards and newly established WUAs (where a request was made to the
Department to establish a WUA in a particular area) (Table 7.4). However, there are still
many Irrigation Boards that must be transformed to WUAs, of which 15 are located in the
Berg WMA, 30 in the Breede CMA, 18 in the Gouritz WMA and none in the Olifants/Doorn
WMA. There has been very slow progress in the transformation of Irrigation Boards into
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WUAs. This is apparently due to the water management institutions alignment project. This
must be expedited to ensure active involvement of all water users in the operation areas
of WUAs to promote the democratisation of water resource management.
Table 7.4: Registered Water User Associations and Irrigation Boards in the Western Cape.
Source: IWRM Action Plan (WCG: EADP, 2011)
Irrigation Board (IB)

Water User Association (WUA)

Agterkliphoogte IB

Agterkliphoogte

Breede River Water Conservation
Board,
Angora IB,
Le Chasseur & Goree IB,
Robertson IB

Central Breede River

Hoop River IB

Hoops River

Keurfloof IB

Keurkloof

Klaasvoogds IB

Klaasvoogds

Konings River IB

Konings River

Vredendal IB

Lower Olifants River

Marthinusvlei IB

Marthinusvlei

Noree IB

Noree
Rondebosch River

Uitnood IB

Uitnood

Vrolikheid IB

Vrolikheid

Willemnels River IB

Willemnels River

Worcester East Major IB,
Hex River IB,
Nuy River IB,
Overhex IB,
Nonna IB,
Aan de Doorns IB,
Nooitgedacht IB

Worcester East

Clanwilliam IB

Clanwilliam

Jan Fourieskraal IB

Jan Fourieskraal

Stellenbosch IB,
Lower Eerste River IB,
Helderberg IB

Wynland

Zanddrift IB

Zanddrift
Vanrhynsdorp (N)

Stompdrift-Kamanassie IB

Stompdrift-Kamanassie

Citrusdal IB

Citrusdal
Spruit River (N)

Vanwyksdorp IB

Vanwyksdorp
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Irrigation Board (IB)

Water User Association (WUA)

Groenland IB

Groenland (T)
Houdenbeks River (N)

Zonderend IB

Zonderend (T)

Kruisrivier IB

Maalgate

Groothek IB,
Matroosberg IB,
Bovenstewater IB,
Hexvallei IB,
Drie Riviere IB

Hexvallei

Langeberg IB

Kabous River
Northern Sandveld
Krom Antonies River

Kleinbergrivier IB

Tulbagh

Dwarsrivier IB

Wolseley
Onrus

Duivenhoksrivier IB

Duivenhoks

Kweekvallei IB

Kweekvallei

Oukloof IB

Oukloof

Irrigation Boards still to be transformed or WUA in process of establishment
Leeu Gamka
Elandskloof WUA
Buffelsrivier WUA
Korente-Vetterrivier
Buffelsvlei,
Gamka IB,
Calitzdorp IB

Calitzdorp WUA

Brand River WUA
Koue Bokkeveld WUA
Grootbosberg IB

Bo-Goukou WUA

Holsloot WUA

7.3.2 Surface water resources
The main catchments, rivers and dams of the Western Cape are shown in Map 7.11.
The rivers of the Western Cape generally have a highly seasonal flow pattern
characterised by dry summers and wet winters. The mean annual precipitation (MAP)
for these catchments ranges from less than 100 mm along the dry west coast up to over
2 000 mm in the mountains (Map 7.12). The mean annual evaporation (MAE) also
ranges from 1 400 mm to 2 350 mm. As with the rest of South Africa, the runoff
coefficient for these catchments (i.e. the percentage of rainfall that is converted to
runoff) is relatively low (average = 0.14) with an average mean annual runoff (MAR) of
98 mm.
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Map 7.11: Surface water resources and secondary catchments of the Western Cape.
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Map 7.12: Mean Annual Runoff (MAR) of the Western Cape
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Table 7.5 presents some key hydrological figures for each SmartAgri agro-climatic zone.
Table 7.5: Mean Annual Precipitation (MAP), Mean Annual Evaporation (MAE), Mean
Annual Runoff (MAR), Water Authorisation and Registration Management (WARM) and
dam storage capacity for 2005 for each SmartAgri agro-climatic zone
Agro-climatic zone

MAP
(WR2005)
(mm)

MAE
(WR2005)
(mm)

MAR
(WR2005)
(mm)

MAR
(WR2005)
(Mm3/a)

Registered
Allocation
(WARMS)
(m3)

Storage
Capacity
(DSO)
(Mm3)

Bokkeveld

553

1675

153

892

245

169.66

Bo-LangkloofOuteniqua

627

1528

98

297

69

10.50

Breede

496

1546

87

373

403

513.34

Cape Town –
Winelands

722

1422

188

484

154

163.55

Cederberg

317

1722

61

385

107

5.04

1098

1487

535

1485

182

885.34

GrootBrak-Plett

804

1448

184

413

64

20.44

Hardeveld/Sandveldnorth

170

1727

9

65

70

6.69

Hex

567

1667

72

10

12

7.79

Knersvlakte

146

1904

5

35

70

0.24

Koup

175

2221

3

70

20

71.39

Little-Karoo

377

1833

32

291

128

115.79

Montagu-Barrydale

384

1589

46

114

74

24.29

MosselBayHerbertsdale

470

1392

49

87

32

38.06

Nelspoort

242

1861

10

120

9

21.77

Olifants irrigation

376

1672

109

64

27

140.23

Piketberg

341

1544

16

7

7

5.61

Rooikaroo-Aurora

377

1581

27

47

34

26.13

Rûens-east

444

1410

48

373

86

26.18

Rûens-west

511

1427

57

313

85

22.82

Sandveld-south

264

1439

11

47

26

0.34

Swartland

429

1532

35

168

58

188.55

Tankwa-vanWyksdorp

260

1804

17

265

74

85.49

Grabouw - Villiersdorp
- Franschhoek
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Wetlands
Wetlands play a vital role in human health and well-being and ecosystem services, yet
out of more than 114 000 wetlands that have been mapped countrywide, many are
either damaged or destroyed due to human impact. There are 66 616 wetlands
identified under the National Freshwater Ecosystem Priority Areas (NFEPA) assessment in
the Western Cape representing a total surface area of 314 062 ha (Table 7.6). The vast
majority of these (74 %) are small (i.e. < 1 ha).
Table 7.6: Wetland areas in the Western Cape as registered in the NFEPA and Working
for Wetlands (WfWe) interventions in 2013 and 2014. Source: SANBI (2011; 2014)
Agro-climatic zone

Number
(<1ha)

Number
(<10ha)

Number
(>10ha)

Total Area
(ha)

WFW
e
2013

WfW
e
2014

Bokkeveld

2760

830

185

10338

1

6

Bo-Langkloof-Outeniqua

1038

474

88

4632

0

0

Breede

4660

1622

277

33255

0

0

Cape Town - Winelands

2841

941

104

10168

17

0

437

416

121

8040

0

1

Grabouw-VilliersdorpFranschhoek

2227

602

165

16786

0

22

GrootBrak-Plett

1202

425

83

11650

0

0

Hardeveld/Sandveldnorth

772

283

120

12632

2

0

Hex

200

73

9

495

0

0

Knersvlakte

448

217

68

4493

0

0

Koup

1522

591

70

5241

0

0

Little-Karoo

2032

465

21

3463

0

0

Montagu-Barrydale

1672

412

63

6035

0

0

MosselBay-Herbertsdale

1640

798

223

17976

0

0

Nelspoort

1772

748

92

5265

0

0

202

107

41

7326

1

0

98

58

8

965

0

0

522

187

42

3554

5

1

Rûens-east

10554

2043

418

43946

3

0

Rûens-west

6666

1577

432

70108

34

0

626

285

105

21366

9

1

Swartland

2139

693

77

7629

0

0

Tankwa-van Wyksdorp

3022

777

128

8700

0

0

49052

14624

2940

314062

72

31

74%

22%

4%

Cederberg

Olifants irrigation
Piketberg
Rooikaroo-Aurora

Sandveld-south

TOTAL
PERCENTAGE
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The Working for Wetlands (WfWe) programme was launched in 2000 in response to a
need to rehabilitate the wetlands. To date there are about 40 wetland rehabilitation
projects nationally. This has not only seen thousands of people receiving employment
but has also made a positive impact in skills development. WfWe is a national
government programme managed by the South African National Biodiversity Institute
(SANBI) and funded by the DEA. The programme is mandated to rehabilitate damaged
wetlands and to protect pristine wetlands, with an emphasis on complying with the
principles of the Expanded Public Works Programme and using only local Small,
Medium and Micro Enterprises (SMMEs). WfWe currently has a budget of approximately
R90 million per year, of which R30 million is allocated directly to paying wages.
Since 2001 the programme has involved work in over 700 wetlands throughout South
Africa, and currently implements approximately 500 interventions per year. In order to
manage this, wetlands have been grouped into ‘projects’ and each project
encompasses several smaller wetland systems with numerous interventions.
Rehabilitation projects are currently active in the following areas of the Western Cape:





Duiwenhoks and Goukou River catchments
Agulhas Plain
Cape Peninsula (various sites)
West Coast (from Verlorenvlei to the Groot Winterhoek Mountains)

The location of the WfWe initiatives in 2013 and 2014 are shown in Map 7.13.
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Map 7.13: Location of NFEPA wetlands and Working for Wetlands projects in 2013 and
2014 relative to SmartAgri agro-ecological zones.

Dams and Water Supply Infrastructure
Due to the highly seasonal flow patterns and the mismatch between periods of supply
(i.e. winter) and periods of peak demand for water (i.e. summer), the economy of the
Western Cape, and in particular agriculture, is highly dependent on these dams. The
Western Cape has the highest number of registered dams in South Africa (1407 out of
4848). The majority are small (67 %) and for irrigation (90 %) (Table 7.7).
Table 7.7: Summary of dams registered in the Western Cape. Data source: DWA-DSO
(2014)
General use
Irrigation and Other
Irrigation Only
Other
Grand Total
Percentage

Large

Medium

Small

Total

7

6

7

20
18
45
3

373
45
424
30

863
68
938
67

Percentage
20
1

1256
131
1407
100

89
9
100
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The provision of additional storage (i.e. the building of new dams or raising of existing
dams) are considered as potential adaptation options for climate change. A number
of studies in South Africa, however, have shown that this is not always the case with
increased storage capacity only providing additional yield up to a certain size.
Thereafter increasing the storage capacity makes no difference to the yield as the
dams are unable to fill up and fully utilise the additional storage during critical periods.
The results from two of these studies are shown in Figure 7.4 for increasing capacity of a
single dam and Figure 7.5 for the combination of dams on the same system.

Figure 7.4: Impact of climate change scenarios on the yield from the Berg River dam
with increasing capacity. Source: Gerber et al. (2011)
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Figure 7.5: Impact of increasing storage capacity through the construction of additional
dams on the Olifants River under different climate change scenarios. Source: Cullis et al.
(2011)

7.3.3 Groundwater resources
There is potential for additional utilisation of groundwater, but some areas are already
stressed and this is likely to increase in future with increasing demand. The volume of
Utilisable Groundwater Exploitation Potential (UGEP) estimated for ‘normal’ and
‘drought’ years for the four WMAs in the Western Cape as reported in the National
Groundwater Strategy (DWA, 2010a) is given in Table 7.8. This is compared to the
current estimated groundwater used as given in the NWRS (DWAF, 2004).
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Table 7.8: Utilisable Groundwater Exploitation Potential. Source: Newsletter #5 about the
National Groundwater Strategy (DWA, 2010a) and National Water Resource Strategy
(DWAF, 2004)
WMA
No.

WMA Name

16
17

Gouritz
Olifants/Doorn

18
19

Breede
Berg
Total

UGEP normal
rainfall
(million m3/a)
280
159

UGEP drought
years
(million m3/a)
165
88

Groundwater
use (NWRS, 2004)
(million m3/a)
64
45

364
248
1051

238
168
659

109
57
275

Photo: WCG: Agriculture

As part of the Status Quo assessment report for the IWRM action plan for the Western
Cape, an assessment of groundwater stress was calculated using a basic groundwater
balance per Quaternary catchment for the four WMAs in the Western Cape (Figures
7.15 to 7.18). The quantity of groundwater recharging per Quaternary catchment was
used as the total groundwater input and the quantity of groundwater abstracted as the
outflow. These two values were used to calculate a groundwater stress index (i.e.
abstraction / recharge). The results of this assessment for each WMA are shown in maps
below (Maps 7.14 to 7.17).
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It is important to note that the groundwater stress index was calculated based on
current recharge and abstraction estimates. A vulnerability assessment is required to
assess the potential impact of climate change on this stress index through possible
changes to recharge, increased abstraction for irrigation and potential sea water
intrusion resulting from sea level rise and over-abstraction of the coastal aquifers.

Map 7.14: Groundwater Stress Index for the Berg WMA. Source: IWRM Action Plan,
WCG: EADP (2011)
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Map 7.15: Groundwater Stress Index of the Breede WMA. Source: IWRM Action Plan,
WCG: EADP (2011)
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Map 7.16: Groundwater stress index of the Gouritz WMA. Source: Western Cape IWRM
Action Plan, WCG: EADP (2011)
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Map 7.17: Groundwater stress index of the Olifants-Doorn WMA. Source: Western Cape
IWRM Action Plan, WCG: EADP (2011)
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7.3.4 Water quality
Reliable water quality is of critical importance to agriculture particularly in the Western
Cape. For example, water quality concerns in the Berg River due to the impacts of
informal settlements and under-capacity waste water treatment plants, pose a
significant threat to food exports (Britz et al., 2007; Oberholster and Botha, 2014).
Agriculture is also a major contributor to water quality concerns, particularly with
regards to non-point pollution impacts from agricultural runoff (Cullis et al, 2005).
A review of the primary water quality concerns for the Western Cape was undertaken
as part of the development of an IWRM Action Plan (WCG: EADP, 2011). The key results
from this review that need to be considered in the context of climate change include:


Pollution of water sources is causing a significant risk to human health in the
province. The main contributor to the problem is the lack of adequate sanitation
in some areas, and the non-compliance of the Waste Water Treatment Works
(WWTWs). Contamination of agricultural produce and the risk to agricultural
workers and produce is occurring when contaminated water is used for irrigation.



Surface water quality monitoring is generally acceptable but data collected by
local authorities and other institutions resides with them, typically in spreadsheet
databases. This data is not transferred to a centralised water quality database.
Samples are taken at different sampling points (e.g. inflow, river bank, left bank,
right bank, etc.) and analyses are done at different laboratories, making it difficult
to compare and often resulting in conflicting interpretations.



Where water quality issues do occur at locations of high risk, then it is
recommended that continuous monitoring at selected ‘hotspots’ be reviewed
with DWS and local authorities.



Salinity problems (both from natural geology and irrigation practices) in the
Breede River require freshening releases out of Brandvlei Dam. Possible mitigation
measures include intercepting and storing or evaporating irrigation return flows on
farms where practical and appropriate, and controlling further irrigation
development on saline soils.



Discharges from wineries and fruit processing industries are high in organic
content. Collaboration is recommended with aquatic ecologists to identify
‘hotspots where monitoring should be undertaken to protect the aquatic
ecosystem.



Many WWTWs fail to meet at least one of more of the required discharge
standards, and it is imperative to determine why these WWTWs are not complying,
particularly those works which are consistently failing to meet the required
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discharge standards. Again this problem is linked to technical capacity and
financial constraints.
A review of the surface water status of selected water quality variables across South
Africa was undertaken in 2011 by the DWA (DWA, 2011). Six variables were selected to
serve as indicators of the general water quality status, as they provide insight into the
salinity and eutrophication status, mining related impacts, and variability of the country’s
water resources. These variables included:


Electrical conductivity (EC) (mS/m): to provide an indication of salinisation of
water resources;



Orthophosphate (PO4-P) (mg/l): as an indicator of the nutrient levels in water
resources;



Sulphate (SO42-) (mg/l): as an indicator of mining impacts;



Chloride (Cl) (mg/l): as an indicator of agricultural impacts, sewage effluent
discharges, and industrial impacts;



Ammonia (NH3-N) (mg/l): as an indicator of toxicity;



pH (pH units): as an indicator for mining impacts as well as natural variability.

The water quality status (fitness for use) of the surface water resources in the Western
Cape WMAs is presented in Map 7.18 to Map 7.21 as hexagons at the selected
monitoring points (WCG: EADP, 2011). Each piece of the hexagon represents the
compliance of the water quality variable along the river with a generic set of Resource
Water Quality Objectives that is applicable to all the rivers nationally. The 95th percentile
values were used to assess electrical conductivity, sulphate, chloride, ammonia, and
pH compliance to the Resource Water Quality Objectives, while the 50th percentile
values were used to assess phosphate compliance (DWA, 2011).
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Map 7.18: Water quality status "Fit for use" for the Berg WMA. Source: DWA (2011)
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Map 7.19: Water quality status "Fit for use" for the Breede WMA. Source: DWA (2011)
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Map 7.20: Water quality status "Fit for use" for the Gouritz WMA. Source: DWA (2011)
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Map 7.21: Water quality "Fit for use" for the Olifants-Doring WMA. Source: DWA (2011)
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Water quality was also identified as a critical concern as part of the status quo
assessment for the Berg River Improvement Project (BRIP). Three primary issues that
were identified as having the biggest impact on the health of the Berg River system:
1. The state of the current waste water treatment plans and how they operate
2. The impact of informal settlements
3. The loss of indigenous vegetation along the river.
In response to this a number of innovative projects are being initiated including the
removal of alien vegetation and the rehabilitation of riparian areas, and the design
and implementation of biomimicry solutions to address the water quality concerns
for informal settlements with the settlement of Langrug near Franschhoek being used
as a case study in association with Biomimicry SA9 and John Todd Ecological
Design10.
A review of potential water quality impacts as part of the status quo assessment for
the DWS climate change strategy for water in South Africa found that, if rainfall
increases in the mountain regions of the Western Cape, there would probably be
little impact on the water quality in the headwaters of rivers. As much of this water is
already impounded in water supply dams, the water quality in those dams would
probably remain good. Drier conditions in the coastal plains would however
aggravate a number of water quality problems already experienced, and may
alleviate some other problems. In terms of urban runoff, lower rainfall would probably
result in less runoff and a lower pollution load. However, the impacts of grey water
disposal in dense settlements with low levels of sanitation services would be more
prominent as less stream flow would be available to dilute the polluted inflow.
Pollutants would also accumulate for longer on the catchment surface and could
result in a higher pollution peak when it is washed off early in the rainfall season.
Areas of the Swartland have naturally saline soils and lower rainfall and therefore
lower baseflow, and reductions in rainfall may alleviate some of the salinity problems
in tributaries of the Berg River. In rivers like the Olifants River, where irrigation return
flows add a significant salt load to the middle and lower River, a reduction in rainfall
could aggravate the salinity problem in future due to less dilution. The same would
probably happen in the lower Breede River. Increased rainfall amounts and intensity
could also increase the organic load to rivers and streams, particularly in areas of
intensive dairy farming and dairy processing industries such as around George,
Riversdale and Kareedouw.

9

http://biomimicrysa.co.za/
http://toddecological.com/

10
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7.3.5 Water availability and supply
A water balance (i.e. the balance between supply and demand) for all WMAs in the
country was determined for the National Water Resources Strategy (NWRS) in 2004
(DWAF, 2004). These were also reported in the Internal Strategic Perspective (ISP) for
each WMA. These were unfortunately not updated for the second NWRS (DWA,
2013a). A summary of the status of each of the four WMAs in the Western Cape is
given in Figure 7.6 to Figure 7.9.

Berg Water Management Area
The water balance (2004) for the Berg WMA is shown in Figure 7.6.

Figure 7.6: Berg WMA water availability and utilisation. Source: DWAF (2004).
With respect to the above figures it should be noted that:


These figures are based on the estimated demand and supply in 2004.



42 % of water use (at a 98 % equivalent level of assurance) was for irrigation.



27 % of the water supply was via catchment transfers from the Breede WMA;



The Berg River Dam and Supplement Scheme have since been implemented,
adding an additional 80 million m3/a of yield to the WCWSS which has placed
the WMA in a surplus, but only for the next 7-8 years (i.e. to 2018/19), and only if
economic growth is within planned scenarios and if the City of Cape Town’s
WC/WDM strategy achieves its full objectives.

Between 2005 and 2008, DWA undertook a Berg Water Availability Assessment Study
(WAAS) in which the hydrology of the Berg River catchments and Upper
Riviersonderend (Theewaterskloof Dam) was updated. This was necessary in view of
the fact that the last time the overall system hydrology in the Berg WMA was
updated was during the 1990 Western Cape System Analysis Study. When comparing
the updated yield however of the overall WCWSS with that from the original 1990
Western Cape System Analysis, they remain similar (less than 0.2 % difference).
As part of the status quo assessment from Western Cape IWRM Action Plan the
following critical issues were identified in the Berg WMA:
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Water quality in the Lower Berg River is impacted (amongst other factors) by
natural geology resulting in high salinity. High nutrient and microbial
concentrations, from sub-standard effluent return flows and from runoff from
dense urban settlements is a significant concern. There is a risk that irrigation
water not complying with the required standards by international export
markets will have a very significant economic impact.



Groundwater development holds great potential within this WMA but its careful
use needs to be encouraged. A cautious approach needs to be adopted
where groundwater abstraction is greater than the recharge and the
groundwater Reserve allowed for. Over-abstraction is evident in the Atlantis
and Tulbagh areas and a cautionary approach to further allocation should be
adopted in these areas.



WC/WDM is a necessity and must be elevated to the highest level of priority.



Water restrictions in 2005 showed a marked drop in overall water consumption
but an upward trend again became evident after the Berg Water Project came
on line. Consideration should be given to routinely implement light water
restrictions, so as to develop a change in behaviour over time.



The opportunity for conventional water supply schemes (surface water
development) is becoming less and less, and in the Western Cape there are
now very limited, suitably located new dam sites for development. Alternative
sources (after WC/WDM) must therefore be investigated, despite their much
higher financial costs. The driver will ultimately be water availability and not only
cost. The City of Cape Town and DWS are currently embarking on studies for
water reuse and desalination and the West Coast DM on desalination studies in
this WMA.

Breede Water Management Area
The water balance (2004) for the Breede WMA is shown in Figure 7.7.

Figure 7.7: Breede WMA water availability and utilisation. Source: DWA (2004).

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

209
Chapter 7 Overview of the natural resource base
With respect to the above figures it should be noted that:


These figures are based on the estimated demand and supply in 2004.



Irrigation comprises 68% of total consumptive use and water exports 18%.



Many coastal towns are located in water scarce areas with particular problems
in meeting peak holiday season demands, particularly during drought periods.

As part of the status quo assessment from Western Cape IWRM Action Plan the
following critical issues were identified in the Breede WMA:


Water Quality impacts from natural geology and from intensive irrigation
practices in the Breede WMA is a concern particularly in the lower reaches.



Also of significance is the problem of irrigation with high chemical oxygen
demand (COD) concentrations (such as winery effluent) which is having a
collective impact on water quality. This requires management attention as most
of the individual winery irrigators operate within the conditions of their permits
but the combined effect on the receiving rivers is a concern.



Groundwater use in the Breede WMA is significant (estimated to be 107 million
m3/a) of which 103 million m3/a takes place in the Breede River catchments. A
cautious approach needs to be adopted in terms of applications for further
abstraction in the Ceres and Hex River valley areas, where the resource is
already being over-utilised.



The City of Cape Town and the Eerste River irrigators depend on large scale
water transfers from the Breede WMA. These transfers are primarily from the
Theewaterskloof Dam (Riviersonderend River) and from the Palmiet River
(Overberg). There has been a perception that there may be some surplus water
available from the Breede, either for in-basin development or possible further
transfer to the Berg WMA. This cannot however be confirmed until the Reserve
for the Breede system (including its Estuary) has been determined, which in turn
requires the out-dated hydrological information (20 years old) to be updated.
A cautionary approach to further allocation of water from the Breede River
must be adopted. DWS are planning to conduct an updated hydrology and
land use study for the Breede to support decision making based on latest
available data.



These estimates of water availability are heavily impacted by decisions around
the implementation of the Reserve, particularly in the Riviersonderend
catchment below Theewaterskloof Dam. Physical interventions that could
minimise this impact might include the targeted clearing of Invasive Alien Plants
for example. Management interventions such as possible reduced ecological
class requirements could also be a possibility for consideration.

Olifants Doorn Water Management Area
The water balance (2004) for the Olifants-Doorn WMA is shown in Figure 7.8.
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Figure 7.8: Olifants-Doorn water availability and utilization. Source: DWA (2004).
With respect to the above figures it should be noted that:


These figures are based on the estimated demand and supply in 2004.



The majority of the shortfall (29 million m3/a) was experienced in the lower
Olifants River catchment, downstream of Clanwilliam Dam. This is being
addressed to some extent through the repair and raising of the Clanwilliam
Dam.



The above figure shows that 87 % of the water use in this WMA is by irrigation
and a large proportion of that is by the Lower Olifants River Water Users
Association, from water supplied out of Clanwilliam Dam. The assurance of
supply to those irrigators, are reduced due to capacity constraints of the canal
and over allocation from the Clanwilliam Dam. The raising of the Clanwilliam
Dam and the potential of upgrading of the canal will improve the assurance of
supply.



The raising of the Clanwilliam Dam could provide an additional 70 million m3/a
if raised by 13 m. Some of this will be required to meet the requirements for the
Reserve and to address current shortfalls, but a decision still needs to be made
on how to allocate the additional supply and who will pay for it.



Some provisional estimates for improving the efficiency of the distribution canals
were made as part of the feasibility study for the raising of the Clanwilliam Dam.

As part of the status quo assessment from Western Cape IWRM Action Plan the
following critical issues were identified around water in the Olifants-Doorn WMA:


Water quality in the Upper Olifants and Koue Bokkeveld is good and suitable for
all uses but salinity problems are encountered elsewhere. In the Sandveld area
water quality is poor, resulting from agricultural activities on the Malmesbury
shales which are high in salts and agricultural activities influence the water
quality significantly throughout the WMA, especially during the summer months.



Significant over-abstraction of groundwater occurs in the Koue Bokkeveld
(notably in Quaternary catchment E21G) and in the Vredendal area. A
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cautious approach to applications for further groundwater abstraction in areas
of groundwater stress should be adopted.


Refurbishment of the canals supplying the Lower Olifants River Water Users
Association (LORWUA) offers opportunity but is likely to be prohibitively
expensive for the irrigation sector to afford. DWS owns the canals but the WUA
must fund most of the refurbishments on the canal to reduce losses and
increase their assurance of supply.



The assurance of supply to irrigators in the Lower Olifants, are reduced due to
capacity constraints of the canal and overallocation from the Clanwilliam
Dam.

Gouritz Water Management Area
The estimated water balance (2004) for the Gouritz WMA in 2004 is shown in Figure
7.9.

Figure 7.9: Gouritz WMA water availability and utilisation. Source: DWA (2004)
With respect to the above figures it should be noted that:


These figures are based on the estimated demand and supply in 2004.



Irrigation comprised more than 60 % of the total water requirement.



Surface water sources provided for approximately 65 % of the water availability
and groundwater 16 %.



A shortfall of 64 million m3/a occurred of which 43 million m3/a occurred in the
Eastern Southern Cape region.



There have been a number of subsequent interventions implemented in the
coastal catchments towards alleviating the water shortages in that area
particularly around the towns of Mossel Bay, Knysna and Sedgefield.

As part of the status quo assessment from Western Cape IWRM Action Plan the
following critical issues were identified around water in the Gouritz WMA:


The irrigation sector (notably the Stompdrift-Kamannassie region) has expressed
concern regarding their water resource situation. The assurance of supply to
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farmers in the area is very low. Farmers are of the opinion that their concerns
are not being taken seriously and despite recommendations from various
previous studies (including the Oudtshoorn Agricultural Feasibility Study, 2007)
none of these have yet been implemented. One such recommendation was
that the potential raising of the Gamkapoort Dam be investigated.


Opinion has been expressed by the farmers that building new dams will allow
for infrequent floods to be captured rather than losing the water downstream.
However, the erratic nature of rainfall and related sporadic runoff is unlikely to
allow such dams to routinely fill, further adding to the unit cost of water from
new dams. New dams will therefore not necessarily increase assurance of
supply.



WC/WDM opportunities (canal refurbishment and lining) were also investigated
in the Oudtshoorn Study (2007). Conveyance canals forming part of the
Government Water Supply Scheme would be very expensive to refurbish but
offers opportunity to substantially reduce water loss. However, the question of
cost and who will pay for this work to state owned infrastructure is a challenge.



The Oudtshoorn area is highly water stressed due to the over-allocation of
water, and should receive a high priority in terms addressing the overallocation.



Over-abstraction of groundwater has been identified in 37 of the 132
quaternary catchments in this WMA, of which most occurs in the area between
Beaufort West, Merweville and Laingsburg. This must be cautiously considered.



Groundwater is an absolutely crucial resource in the inland areas of the WMA
which highlights the necessity for accurate and detailed groundwater
monitoring in the Karoo to ensure sustainable usage of the resource.



Groundwater plays a significant role in the southern portion of the WMA in terms
of providing base flow to river systems, particularly in the George and Knysna
areas. Increased groundwater abstraction from aquifers along the coast is also
taking place and the operation and management of this abstraction is critical
to avoid saline intrusion. Options for artificial recharge using treated effluent
have been investigated and this has shown potential.



Based on the 2005 Gouritz ISP, a shortfall in water availability of 43 million m3/a
occurred in the coastal catchments between Mossel Bay and Nature’s Valley.
DWS have since undertaken the All Towns Strategy Study (DWA, 2010b) to
identify how to best reconcile water availability and utilisation in the long-term.
Mossel Bay, George, Knysna and Plettenberg Bay have all implemented recent
water resource augmentation schemes towards managing their shortfalls
during drought.



Drought management planning by local authorities is critical.
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Western Cape Water Supply System
The results of the latest WCWSS reconciliation study (DWA, 2007) under the reference
scenario (Figure 7.10) show that additional augmentation options to maintain a
reliable water supply to Cape Town will only be needed in around 2023 (DWA,
2013b). The possible augmentation options include the raising of Voëlvlei Dam,
groundwater abstraction from the Table Mountain Group (TMG) aquifer, re-use of
treated waste water, and desalination. Potential impacts of climate change could
however result in the need for additional augmentation options being required much
sooner due to a reduction in the available yield from the existing schemes including
the Berg River Dam (Figure 7.11). In 2007 it was estimated that the additional cost of
early adoption of these more expensive augmentation option was approximately
R416 million in terms of net present value.

Figure 7.10: Reconciliation of water requirements and supply for the WCWSS
Reference Case. Source: DWA (2013b)
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Figure 7.11: Reconciliation of water requirements and supply for the WCWSS under
the worst case scenario resulting from a potential reduction in yield due to climate
change impacts. Source: DWA (2013b)
These additional augmentation options are generally much more expensive than the
current surface water options and hence this could result in significant increases in
the cost of water supply to Cape Town and other parts of the province. The
reconciliation study did however recommend that these additional augmentation
options are not implemented until there is proof of a declining trend in rainfall and
the available yield from the existing options. Hence monitoring is of critical
importance.
The WCWSS was used as a pilot case study for investigating the potential impacts of
climate change on the water resources of South Africa as part of the preparation for
the draft climate change strategy for water (DWA, 2012). The results showed the nolinear relationship between change climate scenarios and the 1:50 year yield (Figure
7.12). An important conclusion from this analysis was the WCWSS is more sensitive to
drying scenarios than to wetting scenario. The details of this sensitivity are not clear
given the complex nature of the system with many possible factors interaction. It is
also not clear what the critical thresholds are for the system, i.e. at what point will
climate change result in the failure of the system. An important recommendation
from the climate change strategy is to “stress test” various systems to identify the key
risks and critical thresholds for understanding the climate risk and to design
monitoring systems to provide early warning or risk based decision making for future
management options.
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Figure 7.12: Impact of alternative climate scenarios on the 1:50 year yield from the
WCWSS. Source: DWA (2012)

Water Allocations and Licencing
One of the biggest risks identified by farmers during the SmartAgri stakeholder
workshops was the uncertainty around allocations and licencing. This arises
particularly around the DWS policy towards ensuring efficient and beneficial use,
verification and validation, compulsory licencing, water allocation reform (WAR) and
implementation of the Reserve. Addressing these issues and incorporating additional
climate change risks into the process is critical in order to encourage adaptation
options in the Western Cape.
Registered water allocations are recorded in the Water Authorisation and
Registration Management System (WARMS) of DWS. A summary of the registered
allocations to different industry sectors in the four WMAs of the Western Cape is
shown in Figure 7.13. Between 47 % and 96 % of the total volume is registered to
agriculture in the Western Cape. The national average is approximately 62 %
(Source: DWA-WARMS, 2012).
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Figure 7.13: Distribution of total volume of water registered to different industry
sectors Source: WARMS (2012)
A unique feature of the Western Cape is that a high proportion of water, particularly
in the agricultural sector is registered to WUA or the old irrigation boards. The
proportion of the total volume of water registered in all sectors that is registered to
different user types is shown in Figure 7.14. For the four WMAs in the Western Cape
between 25 % and 51 % of the total volume is registered to WUAs. The national
average is 24 %. The benefits of this is that a greater responsibility for the
management of water use can be devolved to the WUA which could improve water
use efficiency and potential support the implementation of water use efficiency and
other benefits. The DWS is, however, in the process of attempting to rather register all
individual farmers.
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Figure 7.14: Distribution of total volume of water (all sectors) registered to different
user types. Source: WARMS (2012)
There are many concerns with the registration of water use in the country and the
DWS has an obligation from the NWA to ensure that it is being used to the greatest
benefit. This includes improving water use efficiency and addressing issues of Water
Allocation Reform (WAR) that addresses the historical disproportional allocation of
land and water rights. A critical tool for achieving WAR is through Compulsory
Licencing (CL). To date CL has been undertaken in the Jan Dissels catchment in the
Western Cape. As a precursor to CL is the requirement to verify and validate current
and historical water use in the catchment. This is achieved through a process of
Verification and Validation (V&V).
V&V is the process of confirming the actual water use during the qualifying period,
which is the two year period prior to implementation of the NWA. This water use is
what should be registered by users, unless they received an additional license.
Verification is the process to check the lawfulness of the volume of water actually
used, so as to confirm the extent of Existing Lawful Use.
DWS and Breede-Gouritz Catchment Management Agency (BGCMA) are
undertaking V&V to determine the legal water use in selected priority catchments
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within the Western Cape. The project focuses on three types of water uses, i.e.
taking water from a water resource, storage of water, and engaging in stream flow
reduction activity in terms of Section 21 of the NWA.
The process is undertaken by analysing historical imagery for V&V purposes as well as
current imagery to ascertain current water use. The project has numerous benefits
beyond quantifying legal water use. Once water users receive their final certificate
they will be able to use this for various transactions such as transferring property
ownership, obtaining bank finance and negotiating contracts with customers.
Validation and Verification is currently being undertaken in the following areas:





Lower Berg River
Upper reaches of the Breede River
Riviersonderend River
Agulhas Plain including catchment around Hermanus.

Water Conservation and Demand Management
As the largest user of water, there is potential for significant savings through improved
water use efficiency and water conservation and water demand management
(WC/WDM) in agriculture (Pott et al., 2009). It is estimated that around 929 Mm3/a is
lost through inefficient irrigation methods in South Africa as shown in Table 7.9. While
different application technologies can result in improved water use efficiencies (e.g.
by changing to drip irrigation), there has been an improvement in irrigation
efficiency overtime meaning that the potential for additional gains through
WC/WDM are limited. The farmers in the Western Cape are considered to be well
advanced in terms of improved irrigation and water use efficiency due to the
scarcity of water supply and the high export value of their crops.
Table 7.9: Estimated irrigation efficiencies and water wastage in South Africa. Source:
ICID (2008)
Irrigation
Method

Proportion of
total use (%)

Efficiency
(%)

Total area
in use (ha)

Estimated water
wastage (Mm3/a)

Flood
Sprinkler

28.6
25.5

65
75

456 000
848 000

465
235

Centre Point
Micro

27.3
13.1

80
80

296 000

171
58

Drip
Total

5.4

90
929
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Some of the greatest gains in water use efficiency can still be made in reducing
losses from the conveyance system (i.e. from river or dam to the field edge), but
these have added challenges such as costs and ownership of infrastructure. For
example, a study undertaken as part of the Breede River Basin Study (DWAF, 2003) in
the Robertson area concluded that less than 50 % of the water entering a farm dam
actually reached field edge, after evaporation, seepage and conveyance losses. A
study on the benefits of lining canals to reduce losses in the Oudtshoorn Area (WCG:
Agriculture, 2007) showed that this could result in savings of some 2 million m3/a, but
the cost would be about R 6,87/m3 (2007) which is considered too expensive for
agricultural use. Another area that could potentially benefit from reduced losses
through refurbishment of existing irrigation canals is areas downstream of the
Clanwilliam Dam that was identified during the feasibility study for the raising of the
dam, although the challenge here is over ownership of the infrastructure. Resolution
of these issues is gaining urgency since much of the existing water infrastructure is
ageing. Climate change could both impact on ageing infrastructure through, for
example, heavier floods causing damage, and the impacts of infrastructure failure
on agricultural production are also higher under conditions of warming, greater
water demand and greater reliance on irrigation water.
One of the greatest challenges for WC/WDM in agriculture is DWS’s policy of ‘use it or
lose it’ and the limitations on the trading of water allocations or storage capacity.
This has in some cases resulted in perverse outcomes such as farmers running pumps
with the water going to waste just to show that they are using their allocation in order
to ensure that it is not taken away and so they can retain it for future developments,
or not be penalised by having their allocation reduced as a reward for improved
efficiency.

Water Footprinting for Agriculture
The primary requirement for water in agriculture is for crop production, either through
precipitation or irrigation. There are, however, additional water requirements all
through the production chain. It is important to remember the water which becomes
embodied in the production cycle through, for example, the water required for crop
production to feed animals, and the water used for further processing to produce
meat, milk or beer. The concept of measuring the total water requirement through
the production process is called water footprinting. Although some studies are
underway, the figures for agriculture in the Western Cape are not yet reliable.

7.3.6 Potential climate change impacts on water resources
Translating climate change impacts into water supply impacts
Water is considered to be one of the most critical channels or pathways by which
climate change impacts are translated through to social and economic impacts.
Assessing the potential impacts on the water sector however is not just about
changes in precipitation as there are many other factors that affect water supply.
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The impacts of climate change on water supply are also much more uncertain than
for temperature.
Firstly the relationship between precipitation and runoff is not linear as shown in
Figure 7.15. This is due to factors such as land cover, geology, the intensity and
seasonality of rainfall and antecedent moisture conditions. The result of this nonlinear relationship is that increases in precipitation tend to result in a greater change
in surface water runoff than reductions in precipitation. Changing seasonality in the
rainfall could result in situations where a reduction in the mean annual precipitation
(MAP) could in fact result in an increase in the mean annual runoff (MAR) if rainfall
becomes more concentrated.

Figure 7.15: Relationship between MAP and MAR for primary catchments in the
Western Cape. Source: WRC (2005)
Secondly, water supply systems, particularly in South Africa, are designed, built and
operated to account for a high degree of natural variability. The hydrology and
analysis of these systems are updated regularly to detect any trends in changes in
water availability to update the short and medium term planning. A well planned
system therefore has the potential to significantly mitigate the climate change
impacts. Continued and expanded monitoring and system reviews, however is
critical.
Thirdly, identifying critical climate risks for water supply is challenging given the
multiple factors affecting supply. A summary of the primary determinants of yield in
the context of such bulk surface water resource systems are summarised in Table 7.10
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extracted from the DWS climate change strategy for water (DWA, 2014). Variable
distribution of climate change impacts across such bulk water resource systems
would affect the relative importance of each of these determinants of yield in each
system’s unique context.
Table 7.10: Primary determinants of system yield in a bulk surface water resource
context. Source: DWA (2013b)
Determinant

Effect / Importance

Long-duration deficientflow characteristics of the
main-stem river and
primary tributaries of the
system.

During prolonged deficient flow-periods, dam storages are
continuously drawn down until failure of supply occurs, or
until a series of floods during a subsequent wet period refills
the dams. In dam storages that are small relative to their
catchments’ mean annual runoff - say, smaller than 75 %
MAR – the yield is highly dependent on the baseflow portion
of the streamflow regime. For much larger dam storages say, larger than 150 % MAR, the flood portion of the
streamflow regime is a dominant determinant of yield. These
sequential low- or high-flow characteristics are described by
the concept of statistical persistence and are measured by
the auto / serial correlation statistic for annual streamflows.

Prolonged wet period flow
characteristics of the mainstem river and primary
tributaries of the system.

Total dam storage capacity
in the system.

Large intra-year variability and multi-year droughts
characterise South Africa’s catchment hydrology; therefore,
considerable storage capacity is required for reliable water
supply during seasonal and multi-year deficient-flow periods.

Locations of primary
demand centres in the
system.

The remoteness of potential bulk water resources from
primary demand centres is a limiting factor in the affordable
utilisation of the potential yield from such resources (and vice
versa).

Net evaporation loss from
all primary dams.

Net dam evaporation losses often reduce the potential
system yield significantly. In the WCWSS, for example, net
evaporation losses from Voëlvlei Dam exceed 22 % of its 1:50
year yield.

Locations of dams and bulk
abstraction sites.

Dams and abstraction schemes in series can be operated in
unison to optimise their combined yield. Additionally, large
upstream dam storages usually experience relatively low net
evaporation loss, thereby benefitting the total system yield. In
the WCWSS, for example, the high-elevation Theewaterskloof
Dam experiences net evaporation losses of only 5 % of its
1:50 year yield, as opposed to the much higher loss value for
the low-elevation Voëlvlei Dam mentioned above.

Provision of the Reserve /
ecological water
requirements (EWRs).

The Reserve / EWRs have a primary claim on water
availability and, therefore, decrease the yield available for
use for economic activities.

Existence of
interconnected ‘parallel’
sub-systems.

Long-duration deficient-flow periods or prolonged wet
periods that occur out of phase in different parts of the
system, or that occur at different intensities, could benefit the
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Determinant

Effect / Importance
system yield (and vice versa) significantly if adequate
hydraulic connectivity exists between different parts of the
system. This is obviously the case from upstream to
downstream along the main-stem river, but also applies to
inter-basin transfer donor rivers.
This phasing phenomenon / spatial dependence
characteristic is described by the pair-wise cross-correlation
statistic for annual streamflows.

Operating rules of dams,
abstraction schemes and
sub-systems.

EWRs, water quality objectives and prioritisation of dam
releases and river abstractions for particular uses are
achieved through operating rules. Operating rules need to
be optimised to maximise the total system yield.

Conjunctive use of
groundwater to support
surface water systems
during droughts.

Conjunctive use can boost system yield significantly, but due
to a scarcity of large primary aquifers with advantageous
locations, conjunctive groundwater-surface water use
optimisation has so far not played a significant role in the
operation of bulk water resource systems in South Africa.
However, the need for more conjunctive use in various bulk
systems will become more prominent during the foreseeable
future.

Climate change impacts on water supply in the Western Cape
A review of the impacts of climate change on the water sector concluded that it
was not all ‘doom and gloom’ for South Africa (Schulze, 2011). Due to variability in
the impacts of climate change some areas of South Africa would most likely be
‘winners’ while other areas and other sectors would be ‘losers’. The Western Cape
and the West Coast were considered to be ‘hotspots’ of concern primarily due to
decreasing rainfall. Even in areas considered to be winners as a result of increasing
precipitation, however, there are potentially increases in risks due to increases in the
intensity of rainfall events and associated water logging and flooding (Schulze, 2011).
The development of a climate change response strategy for the water sector (DWA,
2012) considered the potential impacts in different WMAs and major water supply
schemes. As part of this study the impacts of a selection of five climate change
scenarios were modelled for the Western Cape Water Supply System (Figure 7.16).
The conclusion of this study was that the WCWSS yield is fairly sensitive to potential
climate change, e.g. four of the five yield-reliability characteristics differ markedly
from the current-day case. For the five GCM-related scenarios the commonly-used
planning benchmark of the 1:50 year yield shows changes of +12 %, +9 %, +9 %, +4 %
and -14 %, respectively. This change quantum is roughly equivalent to three to five
years of accumulated demand growth in the WCWSS. The equivalent MAR changes
are +32 %, +17 %, +3 %, -15 % and -15 %, respectively. These results show the nonlinear response of changes in yield with changes in MAR, with one scenario showing
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a slight increase in yield despite a decline in MAR. This was attributed to the spatial
variability in where the specific impacts where being felt. It also shows that the
variability in yield is not as large as the variability in MAR due to the resilience
provided by the system (DWA, 2012).

Figure 7.16: Impact of selected climate change scenarios on the yield reliability
curves for the WCWSS. Source: DWA (2012)
The modelling of potential climate change impacts on the water resources of South
Africa using a risk based approach produced a hybrid frequency distribution of
possible impacts resulting from the consideration of a large number (+6800) of
possible climate futures derived from the MIT IGSM model using outputs from 17 of
the possible 22 global general circulation models (GCMs) (Cullis et al., 2013). This
study was done as part of an integrated assessment modelling framework for
assessing the potential impacts of climate change on the regional (WMA scale) and
national economy.
The range of potential impacts on the average annual surface water runoff by 2050
is shown in Figure 7.17. It is clear from these results that the potential impacts on the
surface water runoff from the catchments in the Western Cape (E to K) are negative
with an average median impact across these catchments of 11 % reduction in the
MAR for the period 2040 to 2050 relative to the base scenario. The range of possible
impacts resulting from different models is also much narrower for these catchments
with all models showing a negative potential impact on the Berg (G) and the Breede
(H).
In this study the impact of global mitigation efforts was also considered using a Level
1 Stabilization Scenario. The results showed little difference on the median impact,
but a potential reduction in the range of possible impacts and hence reduction in
the risk of extreme impacts as a result of improved global mitigation practices.
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Figure 7.17: Range of potential impacts of climate change on the average annual
catchment runoff for all secondary catchments for the period 2040 to 2050 under the
UCE mitigation scenario relative to the base scenario. Source: Cullis et al., (2013)

Figure 7.18: Range of potential impacts of climate change on the average annual
irrigation demand for all secondary catchments for the period 2040 to 2050 due to
the UCE mitigation scenario relative to the base scenario. Blank areas indicate
catchments in which there are currently no significant irrigation areas. Source: Cullis
et al. (2013).
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Increasing temperatures, for which there is much less uncertainty or variability across
the country, will result in increased evaporation losses and irrigation demands. The
results of the High Frequency Distribution analysis showed a relatively consistent
median impact of around +6 % increases in the average annual irrigation demands
by 2050 across the Western Cape catchments with existing irrigation demand as
shown in Figure 7.18, but with some scenarios showing up to a 25 % increase in
individual catchments. The impact of a L1S mitigation scenario was to reduce the
median impact to around a 4 % increase.
This study also considered the potential impact on water supply using a configuration
of the water resources yield model for the whole of the country at secondary
catchment scale with water supply impacts aggregated up to the level of water
management area for different sectors. The summary of results in terms of the range
of possible impacts in the change in the average percentage of the total irrigation
demand that can be supplied is shown in Figure 7.19 for the four Western Cape
WMAs.
It is important to note that while the model used in the High Frequency Distribution
analysis is a simplification of the complexities of individual systems and catchments it
does give a reasonable overview of the differences in regional impacts across South
Africa. Additional modelling at the scale of individual catchment areas or water
supply systems is required to investigate more specific impacts as well as to include
the additional complexities of these systems and potential other scenarios. This is
particularly important for better understanding the potential climate change risks in
the Western Cape. Modelling of extreme impacts is also required to identify the
critical thresholds at which the system fails.
The key message from this study, however, was that South Africa has a history of best
practice water resources management and planning that takes into account the
high natural climate variability and has resulted in a highly developed and in most
cases integrated water supply system focused particularly on the key demand
centres including Gauteng, Cape Town and Durban. This provides a high degree of
resilience to potential climate change impacts for the main demand centres. The
smaller and less well integrated systems, however, still remain vulnerable to climate
change impacts.
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Figure 7.19: The average annual demand (top) for the 19 WMAs for the period 2040
to 2050 and the estimated proportion of the demand that can be supplied under the
base scenario (symbols) and specific models representing the minimum, 25th
percentile, median, 75th percentile and maximum impact under the UCE scenario for
different water use sectors. Source: Cullis et al. (2013)
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Provisional modelling of impacts in support of Disaster Risk Reduction
The modelling of the potential climate change impacts on floods and other disasters
is less well developed in South Africa and indeed globally. The general thinking is that
the intensity of rainfall is likely to increase as a result of climate change even in
situations where there is a possibility of a reduction in the average annual
precipitation leading to an increased risk of flooding. This could impact on
agriculture through disruption to vital transport links, reduced access to fields, loss of
fertile land or damage to infrastructure.
In support of the Long Term Adaptation Scenarios (LTAS) program, some provisional
modelling of the potential impacts of climate change on floods was undertaken for
South Africa (DEA, 2014c). This study was completed in a very short time period and
considered only a selection of possible climate futures obtained from the CSIR
dynamic downscaling of a selection of CMIP5 model results. A time series of daily
precipitation and runoff was generated for each model using the ACRU
agrohydrological model and subject to probabilistic analysis of the magnitude of
different recurrence intervals for flood peaks in terms of daily flows using a moving 30
year window from 1960 out to 2100. The results showed a high level of variability in
the flood peaks both over the simulation periods and between climate change
models, with different models also showing quite different results in terms of spatial
variability in the potential impacts (Figure 7.20). One of the models for example
shows a significant increase in the flooding risk in the Southern Cape region.
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Figure 7.20: Most extreme impact of climate change on the 1:10 year RI maximum annual daily cumulative runoff over the period
2045 to 2100 shown as the ratio of the daily flood peak under a selection of three climate change models relative to the historical
period. Source: DEA (2013b)
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The results were also used to identify critical infrastructure including bridges, dams
and power line river crossings likely to experience moderate to severe increases in
flood risk under the different models by 2100. For example the number of bridges
found to have an increasing flood risk under one of the climate scenarios is shown in
Figure 7.21. While these results show only moderate risk of potential impacts for the
Western Cape, and much greater risks for other parts of the country, the results
should be viewed with a low level of confidence given the challenges of modelling
the potential impacts of climate change on flooding across the country.
As the potential for increased flooding risk is emerging as one of the most critical
aspects of climate change, more detailed modelling and investigations of the
potential increase in risk and in particularly identifying key areas or critical
infrastructure at risk is required across the whole of the country and including the
Western Cape.

Figure 7.21: Number of bridges in each WMA in each risk class defined in terms of the
maximum relative increase in the 1:100 year RI design flood by 2050 for the gf1
climate model. Source: DEA (2013b)
Despite a high degree of uncertainty some decision makers are already adopting a
precautionary principal to the potential increase in flooding risk. For example the City
of Cape Town already insists on a 15 % increase in the design capacity for new storm
water systems in the city. The WCG: Agriculture has also been proactive in terms of
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investing in flood protection works to protect valuable farm land and infrastructure
as shown in the photograph below (Figure 7.22) and on Page 2.
Further research and the refinement of climate models are required to better
quantify the potential flood risk. Increased monitoring and the development of early
warning systems however should be considered even in the absence more detailed
information along with enforcement of land use planning and the rehabilitation of
catchment areas, river banks and wetlands. These are all no-regrets adaptation
options.

Figure 7.22: Flood protection works (gabions) installed on the Duiwenhoks River by
the Western Cape Department of Agriculture. Photo: André Roux.

7.3.7 Summary of climate risks and adaptation potential
The specific climate change risk in the water sector and potential adaptation
options for agriculture in the Western Cape varies depending on the measure being
considered, the nature and source of water as well as the location of the activity.
Some of the critical risk areas and potential adaptation options are described below.
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Water supply from direct river abstractions
Climate Risk
Some farmers abstract water directly from a river and are not part of a scheme with
upstream storage. The majority of these farmers have licence conditions that prevent
them from abstracting during the summer low flow period, although there are many
farmers who illegally abstract from the low flow period. Under a drier scenario these
illegal abstractions will place even greater stress on the sustainability of the stream
ecosystems and downstream users. Seasonal shifts in the rainfall and runoff patterns
could however be beneficial to these users if this results in increased flows during the
spring and summer to coincide with irrigation demands.
Adaptation Options
Direct river abstractions are most sensitive to adaptation options that result in
increased baseflow. This would include clearing of invasive alien plants in catchment
and riparian areas. Providing additional off-channel storage is also a potential for
improved adaptation for users currently dependent on direct abstraction. Monitoring
and enforcement of illegal abstractions during the low flow periods will become
even more critical under a dryer future to protect the sustainability of the stream
ecosystems.

Water supply from small farm dams
Climate Risk
The majority of dams in the Western Cape are small farm dams. These dams are
typically designed to provide for a single season of irrigation demands, relying on
complete filling of the reservoirs during the winter period. They are therefore most
sensitive to annual variability in streamflow as they do not have the carry-over
storage necessary to last for multiple years of low flow.
Adaptation Options
Increasing storage capacity and improved water use efficiency are critical adaption
options to be considered for small dams. Increasing storage capacity is likely to be
limited due to physical, ecological and financial constraints. In addition, simply
providing additional storage does not always increase the reliability of supply,
particularly under a drying scenario, as the additional storage capacity remains
unused and it could in fact have negative impacts due to the high costs (Louw et al.,
2012). In this case a more cost effective adaptation option would be improved
irrigation efficiency or changes in crop types and the crop mix (Louw et al., 2012).
Consideration of conjunctive use, e.g. use of groundwater as well as surface water
sources or the temporary trading of water allocations, is also a possible adaptation
option that could be used to maximise the efficient use of the available storage.

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

232
Chapter 7 Overview of the natural resource base

Water supply from large dams and irrigation schemes
Climate Risk
There are a number of large dams and irrigation schemes in the Western Cape. The
specific climate risks to these water supply options will vary depending on the nature
of the water supply system. These systems are usually designed to balance the
seasonal differences between water availability and peak demands. Depending on
the size of the dam the critical climate risk could vary from increased inter-seasonal
variability in streamflow to increased annual variability or even variability in periods of
multiple years of sustained low flow. Increasing demands could also impact on the
potential availability of supply from these systems which supply multiple users.
Adaptation Options
Increasing storage capacity or improved management of the system to reduce
losses and maximise water use efficiency are possible adaptation options for these
schemes. The construction of new dams and storage potential could also be
considered in areas where there is currently insufficient storage to provide increased
resilience to more variable rainfall and runoff. These would however have to be
assessed on a scheme by scheme basis and should include considering alternative
management scenarios.
There are not many opportunities left for new dams or the raising of existing large
dams in the Western Cape. In addition, the provisional of additional storage
capacity, may not necessarily result in increased resilience, particularly under a dry
scenario where the full storage capacity of the dam cannot be utilised (Cullis et al.,
2011). The raising of the Clanwilliam dam is one situation where increased storage
capacity could result in increased resilience, but this must still be assessed.
Reducing losses through the conveyance system of large irrigation schemes and
improved scheduling could result in improved water use efficiency, but may be
costly.
The potential for temporary trading of water rights between the different users of the
scheme should also be considered. Some users may be more vulnerable to reduced
supply and therefore willing to pay a higher premium for increased assurance as
compared to other users who might see the temporary trading of the water
allocation as financially more viable than the risk of reduced supply.
Improved climate information could also assist in the efficient management of
storage facilities and improve preparedness and water use efficiency.

Water supply from the Western Cape Water Supply System (WCWSS)
Climate Risk
Large integrated water supply systems such as the WCWSS are usually designed to
provide a reliable source of water at a specified level of assurance based on the
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analysis of historical variability in surface water availability and increasing demands.
These systems often contain carry-over storage which allows for the maintenance of
supply even during periods of multi-year drought. For the WCWSS the critical period
in the historical record is a five-year period drought experienced during the early
1970s. While a reduction in the MAR will impact on the reliability of supply from the
system, it is the possibility of increases in multiple years of deficient flow that is most
critical.
Adaptation Options
The WCWSS is already thought to be relatively resilient to possible changes in
streamflow given that it has been designed based on historical variability in flow, it
has a large storage capacity, it sources water from different catchments and it is well
managed to maximise the efficient use of water from the system. Increasing storage
capacity could be a potential adaptation option, but the opportunities for increased
storage capacity are limited. Future augmentation of the system is likely to require
development of more expensive water supply options such as re-use and
desalination. However, increased water savings through WC/WDM should remain a
critical goal for the management of the WCWSS.
Water from the WCWSS is used primarily for domestic and industrial purposes which
have higher economic and social returns than water allocated to agriculture. The
potential to augment the WCWSS through the temporary trading of water between
the agriculture and urban/industrial sectors could be considered as a possible
adaptation option if agricultural users would be suitably compensated. This is an
option particularly in the Breede River catchment.

Water supply from groundwater
Climate Risk
The impacts of climate change on groundwater result from long-term trends in
declining rainfall and increasing evaporation. Long-term trends in precipitation could
result in declining groundwater levels which impact on the sustainability of boreholes
as well as impacting on the baseflow in rivers and sustainability of ecological systems.
Sea level rise and increased abstraction in coastal aquifers will increase the risk of
sea water intrusion and significantly impact on the water quality from these
boreholes.
Adaptation Options
A better understanding of the groundwater system and control of the utilisation of
groundwater are necessary to reduce the pressure on this resource. There is very little
that can be done to directly address any potential declining groundwater levels
except through the protection and rehabilitation of recharge zones to facilitate
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greater infiltration and reduced surface water runoff during winter. Reducing
abstractions in the coastal zone is critical to reduce the risk of sea water intrusion.

Wetlands and estuaries
Climate Risk
Wetlands and estuaries provide critical ecosystem services that, though not directly
relevant to the agricultural sector, are still critical to maintain. Reduced precipitation
and declining groundwater levels as well as possible water quality impacts could
increase the risks to wetlands and estuaries.
Estuaries are particularly sensitive to the inflow of freshwater and hence declining
streamflows could impact on the salinity and ecosystem dynamics of estuaries.
Maintaining environmental flow requirements, even in the face of potentially
decreasing streamflows in the Western Cape, is essential to maintaining the function
of estuaries. Maintaining these minimum flows may result in reduced water
availability for agriculture given that the Ecological Reserve receives priority for
allocation.
Wetlands are impacted by changes in both surface and groundwater availability as
many wetlands are maintained through groundwater. Land use change and
increasing water demands, however, are likely to pose a greater risk to the
sustainability of wetlands than direct climate change impacts.
Adaptation Options
Protection of wetlands and maintenance of streamflows to estuaries is critical to
sustain these sensitive ecological systems. Possible adaptation options include
monitoring and enforcement of the Ecological Reserve as well as enforcement of
buffer areas. Physical interventions in some wetlands, such as the Working for
Wetlands programme, could also improve the resilience to climate change impacts.

Water quality
Climate Risk
Increasing temperatures will result in warmer water temperatures which could
impact on water quality through an increased risk for eutrophication, particularly in
shallow lakes and reservoirs. Increased concentrations of nutrients and other
pollutants either from agricultural runoff, from informal settlements or from Waste
Water Treatment Work (WWTW) are the main drivers of eutrophication and other
water quality concerns. Increased runoff from informal settlements due to climate
change could increase the water quality impacts as well as increase the risk of
overflows from treatment plants.
Increased intensity of rainfall could also increase erosion and sedimentation in rivers
which could reduce storage capacity in dams and damage pumps. Declining
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precipitation could also potentially increase concentrations and water quality
concerns.
Adaptation Options
Restoration of natural ecosystems including riparian buffers and wetlands is required.
Innovative solutions such as those being implemented as part of the Berg River
Improvement Plan should also be considered as this will reduce the current water
quality risk as well as the potential increased water quality risk under future climates.
The capacity of WTWW should also be designed with climate change in mind with
possible consideration for increased capacity to address the possibility of increased
inflows to the plant.
Consideration for multi-level outlets from reservoirs may be required to address the
potential for increased temperatures and stratification and eutrophication risks.

Flooding and Disaster Risk Reduction
Climate Risk
There is growing recognition that increasing temperatures will increase the extremes
of the water cycle resulting in increasing rainfall intensity and flooding risks. In
addition land use change and the pressure for land resulting in people occupying
areas already at risk of flooding, will further increase this risk. In the Western Cape,
increased flooding risk may not be as severe as in other parts of the country, but it is
still likely to have a negative impact on agriculture through loss of fertile land,
damage to infrastructure (including roads, buildings and pump stations), and
reduced accessibility to fields for harvesting. The specific nature of the increased
flooding risk will vary between locations depending on the proximity to rivers,
variability within the catchment and the nature of the threatened infrastructure.
Sea level rise could increase the flooding risk in coastal areas with a raised
downstream control potentially increasing the level of upstream flooding.
Adaptation Options
Addressing the increased flooding risk requires a holistic approach focusing on
effective land use planning and enforcement, efforts to mitigate and restore the
catchment and natural systems such as wetlands and riparian buffers as well as
improvements to physical infrastructure and flood protection works. Accepting the
natural processes of rivers and allowing room for the river should also be considered
as part of a holistic approach to flood risk management by accepting higher risk in
certain areas and for certain activities. Improvements in monitoring and flood earlywarning systems are also required as well as access to support for disaster relief
following a flooding event.
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Irrigation demands
Climate Risk
Increasing temperatures and reduced precipitation are likely to increase the
irrigation demands for crops, particularly in the Western Cape where the peak
irrigation demand is during the summer. With the availability of water already limited
and possibly reducing in future as a result of climate change, increasing irrigation
demands are unlikely to be met through a corresponding increase in supply. This is
likely to have a negative impact on crop yields.
Adaptation Options
Improved irrigation efficiency is a possible adaptation option, although most farmers
in the province are already utilising efficient irrigation technologies which limits the
potential for improvements to offset the increasing irrigation requirements.
Nevertheless, more precise irrigation scheduling is possible, for example through the
FruitLook project and by using scientific soil moisture monitoring approaches, which
can lead to significant water savings (see Table 10.1).
The development of more drought-resistant crops should also be considered as an
adaptation option. Temporary trading of water rights could be considered to ensure
the most efficient use of water.

Evaporation losses
Climate Risk
Increasing temperatures will lead to increasing evaporation losses from reservoirs and
streams particularly during the summer months. This reduces the availability of water
for supply. Increasing evaporation will also increase irrigation demands and reduce
runoff.
Adaptation Options
Reducing evaporation losses from existing dams is very difficult, but overall system
losses could be reduced through effective management of the storage of water in
different reservoirs. Reservoirs located at higher elevation or that are deeper with a
reduced surface area have lower evaporative losses. Managing the system to keep
as much water as possible in these upstream reservoirs before releasing the water to
lower reservoirs only when it is required could reduce these losses.
The potential for conjunctive use and aquifer recharge could also be considered as
evaporation losses are significantly reduced if the water is stored underground.
The covering of reservoirs could be considered for small reservoirs, but is likely to be a
very costly adaptation option and there are many challenges with the operation of
such a system.
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Impact of invasive alien plants
Climate Risk
Increasing temperatures and CO2 fertilization is likely to increase the water demand
from invasive alien plants, although this has not been studied yet and requires
additional research. Increasing temperatures could also result in the growth of
invasive aquatic weeds that will clog up rivers and water supply systems.
Adaptation Options
Continued efforts to remove invasive alien plants from the mountain catchment
areas and in particular the riparian areas where they are a major source of water loss
should be continued (Cullis et al., 2007). Management of invasive aquatic weeds
either through mechanical means or with biological control may also be required.

7.4

Biodiversity and ecosystem goods and services

Biodiversity is of high importance to the agricultural sector of the Western Cape. It is a
central cog in the provision and regulation of ecosystem services associated with
farming, such as:












water catchment and groundwater recharge
water purification
maintenance of soil stability and nutrient cycling
flood and drought attenuation
control of potential agricultural pests
provision of useful species and genetic resources for the wildflower
industry
pollination of crops
maintenance of nutritious grazing
predator control
fire and vegetation regeneration
carbon sequestration (through uptake of CO2 for photosynthesis).

Additionally, biodiversity is central to ecotourism (and agri-tourism) which is a
growing sub-sector of the Western Cape and is in some parts of the province closely
associated with agricultural activities.
When biodiversity and the ecosystem services it provides are reduced or lost, the
agricultural production base is eroded and these services must then be
implemented (e.g. flood barriers built) or the system rehabilitated (where this is
feasible and the damage not irreversible) at great cost. This section provides a brief
summary of the biodiversity of the Western Cape, as well as significant threats,
conservation status, and important current pressure points between biodiversity and
agriculture. Opportunities for drawing on this natural wealth as a means to
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strengthen agricultural resilience to climate change will be dealt with later in this
review.
The ‘State of Biodiversity Report’ published by CapeNature during 2012 provides a
recent comprehensive account of the threats to, and state of provincial biodiversity
to species level (Turner, 2012). A useful summary is presented in the ‘State of
Environment Outlook Report for the Western Cape Government’ in the chapter on
‘Biodiversity and Ecosystem Health’ (WCG: EADP, 2013a). Additional information at
national level is provided by the National Biodiversity Assessment 2011 (Driver et al.,
2012) and the National Freshwater Ecosystem Priority Areas (NFEPA) (Nel et al., 2011).
The Western Cape Government, through the Department of Environmental Affairs &
Development Planning, is currently developing a Provincial Biodiversity Strategy and
Action Plan. Climate change and the linkages between biodiversity and agriculture
will be addressed in the Strategy (Khungeka Njobe, personal communication).

7.4.1 Terrestrial ecosystems
The Western Cape contains a variety of ecosystem types, exceptional levels of
species richness and endemism with a high index of irreplaceability, especially for
plants (Midgley et al., 2005). The Greater Cape Mediterranean Region (Allsop et al.,
2014) is dominated by the Fynbos and Succulent Karoo Biomes which are globally
recognized biodiversity hotspots – areas of exceptional biodiversity that are
threatened by human impacts. Other Biomes of the province include the Nama
Karoo and Thicket, and small areas of Forest and Grassland.
Although the target of conserving 10 % of the Fynbos Biome (not taking the
protected areas in the Eastern Cape into consideration) has almost been achieved
(9.7 %), this mostly covers mountain fynbos, and the lowland fynbos and
Renosterveld are not adequately conserved (Turner, 2012). The conservation status
of the Succulent Karoo Biome has improved significantly after the recent (September
2014) promulgation of the Knersvlakte Nature Reserve, but further conservation areas
are required. Half of the area of the Forest Biome in the Western Cape is conserved.
The wide range of vegetation types of the Western Cape is shown in Map 7.22.
Compared to biomes, they provide a higher level of detail to categorise biodiversity
through the inclusion of biotic and abiotic factors. There is a close association
between vegetation types and the SmartAgri agro-climatic zones (Map 1.1). By
implication, certain areas of higher agricultural potential, such as the Swartland, are
more affected by conversion to farmland and thus suffer disproportionate losses of
habitat and species (in this case Renosterveld and lowland Fynbos).
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Map 7.22: Vegetation types of the Western Cape. Source: WCG: EADP (2013b)
based on Mucina and Rutherford (2006)
The Western Cape is the most transformed province in South Africa, having the
highest number (21) of Critically Endangered Terrestrial Ecosystems (Rouget et al.,
2004). Of these, ten have no official protection and five (Central Rûens Shale
Renosterveld, Swartland Shale Renosterveld, Swartland Silcrete Renosterveld,
Lourensford Alluvium Fynbos and Western Rûens Shale Renosterveld) have less than
10% natural vegetation remaining and they have no secure protection. Renosterveld
has been severely impacted by agricultural expansion in the Swartland and Rûens
areas and the remaining patches in the midst of agricultural land remain under great
threat.
Map 7.23 shows the spatial status of Protected Areas, Critical Biodiversity Areas,
Critical Ecological Support Areas and Ecological Support Areas.
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Map 7.23: Protected Areas, Critical Biodiversity Areas, Critical Ecological Support
Areas and Ecological Support Areas of the Western Cape. Source: Turner (2012).
Since 2004, the wine industry has developed a partnership with key local and
international conservation bodies (under the leadership of WWF-SA) called the
Biodiversity and Wine Initiative (BWI). While the primary goal is to protect natural
habitats on privately owned wine farms, it also encourages wine producers to farm
sustainably. Some 130 000 ha of natural area have so far been conserved by BWI
producers, greater than the current vineyard footprint of 102 000 ha
(www.wwf.org.za). For every hectare under vineyard, an additional hectare of
natural vegetation is committed to conservation. The Initiative recognizes that
protection of ecosystems and biodiversity benefits not only the natural system but
also protects vital ecosystem services which underpin sustainable agriculture.
CapeNature manages two corridors – the Greater Cederberg Biodiversity Corridor
and the Gouritz Corridor. These two corridors have been key drivers in forging a bond
between conservation and agriculture, and serve to mainstream biodiversity
initiatives into agricultural and production sectors
(http://www.capenature.co.za/care-for-nature/conservation-in-action/landscapescale-conservation/corridors/). Conservation corridors are stretches of land that link
protected areas to ensure healthy, connected landscapes and habitats that
support, and are supported by, local communities. Corridors act as passages for
plants, animals, insects, birds to move from one region to the next. In light of climate
change, they also play a vital role in allowing species to move from a warmer to a
cooler region, and vice versa. Corridors also encourage land users to adopt
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conservation-conscious farming methods and, where possible, to set aside portions
of land to be conserved.

7.4.2 Freshwater ecosystems
River ecosystems of the southern and western parts of the Western Cape are
particularly high on the endangered list. The National Freshwater Ecosystems Priority
Areas study (Nel et al., 2011) highlighted the high proportion of river ecosystems in
the province which are critically endangered or endangered (Map 7.24).

Map 7.24: Ecosystem threat status for rivers in South Africa. Source: Nel et al. (2011)
The threats to aquatic ecosystems in the Western Cape include degradation of
riparian zones which provide shade, shelter and food for fish, invasive alien fish and
plant species, poor water quality, too frequent and intense fires (impacting on
amphibians) and emergent diseases.
Major agricultural impacts on aquatic ecosystems are the clearing (sometimes
bulldozing) of natural vegetation especially within the 1 in 100 (or even 1 in 10) year
flood zone of rivers and in wetlands, modification of flow, high rates of abstraction,
and pollution caused by intensive use of agro-chemicals (increased nutrients,
suspended solids, herbicides and pesticides) which run off into streams and rivers.
Pollution from human settlements (where waste water treatment plants are
overwhelmed) also contributes to reduced water quality. This results in repeated
recruitment failure and the eventual localized extinction of indigenous fish. In
general, the upper catchments and upper tributaries of river systems are still in a
good to fair condition, and main channels are in fair condition (Turner, 2012), with
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hotspots of pollution occurring where the rivers pass through urban settlements and
areas of intensive agriculture.
Only 13 % of the wetlands in the province are in a natural condition, with 34 % being
moderately modified and the rest (53 %) is heavily or critically modified. Wetlands are
now often embedded within a matrix of agricultural lands. Many are seasonal or
temporarily wet, and shallow, and are thus easily overlooked during cultivation.
Wetlands continue to be lost or impacted through development, drainage,
cultivation, human-induced erosion or invasive alien plants. Current priority wetland
areas for rehabilitation include the West Coast, Duiwenhoks, Peninsula and Agulhas.
Estuaries form an integral part in the ecosystem connectivity between terrestrial
systems and processes, catchments and the ocean. Estuary management requires
an integrated effort by all relevant sectors including agriculture. The Western Cape
coastline contains 53 estuaries from the Olifants Estuary on the West Coast to the
Bloukrans Estuary on the South East Coast. Although the state of the majority of
estuarine systems in the Western Cape is good or fair, a high proportion of the
estuaries are critically endangered and protection levels are low. Although there are
no data or comprehensive studies available on pollutant loads introduced to
estuaries through agricultural sources, specific studies have shown that runoff from
catchments used extensively for agriculture can contribute significantly to pollutant
loading in estuaries, e.g. Olifants and Breede. Also, upstream flow modification
caused by direct (run-of-river) abstraction, development of major dams and
cumulative effects of smaller dams, as well as inappropriate practices in freshwater
aquaculture all have the potential to threaten estuary ecosystem functioning.
As a result of the enormous pressure on freshwater ecosystems, several initiatives
have been started to manage these ecosystems. These include the River Health
Programme, Working for Water, Working for Wetlands and the NFEPA projects.
The economically important agri-food value chain is highly sensitive to water quality,
and poor quality threatens the viability of export-driven irrigated production. The
levels of certain pollutants in the water have at times and in certain areas already
exceeded the minimum requirements of the European Union, the main recipient of
produce from the region. These cases were immediately dealt with, but the risks
remain high, and market share could be irretrievably lost, which would be disastrous
for the sector and its employees.
The livestock sub-sector also both impacts on water quality of river systems, and is
itself highly sensitive to water quality problems. Large dairies and intensive chicken
farms and piggeries across the Swartland, Drakenstein and George areas abstract
water and return treated effluent into the rivers. As with crops, a minimum water
quality is required for livestock in order to meet hygiene standards and prevent
disease outbreaks.
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7.4.3 Status of species important to agriculture
Currently there are 13 489 recorded plant taxa in the Western Cape, representing
more than 56 % of the national list (Turner, 2012). Of these, 6 776 taxa are endemic to
the Western Cape, and 1 709 are classified as Threatened. The immense floral
diversity is driven by a combination of infertile soils and a range of geological and
climate gradients which produce a complexity of habitats.
A small set of indigenous fynbos plant species is exploited by farmers for cutflower
production and tea. These industries are providing a viable option for farmers in
areas with nutrient poor soils and limited water resources, not suited to intensive fruit,
grain or livestock production. The main commercially grown fynbos flowers are
members of the Proteaceae (Protea, Leucadendron, Leucospermum, Serruria), but
Brunia, Chamelaucium and others (Phylica, Erica) are also grown. Flowers are both
cultivated and harvested in the wild on farms and in the mountains (under a permit
system), particularly in the Overberg region. Rooibos and honeybush species are
grown or harvested wild for the production of tea. Cultivation practices are
becoming increasingly intensive, and this includes selection and breeding for
suitable traits. The gene bank provided by the fynbos flora is a critical resource for
horticultural breeders. For example, it can provide clues for pest and disease
resistance and climatic tolerance, particularly pertinent in the face of climate
change. From this point of view, conservation of the genetic pool has significant
benefits for agriculture.
The province is also home to unique animal species which are associated with the
fynbos, other vegetation types and aquatic systems across the wide range of
habitats. The faunal diversity is lower than the floral diversity but not insignificant. The
following paragraphs highlight some examples, focusing on areas of relevance to
agriculture.
There are 172 described mammal taxa of which 19 are classified as Threatened. The
Riverine rabbit (Bunolagus monticularis) is endemic to the central Karoo. It is primarily
threatened by habitat destruction through cultivation and extensive livestock
grazing; predation by domestic dogs; road kills and lack of general awareness and
knowledge of the species. The Endangered Wildlife Trust has established a Riverine
Rabbit Programme to coordinate Riverine rabbit conservation between landowners
and authorities.
Since the predator problem on livestock farms is an emotive one in South Africa, it is
useful to mention here that the cheetah (Acinonyx jubatus), spotted hyaena
(Crocuta crocuta) and wild dog (Lycaon pictus) are not known to occur and survive
as independent, free-living populations in the Western Cape and are considered
‘Locally Extinct in the Wild’. Lion (Panthera leo) have been re-introduced into the ~
90 000 hectare Karoo National Park by SANParks in 2010 in a bid to restore the natural
functioning of the predator-prey balance in the ecosystem. Such reintroductions
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require intensive management and resourcing to mitigate for potential human-,
wildlife- and stock conflicts through fencing, tracking and monitoring.
Black-backed jackal (Canis mesomelas), caracal (Caracal caracal), leopard
(Panthera pardus) and chacma baboons (Papio ursinus ursinus) are well-known for
human-wildlife conflict. They are not threatened but have importance in the
maintenance of ecosystem functioning. The Cape Leopard Trust is an active
predator conservation working group in the Cape launched in the Cederberg in
2004, and in the Boland in 2010. The project aims to establish baseline population
data and alleviate predator-farmer conflict.
The Predation Management Forum (PMF) provides guidelines and advice to
producers to manage predation in the most humane and environmentally
sustainable manner, i.e. guide producers to integrated management. It serves as a
platform for liaison and coordination of activities of commodity organisations in the
livestock and game ranching sectors, aimed at reducing losses incurred as a result of
predation. The predator problem is highly significant in parts of the Western Cape but
no research is available on possible linkages to climate variability and climate
change.
The number of bird species recorded for the Western Cape is 599, approximately 45%
of which are resident in the province. Priority land-based species for conservation
include the Cape Vulture (Gyps coprotheres), the Blue Crane (Anthropoides
paradiseus) and the Bustards and Korhaans (of the four species that are resident
within the province, two - Ludwig’s bustard Neotis ludwigii and Denham’s bustard N.
denhami - are listed as vulnerable). The greatest threats to these species are
collisions with powerlines, contact with agro-chemicals which can cause poisoning,
and habitat loss. Blue Cranes also become entangled in baling twine and drown in
water troughs. A possible emerging threat for larger birds is the development of wind
energy and collisions with wind turbines. The Overberg Crane Group is a nongovernmental organisation which works to conserve the blue crane and other
threatened big bird species such as the Korhaan.
The Critically Endangered Geometric tortoise (Psammobates geometricus) occurs in
the West Coast Renosterveld, which has been reduced to less than 3% of its original
size through agricultural development, with remaining fragments interspersed among
agricultural and urban developments. Further habitat loss through agriculture, fires
and climate change is an ongoing threat. The species appears to be on the brink of
extinction.
The dynamics between animals and agriculture become heightened during times of
climatic stress such as extended drought. Poor availability of prey and water drive
wild animals to closer proximity to farmlands in search of food and water. Farmers
then take harsh measures and population declines can take many years to recover
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following such events, causing predator-prey imbalances and further impacts on
ecosystems.
Ecosystems and their complex food webs also provide a diversity of natural
predators which can be beneficial for pest and disease management on farmland.
Integrated Pest Management (IPM) is an established and widely used approach on
fruit and wine farms in the Western Cape, whereby natural predators are allowed to
keep crop pests in balance, with targeted chemical interventions based on careful
monitoring being permitted only when the balance is seriously disturbed.
The Cape Floristic Region is a centre of diversity and endemism (27 %) of bees
(Kuhlmann, 2009) and other pollinator groups. Of particular importance for the
agricultural economy of the Western Cape is the pollination of most deciduous fruit
and many vegetable crops by the Cape honeybee - about 90 % of pollinatordependent crops are reliant on the honeybee (Poole, 2014). This bee species is only
found in the fynbos biome of the Western Cape and parts of the Eastern Cape.
Farmers requiring pollination services generally pay commercial beekeepers to place
sufficient numbers of hives in orchards and fields during the pollination period. Of the
60 000 units, around 87 % are used for commercial pollination. Beekeepers in the
Western Cape use fynbos and Eucalyptus stands (aliens) as an important forage
resource for their managed bees at other times of the year (SANBI, undated). They
also use canola or lucerne fields as forage, and often trap wild swarms in adjacent
habitats. Managed honeybees often abscond from hives to become wild again,
and therefore the wild and managed populations are really one population. Honey
production is limited and mainly based on Eucalyptus.
While the Cape honeybee is officially classified as not threatened, it is experiencing
threats, including diminishing forage resources, pests and diseases, as well as
problems arising from misuse of pesticides and insecticides in the environment.
Although it was thought that this bee is essentially resistant to the devastating
American Foulbrood (AFB) disease, a severe local outbreak in 2009 was a wake-up
call. Currently, AFB has spread across the province and is considered out of control
(Coetsee, 2015). New stresses such as this and other diseases can weaken the
colonies, thus reducing their resilience to other stressful conditions. Two projects are
being implemented by SANBI to study pollinators: the Global Pollination Project and
the Honeybee Forage Project11. It is not known to what extent honeybees could be
affected by climate change.
The European Wasp (Vespula germanica) was introduced to the Western Cape by
accident and could pose a severe threat to ecosystems and commercial enterprises
in future as it starts to spread from Cape Town across the province and beyond
(Veldtman et al., 2012). When abundant, European wasps destroy practically all
other insect life and even nestling birds by outcompeting native pollinators for

11

(http://www.sanbi.org/sites/default/files/documents/documents/aboutgpphfpposter.pdf)
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nectar, interfering with seed formation and the gene flow of indigenous plants, and
by preying on large numbers of insects including indigenous pollinators. It is worth
investigating whether climate change could help drive its spread.
Other important linkages between agriculture and biodiversity can be found in the
aquatic habitats and species, including frogs and freshwater fish. The Western Cape
has 54 described frog species of which more than half are endemic to the province,
and three are Critically Endangered. There are 17 indigenous freshwater fish species
and another six undescribed Pseudobarbus species. Sixteen of these species are
Threatened, making the freshwater fish the most threatened group of vertebrates in
the province. Of these, four species are listed as Critically Endangered.
The emerging aquaculture industry of the Western Cape is becoming increasingly
regulated in order to reduce the potential threats of introduced fish species to the
indigenous populations. Farmed trout have been declared alien and are now strictly
regulated.

7.4.4 Climate change impact channels
The greatest threats (and some opportunities) to agriculture in the Western Cape
from a biodiversity/ecosystem perspective are fundamental shifts in biomes
(particularly relevant for extensive grazing systems), land use transformation, invasive
alien species, and altered fire regimes. Climate change has the potential to affect all
of these in significant ways and add to the more direct effects on farming.

Biome shifts
Midgley et al. (2005) reported that the impacts of climate change in the Western
Cape are likely to be a progressive impoverishment in plant species richness in the
internationally recognized biodiversity hotspots, the Fynbos and Succulent Karoo
Biomes. Species losses may occur both as a direct response to warming and drying,
but also as an indirect response to changing fire regimes and interactions with
invasive alien species.
More recently, the LTAS project (DEA, 2013d) reviewed the latest research results and
found that the Nama Karoo Biome is highly vulnerable to climate change, being
replaced in the future by Arid Savanna (under the low-risk scenario) or Desert (under
the high-risk scenario) (Map 7.25). The north-eastern regions of the Fynbos Biome are
prone to replacement by Succulent Karoo or Albany Thicket under all climate
scenarios. The core south-western portions of the fynbos (especially the mountainous
areas) remain, but probably with significant up-slope movement for particular
species and habit types. The Forest Biome is projected to retract significantly as a
result of increased fire and especially under a scenario of reduced rainfall. Areas with
a climate envelope characteristic of Succulent Karoo largely persist under all
scenarios. The study found that winter rainfall biomes could be more resilient to
climate change impacts over the medium term than previously estimated. However,
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there remains substantial uncertainty in these projections due to poorly understood
effects of seasonal changes in rainfall and the effects of rising atmospheric CO2.

Map 7.25: Projections of bioclimatic enveloped under statistically downscaled
scenarios, looking ahead to approximately 2050. Low Risk map simulates impacts of
wet/cool future climate projections, High Risk the impacts of dry/hot projections,
Medium Risk the median temperature and rainfall projections. Source: DEA (2013d).
A strong body of evidence (Bond et al., 2003; Bond and Midgley, 2012) now shows
that increases in atmospheric CO2 will fertilise the growth of trees and potentially
allow them to establish dominance in areas that are currently grassland, where grass
fires currently prevent tree saplings from establishing. In the Western Cape, this shift is
foreseen for the southern Cape (Map 7.26). Where expansion of desert ecosystems is
suggested, tree dominance is projected to decline.
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Map 7.26: Maps of the response of tree biomass (tons per hectare above ground
biomass) to the effect of rising atmospheric CO2 alone, in South Africa, in ~2000 (left
panel), ~2100 (centre panel), and the indicative biomass difference (darker red
indicates greater biomass gain; right hand panel). Source: DEA (2013d).
Fynbos plant species harvested in the wild (cut flowers, rooibos and honeybush) are
likely to come under pressure as the climate changes, possibly via smaller
populations, habitat fragmentation, and impacts on product quality. There could be
a loss of genetic resources for climate-adapted cultivated fynbos crops. Climateinduced changes in plant and animal population dynamics on farmlands and
adjacent natural areas could alter grazing potential, the impacts of pests, diseases,
and both beneficial and problem predators (from insects to large mammals). Any
impacts on the Cape Honeybee and other indigenous pollinators through reduced
forage or disease would affect crops that depend on their pollination services. The
timing of life stages and phenology of some animal and plant species could change,
leading to disrupted interactions, for example in pollination or pest control. Aquatic
species and food webs are particularly sensitive to warmer waters. In most cases the
sensitivity to climate change and direction of change are unknown and require
research and monitoring.

Land transformation
The impact pathways through land transformation are numerous and complex.
Continued and possibly accelerated urbanisation would require more current
farmland and natural land to be used for growing settlements, particularly in milder
coastal areas. Agricultural land use could either expand to meet the rising demand
for food, or it could contract if climatic conditions and water resources become
increasingly limiting. Climate change driven expansion or shifts of agricultural
activities into areas not previously farmed, or farmed differently, would have
significant implications for the systems in question. This could be positive, where old
lands find new productive uses, or negative where farming of virgin land comes into
conflict with conservation priorities.
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Invasive alien species
Invasive alien species have significant negative impacts on ecosystems, agriculture
and society, and they impose enormous costs on farmers and other land owners. The
Western Cape has a long history of research into invasive alien plant species and
eradication programmes (Le Maitre et al., 2011). Despite the massive effort to clear
aliens by CapeNature and Working for Water, amongst others, extensive tracts of
land are still infested with alien plants (Map 7.27 and Map 7.28) and the list of alien
invasive plant species is growing. It is predicted that, at the given rates of spread
(~10 %/yr), current efforts are not enough to stem the tide. More recently, there has
been increasing recognition of some intense pressures developing from the impact
of invasive alien animals, with programmes starting up to eradicate alien fish (Turner,
2012). Alien fish impact on indigenous fish in three ways, they prey on them (e.g.
smallmouth bass), they compete with them for food (e.g. banded and Mozambique
tilapia), or they degrade their habitat (e.g. carp). Invasive aquatic plants such as
water hyacinth are a threat in some dams and slow-flowing rivers, forming dense
mats.
Priority for invasive plant control programmes has been given to those species that
negatively affect ecosystems e.g. less available water, more intense fires,
competitive exclusion of indigenous species, and those species that spread most
rapidly. This ranking allows WfW and CapeNature to prioritise the areas for clearing.
The areas worst affected are the mountain catchments, the sandy lowlands, and
along the river courses. Alien plants compete with natural and agricultural species for
water, light and nutrients, and exacerbate the fire risk.
The spread of woody alien invasives is likely to increase in the future (Bond and
Midgley, 2012), but the rate of invasion will be affected in a complex interplay
between the negative effects of increasing temperature and water stress, the
positive effects of rising atmospheric CO2 that acts as an ‘aerial fertiliser’ for woody
plants (Kgope et al., 2010), the frequency of fire, and the effort invested in clearing
activities. Invasive alien trees, if left unchecked, will continue to utilize water suboptimally in a situation where there is increasing water scarcity, and may fuel more
intense and frequent fires.
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Map 7.27: Invasive alien plant infestations in the Western Cape. Source: Turner (2012),
based on Kotze et al. (2010)

Map 7.28: Invasive alien plant infestations on the Agulhas Plain. Source: Kotze et al.
(2010)
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Altered fire regimes
While wildland fires are a natural feature of fire-driven ecosystems in the Western
Cape (Map 7.29), such as the fynbos, changes in climate are having adverse effects
through altering the future frequency or intensity of fires, and the area burned, in
various ways that involve weather conditions conducive to combustion, fuels to burn
and ignition agents. The wildland fire situation has worsened significantly across South
Africa during the past several years. Southey (2009) found that fire frequencies have
increased in the Cederberg, Hottentots-Holland and Outeniqua regions between
1970 and 2007, in those study sites where weather exerts the dominant control; this is
due to the increase in synoptic states that promote wildfires.

Map 7.29: National Assessment of the wildland fire risk levels for the Fynbos Biome
(2010). Source: Government of South Africa Implementing Agency (2011)
Wildfires on occasion run into farms (sometimes linked to alien infestations on the
farms) causing loss of livestock and extensive damage to orchards, vineyards,
grazing, fodder banks, machinery and equipment, stores, packhouses and on-farm
processing plants. Valuable perennial crops, in particular, often are embedded in, or
border on, the fire-prone fynbos. Emergent farmers, notably those with small stock,
can lose their entire livelihoods. The larger fires are very difficult to control, and place
firefighters (often farm labour) at significant risk.
The frequency of wildfires is likely to increase substantially in the hotter and drier
conditions, and high fire risk conditions are projected to increase by up to 40 % in the
west, and almost triple in the east of the Province. The number of ignition
opportunities and the frequency of fires are also expected to increase with the
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growth in human populations in all areas of the Western Cape (Van Wilgen et al.,
2010). The human and climate change driven spread of fire-adapted alien invasive
plants would further alter and enhance fuel loads and make wildfires more intense.
Farms, especially those close to natural areas, will be subject to increased risk.
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8 Overview of the food system

Key messages


The Western Cape agricultural sector is a major element of the province’s
food system. The concept of food systems has been developed as a way
of understanding that food security is the outcome of this complex
articulation of multiple factors interacting across multiple levels.



Food security can be divided into four elements: food availability, food
access, food utilisation and stability, which are outcomes from a set of
activities and processes in the food system including social and
environmental outcomes.



The close relationship between agriculture and the food system is not wellunderstood or acknowledged in policymaking. Indeed, the failure to take
on a systems approach to the issue of food has meant that inadequate
availability, accessibility and utilisation have often been addressed as
technological challenges rather than systemic failures.



South Africa is undergoing a ‘nutrition transition’ where stunting, wasting
and undernutrition in young children is occurring alongside increasing
levels of obesity and overweight in older children and adults.



These public health problems are largely concerned with the consumption
patterns of South Africans who often do not have access to a healthy and
nutritionally diverse diet.



Some of these changing dietary patterns are due to urbanisation, the
expansion of supermarkets (and related concentration of power) and the
availability of processed foods. The majority of South Africans, including
those living in the Western Cape, access food through a combination of
formal and informal markets.



Informal food systems operate relatively well, and there exist flexible
sourcing and distribution systems by some retailers and informal traders, as
well as diverse marketing options. These can bring resilience under
climate-driven variability of supply. Nonetheless there are limitations in the
form of a lack of small-scale post-harvest infrastructure (storage,
distribution, cold chain and transport), infrastructure and technology for
smaller players.
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8.1

Availability, accessibility, stability, utilisation

The ‘food system’ is a holistic term used to broadly encompass the various factors
that contribute to feeding a population. The food system was previously conceived
of as a set of activities ranging from production through to consumption (Ericksen et
al., 2010). However, there is increased recognition that food security is a complex
and multi-faceted issue with numerous social, economic and environmental
determinants (Ericksen et al., 2010). These include the interactions between nutrition,
food and health, in addition to the infrastructure and value chain (harvesting,
processing packaging, transport etc.). The past decade has seen a marked increase
in research around various aspects related to the food system and food security in
South Africa but there is still a lack of primary data about certain areas of the system
(e.g. waste within the food chain). The food system of the Western Cape is intimately
linked to the national food system. This national food system is undergoing several
major transitions, which are occurring simultaneously; for the purposes of this
summary we will focus here on the shifts that we foresee as having the largest
impacts on the system and by extension, food security in the years to come.
In order to explore the ‘food system’ it is useful to break it down into four dimensions,
namely availability of food, accessibility of food, the stability of that food supply and
the utilisation of the food. The Constitution of South Africa: Bill of Rights recognizes the
importance of availability, access, stability and utilisation in its section 28. The role of
nutrition is mentioned stipulating that everyone has the right to have access to
sufficient food and water and that every child has the right to basic nutrition, shelter,
basic health care services and social services. The South African Departments
developed their own strategic plans and budgets taking the MTSF (Medium Term
Strategic Framework) into account. The priority areas for 2009-2014 include (among
others): more inclusive economic growth; rural development; food security and land
reform; improved health care; cohesive and sustainable communities and
sustainable resource management and use.
Based on the objectives of the MTSF (2009-2014) a set of 12 national outcomes was
developed. Each outcome clearly articulates measurable outputs and key activities.
Outcomes that are particularly relevant to nutrition include: outcome 2: A long and
healthy life for all South Africans and outcome 7: Vibrant, equitable and sustainable
rural communities with food security for all. These outcomes influence the
performance Agreements signed by Ministers referred as the ‘Delivery Agreements’.
In the National Development Plan (NDP) Vision 2030, affordable access to quality
health care and household food and nutrition security is prioritized and the MTSF
contribute to achieving this. (Shönfeldt, 2014)
In 2002 the South African Government adopted the Integrated Food Security
Strategy (IFSS). The vision is: “to attain universal physical, social and economic access
to sufficient, safe and nutritious food by all South Africans at all times to meet their
dietary and food preferences for an active and healthy life” (IFSS 2002: 13).
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Nutrition has since been written into multiple policies & programmes within the
Department of Health: Food fortification – 2003; – National School Nutrition
Programme – 2004; Food labeling legislation – 2010; Food-based Dietary Guidelines –
2012; Salt reduction regulations – 2012; Infant and Young Child Feeding Policy – 2013;
Food-Based Dietary Guidelines (2012); Framework for implementing nutrition
interventions for people living with HIV and AIDS -2012 – 2016; National Strategic Plan
for HIV, AIDS and STIs – 2012 – 2016; – the Roadmap for Nutrition 2013 – 2017; –
Strategic Plan for the Prevention and Control of NCDs 2013 – 2017; – Mother
(previously called Baby-friendly hospital initiative) and the National Early Child
Development Policy (early draft only)- 2014.`
Nutrition has with time been included in the mandate of multiple sectors in SA: – NDPMTSF 2014-2019; National Department of Agriculture, Forestry and Fisheries (DAFF)
Household and Nutrition Security Strategy 2013; - Department of Social Development
Strategy Plan 2010-2015; - Department of Rural Development and Land Reform
Strategy Plan 2011; - Department of Water Affairs Strategy Plan 2013-2018; Department of Basic Education Strategy Plan 2011-2014; -Department of Health
Strategy Plan 2012-2013; - Department of Science and Technology Cooperate
Strategy 10 Department of Trade and Industry - MTSP 2011-2016.
The South African government has started two other programmes to increase food
security within its population, both of which are implemented in various forms in the
Western Cape. DAFF, as a national department, works through provincial
departments in terms of implementation, providing support to enable the spheres of
government to meet their mandate. First, the Zero Hunger Programme of DAFF
focuses on food access, food production, nutrition security, development of
marketing channels, fostering of partnerships with relevant stakeholders and
promoting stakeholder dialogue (Zita, 2012). Second, the Outcome 7 programme
launched by the government focuses on sustainable agrarian reform and aims to
improve access to affordable and diverse food, rural services and sustainable
livelihoods, rural job creation and enabling an institutional environment for
sustainable and inclusive growth (Government of South Africa, 2010). Outcome 7 is a
broader development programme while zero hunger focuses on reducing hunger
(De Cock et al., 2013).
South Africa is described as a food secure nation, meaning that it produces sufficient
food to feed its population. Food production by the national and provincial
agricultural sectors remains critical for food security because it underpins the
availability of food for people that do not produce food. Production also assures
employment and has been identified by the NDP for its potential to absorb large
numbers of unemployed people. However, the statistics at a household level tell a
different story. The most recent large scale survey of household food security in South
Africa was the South African National Health and Nutrition Survey (SANHANES,
Shisana et al., 2014). The SANHANES survey data indicated that on a household level
45.6 % of the population was food secure, 28.3 % were at risk of hunger and 26.0 %
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experienced hunger (were food insecure). While the Western Cape reported the
highest rates of food security (57.9 %) on a national level, 25.6 % of study participants
were at risk of hunger and 16.4 % experienced hunger.
While the Western Cape fared better than many of the other provinces for various
food security indicators, the nutrition transition is also taking a toll on population
health, as indicated by the high rates of overweight in the province. A varied diet is
needed to ensure an adequate intake of essential nutrients and dietary diversity
(DDS) can be used as a proxy measure of the nutritional quality of a population’s
diet, as well as an indicator of the access dimension of household food security
(Kennedy, 2009). Apart from reflecting on food security, a low dietary diversity has
also been associated with low weight and stunted growth. In the Western Cape,
28.2 % of study participants had a DDS < 4. While this is the best in the country, a DDS
< 4 for almost a third of the surveyed population is still a cause for concern. Dietary
diversity is generally associated with increased economic development and the
Western Cape and Gauteng (which had the two highest DDS scores) are the most
economically developed provinces.
Increased development and the nutrition transition can also lead to higher levels of
sugar and fat intake. This did not apply to fat intake at the provincial level where
mean fat intake at the national level was 7.26 and in the WP 6.78. The mean sugar
score ranged from 2.14 in Eastern Cape to 3.03 in the Western Cape. The other
provinces had significantly lower mean scores compared with Western Cape and
Gauteng. The mean dietary intake of fruit and vegetables was 3.77 on the national
level and 3.6 in the Western Cape. In part due to the nutrition transition, overweight
was most prevalent on a national level in the Western Cape (18.2 %) and Western
Cape girls were the most overweight (20.3 %) compared to their counterparts in
other provinces.
Both rural and urban households accrue the majority of income in the form of
employment, remittances from migrant workers and from social grant payments
(Misselhorn et al., 2007). As a result, the mainstream economy and levels of
employment are the major factor influencing food security in South Africa (Misselhorn
et al., 2007). There is a perception that food insecurity is more common in rural than
urban populations but research indicates that this is not the case. In urban areas,
however, food availability is seldom the key factor contributing to undernutrition.
Rather, access to health services, poor sanitation and care are the leading causes of
undernutrition (Crush and Frayne, 2011). The urban poor are exposed to both acute
and chronic problems of food access – often on an ongoing basis – thus impacting
nutritional status negatively at all stages of the life cycle, from conception to
adulthood, and also in old age (Crush et al., 2011). An AFSUN baseline survey
examining food security in urban cities across the world found that 68 % of the
sampled poor community in Cape Town were severely food insecure (Crush et al.,
2011). Low birth weight and stunting also pose serious public health problems that
can have severe long term consequences on the growth and mental development
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of young children. In South Africa, almost one quarter of children under five years old
remain stunted. Since 1990, the stunting rate has decreased only slightly, from 35.4 %
to 33.3 % (Crush et al., 2011)

8.2

Nutrition and health

The ‘nutrition transition’ can be described as the phenomenon whereby the growing
urban and middle class population is moving from a traditional diet to an
increasingly refined diet high in sugar, animal products and trans fats (Crush et al.,
2011). This transition has facilitated the growing obesity epidemic in South Africa
which has severe economic and health implications for the population at large due
to the rising prevalence of chronic non-communicable diseases. Increased
urbanisation and a rapid expansion of supermarkets into informal settlements and
rural areas in the country have led to greater dependence on supermarkets as the
chief supplier of food. While some argue that supermarkets have offered the urban
and rural poor a greater variety of foods at lower prices, others posit supermarkets
can reduce the ability of marginalised populations to purchase a high-quality diet,
and encourage the consumption of energy-dense, nutrient-poor highly processed
foods (Crush et al., 2011).
Excessive consumption of poor quality foods and pervasive poverty leads to the
paradoxical situation of a population with simultaneous obesity and malnourishment.
While cost is a critical determinant of the food choices of the urban poor, cultural
and other social factors also play an important role. The media and advertising
contribute to shaping food preferences and choices, affecting both the quantity
and quality of food eaten. This fundamentally alters consumption and nutrition
outcomes in urban areas. For the urban poor, many of these changes are negative.
The desire for so-called ‘status’ foods and ‘aspirational’ foods is a powerful driver of
food choices (Crush et al., 2011).

8.3

Hotspots of malnutrition

The SANHANES data indicated that by province, the Western Cape has the lowest
prevalence of hunger (16.4 %), followed by Gauteng (19.2 %). However, it needs to
be kept in mind that the SANHANES methodology encompassed areas all over the
Western Cape and does not focus on areas with a particular problem. Unpublished
data from the Worcester area focusing on the Avian Park and Zweletemba
communities found that 63 % of households were food secure or 37 % food insecure.
It is also interesting to note that there was a higher prevalence of household food
security (70.5 %) in households not receiving the child support grant (Koornhof, 2014).
These communities are disadvantaged and include both formal and informal
housing so cannot be categorised as one or the other by the SANHANES criteria.
A 2011 systematic literature review based on 17 relevant studies indicated the
severity of malnutrition in the Western Cape in relation to the health of children
(Durao, 2011). Pooled results identified that a significant proportion of children in the
province are undernourished. Stunting affects a higher proportion of children than
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underweight or wasting across all age and gender categories. Among children 0-5
years old, 18.4 % were stunted compared to 7.5 % and 9.7 % of children 6-10 and 1118 years old, respectively. An unexpectedly high prevalence (5.1 %) of wasting was
observed among the youngest children. In addition, a high proportion of children are
overweight, older children and girls being more affected. Among teenagers, 27.9 %
of girls were overweight compared to only 4.7 % of the boys. Nutritional status
improvements over the period between 1997 and 2010 were not observed (Durao et
al., 2011). Most published studies were done in known disadvantaged communities
and were, therefore, classified as being representative of a poor socio-economic
status. The 2012 riots and civil unrest that occurred among the farmworkers in the De
Doorns area also came about in part due to rising food prices, a low minimum wage
and increasing food insecurity in the region. Both Avian Park, Zwelethemba and the
De Doorns communities are semi-rural and dependent largely on formal and informal
labour in the agricultural sector as well as various forms of social protection. These
findings indicate that hunger and malnutrition remain pervasive problems in the
Western Cape, both in rural and urban informal settlements. The stunting and wasting
among younger children is of particular concern as these conditions have long term
negative consequences for the morbidity as well as the cognitive development of
these children and are ultimately detrimental to society at large (Durao et al., 2011).

8.4

State of food system

A recent review of literature pertaining to food security and food systems in South
Africa provides a useful summary (Pereira, 2014). Several drivers are exacerbating
inequalities in the food system, most notably urbanisation and the shift towards
buying rather than growing one’s own food. It is also evident that South Africa
continues to have a dual farming system, with commercial agriculture and agribusiness supporting the growing urban areas, while attempts to include smallholder
farmers in this formal system have so far failed at national level.
The Western Cape has a high success rate of 62 % in land reform projects (WCG:
Agriculture, 2014c) with emerging farmers being integrated into the mainstream
commodity groups, for example via the Deciduous Fruit Development Chamber
(HORTGRO, 2014b) and others. Has this addressed the need to reduce the gap and
contribute to better food security for some portions of the population? Benefits could
accrue either directly through local access to food, or indirectly through more
equitable income distribution and raised household expenditure. The evaluation
study indicates that approximately 60 % of land reform project beneficiaries’
household income increased owing to the project.
The concentration of power in the hands of a few corporates within the food system
has also been raised as a concern especially as they now mediate the majority of
the population’s access to – and preferences for – food, whether through their
production, their processed products or as retailers. The rise of ‘Big Food’ (Igumbor et
al., 2012) has also brought with it concerns about the nutrition transition that is taking
place in South Africa and its impact on the health of the nation. Poor households
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now have easier access to processed foods high in salt, fat and refined sugar, which
has changed the diet of many South Africans. This has led to an epidemiological
transition: increased levels of obesity have increased the prevalence of noncommunicable diseases like type 2 diabetes and heart disease. At the same time,
undernutrition and micronutrient deficiencies continue to affect a disproportionate
number of children.
Finally, the environmental implications of the food system have also been brought to
the fore as a threat to future food security. The projected impacts of climate change
on increasingly scarce natural resources such as land and water pose considerable
challenges to developing a sustainable food system. A lack of knowledge of
important system components such as waste and the impacts of climate change on
the food value chain must also be flagged.
An overarching theme in many of the papers in the review was the need for multistakeholder engagement in the governance of the food system. What is generally
being advocated is the need to bring various points of view together in order to
chart a way forwards for a food system that is both sustainable and equitable.

8.5

Role of Western Cape agriculture in food system

The relatively consistent rainfall of the Western Cape, diverse microclimates and
varied soils allow for stable production and a remarkably diverse crop mix. The
province contains approximately 10 % of the national population, 12 % of the
country’s agricultural land, and produces 20 % of the nation’s agricultural produce
(WCG: Agriculture, 2005). This makes the Western Cape a disproportionately large
contributor to the national agricultural economy. The province is also home to the
smallest and most biodiverse floral kingdom in the world, making agriculture in the
province a disproportionately large stakeholder in global biodiversity conservation.
Fruit, poultry, eggs, winter grains (such as wheat, oats and barley), viticulture and
vegetables make up more than 75 % of the Western Cape’s agricultural production.
Excluding viticulture, the region’s agriculture is focussed almost entirely on food
crops. In total the agricultural sector in the province yielded a gross financial income
of around R30.8 billion in 2012, the highest in the country (WCG: Agriculture, 2014b).
However, much of this is not aimed at local consumption, with 45 % of provincial
agricultural production generated from export orientated horticultural products such
as fruits and wine grapes (Statistics South Africa, 2007). These export yields have
grown steadily in recent years to a value of around R16.019 billion (WCG: Agriculture,
2014b) and in 2013, seven out of the top ten export earners for the Western Cape
were agricultural.
Unlike other provinces in South Africa, where subsistence agriculture is widespread,
there is almost no traditional subsistence agriculture taking place in the Western
Cape (DAFF, 2013c). However, pockets of smallholder agriculture do exist, with the
Department of Agriculture estimating the numbers at approximately 10 000 farmers
based on a survey in 2010. Moves have been made by civil society and local
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government to address urban poverty through localised food production
(McLachlan and Thorne, 2009).
In 2002, the total number of commercial farming units in the Western Cape stood at
7 185 (Statistics South Africa, 2002), but had decreased by seven percent in 2007 to
6 653 units (Statistics South Africa, 2007a; DAFF, 2013c). This steady decline in the total
number of farming units in production is a direct result of the agglomeration of farms,
rather than a reduction in the total area under production (Statistics South Africa,
2007a). It should also be noted that over large sections of the province significant
changes in cropping patterns are occurring as winter cereal producers shift towards
agro-ecological production systems which employ increasingly diverse crop rotations
(BFAP, 2013; Metelerkamp, 2011).
Corresponding employment figures on large farms for the same period showed a
13.5 % decline from 219 091 full-time and part-time employees in 2002 (Statistics South
Africa, 2002) to 189 489 in 2007 (Statistics South Africa, 2007). This decline was largely
due to merging farming units retrenching duplicate labour and increasing
mechanisation (Metelerkamp, 2011). Vink and van Rooyen (2009) have argued that
progressive regulation of the agricultural labour market has also driven this decline in
employment figures12. Either way, the loss of 29 000 full and part-time jobs represents
a defeat in the province’s struggle against unemployment, urban migration and
food insecurity. Furthermore, the increasing consolidation at both the point of
production and retail needs to be recognised as a positive feedback loop that will
continue to drive inequality in the province as control over the entire value chain
concentrates into the hands of a few. The radical class imbalances in agricultural
land ownership are of similar concern.
Looking to the future, the central question becomes: How can the Western Cape
transition from an unsustainably resource-intensive production paradigm, to a more
equitable, labour intensive production paradigm which builds the region’s natural
capital?

12However,

Vink and van Rooyen do note that “While labour regulation appears to have negatively
impacted on employment levels, there is evidence to suggest it has had a positive impact on the
development status of those farm workers who continue to be employed” (2009: 25)
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9 Climate change risk & impact

Key messages


Agriculture is generally highly exposed to, and often highly sensitive to
climate variability and climate change, leading to significant impacts and
potential disruption. However, the level of resilience depends on economic
and social factors at the local scale.



In the Western Cape, the agricultural system has proven its general
resilience, and it is already well adapted to existing climate variability.



For winter grains, expectations are that flexible adaptation approaches, the
use of rotational production systems, the increasing shift to Conservation
Agriculture, combined with the fertilising effects of rising atmospheric CO2,
could provide enough resilience to warming of up to ~+2 °C. Opportunities
for increased grain production would arise in currently marginal areas if
rainfall increases there.



The biggest threats of climate change to field crops are likely to lie in
changes to the species, distribution and intensity of pests, diseases and
weeds. The potential threat applies equally to drying or wetting scenarios.



Irrigated horticultural crops are well studied and temperature thresholds
known, with total rainfall being important only in relation to dam filling. Apart
from apples, horticultural crops are not likely to become limited by moderate
warming. Seasonal shifts in rainfall, temperature and humidity give rise to
production and quality problems, including pressure from pests, diseases and
weeds. These cannot currently be predicted with much certainty.
Temperature extremes (heat waves) will have negative impacts, but gentle
warming could make drying of fruit and vegetables more feasible in some
areas. There are likely to be winning and losing production regions, and
possibly new areas suitable for horticultural production. Technologies are
likely to be available to deal with many arising issues.



Dryland horticultural crops will experience range shifts in suitable production
areas, with warmer and drier areas contracting and new areas becoming
suitable which are currently too cool or wet. Responses will depend primarily
on rainfall trends which are still very uncertain.

Undercover protected crop cultivation will have to deal with increased
cooling costs and risks associated with cooling failure, changing pressure of
pests and diseases, and storm damage. Opportunities could open up in
currently colder parts of the province, in areas where water resources may
increase.
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Key messages (cont.)


Extensive livestock production (cattle, sheep, goats, ostriches) will be
primarily impacted by rangeland vegetation changes (fodder), changes in
pests and diseases, and availability of water. However, dairy cattle are at
greater risk of experiencing heat stress with reduced milk production and
fertility. Choice of breed is the primary adaptation already being used.



Intensive livestock production (feedlot cattle, pigs, chickens) is likely to be
adversely affected by heat stress in warmer regions, feed scarcity and high
costs, and diseases. More resilient heat- and drought-tolerant indigenous
breeds are available but currently used more by smallholder and subsistence
farmers.



Generic risks include floods, droughts, hail, frost and fires, and damage to
agricultural infrastructure. In addition, rising input prices and volatile market
prices are already squeezing margins, and these could be further affected
by local and global impacts of climate change.



Adverse impacts on the smallholder and emerging sector and the
employment offered could heighten levels of poverty, drive urbanisation,
and increase food insecurity.



The well-being of agricultural workers is likely to be affected by increasing
heat stress, diseases associated with floods and poor water quality, and
physical danger associated with storms, floods and fires. Poor nutritional
status and other health threats (stunting, obesity, HIV/AIDS) render rural
workers less resilient to the demands of agricultural labour.



On a production level, agriculture in the Western Cape shows fairly high
levels of adaptive capacity, with only a few commodities likely to come
under threat with a moderate warming (until mid-century). However,
resilience may be declining because of multiple stresses interacting with
climate, a higher frequency of events with insufficient time for recovery, and
generally more difficult conditions in some of the more marginal regions.



Under climate change, agriculture continues to show growth potential if
current institutional, legal and other barriers to adaptation can be removed.
A continued focus on partnerships and collaboration at all levels, and
between the public and private sector, would set the sector on a new
growth path. At a global level, the sector’s major competitors in
Mediterranean-climate regions are projected to face a bleaker future
climatically than the Western Cape; this could present opportunities for
increasing market share in commodities such as wine, olives and fresh fruit.
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9.1

Introduction

An integrated assessment of climate change risks and impacts is a prerequisite for
the analysis of responses. The conceptual first-to-fourth-order conceptual approach
used by some researchers has proven value in linking the basic climate parameters
(1st order), the climatic consequences for agriculture (2nd order), the indirect
consequences resulting from changes in ecosystem services and pests & diseases
(3rd order), and finally the resultant social and economic conditions (4th order) that
arise. Feedbacks exist between all four orders. The conceptual diagram below
(Figure 9.1) was adapted from a combination of the approaches used by OneWorld
(2007) and Prof Roland Schulze.

Figure 9.1: Conceptual diagram of first-to-fourth-order impacts in agriculture. Source:
Adapted by S. Midgley from OneWorld (2007) and R. Schulze.


First order impacts
o
o

Temperature: mean annual temp, maximum temp, minimum temp,
diurnal temperature range (high level of certainty)
Precipitation: mean annual precipitation, seasonality of rainfall, interannual variability in rainfall, rainfall intensity (<24 hours, 1 to 7 days
duration), duration of dry spell (lower level of certainty)
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o
o
o
o



Second order impacts
o
o
o
o



Evaporation (annual and seasonal/monthly)
Heat units, chill units
Stream flow (decadal, inter-annual, annual, seasonal and low-flows)
Floods and droughts

Third order impacts
o
o
o
o



Wind: maximum wind speeds, wind direction, days above a critical
wind speed (low level of certainty)
Hail: frequency during the growing season, seasonality (low level of
certainty)
Frost: frequency during the growing season, seasonality (medium level
of certainty)
CO2: absolute atmospheric concentration (high level of certainty) – see
Box 9.1

Soil degradation (erosion, changes in physical, chemical and biological
properties)
Changes in carbon and nitrogen cycles
Pests and diseases
Ecosystem services (pollination, genetic diversity)

Fourth Order impacts
o
o
o
o
o
o
o

Food security
Jobs and livelihoods
Human health
Profitability (cost-price) and financial situation of farmers
Land use change
Population movements
Rural and urban security

The first-to-fourth-order concept also captures the complexity inherent in climate
change risks and impacts, and provides pathways towards better cross-sectoral
integration, which is critical when assessing economic and social system responses. It
can also be used for place-based assessments, such as the RHFAs, with common biophysical and socio-economic characteristics and drivers.
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Box 9.1: How rising atmospheric CO2 concentration affects plants
Rising atmospheric CO2 concentration benefits crop yields in the short term by
increasing photosynthesis rates, and enhancing water use efficiency and yields
(Ainsworth and McGrath, 2010). These effects depend on plant type: they tend to be
higher in C3 crops such as wheat, potatoes and citrus, than in C4 crops such as
maize. This is because photosynthesis rates in C4 crops are less responsive to increases
in CO2. The highest fertilization responses have been observed in tuber crops such as
potatoes, which have large capacity to store extra carbohydrates in belowground
organs.
However, there is big uncertainty in the magnitude of the CO2 effect and the
significance of interactions with other factors such as temperature, and availability of
water and nutrients (Kimball, 2010). Water-stressed crops will respond more strongly
to elevated CO2 than well-watered crops, because of CO2-induced increases in
stomatal resistance. This suggests (supported by experiments) that rain-fed cropping
systems will benefit more from elevated CO2 than irrigated systems, and yield gains in
rainfed systems are higher in dry years than in wet years (McGrath and Lobell, 2011).
The interaction between CO2 and temperature is complex. Mild warming in
combination with rising CO2 will boost growth and yield in many crops, but there exist
thresholds where significant warming and/or increased incidence of heat stress
counteracts the CO2 fertilisation effect.
Of importance to agriculture is the finding that nutritional quality of food and fodder,
including protein and micronutrients, is negatively affected by elevated CO2, but
these effects may be counteracted by effects of other aspects of climate change.
Research conducted at the South African National Biodiversity Institute (SANBI) at
Kirstenbosch, Cape Town, since 1991 has yielded some important results on the
effects of sub-ambient to above-ambient CO2 levels in local ecosystems (Kgope et
al., 2010). They support the idea that increasing CO2 levels have already contributed
to the increase in woody plants in rangelands over the last century, and that further
increases in CO2 concentrations this century will increase the tree-grass ratio and the
ability of trees to recover from fire damage and grazing. The greater benefit
accruing to trees is likely to exacerbate the alien invasive tree problem, making
eradication more difficult.
When considering the responses of crops to first order changes (warming, changing
rainfall patters, rising CO2), the following two concepts should be borne in mind:
1. Positive or negative responses in vegetative growth do not correlate simply
with changes in economic yield of the fruit or seed. It is quite possible that
changes in phonological processes, for example earlier flowering, faster
growth rate, and a shorter growth period, could alter the balance (either
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positively or negatively) of biomass allocation between the shoot, leaves and
roots (vegetative) and the fruit/seed produced (reproductive). For highly
managed perennial crops such as fruit trees and grapevines, these processes
are manipulated through pruning and fruit thinning practices to optimise the
balance – in fact, stronger plant growth is not desirable since this is in
competition with fruit growth. In some vegetables, early “bolting” can be a
huge problem, reducing the marketability of the product. Thus, the “bottom
line” (i.e. economic yield) is far more important than growth per se.
2. Both crops and livestock will respond to both gradual climate changes and
climatic events (shocks). The former could under some scenarios be positive in
the short to medium term, whilst the latter are almost always destructive. The
changing frequency, intensity and duration of shocks will thus become a very
important driver of overall production viability (an issue of changing risk), but
the uncertainties associated with these events makes them very difficult to
model and incorporate into predictive studies.
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Table 9.1: Risk and impacts for current and future timeframes for general agricultural production systems in general
Key
consequences

General (for field
crops, horticulture
and livestock)
-Loss and damage to
infrastructure during
floods, resulting in
economic losses

-Loss and damage to
livestock, crops and
infrastructure during
wildfires, resulting in
economic losses

Climate
driver

Farming
category

Geographical
area

-Higher
frequency and
intensity of
heavy rainfall,
often related to
cut-off lows

All
categories

All areas, but
particularly in riparian
zones and in
catchments prone to
flash flooding, and
where upper
catchments are in
poor ecological
condition

-Higher
frequency and
intensity of
wildfires, with
fire risk
increasing due

All
categories

All areas, but
particularly in
proximity to fire-prone
natural vegetation
such as fynbos, and in
areas of heavy

Recent and future risk13
[Recent=recent past and
current; Near term = 2015-2025;
Long term = 2040-2060]

Recent
Near
term
Long
term

Recent
Near
term
Long
term

Low
X
X

Medium

High

-Maintenance of drainage and flood protection
infrastructure, bridges, culverts, roads
-Building of permanent drainage and flood
protection infrastructure, bridges and roads to
correct specifications which can withstand current
and possible increased intensity and frequency of
flooding
-Ecological restoration of upper catchments and
clearing of vegetative debris away from the riparian
zone
-Correct positioning of farm buildings and
infrastructure away from the riparian danger zone
-Well-functioning early warning systems, disaster
response and disaster recovery systems
-Use of insurance products

High

-Establishment and management of effective Fire
Protection Associations (FPAs),with well-equipped
and trained firefighters
-Adopting Integrated Fire Management (IFM)
-Fire danger forecasting and early detection
information

X

Low
X
X

Medium

Adaptation Responses

X

13

The potential for consequences where something of value is at stake and where the outcome is uncertain, recognizing the diversity of values. Risk is often represented as probability of occurrence
of hazardous events or trends multiplied by the impacts if these events or trends occur. Risk results from the interaction of vulnerability, exposure, and hazard. (IPCC 2014 WGII Appendix II
Glossary)
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Key
consequences

Climate
driver

Farming
category

to warming
and drying

-Reduced labour
productivity due to
heat stress, resulting in
economic losses

-Increased labour
productivity due to
reduced cold stress in
the interior regions

-Higher
frequency,
intensity and
duration of
heat waves
- Higher
maximum daily
temperatures
-Higher
minimum daily
temperatures

Geographical
area

Recent and future risk13
[Recent=recent past and
current; Near term = 2015-2025;
Long term = 2040-2060]

infestation with alien
invasive plants

All
categories

All
categories

All areas, but
particularly in the
interior regions with
hotter summers
(Karoo, Little Karoo,
interior West Coast)

All areas, but
particularly in the
interior regions with
colder winters (Karoo,
Little Karoo, interior
West Coast)

Adaptation Responses

-Clearing of invasive alien plants on farmland and
adjacent catchments
Establishment and maintenance of fire breaks
around infrastructure
-Use of insurance products

Recent
Near
term
Long
term

Recent
Near
term
Long
term

Low
X

Medium

High

X

X

Low
X

Medium

High

X

X
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-Re-arrange daily work schedules to avoid hottest
part of day
-Provide shade structures
-Protect those more vulnerable (older workers,
pregnant female workers, ill workers)

269
Chapter 9 Climate change risk & impact

9.2

Field crops

Staple grain crops such as wheat are generally shown to experience reductions in
yield under climate warming, although rising atmospheric CO2 concentrations
counter this effect. Overall impacts are highly place-specific and depend largely on
when and which adaptation actions are taken.
The 2014 IPCC report (Porter et al., 2014) maintains that the region most likely to be
affected by negative impacts on several important crops, including maize, is
southern Africa (see Box 9.2). Warmer and more humid conditions caused by climate
change could affect the availability and quality of food, as with increased
temperatures, fresh foods may spoil, and even in storage, pests and pathogens may
damage food. They also suggest that changes in temperature, rainfall and
seasonality in may provide suitable habitats for the spread of pernicious weeds.
Box 9.2: The IPCC’s Fifth Assessment Report: What’s in it for Africa? Source: CDKN &
ODI (2014)
African countries have gained experience in climate-proofing infrastructure, and
improving food storage and management to reduce post-harvest losses. A growing
body of evidence shows that farmers are changing the technologies they use and
their farming practices in response to food security risks linked to climate change and
variability. For example, farmers plant cereal varieties adapted to shorter and more
variable growing seasons, they build bunds to capture rainwater and reduce soil
erosion, they use reduced tillage practices, manage crop residues to bridge dry
spells when fodder is scarce and they adjust planting dates to match shifts in rainfall
patterns. Conservation agriculture can both bolster food production and enable
farmers to better manage climate risks. Conservation or zero tillage, incorporating
crop residues and green manures, building stone bunds, agroforestry, and
afforestation and reforestation of croplands reduce run-off and protect soils from
erosion. These practices capture rainwater and improve soil water holding capacity,
replenish soil fertility and increase carbon storage in agricultural landscapes.
Many studies have attempted to project the impacts of specific regional climate
changes on crop production, in terms of suitable areas, consumption trends and
crop yields (Jones and Thornton, 2003; Benhin, 2006; Schlenker and Lobell, 2010). All
these factors have other determining factors such as inputs, technological advances
in machinery, seed, fertilisers, herbicides and pesticides etc. as well as management
techniques. For example, it is estimated that adaptations such as altering varieties
and planting times can avoid 10-15 % reduction in yield corresponding to 1 – 2 °C
local temperature increase (Meehl et al., 2007). In South Africa various studies have
focused mostly on maize and sugar cane (Bezuidenhout and Singels, 2007; Walker
and Schulze, 2008; Crespo et al., 2010; Moeletsi et al., 2011)
While early studies by Lobell et al. (2008) and others (e.g. Singels et al., 2010) showed
a decrease in wheat yields in Southern Africa, Estes et al. (2013) used crop models
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and 18 downscaled climate projections to show that suitable areas for growing
wheat increase by up to 25 % but yield changes vary from small (up to 10 %)
reductions in the coastal zones to significant increases in the inland areas (up to
50 %). The compound effects of increased temperatures (mostly reducing yields) and
increasing CO2 (fertilising effects increasing yields) levels lead to marginal increases
in projected yields up to 2 °C temperature increases, after which fertilisation benefits
fall away (Wallace, 2013, Porter et al., 2013).
Turpie et al. (2002) produced estimates of changes in production due to climate
change impacts with and without the CO2 fertilisation effect, finding that with the
CO2 effect, the impacts are reduced. Wheat yield losses, from climate change were
estimated at 10-20 %. Similarly, barley yield reductions were pitched at 10-40 %
(medium confidence).
Climate change is also expected to affect the quality of agricultural produce. Taub
et al. (2008) simulated the effect of elevated atmospheric CO2 on the protein
concentrations of barley, rice, wheat, soybean and potato. Each crop had lower
protein concentrations when grown at elevated CO2 levels. For wheat, barley and
rice, the reduction in grain protein concentration was between 10–15 % of the value
at ambient CO2. For wheat and barley in the Western Cape, this has significant
implications for milling and baking, and for malting, respectively.
Few modelling exercises have been performed on homogenous farming regions
where downscaled climate scenarios could be used to project changes. This has a
few reasons, not least of which is the fact that agriculture is not static and farmers
can choose from a variety of options regarding crops, seed, cultivars, soil
preparation, timing of planting and cropping systems. Any of these choices may
have a bigger effect on yield than climate variability and change (but likely up to a
threshold (Klein et al., 2014).
The overall relationship between weather and (crop) yields is often crop and region
specific, depending on differences in baseline climate, management and soil, and
the duration and timing of crop exposure to various conditions (Porter et al., 2013:
p497)
One of the most effective and financially beneficial (for most farmers) advances
made in recent years is the switch to conservation agriculture techniques (see Box
9.3), including cover crop management and minimal or no-till (Dumanski et al., 2006;
ARC, 2014). The WCG: Agriculture has been at the forefront of research in this area
and such is the success that many farmers are of the opinion that without adapting
to these methods, they would have been out of business. It is clear that, regardless of
longer term climate scenarios, conservation agriculture, which has moisture
conservation as a central theme, is a suitable and effective response to climate
variability.
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Box 9.3: What is Conservation Agriculture? Source: Blignaut et al. (2014)
Conservation Agriculture (CA) refers to a farming system where three principles –
minimum disturbance of the soil, year round soil cover and sound crop rotations
including legumes – are applied simultaneously. Seed and fertilizer are sowed directly
in the stubble of the previous crop.
The focus of CA is on producing good crops with healthy soils. CA encourages plant
diversity, increased biological regulation functions, and risk minimisation. Cover
crops, grown to protect and improve the soil quality, have been identified as
probably being the main reason for the worldwide success of CA. CA is not a
standard model that can be applied everywhere, but should be tailored to the
specific area in which it is applied. It is ecotype specific, context dependent,
seasonally variable and a constant trade-off of simultaneously balancing adherence
to various divergent sustainability objectives.
A major strength of CA is its step-like implementation by farmers of complementary,
synergetic soil husbandry practices that build to a robust, cheaper, more productive
and environmentally-friendly farming system. CA is gaining acceptance in many
parts of the world as an alternative to conventional farming and organic agriculture.
It has been described as the most cost-effective, sustainable and rapidly expanding
crop production system in the world today. In theory, CA encourages a production
system that is not only ecologically sustainable but also economically feasible and
socially acceptable. CA is based on optimising yields and profits and not on
maximising yields per se while exploiting the soil and agro-ecosystem resources.
Research conducted by the Western Cape Department of Agriculture and the
Agricultural Research Council (ARC) on a range of wheat farms shows clearly that it
is significantly cheaper to produce wheat with CA than with conventional farming
techniques (ARC, 2014). Although specialised equipment must be purchased, CA
leads to increased overall income after a few years, as well as reduced labour,
diesel, fertilizer, herbicide and seed costs. CA increases productivity by improving soil
health through increased soil moisture retention, decreased soil temperature,
increased micro-organisms and decreased compaction. In the Western Cape, the
best results are obtained with CA and crop rotations including clover, lupin, medic
and canola.
Currently, 166 000 of wheat grown in the Western Cape is produced using CA,
leading to an overall financial benefit of around R342 million. The adoption rate is ca.
60-70 %. The local development of specialised CA equipment suited to the rocky soils
has been instrumental in catalysing the transition to CA. Further technology
development is required. A solution to the problem of livestock grazing practices on
harvested field also needs to be found, as well as increased cover and the option of
using ‘green manure’ cover crops. Further research is required to quantify the longer
term benefits for climate change resilience.
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Table 9.2: Risk and impacts for current and future timeframes for field crop production systems
Key consequences
Field crops
Direct impacts
-decreases in yield due to drying out as a
result of combined heat and water stress
-decreases in yield value due to poor
grain quality as a result of high
temperatures

-decreases in yield and grain quality, as a
result of increased risk of dry periods and
drought

-decreases in yield and quality due to hail
or strong winds during the harvest period

-decreases in yield due to flooding

Climate driver

Farming
category

Geographical
area

-Higher maximum
temperatures
-Increase in hot days
-Heat waves

Commercial
dryland

Wheat –
Swartland, Rûens
Barley – Rûens
Canola - Rûens

-Higher autumn and
winter temperatures
(May to August)
Reduced rainfall or
longer dry spells

Higher frequency and
intensity of hailstorms
and windstorms

-Higher frequency and
intensity of heavy
rainfall and flooding

Commercial
dryland

Commercial

Commercial

Wheat –
Swartland, Rûens
Barley – Rûens
Canola - Rûens

Wheat, canola Rûens

All production
areas

Recent and future risk

Low
Recent
Near
term
Long
term

Recent
Near
term
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High

Medium
X
X

High

Medium
X
X

High

Medium

High

-Drought resistant cultivars
-Mulching, Conservation
Agriculture

X

Low
Recent
Near
term
Long
term

Medium
X
X

X

Low
Recent
Near
term
Long
term

Adaptation Responses

-Wind row protection

X

Low
X
X

-Elevated fields with
canals/furrows in wetter regions
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Key consequences

Climate driver

Farming
category

Geographical
area

Recent and future risk

Adaptation Responses

Long
term

Indirect impacts
-decreases in pasture quality due to water
stress induced by insufficient irrigation as a
result of water curtailments (low dam
levels)

- Increased prevalence and damage of
pests and diseases due to increased
temperatures (degree days), changes in
the quantity, intensity and distribution
patterns of rainfall, and higher humidity at
critical times
- Extended range and activity of some
pests and diseases due to increased
temperatures and changes in the
quantity, intensity and distribution patterns
of rainfall
-Increased costs of plant protection
-Increased risk of development of
pesticide resistance and negative
impacts on natural predators with higher
rates of application

-Lower winter rainfall
and runoff into dams
-Increased drought
-Higher daytime and
maximum
temperatures leading
to increased rates of
transpirational water
loss and low water
potential

Commercial
irrigated
pastures

South Cape

-More frequent and
heavier late spring
and early summer
rainfall
-Increased
temperatures during
the growth season
-Higher maximum
rainfall
-Increase in hot wet
days
-Increase in frequency
and magnitude of
droughts/floods
-Changes in the
quantity, intensity and
distribution patterns of
rainfall

Commercial
dryland
and
irrigated
pastures

All production
areas

X

Low

Medium
X

High

-Selection of drought resistant
grasses

Low
X

Medium

High

-Increase monitoring
programme
-Increase Integrated Pest
Management interventions
- Development and use of pest
resistant cultivars Increase use
of pesticides and fungicides

Recent
Near
term
Long
term

Recent
Near
term
Long
term
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Key consequences

Climate driver

Farming
category

Geographical
area

-Reduced prevalence of pests and
diseases where maximum temperatures
exceed upper thresholds, and where
general drying and reduced humidity is
experienced at critical times
-Increase in days suitable for pest and
disease control spraying
-Reduced feeding of pests on crops due
to reductions in nutritional quality caused
by elevated CO2
-Reduced costs of plant protection

-Warming leading to
higher and more rapid
accumulation of
degree days
-Higher maximum
temperatures
-Very high maximum
temperatures
-Decrease in wet
humid days especially
in spring and around
harvest
-Rising atmospheric
CO2 concentration

Commercial
dryland
and
irrigated
pastures

All production
areas

Commercial
dryland
and
irrigated
pastures

All production
areas

-Increased distribution and
competitiveness of weeds due to
increased temperatures, changes in the
quantity, intensity and distribution patterns
of rainfall, and rising CO2
-Increased costs of weed control
-Increased risk of development of
herbicide resistance

-Warming leading to
higher rates of weed
growth and
reproduction
-Changes in the
quantity, intensity and
distribution patterns of
rainfall
-Rising atmospheric
CO2 concentration

Recent and future risk

Recent
Near
term
Long
term

Low
X
X
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Medium

High

Medium
X
X

High

-Monitor pests and diseases
and reduce chemical control
programme

X

Low
Recent
Near
term
Long
term

Adaptation Responses

X

-Use of best practice weed
management approaches
-Step up monitoring
-Use more herbicide
applications only with careful
consideration of potential
impacts
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9.2.1 Wheat
Wheat is the second most important field crop in South Africa with approximately
3 500 commercial wheat farmers and, together with secondary processing industries,
provides about 28 000 job opportunities. Wheat requires a climate that is cool (5 ° to
25 °C) and moist, followed by a warm dry season for harvesting (DAFF, 2010a). Such
a climate is encountered mostly in winter rainfall areas of the Western Cape. The
water requirement for wheat is about 600 mm per annum, but the seasonal
distribution of rainfall is equally if not more important. Wet weather during harvesting
contributes to disease prevalence and quality deterioration of grains.
The two production regions in the Western Cape (Swartland and Rûens) are
assuming more importance due to the reduction of area planted in the Free State.
The total SA crop still provides 60 % or less of total local demand (DAFF, 2013c).
Dryland wheat production yields in South Africa are low compared to the major
wheat producing countries. The quality requirements for newly available cultivars
may lead to slower than expected progress in yield increases of local breeding
programmes. Other limiting factors are variable climate conditions (including dry,
warm winters) and low soil fertility.
The planting area devoted to wheat varies from year to year; over the last 20 years it
has shown a decreasing trend, but with cultivar development and better farming
methods production has remained stable at approximately two million tons per
annum. In the core Overberg region (Rûens), planting area has been variable but
without a noticeable long-term decline (Figure 9.2).

Figure 9.2: Area planted to wheat, barley and canola for the Overberg Agri and
Sentraal-Suid Koöperasie supply areas, 1999-2013. Source: Overberg Agri study
group.
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Threats to wheat farming include world prices (regarded as the single most important
factor), input costs, extreme weather, exchange rates, and political interference
(labour). Prices above R3000 /t encourage extended plantings while prices less than
R2000 /t encourage alternative fodder crops and concomitant livestock investments.
During germination (June/July) wheat needs rain but dry periods can be handled for
certain periods depending on the cultivar (shorter more popular). Good rainfall
favours longer yielding. June and end Aug/Sept (at least some in both months)
rainfall critical. Some farmers reckon final yield is purely dependent on May and June
rainfall (>50mm each).
A study by Schulze and Davis (2012) using a wheat yield model shows winter wheat
yields should increase slightly by 0.5 to 1.5 t/ha/season into the intermediate future in
the main wheat growing Swartland and Rûens regions, while into the more distant
future most of the Western Cape’s wheat belt is projected to show decreased yields
of 0.5–1.0 t/ha from the present.
Recently Wallace (2013) used a baseline perturbation approach and an ensemble
of downscaled GCM projections to look at regionally specific climate change driven
impacts on wheat in the Western Cape. Future yield responses were generally
positive in the south and south-eastern wheat zones of the province (Map 9.1). The
western wheat zone yield projections demonstrated a greater level of uncertainty
than the southern zones, and smaller or negative median yield impacts were
modelled, particularly in the Swartland subregion, which also showed the highest
potential sensitivity to cultivar choice under future climate conditions. Future risk
patterns are likely to remain close to those currently experienced, although a few
RHFAs in which increases in risk were indeed indicated, are already considered risky
and marginal for wheat production.
Responses to elevated atmospheric CO2 varied considerably between zones, but
together with expected increases in precipitation in some areas, largely
compensated for yield losses due to future warming, across most of the province. In
the generally shallow soils of the Western Cape, simulations at low nitrogen
application levels generally resulted in increased yields under future conditions
compared to the baseline simulation at the corresponding nitrogen application.
Similar work in western Australia, where climate change is also projected to decrease
rainfall and increase temperatures, showed that several options exist for adaptation,
especially, depending on soil type, by experimenting with longer and shorter
growing season varieties (Ludwig and Asseng, 2005)
In South Australia where a series of dry seasons is threatening the crop’s sustainability,
Luo et al. (2009) found that changes in nitrogen application level and in wheat
cultivars could not prevent future yields from being significantly lower than the
current wheat production levels due to the increase in the frequency of drought
events. The authors encourage soil water conservation practices and improvement
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in water use, and recommend the development of cultivars with heat/drought
tolerant genetic characteristics.

Map 9.1: Modelled yield responses to perturbations of baseline climate data of
+2° C, CO2 set at 500 ppm and two rainfall scenarios (top) rainfall decreases by 10 %,
and (bottom) rainfall increases by 10 %. Source: Wallace (2013)

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

278
Chapter 9 Climate change risk & impact
Farmers in the Western Cape are experiencing seasonal shift (rains seem to come
later) but their biggest concern seems to be the frequency of intense rainfall events,
followed by extended dry periods. Their current adaptation strategies seem to
include experimenting with cultivars, applying no-till or minimum till strategies as well
as leaving stubble on the field (see Box 9.4). Farming systems include canola, lupin,
medics, oats rotations which serve multiple purposes of increasing wheat yields,
improving soil quality as well as offering fodder as either a cash crop or as pasture (or
all three) (Strauss, 2014). ARC (2014) explains that in the Swartland area, four-year
rotations are used. Examples are wheat-lupin-wheat-canola, wheat medics-wheatmedics. In the Southern Cape long and short rotations are used. Long rotations
consist of 5-6 years of permanent lucerne followed by five to six years of cash crops.
An example will be: lucerne-lucerne-lucerne-lucerne-lucerne-lucerne-wheat-barleycanola-wheat barley-lupin. These sequences of crops vary hugely depending on the
farming area and the farmer.
Box 9.4: Adaptations used by wheat farmers (after Wallace, 2013, and Hoffmann,
2010)
In order to maximise whole-farm profitability (and reduce risk) under current
conditions, expert groups consulted by Hoffmann (2010) suggested the following as
potential adaptations for Western Cape wheat farmers:
 implement crop rotations according to best practices for a region, maximise
the benefits of nitrogen-fixing species (legumes) preceding a wheat crop
 optimise stocking rate of ewes to take advantage of increased stubble and
pasture resulting from the above point
 increase dairy and pasture component, producing oats and other fodder
crops on poorer soils – particularly for farms near major towns or cities
 promote the development and testing of cultivars suited to risky areas
 increase farm size (economies of scale)
 allocate a portion of the farm (20 %) to continuous small-grain monocropping
to maximise the opportunity to take advantage of the occurrence of high
grain prices
 conservation tillage to conserve soil moisture
 other issues pertaining to optimisation of cropping machinery
According to farmers, distinct differences are noticed (in the Swartland) during El
Niño and La Niña years, the former characterised by a drier winter with late rains (in
August/September) but dry thereafter, while during the latter, the season arrives later
in May /June and while the overall winter is wetter, the rain dries up by September
(Johnston et al., 2012). These have not been confirmed by rainfall data.
Responses to seasonal forecast information varies, but any expectation of dry season
or price decreases will lead to reduced plantings especially on marginal land, and
reduced fertiliser use. The latter will be adjusted according to actual rain received.
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Information regarding climate cultivars, prices etc. is distributed through study
groups.
During a drought or in anticipation of one, instead of wheat fodder is planted, as it is
less susceptible to dry spells. Livestock has become part of the farming system of
many farms – shifting livestock onto marginal lands.
Investment decisions regarding operating capital and actual land operations are
taken over longer periods. Conservation Agriculture (no till, minimum till) requires new
equipment which involves a considerable investment, which most farmers believe is
paying off. Tine seeders, for example, have been effectively used on extremely
degraded soils during an initial phase to recompose microbiological activity and
increase the organic matter content of the soil (Strauss, 2013). Research by ARC
(2014) showed that the production costs in the 2009/2010 production season to
produce a yield of three tons per hectare through conventional and CA systems cost
R4 444/ha and R2 387/ha, respectively. The price of no-till planters varies between
R50 000 – R100 000 per unit and thus requires considerable capital outlay. A
suggestion by Du Toit and Mashao (2010) is that farmers convert existing equipment
themselves. The increases in profits are considered more beneficial than the
increased capital expenditure in the long run (ARC, 2014).

9.2.2 Canola
Canola was first planted in 1992 when 400 ha were planted in the Rûens region. This
has steadily grown to over 68 000 ha in 2013 (Figure 9.2; Table 9.3).
Table 9.3: Canola Production growth since 1992. Source: M. Heydorn, 2014
Year
1992
2011
2012
2013

Number of
Producers
30
293
334
433

Total
production
500
58000
78000
113000

Production per
producer in tons
16
198
234
260

The climatic requirements of canola are described in the Canola Manual
(OverbergAgri, undated): “Canola is a temperate crop and the duration of the
different growth stages will therefore be shortened by high temperatures. Moderate
temperatures of 20 – 25 °C are optimal for photosynthesis and the accumulation of
dry material. Although 5 °C is regarded as the minimum growth temperature for
canola, germination is considerably delayed by low temperatures, and
temperatures of 15 – 20 °C are optimal for germination. Temperatures > 30 °C can be
detrimental to the pollination of the flowers and will shorten the stage during which
the pods and seeds develop to such an extent that both yield and quality can be
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impaired. The effect of high temperatures is worsened by concomitant water stress
conditions. Because the seeds of canola are very small and there consequently is
less contact with soil particles, high soil water contents are required for successful
germination in contrast to what is required for wheat. Once it has been established,
canola roots can penetrate the soil to a depth of 100 cm by way of its taproot
system to absorb water and nutrients, and it can therefore withstand dry periods
better than wheat. Maximum evapotranspiration (water consumption) of as much as
8 mm per day during the flowering stage compares well with that of wheat,
however, and photosynthesis is usually impaired if > 75 % of the plant-available water
content is removed from the soil. Rainfall of 300 mm and more between April and
October is ideal for seed yields of 2 tons and more per hectare. With rainfall of 200
mm, the yield potential drops to about 1 ton per hectare. Rainfall distribution is very
important, however, and a long rainy season with sufficient rain during the pod and
seed development stages is very important.”
Fourty percent of the crop is used for oil, the rest for oilcake for feed. Planting must
occur in April, latest May, but every week after mid-April leads to a 5 % loss in yield.
Thus 25 mm of rain is necessary in April. Planting usually occurs after rain, but can also
occur in anticipation of rain. Disease is prevalent and consecutive canola crops must
not be planted in the same or even nearby fields. Harvesting is first done by
windrowing then later by combine. Heavy rain during this period and even strong
wind can dislodge or spoil seeds. Summer rainfall leads to high prevalence of slugs
emerging after planting. Treatment is essential (Van Tonder, 2014).
The IPCC report on the effects of CO2 fertilisation on canola in China (yield increases
of 8 %), but there is no record of any research performed in Africa (Niang et al.,
2014).
Crop rotation field experiment results show major positive effect on the gross margins
where production systems include alternative crops such as canola and lupins
relative to the gross margins recorded for wheat monoculture The results therefore
clearly suggest that the area allocated to canola and lupin production should be
significantly increased not only increasing oil and protein seed production in the
Swartland but also improving gross margins of the production system (Hardy et al.,
2011).

9.2.3 Barley
After wheat, barley is regarded as the most important small grain in South Africa.
Most of the production is used for beer brewing, largely for South African Breweries
(SAB). The dryland growing area is restricted to a small area of the Southern Cape,
from Bot River, near Caledon, to Heidelberg. A limiting factor to barley cultivation is a
seasonal (March-October) rainfall of at least 350 mm (ARC, 2008) and the
unpredictability of the weather.
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DAFF describes the climatic requirements for barley as follows (DAFF, 2009): “It
requires a shorter growing period and needs an average temperature of 15 to 17 °C
during flowering. The annual temperatures required range from 5 to 27 °C (low
temperatures and high temperatures during ripening). It tolerates high temperatures.
The seasonal water requirement for barley depends on the variety, targeted yield
and crop management. Barley is a drought resistant crop and requires 390 to 430
mm of rainfall for optimum yield. Maximum water use will occur for 21 to 28 days.”
The growth of barley growing area and production is limited by the capacity of the
malting plant in Caledon which has a maximum capacity of 200 000 tons. Expansion
is limited to the irrigated regions in the Northern Cape, for transport to a newer
malting plant in Gauteng (J. Coetzee, pers. comm.). Canola production and
expansion is competing with barley, and in many cases replacing it as a more
profitable and less particular crop (Table 9.4). Already, approximately 30 % of the
country’s barley requirements are imported.
Table 9.4: Overberg Agri Study Group 3-year averages 2013. Source: Jan Coetzee
(pers. comm.)
ha planted
yield ton/ha
Price R/ton
Price R/ha
Direct Costs
Seed
Fertiliser
Chemicals
Fuel
Other
Indirect costs
Machinery
Labour and O/heads
TOTAL COSTS R/ha
NET PROFIT R/ha

Wheat
268
3.29
2330
7826

Barley
299
3.4
2290
7903

Oats
113
2.71
2262
6058

Canola
115
1.56
3843
6178

400
1218
764
470
457

303
1159
739
470
371

306
1040
437
473
350

411
1137
589
448
236

476
1329
5114
2693

476
1329
4847
3034

490
1319
4415
1648

464
1364
4649
1528

As mentioned above, research has suggested that barley quality may deteriorate, in
terms of protein content, at higher CO2 levels (Taub et al., 2008). In studies in Asia
and South America, increasing temperatures have led to decreased barley yields
(Porter et al., 2014).
Threats to barley cultivation are intense rainfall which reduces the yield, in the later
growing months, high temperatures (>36 °C) and wind, especially after windrows
have been cut. The late season rainfall (and increased temperatures) can cause the
barley to germinate after which it cannot be used for malting. Thus, early winter
rainfalls are extremely beneficial, as they ensure an earlier harvest and this reduces
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the risk of germination. Other threats are hail, which has been noticed in the
Swellendam region more recently, and strong winds in the Riviersonderend district.
Barley is grown in rotation with lucerne, oats, canola and wheat.

9.2.4 Oats
Oats grown as a crop in the winter rainfall region receive the necessary moisture
during the winter months, with a seasonal requirement of around 300 mm (DAFF,
2010b). As with other small grains, oats can be damaged by dry, warm periods. Heat
stress is caused when drought conditions are experienced and is usually associated
with high temperatures and warm, dry winds. Heat stress can be particularly
damaging during the flowering stage of the plant.
In the Western Cape oats is used mainly as a cover crop and usually for animal
pasture and silage. A very small percentage of high quality grain is utilised as a
breakfast cereal. As such oats is beneficial and well suited to this region due to its
adaptability, nutritional value and regrowth characteristics. It suppresses soil borne
diseases in a crop rotation system.
The seed harvesting for grain cereal is dependent on quality which is maintained by
adequate soil moisture and disease prevention especially during harvest when
rainfall is a major threat. Infiltration of oats fields by wheat and grasses poses a
problem to the seed harvesting (ARC, 2008).

9.2.5 Triticale, lucerne and medics
A variety of cover crops are grown (refer to the rotation systems mentioned above)
in alternation with wheat, canola and barley. The selection of cover crop depends
on the physical conditions in the region and the use for which the farmer will identify
for them. Whereas large areas are identified as being grown to triticale, since the
survey was done aerially, it is possible that they were confused with wheat.
The bulk of the lucerne/medics category is made up of rotational dryland crop,
whereas irrigated lucerne is usually associated with dairy/ostrich/ feedlot production,
or to bale and sell (M. Wallace, pers. comm.).
Oats, triticale and even wheat can be grown specifically for grazing purposes. The
perennial pastures are those other pastures ryegrass, kikuyu, cocksfoot, fescue etc.
which are not be in rotation cycles with wheat etc. (see Planted pastures section
below).
A hybrid of wheat and rye, triticale is not used for human consumption but is
regarded as a multi end-use crop for grain silage, a cover crop preceding wheat
production, pasture and a possible feedstock for bio-fuel. It has higher disease and
pest resistance than wheat or barley and is also richer in protein (Strauss, 2013).
Because it can be grown on marginal soil, and shares many characteristics it is
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regarded as a good companion for wheat. It contributes to soil fertility and when
combined with rye and legumes makes good fodder.
Triticale is planted a week or so before wheat, and it can be grazed once
(approximately 40 days after emergence) without any impact on final yield (ARC,
2008).

9.2.6 Planted pastures
In the IPCC AR4 (Easterling et al., 2007) and IPCC AR5 (Porter et al., 2014) some
observations regarding pasture and forage crops are made:



Reductions in crude proteins in pasture and in forage quality.
Thermal stress leading to reduced productivity, conception rates, and
health of livestock

Due to the low protein content of pasture grasses, they do not compete with the
grain crops above, in the south-western Cape but are much more common in the
poorer soils of the southern Cape, where rainfall is spread more evenly through the
year and dairy farming is more common. Many varieties require irrigation to
compensate for the insufficient annual rainfall.
What does appear in research in Asia, Australia and South America is that irrigation
requirements for pasture are set to increase, under conditions of increased
temperature. This poses a threat to the areas in the southern Cape which rely on
irrigation.
Species planted in the southern Cape (with annual rainfall requirements) are:






Perennial Ryegrass (750mm)
Phalaris (650-750mm)
Tall Fescue (800mm)
Cocksfoot (800mm)
Bahia Grass (750mm)

Some research has been done on the effectiveness of possible alternatives to
pasture grasses to supply the need for a high quality crop that can produce
sufficient amounts of dry matter during the summer and autumn, such as annual
forage crops, which include forage rape (Brassica napus), forage turnip (B. rapa),
kales (B. oleracea), swedes (B. napobrassica), fodder beet (Beta vulgaris), Japanese
radish (Raphanus sativus) and chicory (Cichorium intybus).
The researchers concluded “New perennial grasses are available and can be
included in fodder-flow programs. Care must be taken when selecting cultivars and
species to utilise in a system, with selection based on seasonal production potential”
and “Alternative temperate perennial grasses to perennial ryegrass are available for
utilisation in pastures. Although some species, such as Cocksfoot and Tall Fescue, are
slower to establish than perennial ryegrass, they can be as productive as ryegrass
Status Quo Review of Climate Change and Agriculture in the Western Cape Province
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from spring onwards. The decision on which cultivar/species to include in a fodderflow program should be based on the seasonal dry matter production of the species
and the role it can play in the fodder-flow program.” (Lombard et al., 2012; Van der
Colf and Botha, 2012).
More research is required to investigate the impacts and threats of climate change
in this sub-region.

9.2.7 Pests, diseases and weeds
Porter et al. (2014) state unequivocally that climate change in interaction with other
environmental and production factors could intensify the frequency and intensity of
pests, weeds, and diseases, leading to crop losses. Striga hermonthica weed
infestations are specifically identified for Sub-Saharan Africa.
Savary et al. (2011) reviewed prevalent crop diseases affecting major crops
worldwide and concluded that chronic, acute, and emerging diseases will call for
strategic long-term, strategic short-term and tactical decisions, respectively.
Winters in the Western Cape are wet with mild temperatures and are conducive to
the development of a wide range of plant diseases.
It is also suggested that high rainfall during spring and early summer will have a
pronounced effect on the invasion of weeds like Yellow nutsedge (Cyperus
esculentus) (Afr. “Uientjies”) and Crab finger grass (Digitaria sanguinalis) (Afr.
“Kruisgras”) than during warmer and drier seasons. The increasing problem of
herbicide resistance in the region (Pieterse, 2010) will require increased attention in
the context of climate change.
Research scientists warn that “the variation in growth rate during spring and early
summer over years at similar planting dates is an indication that climatic factors and
the presence of weeds can influence the production potential of these temperate
grasses. This can be a risk for farmers and an important reason for selecting planting
dates in such a way to insure that these crops are productive, have the potential to
overcome climatic changes and the ability to compete with spring and summer
weeds.” (Botha and Zulu, 2012).
Juroszek and Tiedemann (2013) conducted a review of research into the impact of
climate on crop diseases. No work performed in any of the southern hemisphere
countries was reviewed, but the concern was expressed that projections of future
wheat yield potential projections may be over- or underestimated if the effects from
diseases are ignored. Fungal diseases threatening wheat include powdery mildew,
stem rust, leaf rust and stripe rust. Crop residue-borne necrotrophic pathogens cause
tan spot, leaf blotch, nodorum blotch, and spot blotch. Russian wheat aphids are a
sever threat to dryland wheat, but according to Jankielsohn (2013), Russian wheat
aphid resistant cultivars have been bred throughout the world for a long time and
are numerous among commercially available wheat cultivars. Their efficacy under
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new climate conditions has not been tested locally but research results in the USA
(Merrill and Peairs, 2012) suggests negative effects of autumn and spring
precipitation on aphid intensity, and the positive effects associated with alternate
food source availability. They recommend their predictive model be used to provide
an estimate of the pest pressure on wheat.
The incidence of crop disease is determined by temperature and the occurrence of
wet weather especially for wheat, for example, at the flowering or anthesis of the
crop. Zhang et al. (2014) predict that wheat flowering dates will be earlier and the
incidence of the Fusarium ear blight disease on the wheat crops will substantially
increase in Central China by the middle of this century (2020-2050).
While not linking the disease to climate parameters, Lamprecht et al. (2006) showed
how crop rotation management techniques significantly affected the incidence of
F. pseudograminearum, crown rot incidence and severity, dry mass and grain yield.
They infer that research can show which rotation methods would best be suited to
disease management.
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9.3

Horticultural crops

Table 9.5: Risk and impacts for current and future timeframes for horticultural production systems
Key consequences

Climate driver

Farming
category

Geographical
area

-Higher temperatures

All
categories,
fresh
produce
requiring
cooling

All production
areas but
particularly where
warming will be
greatest (interior
regions) and
where crops
require cooling,
therefore
especially Olifants
River, northeastern Swartland,
Breede, Little
Karoo

All
categories,
fresh
produce
which can
be dried

All production
areas but
particularly where
conditions will
become hotter
and drier (western
interior)

Recent and future risk

Adaptation Responses

All horticulture
-increased costs of cooling of packhouses
and storage

-increased suitability for sun drying (raisin
grapes, dried stone fruit and pears,
tomatoes etc.)

-decreases in yield and product quality
(e.g. sunburn, small size) due to water
stress induced by insufficient irrigation as a

-Higher temperatures
with drying

-Lower winter rainfall
and runoff into dams
-Increased drought

Commercial
irrigated

All production
areas but
particularly where

Recent
Near
term
Long
term

Recent
Near
term
Long
term
Recent
Near
term
Long
term

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

Low
X

Medium

High

-Switch to onsite renewable energy
-Improve insulation and efficiencies of
cooling systems

-Switch to dried fruit and vegetables
-Divert non-export fruit to drying
-Develop markets for more dried fruit and
vegetables

X

X

Low
X

Medium

High

Low
X

Medium

High

X

X

-Use efficient and precision irrigation
technologies and scheduling
-Use shade netting which reduces
irrigation requirement
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Key consequences

Climate driver

Farming
category

Geographical
area

Recent and future risk

result of water curtailments (low dam
levels)
-decreases in yield and product quality
due to increased physiological stress in
well-watered plants resulting from high
daytime temperatures and high rates of
transpiration

-Higher daytime and
maximum
temperatures leading
to high leaf-air vapour
pressure deficit and
increased rates of
transpirational water
loss and low water
potential

-decreases in yield and product quality
due to water stress induced by reduced
rainfall and/or high temperatures

-Lower winter rainfall
-Increased drought
-Higher daytime
maximum
temperatures

All
categories
of dryland
horticultura
l
production

All dryland
production areas
but particularly
where winter
rainfall is projected
to decrease

Recent
Near
term
Long
term

-decreases in plant growth potential, yield
and quality due to high soil surface
temperature and loss of soil carbon
(through respiration) and soil biodiversity
(‘health’)

-Higher mean and
maximum
temperatures

All
categories

All production
areas but
particularly where
warming will be
the greatest

Recent
Near
term
Long
term

-reduced total seasonal irrigation
requirement due to increased summer
rainfall and due to shortened growth
period

-More frequent late
spring and early
summer rainfall
-Increased
temperatures during
the growth season

Adaptation Responses

water supply and
demand is finely
balanced

Commercial
irrigated

All production
areas, particularly
in the western
winter rainfall
areas

-Use of mulching

Recent
Near
term
Long
term
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Low
X

Medium

High
-Use shade netting where feasible
(vegetables)
-Conserve soil moisture through
composting and mulching

X

X

Low
X
X

Medium

High

Medium

High

-Use of compost and compost tea
-Use of mulching
-Use of cover crops

X

Low
X
X
X

-Monitor soil moisture accurately and
adjust irrigation regime to prevent over
irrigation
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Key consequences

Climate driver

Farming
category

Geographical
area

- Increased prevalence and damage of
pests and diseases due to increased
temperatures (degree days), changes in
the quantity, intensity and distribution
patterns of rainfall, and higher humidity at
critical times
- Extended range and activity of some
pests and diseases due to increased
temperatures and changes in the
quantity, intensity and distribution patterns
of rainfall
-Increased costs of plant protection
-Increased risk of development of
pesticide resistance and negative
impacts on natural predators with higher
rates of application

-Warming in winter
-Warming leading to
higher and more rapid
accumulation of
degree days
-Higher maximum
temperatures
-Higher maximum
rainfall
-Increase in hot wet
days
-Increase in frequency
and magnitude of
droughts/floods
-Changes in the
quantity, intensity and
distribution patterns of
rainfall

All
categories

All production
areas

-Reduced prevalence of pests and
diseases where maximum temperatures
exceed upper thresholds, and where
general drying and reduced humidity is
experienced at critical times
-Increase in days suitable for pest and
disease control spraying
-Reduced feeding of pests on leaves due
to reductions in nutritional quality caused
by elevated CO2
-Reduced costs of plant protection

-Very high maximum
temperatures
-Decrease in wet
humid days especially
in spring and around
harvest
-Rising atmospheric
CO2 concentration

All
categories

-Reduced yield due to reduced efficacy
of pollination OR Increased yield due to
increased efficacy of pollination

-Increase in wet, cold
and windy conditions
during the pollination
period OR

All
categories
(species
which are

All production
areas

All production
areas

Recent and future risk

Low
Recent
Near
term
Long
term

Recent
Near
term
Long
term

Recent
Near
term
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Adaptation Responses

Medium
X
X

High

X

Low
X
X

Medium

High

-Increase monitoring programme
-Increase Integrated Pest Management
interventions
-Use of best practice orchard/field floor
management
-Increase use of pesticides and fungicides
(but to be avoided if possible due to
environmental and health impacts)
-Use of disease resistant cultivars
(vegetables) or rootstocks (fruit)

-Monitor pests and diseases and reduce
chemical control programme

X

Low
X
X

Medium

High

-Adjust number and placement of
beehives in orchard/field
-Adjust fruit thinning programme
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Key consequences

Climate driver

Farming
category

Geographical
area

-Decrease in wet, cold
and windy conditions
during the pollination
period

insect
pollinated)

-Increased distribution and
competitiveness of weeds due to
increased temperatures, changes in the
quantity, intensity and distribution patterns
of rainfall, and rising CO2
-Increased costs of weed control
-Increased risk of development of
herbicide resistance

-Warming leading to
higher rates of weed
growth and
reproduction
-Changes in the
quantity, intensity and
distribution patterns of
rainfall
-Rising atmospheric
CO2 concentration

All
categories

-decreases in yield and fruit quality due to
hail or strong winds during the fruit growth
period

-Higher frequency and
intensity of hailstorms
and windstorms

All
categories

All production
areas (currently
Bokkeveld; BoLangkloof)

-Higher maximum
temperatures
-Increase in hot days
-Heat waves
-Higher minimum
temperatures during
period of red colour
initiation in apples
-Higher maximum
temperatures causing
colour loss in pears

Commercial
irrigated

Apples: Bokkeveld;
GrabouwVilliersdorp; BoLangkloof
Pears: Bokkeveld;
GrabouwVilliersdorp, Breede
(Wolseley);
MontaguBarrydale
(all production
areas)

Recent and future risk
Long
term

All production
areas

X

Low
Recent
Near
term
Long
term

Adaptation Responses

Medium
X
X

High

X

Low
Recent
Near
term
Long
term

Medium
High
X
Too uncertain

-Use of best practice weed management
approaches
-Step up monitoring
-Use more herbicide applications only
with careful consideration of potential
impacts

-Use of hail netting
-Use of insurance products
-Use of planted wind breaks

Pome fruit
-decreases in economic yield due to
sunburn as a result of combined heat and
light stress
-decreases in economic yield due to poor
red colour development as a result of high
temperatures
-decreases in economic yield due to small
fruit size in some cultivars as a result of very
high spring and early summer
temperatures (cell division phase)

Low
Recent
Near
term
Long
term
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X
X

Medium
X

High

-Use of evaporative cooling technology
(not recommended due to high water
use)
-Use of kaolin-based sprays for heat stress
reduction
-Use of shade netting for heat stress
reduction
-Use redder strains of existing cultivars
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Key consequences

Climate driver

Farming
category

Geographical
area

Commercial
irrigated

Apples: GrabouwVilliersdorp; BoLangkloof
Pears: Breede
(Wolseley);
MontaguBarrydale

Recent and future risk

Adaptation Responses

-Very high spring
temperatures
-decreases in fruit yield and uneven fruit
maturity quality due to poor budbreak
(delayed foliation) and stunted tree
growth as a result of insufficient winter
chilling

-increases in fruit yield and quality due to
warmer spring temperatures (fruit set and
cell division phase)

-decreases in yield and fruit quality, and
increases in tree decline and mortality as
a result of increased risk of prolonged
waterlogging and flooding during the
active growth season

-Higher autumn and
winter temperatures
(May to August)

-Higher spring
temperatures
- Reduced risk of
spring frost

-Higher frequency and
intensity of heavy
rainfall and flooding
during the active
growth season

Commercial
irrigated

Commercial
irrigated

Apples: Bokkeveld
Pears: Bokkeveld;
GrabouwVilliersdorp

Low
Recent
Near
term
Long
term

Medium
X

High

X

-Use of chemical restbreaking sprays
-Use of cultivars with a lower chill
requirement (but consumer acceptance
is problematic)
-Adjust fruit thinning programme

X
-Adjust fruit thinning programme
Low

Recent
Near
term
Long
term

All production
areas
Recent
Near
term
Long
term

Medium
X
X

High

X

Low
X
X

Medium

High

-Use of best practice drainage and soil
management in flood-prone areas
-Use of disease resistant rootstocks

X

Stone fruit
-decreases in yield and fruit quality due to
poor budbreak (delayed foliation) as a
result of insufficient winter chilling (cultivardependent)

-Higher autumn and
winter temperatures
(May to August)

Commercial
irrigated

Bokkeveld; Breede
(WolseleyTulbagh);
MontaguBarrydale; Klein
Karoo; Piketberg;
CapeTown-

Recent
Near
term
Long
term
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Low
X

Medium
X
X

High

-Use of chemical restbreaking sprays
-Use of cultivars with a lower chill
requirement
-Adjust fruit thinning programme
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Key consequences

Climate driver

Farming
category

Geographical
area

Recent and future risk

Adaptation Responses

Winelands (PaarlWellington)
(all production
areas)
-decreases in yield due to early budbreak
during warm spells in late winter / early
spring followed by cold weather or even
frost

-lower fruit quality (reduced sugar levels)
due to cool spring

-increases in yield and fruit quality due to
warmer spring temperatures (fruit set and
cell division phase)

-decreases in yield and fruit quality due to
heat stress and shortened growth period

-High temperatures in
late winter / early
spring (increasing
likelihood)
-Cold weather or frost
after budbreak
(decreasing likelihood)

Commercial
irrigated

-Cool/cold weather
during spring

Commercial
irrigated

-Warmer spring
temperatures
- Reduced risk of
spring frost

-Higher maximum
temperatures
-Increase in hot days
-Heat waves

Commercial
irrigated

Commercial
irrigated

All production
areas (frost limited
to colder interior
regions)

All production
areas

All production
areas but
particularly in the
colder interior
regions

All production
areas, particularly
in the warmest
production regions

Low
Recent
Near
term
Long
term

Low
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-Adjust fruit thinning programme
-Use of shade netting (for frost protection)

Medium
X
X

High

-Adjust fruit thinning programme

X

Low

Recent
Near
term
Long
term

High

X

Recent
Near
term
Long
term

Recent
Near
term
Long
term

Medium
X
X

Medium
X
X

High

Medium

High

-Use of shade netting

X

Low
X
X

X

-Use of best practice drainage and soil
management in flood-prone areas
-Use rootstocks that are more tolerant of
waterlogging
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Key consequences

Climate driver

Farming
category

Geographical
area

-decreases in yield and fruit quality, and
increases in tree decline and mortality as
a result of increased risk of waterlogging
and flooding during all seasons

-Higher frequency and
intensity of heavy
rainfall and flooding
especially in spring but
also other seasons

Commercial
irrigated

All production
areas

-Warmer spring
temperatures

Commercial
irrigated

Recent and future risk

Recent
Near
term
Long
term

Low
X
X

Adaptation Responses

Medium

High

X

Citrus fruit
-increases in yield and fruit quality due to
warmer spring temperatures (fruit set and
cell division phase)

-decreases in yield and fruit quality due to
heat stress and shortened growth period

-decreases in yield and fruit quality, and
increases in tree decline and mortality as
a result of increased risk of prolonged
waterlogging and flooding

-Higher maximum
temperatures
-Increase in hot days
-Heat waves

-Higher frequency and
intensity of heavy
rainfall and prolonged
flooding especially in
spring but also other
seasons

Commercial
irrigated

Commercial
irrigated

All production
areas but
particularly in the
cooler regions

All production
areas, particularly
in the warmest
production regions

All production
areas

Low
Recent
Near
term
Long
term

Recent
Near
term
Long
term

Recent
Near
term
Long
term
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Medium
X
X

High

Medium

High

X

Low
X
X

-Use of shade netting

X

Low
X
X

Medium

X

High

-Use of best practice drainage and soil
management in flood-prone areas
-Use rootstocks that are more tolerant of
waterlogging and soil-borne diseases
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Key consequences

Climate driver

Farming
category

Geographical
area

-Higher autumn,
winter, spring and
summer temperatures

Commercial
irrigated
and
dryland

Breede; Hex;
MontaguBarrydale; Olifants
irrigation;
Hardeveld/
Sandveld-north;
Swartland;
CapeTownWinelands,
GrabouwVilliersdorpFranschhoek;
Rûens-West; LittleKaroo
(all production
areas)

-High temperatures in
late winter / early
spring
-Cold wet weather
after budbreak

Commercial
irrigated

All production
areas

-Cool/cold weather
during spring

Commercial
irrigated
and
dryland

Recent and future risk

Adaptation Responses

Grapes (wine, table, raisin)
-changes in yield and fruit quality due to
shifting phenological stages as a result of
warming

-decreases in yield due to early budbreak
during warm spells in late winter / early
spring followed by cold wet weather

-lower fruit quality (reduced sugar levels)
due to cool spring

All production
areas

Low
Recent
Near
term
Long
term

High

-

X
X

Low
Recent
Near
term
Long
term

Medium
X
X

High

-

X

Low
Recent
Near
term
Long
term

Medium
X

Medium
X
X

High

-Adjust fruit thinning programme

X

-Use of shade netting
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Key consequences

Climate driver

Farming
category

Geographical
area

-increases in yield and fruit quality due to
warmer spring temperatures (fruit set and
cell division phase) and warmer summers

-Warmer spring
temperatures
-Warmer summer
temperatures

Commercial
irrigated
and
dryland

The cooler
production areas
such as Grabouw,
Hermanus,
Constantia,
Plettenberg Bay

Commercial
irrigated

All production
areas, particularly
in the warmest
production regions
(West Coast, LittleKaroo)

-decreases in yield and fruit quality due to
heat stress and shortened growth period

-decreases in yield and fruit quality, and
increases in tree decline and mortality as
a result of increased risk of waterlogging
and flooding during all seasons

-Higher maximum
temperatures
-Increase in hot days
-Heat waves

-Higher frequency and
intensity of heavy
rainfall and flooding
especially in spring but
also other seasons

Commercial
irrigated

-Shifts in rainfall
seasonal patterns from
predominantly winter
rainfall to increasingly
more rainfall during
the early summer, but
possibly less rainfall in

Commerci
al and
smallholder
cultivated
and wild
dryland
rooibos

All production
areas

Recent and future risk
Low
Recent
Near
term
Long
term

Recent
Near
term
Long
term

Recent
Near
term
Long
term

Adaptation Responses

Medium
X
X

High

X

Low
X
X

Medium

High

-Use of best practice drainage and soil
management in flood-prone areas
-Use rootstocks that are more tolerant of
waterlogging

X

Low
X
X

Medium

High

X

Rooibos and honeybush
-decreases OR increases in rooibos yield
due to shifting rainfall seasonality
(cultivated and wild)
-decreases in rooibos yield if rainfall
decreases during autumn (start of the
rains) causing disruptions to field
preparations and planting (cultivated)

All rooibos
production regions
but particularly in
the more arid
north and where
rainfall is more
erratic

Low
Recent
Near
term
Long
term
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X
X

Medium
X

High

-flexible planting dates
-managed retreat from northern areas
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Key consequences

Climate driver

Farming
category

Geographical
area

Commerci
al and
smallholder
cultivated
and wild
dryland
rooibos
and
honeybush

All rooibos and
honeybush
production regions
particularly in the
drier regions

Commerci
al and
smallholder
cultivated
and wild
dryland
rooibos

Cooler and wetter
southern parts of
the current
distribution area

Recent and future risk

Adaptation Responses

the critical autumn
rainfall period
-decreases in rooibos and honeybush
yield due to dry spells and droughts during
the winter rainfall period when seeds are
germinating and seedlings establishing

-More frequent and
longer dry spells and
droughts during the
rainfall season

-increases in rooibos quality and
economic returns in some areas as the
conditions become slightly harsher,
stimulating increased production of
flavour components

-Some warming and
drying in the more
mesic southern parts
of the distribution

-decreases in rooibos and honeybush
yield due to increases in fungal soil-borne
diseases when wild populations or
cultivated fields become too wet

-Increased incidence
of heavy rainfall
leading to
waterlogging and
flooding

Commerci
al and
smallholder
cultivated
and wild
dryland
rooibos
and
honeybush

All rooibos and
honeybush
production regions
but particularly in
marginal areas of
heavier soils and
poorer drainage

-Shifts in rainfall
seasonal patterns to
increasingly more
rainfall during the

Commerci
al and
smallholder
cultivated

All honeybush
production regions
but particularly in
the eastern

-decreases OR increases in honeybush
yield due to shifting rainfall seasonality
(cultivated and wild)

Low
Recent
Near
term
Long
term

Recent
Near
term
Long
term

Low
X

-Use of mulching in cultivation
-Avoid regions prone to erratic rainfall
and droughts

Medium

High

-capitalise on marketing opportunities

X
X

Recent
Near
term
Long
term

Medium

High

X
X

-good soil preparation for drainage in
cultivation
-use only best well-drained soils for
cultivation

X

Low
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High

X

Low

Recent

Medium
X
X

Mediu
m
X

High

-flexible planting dates
-avoid areas with lower and more erratic
rainfall
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Key consequences

Climate driver

Farming
category

Geographical
area

-decreases in honeybush yield if rainfall
decreases during autumn (start of the
rains) causing disruptions to field
preparations and planting (cultivated)

summer, but possibly
less rainfall in the
critical autumn period

and wild
dryland
honeybush

distribution and
areas with more
erratic rainfall

-Shifts in rainfall
seasonal patterns from
predominantly winter
rainfall to increasingly
more rainfall during
the early summer, but
possibly less rainfall in
the critical autumn
rainfall period

Commerci
al and
smallholder
cultivated
and wild
dryland
production

All production
regions

-More frequent and
longer dry spells and
droughts during the
rainfall season

Commerci
al and
smallholder
cultivated
and wild
dryland
production

All production
regions but
particularly in the
more arid areas
and where rainfall
is more erratic

Commerci
al and
smallholder
cultivated
and wild
dryland
and
irrigated
production

All production
regions but
depending on soil
preferences

Recent and future risk
Near
term
Long
term

Adaptation Responses
X
X

Fynbos flowers
--decreases OR increases in yields due to
shifting rainfall seasonality (cultivated and
wild)

-decreases in yield due to dry spells and
droughts during the winter rainfall period
and lower groundwater tables in summer

-decreases in yield due to increases in
fungal soil-borne diseases when wild
populations or cultivated fields become
too wet

-Increased incidence
of heavy rainfall
leading to
waterlogging and
flooding

Recent
Near
term
Long
term

Recent
Near
term
Long
term

Recent
Near
term
Long
term
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Low
X
X

Medium

High

X

Low
X
X

Medium

High

-Use of mulches in cultivation
-Avoid regions prone to erratic rainfall
and droughts

X

Low
X
X

Medium

X

High

-good soil preparation for drainage in
cultivation
-use only best well-drained soils for
cultivation

297
Chapter 9 Climate change risk & impact
Key consequences

Climate driver

Farming
category

Geographical
area

-decreases in yield due to inability of wild
populations to migrate and track shifting
climates

-All climate changes

Commerci
al and
smallholder
wild
dryland
fynbos
production

All wild harvested
regions but
particularly along
the south coast
and other noncore areas, and
where land use
prevents
population shifts

Commerci
al and
smallholder
cultivated
and wild
dryland
and
irrigated
production

Warmer
production regions

-Lower winter rainfall
and groundwater
recharge
-Increased
drought

Commerci
al irrigated

Sandveld
production region
and particularly
areas with existing
groundwater
scarcity

-increases in yield due to very positive

-Rising levels of

effects of elevated atmospheric CO2,

atmospheric CO2

Commerci
al irrigated

-decreases in yield due to shifts to more
vegetative growth and delayed flowering
-sunburn of the flowers

-Higher temperatures
-High maximum
temperatures
-Heat waves

Recent and future risk

Recent
Near
term
Long
term

Recent
Near
term
Long
term

Low
X
X

Adaptation Responses

Medium

High

-adjust harvesting strategies
-change to alternative species

X

Low
X
X

Medium

High

-develop cultivars adapted to produce
high yields under high temperatures
-use of light shade netting
-avoid hot regions

High

-use most efficient irrigation technology
-use mulching
-use drought tolerant cultivars

X

Potatoes
-decreases in yield and quality due to
water stress induced by insufficient
irrigation as a result of reduced
groundwater availability

particularly for the winter crop

Sandveld
production region

Recent
Near
term
Long
term

Recent
Near
term
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Key consequences

Climate driver

Farming
category

Geographical
area

Recent and future risk
Long
term

-decreases in yield due to greater
pressure of diseases and pests, more so in
the winter crop

-Mildly higher
temperatures in winter
and summer

Commerci
al irrigated

Sandveld
production region

X

Low
Recent
Near
term
Long
term
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Adaptation Responses

X

Medium
X
X

High

-use disease resistant cultivars
-step up monitoring and early response to
pests and diseases
-use environmentally friendly pest and
disease control technologies
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9.3.1 Pome fruit
Pome fruit species, mainly apples and pears, are grown primarily in the south-western
winter rainfall region of South Africa. Here, the winter climate is seldom cold enough
to provide sufficient chilling for emergence from dormancy in spring, and restbreaking chemical agents are routinely used to regulate the emergence of leaves
and flowers (budbreak), fruit set and fruit quality. Optimal tree training and pruning
techniques have been developed to account for this climatic constraint (Cook and
Jacobs, 1999, 2000). The industry uses models to track the accumulation of Daily
Positive Chill Units (DPCUs) during autumn and winter (Linsley-Noakes et al., 1994).
Under climate warming, accumulation of chill units will decrease, eventually
reaching a critical threshold at which apple production would no longer be
commercially sustainable in currently warmer areas (Cartwright, 2002). Similar
expectations exist in other warm production areas globally (Baldocchi and Wong,
2008; Darbyshire et al., 2014). Midgley and Lötze (2011) found that chill unit
accumulation decreased significantly during the period 1967 to 2007, particularly in
autumn (May). Furthermore, future warming of 0.5, 1.0, 1.5 and 2.0 °C in the warmer
Grabouw-Villiersdorp region will reduce chill units by 9-17 %, 19-34 %, 29-48 %, and 3962 %, respectively. In the colder Koue Bokkeveld region, similar warming will result in
losses of 10-14 %, 13-20 %, 18-26 %, and 24-32 %. Thus, even moderate warming of less
than 1 °C will have serious implications for sustained production in GrabouwVilliersdorp, and warming of 2 °C and higher will result in all years under the threshold
of 800 DPCU (with the use of rest-breaking agents). In the Koue Bokkeveld, total
seasonal chill will remain sufficient for apples under all the warming scenarios tested.
However, chemical rest-breaking treatments would have to be introduced in this
region.

Photo: Wiehann Steyn
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Schulze and Maharaj (2010a) modelled the impacts of intermediate (2046-2065) and
future (2081-2100) warming on accumulated positive chill units across South Africa.
They found that warming of 1 °C, 2 °C and 3 °C would lead to a 23 %, 43 % and 60 %
reduction in chill units in the Western Cape, with the percentage reduction most
marked in warmer lower-lying areas.
Increasing temperatures are leading to earlier tree phenological development in
spring across the world. Apple and pear cultivars in the south-western Cape have
been flowering 1.6 days per decade earlier over the period 1973 to 2009, associated
with temperature increases of +0.45 °C per decade in early spring
(August/September) (Grab and Craparo, 2011). However, Lötze et al. (2014) could
not confirm this for the EGVV area and further monitoring and analysis are required.
Very warm post-bloom spring temperatures influence the carbohydrate balance of
apple fruitlets during the critical cell division and early growth stages (first 55 days),
leading to smaller fruit. Pretorius et al. (2011) measured rapid increases in dark
respiration rate with increasing temperatures during the cell division stage, with a fruit
surface temperature (FST) threshold of 25 °C (air temperature ca. 20 - 22 °C) for a
positive carbon balance. In Western Cape production regions, air temperatures
>25 °C are common in this period, and temperatures >30 °C (FST >35 °C) are
occasionally experienced (ca. 10 % of spring days). Significant springtime warming
under climate change could worsen the existing problem of small fruit size in some
cultivars, which has price implications.
Heat stress combined with high light levels gives rise to a high incidence of sunburn
on pome fruit in the Western Cape (Gindaba and Wand, 2005). Sunburn damage
can amount to 20-30 % of the fruit cull in the orchard and up to 10 % rejection of
packed cartons thereafter. Only slightly sunburnt fruit can be marketed fresh, the
remainder is processed for much lower income. Maximum daily air temperatures
exceeding 35 °C can result in a threshold FST of 45 °C and above, at which sunburn is
likely to occur (Racsko and Schrader, 2012). Wand et al. (2008b) reported that, under
local conditions, permanent injury to apple peels occurred at 48-53 °C FST
irrespective of duration, with permanent injury possible at 42-47 °C depending on
duration. Hengari et al. (2014) confirmed the ~45 °C threshold for all fruit
developmental stages. In addition, water stress aggravates sunburn development
under conditions conducive for its development by increasing FST (Makeredza et al.,
2013).
A third quality problem associated with high temperatures is insufficient red colour in
blushed cultivars, which has significant price implications. In apples, anthocyanin
synthesis peaks during ripening (one month before harvest) and insufficient red
colour development is associated with low light levels within the tree canopy and/or
high temperatures. Anthocyanins in ripening apples are induced at low
temperatures (<15 °C). Thereafter, colour development shows a quadratic response
to temperature with a maximum at 16–25 °C (Gouws and Steyn, 2014) and rapid
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reductions as temperatures rise above this. Typical daily maximum temperatures in
the primary apple producing regions are around 25-29 °C in the relevant months
(January to March) (Gouws and Steyn, 2014).
Pears develop maximum anthocyanin concentrations about midway between
flowering and harvest, followed by a slow decrease in colour until harvest (Steyn et
al., 2005). Only one cultivar requires low temperatures for anthocyanin synthesis, and
is prone to fluctuations of colour between red and green in response to temperature
fluctuations. High temperatures lead to degradation of anthocyanin and fading of
red colour in a linear manner between 10 and 30 °C. Periods of high temperatures,
even on a single hot day, reduce red colour significantly. Existing risk of poor colour in
apples and pears will be exacerbated by warming associated with climate change.
All commercial pome fruit production in the Western Cape is under irrigation. A
comprehensive review on the water requirements of apple orchards was compiled
by Dzikiti et al. (2014) drawing on global and local research. The latter includes
studies by Volschenk et al. (2003), Jarmain et al. (2007) and Taylor and Gush (2014).
An intensive field study is underway. Under climate change projected for the southwestern parts of the province, irrigation water demand for maintenance of current
production levels is expected to increase by ~10 % by mid-century, rising to more
than 20 % towards the end of the century (Schulze and Kunz, 2010; DEA, 2013c).
Projected decreases in winter and annual rainfall and possibly more frequent and/or
severe droughts, and associated risk of dams not filling sufficiently, would lead to
more frequent irrigation water curtailments, putting orchards under stress and
reducing yields and fruit quality (Dzikiti et al., 2014). On the other hand, current trends
and projections of heavier and more frequent late spring and early summer rainfall,
and possible contraction of fruit growth periods, could reduce total irrigation
requirements.
Other possible high impact climate risks for pome fruit production include frost, hail
and strong wind. Since these are often erratic, highly localised and poorly captured
by climate models, their future risk and impact is not understood. The fertilising effects
of rising atmospheric CO2 have not been studied in South Africa.
Overall, local research indicates that climate change could cause a 28 % reduction
of the area suitable for apple production by as early as 2020, with suitable apple
producing climates limited to the high-lying areas of the Koue Bokkeveld and Ceres
by 2050 (Cartwright, 2002).
Pears are less chill-dependent than apples. Initial moderate warming (1-1.5 °C)
during the fruit growth period could lead to slight gains in the cooler Elgin region, and
slight losses in the warmer Ceres and Wolseley regions (Wand et al., 2008a). With
continued warming (2-3 °C) losses are estimated at between 5 % and 20 %
depending on cultivar and region. The main problems would include reductions in
fruit size and red colour, and increased sunburn in some cultivars. Early cultivars with
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lower chill requirements and early harvest are expected to be least sensitive. Should
irrigation water not be sufficiently available, losses would be substantially higher for
all fruit crops.
A comparison with the warm pome fruit production region of Australia shows very
similar concerns (Darbyshire et al., 2014; Thomson et al., 2014), centering around heat
stress and insufficient chilling. However, the most important pome fruit production
regions worldwide (and market competitors to South Africa) are dominantly in cooler
temperate climates, and are not seen to be directly sensitive to warming. In these
regions, the primary concerns are around pests and diseases.

9.3.2 Stone fruit
Stone fruit species grown in the Western Cape include peaches, nectarines, apricots,
plums, prunes and cherries (with a small almond production). [Olives are also stone
fruit but will be assessed later in this chapter] The main production regions within the
Western Cape are the Bokkeveld, the Wolseley-Tulbagh area of the Breede region,
Montagu-Barrydale, Klein Karoo, Piketberg and the Paarl-Wellington area of
CapeTown-Winelands. Stone fruit thrive in warm to hot and drier climates and have a
low to medium winter chill requirement, except for cherries and some almond
cultivars which have a medium to high chill requirement. Recent releases of low-chill
cherry cultivars have led to new plantings outside the core Bokkeveld region.
Climate risks to stone fruit include some risks common to all fruit production, such as
reduced availability of water (both from rainfall and irrigation), reduced chilling, and
shifts in phenology (earlier flowering) (Flore, 1994). Modelling of crop yield in response
to temperature and rainfall for California (Lobell and Field, 2012) showed that
cherries and almonds are expected to be most negatively affected by warming due
mainly to loss of chilling, in the absence of adaptation, and not taking into account
possible reductions in water availability. Disruptive weather events such as frost, hail,
strong wind and heatwaves (Thomas et al., 2012) are equally concerning. Since
flowering occurs during early spring in many cultivars, a specific risk relates to late
winter and early spring weather, including cold rainy and/or windy conditions or frost
during the pollination and early growth period (Thomas et al., 2012). Rainy conditions
during the harvest period increase the risk of fungal disease. Extended water-logging
and flooding are highly detrimental to stone fruit orchards since they easily lead to
diseases such as root rot. On the other hand, climate drying could open up new
areas to stone fruit production linked to reduced risks of fungal attack. These
considerations have not been studied in South Africa with reference to climate
change.
In a South African review on the water use of fruit tree orchards, Taylor and Gush
(2014) pointed out the tremendous diversity of species, cultivars and bio-physical
growing conditions (climate, soils and management practices) that exist across the
industry. This is particularly true for stone fruit production. Projections of climate
change impacts are thus highly complex and have not been attempted in South
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Africa. It is likely that the impacts will be felt very differently between the western and
eastern production regions, depending on changing rainfall amounts and
seasonality, and changes in risks such as hail and strong wind which are not yet well
modelled. The fertilising effects of rising atmospheric CO2 have not been studied in
South Africa.

9.3.3 Citrus
In the Western Cape, citrus production focuses on oranges (Valencias and Navels)
which thrive in warm to hot climates, and soft citrus (Clementines, mandarins,
satsumas), lemons and limes which prefer a slightly cooler climate. The main
production areas are in the winter rainfall areas around Citrusdal-Clanwilliam
(making use of irrigation water from the Olifants River – the Clanwilliam Dam), the
Piketberg, and the Stellenbosch-Paarl area of CapeTown-Winelands. Some
production also occurs in the transitional zone to summer rainfall. Although no studies
have been conducted in South Africa on the impacts of climate change on citrus
production, a few local studies have relevance for understanding the climatic
requirements of successful production.
Rind colour of citrus fruit, which develops after the so-called ‘colour break’, is largely
determined by prevailing weather conditions during fruit maturation (Barry and van
Wyk, 2006) and is linked to the passing of ‘cold fronts’ in the south-western Cape and
possibly to cold shocks. The most favourable temperature combination leading to a
bright orange citrus rind is mild days, cold night air temperatures and cool soil
temperatures. Large day-night temperature fluctuations are particularly beneficial
for excellent fruit colour. A day/night temperature of 20 °C/5 °C appears to be
optimal, whereas a day/night temperature of 30 °C/10 °C produces less wellcoloured fruit. It is thought that high day temperatures may inhibit colour
development even if night temperatures are adequately low.
Citrus requires cool winters to induce a degree of dormancy (e.g. soft citrus and
Navels) (Outspan, 1997) and for the induction of flowering. However, no published
studies are available for South African conditions. A time-series (1960-2010) analysis of
flowering date for citrus cultivars across Iran (Fitchett, 2013) showed that flowering
dates were advanced by between 0.12-0.17 and 0.56-0.65 days/yr in two locations,
linked to increases in mean annual minimum temperatures. However, in another
location, flowering dates were progressively delayed owing to changing rainfall
patterns. This highlights the importance of considering location-specific phenophase
shifts within given regions, as dissimilar trends may occur within a country.
Hot conditions during the period of fruit set are detrimental to set and yield
(Syvertsen and Lloyd, 1994). Local studies are underway to identify the impacts (Tim
Grout, pers. Comm.).
Citrus trees require water all year round, provided by a combination of rainfall and
irrigation. Around half of the annual water use occurs during the period of fruit
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growth and development (Taylor and Gush, 2014). Local research on citrus water
relations has been conducted by Dizikiti et al. (2010) – the focus has been
predominantly on measurement approaches and technologies, and the difficulties
associated with using measurements to aid in irrigation scheduling and prevent
drought stress. No climate change simulations have been attempted. Higher
temperatures are likely to increase crop water requirements, with more water being
needed per irrigated hectare. Citrus is sensitive to water stress, with flowering and
fruit-set periods being the most critical phases (Martínez-Ferri et al., 2013). Several
studies have reported negative effects of low water availability on growth, yield and
fruit quality. Application of a water balance model to Spanish irrigated citrus
production under climate change scenarios similar to those for the south-western
Cape suggested increases in irrigation requirement of +6 % to +16 % for the 2050s
and 2080s, respectively (Martínez-Ferri et al., 2013).
Other climate-related sensitivities in citrus production include frost, flooding, soil
salinity, wind, and air pollution such as ozone. No information was found on how
these may affect citrus production in South Africa in the future, with the exception of
frost, which is expected to become less problematic as minimum temperatures rise
(Schulze, 2010).
A considerable amount of research has been conducted internationally on the
effects of rising atmospheric CO2 concentrations on citrus physiology and production
(Vu, 2005). Biomass and yield are expected to increase significantly (in some cases
over 80 %) through CO2 fertilisation, with the greatest increases projected for warm
and dry regions. No studies have been conducted in South Africa.
All-in-all, citrus fruit production in core global production regions such as the USA,
may benefit from climate change due to the reduced incidence of very cold
weather, and warming combined with increased rainfall (Tubiello et al., 2002). The
responses in the Western Cape are likely to be more similar to other Mediterranean
production regions where warming and drying are projected, such as Spain, and
citrus could well benefit, with new production areas opening up provided that
access to sufficient irrigation water is not limiting.

9.3.4 Grapes (table, raisin and wine)
The Hex River Valley is the country’s main table grape production area; more than
half of all grape exports come from this district, which has the longest harvesting
period in the country. In the Western Cape, table and dry (raisin) grapes are also
grown in the Berg, Breede and Olifants River Catchments. Table grape production is
highly dependent on irrigation water, drawn from groundwater, irrigation schemes,
private boreholes and dams.
Table grapes typically require a warm to hot, dry climate, i.e. warm days, cool nights
and low humidity. There must be very little rain during the ripening period in order to
avoid diseases. The grapevine also requires a period of dormancy, but no late frost
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which could damage the young buds. No studies have been completed in South
Africa on the impacts of climate change on the grapevine, although a doctoral
study is underway (Hanlé Theron, pers. comm.). Possible factors include loss of chilling
and increasing problems with delayed budbreak, shifting phenological stages, heat
stress effects on yield and quality, shifts in rainfall and humidity, and insufficient water.
However, given enough irrigation water, some warming and reduction in humidity
could benefit table grape production in parts of the province.
The remainder of the assessment will focus on wine grapes and wine quality.
Wine grapes are grown across the province in a diverse range of terroirs
(combinations of soil type, topography and climate). The main production areas are
in CapeTown-Winelands, Swartland, Grabouw-Villiersdorp-Franschhoek, Breede,
Montagu-Barrydale, Rûens-West and parts of the Little Karoo. Most of the vineyards in
the Malmesbury (Swartland) and Little Karoo regions are not irrigated. Irrigation water
in the Boland is supplied by the Berg River and Breede River catchments, and the
Olifants River supplies water for irrigated vineyards in the Olifants River production
area. The Berg River catchment is also the primary source of water for the Cape
Town Metropolitan area and there is high pressure on this resource.
Vink et al. (2012) provided a perspective on the future of South Africa’s wine industry
under climate change, by looking at economics, climatology, viticulture, and the
sociology of work. They concluded that climate change will lead to volatility in the
characteristics that identify different terroirs. This is important since the diversity of
terroir units is what defines most South African wines. The authors propose that this
diversity is the key to managing the effects of climate change.
Globally and in the Western Cape, varietal suitability will be affected and a
disruption of historically grown combinations is likely (Carter, 2006; Schultz and Jones,
2010). Red wine grape cultivars that will be more tolerant of climate change include
Cabernet Sauvignon, Pinotage and Ruby, whilst cultivars that will be most vulnerable
to climate change are Shiraz and Merlot (Oosthuizen, 2014, pers. comm.). White wine
grape cultivars that will be more tolerant include Chenin Blanc and Colombard,
whilst Sauvignon Blanc and Chardonnay will be most vulnerable to climate change.
Global research on the impacts of climate change on viticulture has been fairly
intensive, with wide-ranging results but a common interest in potential shifts in
production regions (e.g. Jones and Davis, 2000; Jones et al., 2005; Hall and Jones,
2009; Hadarits et al., 2010; Lobell and Field, 2011; Lereboullet et al., 2013; Moriondo et
al., 2013). Research for the South African industry has focused on climate trends and
influences at local scale, combined with terroir, as well as berry composition. For the
Paarl area of the south-western Cape, Bonnardot et al. (2009) analysed climate
trends according to the Winkler index for viticulture (the summation of the growingdegree-days from 1 September to 31 March) for the period 1941-2008, and
confirmed an increasing rate of warming over the last decade.
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As for other perennial fruit crops, two of the primary responses to climate change in
the grapevine, in the warmer production regions, are the deficiency of winter chilling
(although the requirement is lower than for pome fruit) resulting in uneven bud break,
and shifts in phonological stages associated with warming. Worldwide, interval
lengths between the main grapevine phenological stages have declined, with bud
break to bloom, véraison or harvest dates shortening by 14, 15 and 17 days,
respectively (Jones, 2007). No studies for South Africa were found. However, CCC
(2012) consulted several wine industry experts and point out that early summer
warming can have beneficial impacts on fertility and berry set.
For wine grapes, the major concern is not total production but the quality of the
grapes for winemaking i.e. berry composition. Warming during the pre-harvest period
reduces colour expression in some red cultivars, shifts the balance between sugars
and acids (more rapid sugar accumulation and thus higher alcohol content, lower
acids), and affects the flavour components which confer character (CCC, 2012;
Barnuud et al., 2014). Periods of high temperature during the summer berry growth
and ripening stages in the western coastal areas of the province could change the
berry aromatic profile and the style of wine which can be made from it (Bonnardot
et al., 2005; Deloire et al., 2009, 2010). Jones et al. (2005) reported that, in some
regions, when temperatures rise above a varietally specific heat threshold, the ability
to ripen balanced fruit and produce existing styles of wine from them will become
compromised.
On the basis of climate modelling, White et al. (2006) projected that increases in the
frequency of extreme hot days (>35 °C) in the growing season would eliminate wine
grape production in many areas of the United States. However, estimates of losses
following a severe summer heatwave in Australia in 2009 (Webb et al., 2010) were
not always related to the amount of heat above a certain threshold but to the
management practices employed in the lead-up and through the event, i.e. where
current vineyard management already addresses regular exposure to high
temperatures through canopy and water management.
High temperatures increase grapevines’ transpiration and vineyard
evapotranspiration, which could, in the long-term, lead to an increased demand for
irrigation water at a time when agricultural use of water is coming under increased
pressure (Jarmain et al., 2007) and the resource could diminish. Shifts in rainfall
seasonality have potentially significant impacts. Recent trends towards wetter
spring/early summer have negatively affected berry growth and disease incidence
(e.g. Botrytis), but if longer-term drying in spring, summer and harvest time is realised
then this could be beneficial for wine grape production (CCC, 2012).
An hourly temperature dataset for every day for 50 years for each of 5838 quinary
catchments in South Africa was used to model percentage days optimal for
grapevine photosynthesis and colour/flavour (Schulze, presentation, pers. comm.).
Relative to current conditions, climate change was predicted to increase optimal
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conditions in many core areas, particularly in the cooler production areas of Elgin
and Constantia, but reduced optimal conditions in the warm areas of Wellington
and Vredendal.
In a recent controversial publication, Hannah et al. (2013) reported that optimal
areas for viticulture in the Cape could be substantially reduced, with a shift to higher
altitude and currently cooler locations such as southerly aspects and the southern
Cape (Figure 9.3, Map 9.2). South Africa’s projected loss of 50 % of surface area
suitable for wine growing , lies in the median loss range for Mediterranean-type
regions: Chile shows a lower projected loss of 25 %; Europe, California and Australia
show much greater projected losses in current wine regions but also shifts to cooler
climates. This generally confirms the finding by Jones et al. (2005) that warming rates
for the Northern Hemisphere are typically greater than the Southern Hemisphere
wine regions.
The study has been criticised by Van Leeuwen et al. (2013), citing methodological
flaws including the underestimation of adaptations of viticulture to warmer
conditions. Also, it is very difficult to establish precise upper limits by variety for
growing high-quality wines, since there are many examples where certain cultivars
are still being produced successfully at temperatures above the estimated upper
limit. Nevertheless, Hannah et al. (2013) point out the potential ecological impacts
brought about by range shifts in viticulture, and show interesting predictions for
regions worldwide which may become suitable for viticulture by 2050 (northern
Europe, western North America, New Zealand). These regions are currently core
pome fruit regions.
Previous modelling studies for wine grapes in California (e.g. Lobell and Field, 2012)
suggest negative impacts of no more than a 10 % reduction in production. Hannah
et al.’s (2013) result of a 60 % reduction in area suitable for viticulture in California thus
appears disproportionately high. In this light, the expectations for South Africa could
reasonably be lowered.
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Figure 9.3: Net viticulture suitability change in major wine-producing regions. Box
plots show median values and quantiles of change in area suitable for viticulture
projected by 17-member model ensemble for RCP 8.5 (green) and RCP 4.5 (blue).
Mediterranean-climate wine-producing regions show declines, whereas New
Zealand, western North America and Northern Europe show substantial increases in
suitable area (note that the vertical axis is log-transformed). Source: Hannah et al.
(2013)

Map 9.2: Global change in viticulture suitability RCP 8.5. Change in viticulture
suitability is shown between current (1961 – 2000) and 2050 (2041 – 2060) time
periods, showing agreement among 17- GCM ensemble. Areas with current
suitability that decreases mid-century are indicated in red (>50 % GCM agreement).
Areas with current suitability that is retained are indicated in light green (>50 % GCM
agreement) and dark green (>90 % GCM agreement), whereas areas not suitable in
the current time period but suitable in the future are shown in light blue (>50 % GCM
agreement) and dark blue (>90 % GCM agreement). Insets: Greater detail for major
wine-growing regions: California/western North America (A), Chile (B), Cape of South
Africa (C), New Zealand (D) and Australia (E). Source: Hannah et al. (2013)
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Box 9.5: Impacts of climate change on the wine value chain. Source: R. Schulze,
pers. comm.
It is important to consider the entire value chain of commodities when assessing risk
and impact of climate change. The following example for the table grape value
chain is presented, but similar value chains exist to all other crop and livestock
commodities.

Value chain for table grapes in South Africa. Source: OABS
Actors in the grape value chain & their exposure to CC impacts: (Source: Schulze et
al. in WRC K5/1882, 2013):
Producers:
-

High input cost:land value ratio because increases in variable production
costs/risks
Increased costs of mitigating impacts of high temperatures, e.g. shade cloth, drip
irrigation

Processors:
-

-

Increased risks during packaging and transport due to increased temperatures
Higher costs of air conditioning and cold chain maintenance
Market supply remains a weather/climate related variable. If the timing of grape
ripening period is altered, then profitability of grapes reaching the market
affected
External input providers (non-grape raw material, transport, packaging etc.)
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-

Risks to power supply (& knock on risk to transport), due to increased temperature
and more intense rainfall in electricity production areas
Access and availability of water, leading to price increases
Increased temperatures & moisture increase demand for pesticides & thus costs

Wholesalers/Retailers:
-

Distribution risks due to transport cost & threats
Increased risk of spoilage due to ↗ temperatures & variable, more intense, rainfall
Increased raw material costs→ higher selling prices→ competition to export
markets

Socio-economic issues:
-

Decreasing production reduces seasonal & permanent labour → unemployment
Any risks carried through to retailers will be reflected in the price & supply of fruit

9.3.5 Rooibos and honeybush
The rooibos plant (Aspalathus linearis) is a shrub indigenous to the Fynbos Biome, and
is both harvested from wild populations and grown commercially. It grows naturally in
the Cederberg mountains and into southern Namaqualand, from Piketberg in the
south-west to Niewoudtville in the north-east of its range. This is within the transition
zone between the Fynbos and the Succulent Karoo biomes. Its distribution (Hawkins
et al., 2011; Lötter and LeMaitre, 2014) is determined mainly by climate (winter
rainfall, hot dry summers, annual rainfall 300-350 mm, minimum winter temperature
during the coldest month 2-6 °C), altitude (between 450 and 900 m above sea level),
and soil type (infertile, well-drained, derived from Table Mountain sandstone). Both
cultivated rooibos and its wild relatives tend to prefer similar habitats, but cultivated
rooibos has a significantly greater range, with the wild rooibos more restricted to the
mountainous areas.
Rooibos is grown under dryland conditions and is highly dependent on winter rainfall
which replenishes soil moisture and stimulates seed germination and establishment.
Some precipitation during the summer season is necessary to enable young
seedlings to survive through the dry summer months. Cuttings and seedbeds are
used commercially, with young plants being transplanted into their plots around
August when the soil is wet and prepared. Yield and quality is strongly influenced by
climatic variability, particularly rainfall, and leaf budding occurs throughout the year
in response to rain, mist and dew. The plants are prone to fungal soil-borne diseases.
An project to identify current and projected impacts of climate variability and
climate change, as well as current adaptive strategies and gaps in small-scale
farmers’ ability to adapt, has been ongoing since around 2003 (Archer et al., 2008),
supported by the NGOs Environmental Monitoring Group and Indigo Development
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and Change. Severe droughts are the main concern, characterised by late starts
and dry spells during the winter rainfall season. They significantly reduce rooibos
yields. Other impacts include increased fire risk due to dryness, wind erosion of the
dry soils, water shortages for human and stock consumption and production, and
climate-related increases in pests and pathogens (Archer et al., 2008). The
prevalence and impact of pests and diseases is affected indirectly by
uncharacteristically mild winters or the late onset of minimal winter rains.
Maintenance costs also increase, for example where machine processing of tea
becomes more difficult due to drier biomass. Uncertainty in the timing of agricultural
activities makes farming very difficult.
The climate change projections for the rooibos growing region are highly concerning
since they concern increased variability of precipitation, a possible increase in the
length of dry spells, a possible later start to the winter rainfall season and heavier late
summer rainfall (shifting season), and a general aridification. Current climate risks are
expected to be exacerbated in a region which is already on the margins of viable
farming livelihoods.
A bioclimatic modelling study for rooibos using global climate models and the A2
emissions scenario for 2041-2070 (Lötter and le Maitre, 2014) showed that both wild
and cultivated rooibos exhibited substantial range contraction (Map 9.3). Suitability
will remain the same in the higher elevation areas of the traditional rooibos
production area. In the western areas along the coast, considerable decreases are
however projected, especially in the lower lying regions. The most significant
increases in suitability are expected in the mountainous region toward the southeast, and to higher altitudes. Most of the areas where range expansion was
indicated are located in existing conservation areas or include conservation worthy
vegetation, which could place agricultural adaptation in conflict with conservation
needs.
The Suid-Bokkeveld small-scale farmer community located in the northern part of the
current distribution, a core area where wild rooibos is harvested, and the western
low-elevation areas which is dominantly cultivated, are most vulnerable. The southeastern areas, including the key harvest locality of Wupperthal, are expected to be
less impacted.
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Map 9.3: Suitability of areas for cultivated Aspalathus linearis under future climate
change for the period 2041-2070, showing areas where range contraction, no
change and range expansion occur relative to the current climate (1960 – 1990).
Source: Daleen Lötter.
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Honeybush species are indigenous leguminous shrubs which belong to the genus
Cyclopia. Honeybush tea is a young, small but growing industry in the province. As in
the case of rooibos, it is both cultivated and harvested in the wild. The species used
occur in the coastal belt from the West Coast to Port Elizabeth, primarily within 50 km
of the ocean but extending into the interior as far as Prince Albert and the Bokkeveld
(Jacobs, 2008). Out of 23 species occurring naturally, three are used commercially,
with a centre of activity in the GrootBrak-Plett and Bo-Langkloof-Outeniqua regions.
The physical requirements of suitable habitat (in decreasing order of importance) are
soil type, rainfall, aspect, elevation above sea level, and temperature. Research into
honeybush is in its infancy and no work has been done to assess the possible impacts
of climate change. The fact that soil type is so important could limit the potential of
honeybush to migrate to, or be cultivated in climatically suitable areas in future.
However, the milder climatic changes projected for the coastal regions and for the
southern Cape could confer resilience on this crop.

9.3.6 Fynbos flowers
The main commercially grown fynbos flowers are members of the Proteaceae
(Protea, Leucadendron, Leucospermum, Serruria), but Brunia, Chamelaucium and
others (Phylica, Erica) are also grown. All are indigenous to the species-rich Fynbos
Biome. Flowers are both cultivated and harvested in the wild under a permit system.
In the western production cluster, production is entirely cultivated (mainly around
Paarl, Porterville and Hopefield), whereas wild harvesting is concentrated in the
Overberg and Langeberg areas (Grabouw, Rûens-West and Rûens-East).
Proteaceae as cutflowers is seen as an attractive alternative crop for diversification
and farmers perceive them as offering viable potential in new areas under warmer
conditions than core production areas, and under conditions of climate change
(Bezuidenhout, 2010). Around three-quarters of cultivated fields are under irrigation
(Conradie and Knoesen, 2012), but fynbos shrubs have a much lower water
requirement than other perennial horticultural crops (35-45 % of apples) and no
chilling requirement.
Until recently, the only information available on the effect of climatic factors and
climate change on fynbos growth and development was based on wild fynbos in its
natural habitat. Estimates of the potential impacts of climate change in the Cape
Floristic Region show that the Fynbos biome could exhibit between 51 % and 65 %
loss of area, and that up to one third of species of Proteaceae may need to migrate
to completely novel geographic ranges in order to persist (Midgley et al. 2002). Out
of 227 Proteaceae taxa, the proportion of threatened taxa rises on average by 9 %,
and almost 2 % of the taxa are projected to become extinct because of climate
change. Most of the threatened taxa occur in low-lying coastal areas (Bomhard et
al., 2005).
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One study (Bezuidenhout, 2010) has investigated the response of a commercial
Protea cultivar to a range of warming conditions simulating climate change. Leaf
structure and plant development were altered. Higher levels of warming resulted in
an earlier onset of spring budbreak. A 2-3 °C temperature elevation above the
ambient greenhouse temperature favoured vegetative growth, including root
growth, which led to delayed flowering and lower reproductive yield. The results of
this study suggest that warming may prolong the vegetative growth period in Protea
cultivated under irrigation, at the expense of flower production. This corroborates
recent commercial experiences in non-Mediterranean, warmer South African
production areas and signals a potential risk to commercial expansion into such
areas, and under conditions of gradual warming as experienced within established
production regions.
Some species (notably Protea spp.) are prone to sunburn of the flower bracts in
hotter, high light environments (E. Bezuidenhout, pers. comm.). This renders them
unmarketable, and also restricts the establishment of Protea plantings in more
marginal areas.

9.3.7 Potatoes and onions
Potatoes are grown in the Sandveld, an area which extends up the West Coast from
Aurora to Lambert’s Bay / Graafwater on coastal sands (Archer et al., 2009).
Potatoes are irrigated using centre pivot systems and water abstracted from the
aquifer. Total water use every year has been estimated at 20 % of annual
groundwater recharge (Archer et al., 2009) and agriculture uses 90 % of the area’s
total water requirement. The growth of potato farming here has come under intense
scrutiny based on concerns about the high conservation value of the natural
vegetation which has been rapidly cleared for farming, and questions around the
sustainability of high levels of groundwater abstraction (Archer et al., 2009).
The Sandveld experiences dry hot summers and wet winters, and potatoes are
grown during both seasons. Winds from the Atlantic Ocean prevent very high
summer temperatures, and in winter the oceanic influence prevents the occurrence
of frost. Climate change projections point strongly to continued warming and
winter/annual drying. Archer et al. (2009) studied the impacts of changing
groundwater availability under climate change. Increased temperatures will
increase irrigation requirements, while decreased rainfall will decrease groundwater
recharge.
However, incorporation of the positive effect of increased CO2 levels (2050
projection) on water use efficiency (+45 % in winter) and crop productivity showed
that, of all South African potato production regions, simulated yield increase was
strongest in the Sandveld winter crop (+37 %) and least in the Sandveld summer crop
(12 %) (Haverkort et al., 2013). Potato has an exceptionally strong positive response
to elevated CO2. Thus, possible negative effects of rising temperatures (doubling in
the number of hot days between 1960 and 2050) and reduced availability of water
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for potato were more than compensated for. When the crop is grown in hot periods,
however, these benefits are counteracted by an increased incidence of heat stress
and increased evapotranspiration, leading in some instances to considerably lower
yields and water use efficiencies. Therefore year-round total production at the
Sandveld stabilizes at around 140 Mg.ha−1 with a yield reduction in summer and yield
increase in winter (Franke et al., 2013).
Onions are grown mainly in the Cederberg/Witzenberg area, the southern parts of
the Central Karoo, the semi-arid Little Karoo and the southern Cape. Onion seed is
mainly produced in regions with reliable warm, dry summers with low atmospheric
humidity to reduce the risk of diseases. Warm, clear weather also promotes optimal
insect pollination activity on flowering crops. The optimum temperature for onion
growth is 18 - 22 °C. Higher temperatures (25 - 27 °C) speed up bulbing, and bolting
(flowering) is triggered by low temperatures (8 - 13 °C) (ARC, 2013). Onions are highly
prone to fungal diseases caused by high humidity.
The potential risks and impacts of climate change on onion production in the
Western Cape or South Africa have not been studied.

9.3.8 Olives
Olive production thrives under cool winters (with some chilling required for good
shooting, flowering and fruiting) and hot summers. Both table and oil varieties are
grown throughout the Western Cape and this is testament to the species’ broad
climatic tolerance. Summer temperatures are important for the growth of fruitbearing foliage. Most olive growing regions of the world have average maximum
daily temperatures, in the hottest month of summer, somewhere above 30 °C, but
they are resilient to afternoon temperatures as high as 45 °C. Although olives are
relatively drought tolerant, they do require adequate moisture for commercial
production (>500 mm rainfall per year), and commercial orchards are irrigated. The
olive tree is one of the few fruit bearing trees that will survive and still bear quite well
with poor quality saline (salty) water. Saline water that is unfit for human use is
generally quite suitable for olives.
No studies of climate change have been conducted for olive production in South
Africa. However, a study was conducted for the whole Mediterranean Basin, with
many similar climates as in the Western Cape production areas (Ponti et al., 2014).
Application of a regional climate model with a 1.8 °C warming, showed that climate
warming will affect olive yield and olive fly infestation levels across the Basin, resulting
in economic winners and losers at the local and regional scales (and also at global
scales – see Box 9.6). Yields in most regions increased except in the Middle East.
Bloom dates were predicted to occur earlier across the Basin, being up to 18 days
earlier in areas of the Iberian Peninsula, North Africa, and Greece. It seems unlikely
that warming will negatively affect olive production in the Western Cape (and may
even favour the industry’s expansion), but negative impacts could occur through
changes in the availability of irrigation water.
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Box 9.6: Olive oil prices soar after bad harvest. Source: The Guardian and the
Observer (UK) Kindle version 3/12/2014. Author: Sarah Butler
Take it easy with the salad dressing: the price of Italian olive oil has more than
doubled in the past year to its highest level in a decade as the impact of drought
and a fruit fly infestation has hit production.
The price of extra virgin oil from Spain, the world’s biggest producer, is also up 15 %
year-on-year after olive trees across the Mediterranean suffered from drought and
extreme heat in May and June, their peak blooming period when moisture is vital to
develop a good crop.
Analysts began warning that prices would rise this summer, but the cost of Italian
extra virgin olive oil soared by nearly a quarter in November compared with October
as the poor state of the harvest became clear, according to market analysts Mintec.
Loraine Hudson at Mintec said demand could outstrip supply over the next year as
Italian production would be down 35 % and global production down 19 % to 2.5
million tons at a time when global consumption is rising.

9.3.9 Hops
Hop is a crucial ingredient in the process of beer brewing. Hop farms (483 ha) are
primarily located in two catchments on the interior of the Outeniqua Mountains, just
inland of the town of George. The plants require cold winters and long summer days
(sunlight), and although this area is the best in the country it is marginal on both
counts compared to global production regions. Most of the varieties grown
commercially have been bred in George for warm winters and shorter days in
summer. In the past, farmers used large electric lights to supplement daylight, but the
newer breeds require fewer hours of daylight with no need for lamps (Erasmus, 2013).
The Southern Cape is characterised by all-year rainfall with peaks in spring and
autumn and the driest months in winter. Current warming trends in the area are
expected to continue, with rising maximum winter temperatures particularly
important in light of the chilling requirement of hop. The projections for rainfall are less
clear, although there is a probability of mild drying, and the frequency of intense
rainfall events (> 25 mm in 24 hours) is predicted to increase in spring and summer.
This could have an impact on erosion, sedimentation of dams and flood damage,
which are already emerging threats in the area.
A comprehensive assessment of the water-related impacts of climate change on
hop production was conducted by WWF-SA and SAB (SAB, WWF-SA, GIZ, 2012). This
document outlines the situational assessment of shared water risk, based on an indepth analysis of the agronomic system, the social-economic realities on the ground
and the likely impact of climate change on rainfall and seasonal temperatures.
Hop growing is a water intensive process, with plants requiring on average about
10 000 m3 of water per hectare per growing season (September to March). This
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means an annual requirement of about 5 million m3 of which about 2.2 million m3
needs to be irrigated. Current surface water storage capacity is less than half the
irrigation requirement, with few options for further storage, and registered
groundwater usage is around 200 000 m3. This makes it imperative that dams are
filled during the dormant season (May to August) to provide enough water to
stimulate the initial growth. In addition, dams need to be refilled at least once during
the growing season to be able complete the growing cycle. Although no total crop
failure has been recorded yet, this balance has been very precarious in a number of
recent years during the drought.
Climate impacts on farming operations in this area appear to be mainly manifested
through changes in temperature and resulting impacts on water demand and
availability. Droughts will have serious repercussions. Under climate change
projections, farmers would need to apply at least 60 m3 per hectare per month more
for September to February. This translates to an additional 144 900 m3 of irrigated
water per year for the industry, which will need to be accessed from groundwater
resources.
Other impacts of projected temperature changes will include a 50% increase in the
risk of the occurrence of significant fires. High frequency of fires will increase erosion
risks and worsen the sedimentation of already shallow farm dams.
The catchments in which hop is grown are currently heavily infested with invasive
alien trees, reducing mean annual runoff by 13-20 %. Without any intervention these
trees are expected to spread to full invasion by 2032 and impact the Mean Annual
Runoff by 41 % in the two catchments. This could reduce annual surface water yield
to hop farm dams by up to 780 000 m3.
The industry is currently 100 % disease-free, and this could turn into a major risk as
local hop varieties have limited resistance to diseases. No spraying programmes are
in place should an outbreak occur (Erasmus, 2013). The potential impacts of shifting
and new diseases under climate change for hop production in the southern Cape is
not known.

9.3.10 Undercover protected cultivation
The cultivation of vegetables and soft fruit (berries) under protection, i.e. in fully or
partially enclosed tunnels, is widespread in the Western Cape. It is a relatively recent
form of food production and has grown rapidly over the last decade or so. The main
concentration of this farming system is around the Greater Cape Town Metropolitan
Area and the Cape Winelands (Drakenstein and Stellenbosch), the Overberg
(around Hermanus), around Swellendam, and in Eden (Mossel Bay to George).
A major factor in this type of farming is the high energy use. The benefits, from a
climate change perspective, include the fact that renewable energy can be used
for heating and cooling purposes, rainwater can be collected and used for irrigation,
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all sources of water can be efficiently used and recycled, systems can be used
which minimise evaporation, and the climate is controlled to varying degrees.
This farming system is capital intensive and demands technical know-how.
Equipment failures can be catastrophic. There is also a high risk of disease and pest
outbreaks with careful monitoring and control programmes required. The quality of
the water must meet certain high standards.
Undercover cultivation is seen by some as offering adaptive opportunities. However,
no studies were found on this topic. Key issues include the increased energy demand
for climate control (particularly cooling in the warm season), increased risk
associated with technical failure in hot weather, reduced availability of water,
increased risk of disease and pests, and risk of storm damage to the infrastructure.
The production of crops under protection during the cold winter months could
benefit from winter warming and reduced demand for energy to heat the tunnels.
Some crops could be produced to ripen earlier in the year through phonological
advances.

9.3.11 Pests, diseases and weeds
Research shows that certain pests and diseases associated with specific crops may
increase in their distributional range, and may become more active, with an
increase in temperature. Changes in pest and disease incidence due to climate
change will vary depending on the individual host responses and the pathogen or
pest itself. The short life cycles of insects, their mobility, high reproductive potential
and sensitivity to temperature means that even small changes in climate can result in
a rapid and prolific response (Ladányi and Horváth, 2010). On the other hand, rising
concentrations of atmospheric CO2 may reduce the nutritional quality of plant
tissues, thus forcing pests to increase their consumption, although such responses are
highly complex and variable (Zavala et al., 2013).
It appears that only three studies have been conducted in South Africa with
relevance to pests and diseases in the Western Cape and a specific focus on
climate and climate change:
Schulze and Maharaj (2010b) modelled the current and future distribution of codling
moth (Cydia pomonella), a major pest of apples and pears. Warming will accelerate
critical life stages of many pests until temperatures become too high and growth is
again reduced. Rates of development to complete a life cycle depend on
accumulated heat units (‘degree days’). In codling moth, the lower and upper
temperature thresholds are 11.1 °C and 34.4 °C, respectively, and accumulated
degree days for one life cycle are 603°days. Warming has the potential to
significantly increase the area subject to codling moth damage in South Africa (Map
9.4). The number of life cycles per annum is likely to be 20-30 % greater by midcentury than the present over much of the Western Cape fruit production areas.
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The effects of climate change (temperature and moisture) on relative development
rates of potato diseases and pests were modelled by Van der Waals et al. (2013) for
three South African production regions, including the Sandveld. The diseases and
pests modelled were late blight, early blight and brown spot, blackleg and soft rot,
root-knot nematodes and the peach-potato aphid Myzus persicae (as indicator of
Potato virus Y and Potato leaf roll virus). Results showed that the cumulative relative
development rate (cRDR) of soft rot and blackleg, root-knot nematodes and
M. persicae will increase over the 90-year period in the areas under consideration.
The cRDR of early blight and brown spot is likely to increase in the wet winter crop of
the Sandveld but remains unchanged in the dry summer crop. Climate change will
decrease the cRDR of late blight in the dry summer crop.
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Map 9.4: Mean annual numbers of life cycles of codling moth over South Africa for present climatic conditions and for temperature
increases of 1 ºC, 2 ºC and 3 ºC. Source: Schulze and Maharaj (2010b)
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Apple scab, caused by Venturia inaequalis, is the most important apple disease in
South Africa and globally (Von Diest, 2014). Current fungicidal control programmes
are expensive and increasingly undesirable. The development of the disease is highly
dependent on prevailing weather conditions: disease incidence and severity are
significantly higher in apple-growing areas with high moisture (rain and relative
humidity) and can vary greatly between seasons (Schwabe, 1980) and between
production regions (Von Diest, 2014). Ascospore germination occurs between 0.5
and 26 ºC, with 17 °C being optimal, and 30 ºC or higher will inhibit infection
(Schwabe, 1980). The historical warming trend in the Western Cape has already
caused changes in apple tree phenology in warm winter regions, which may mean
that this pathogen, which adapts to its host phenology, has also evolved shifts in
certain developmental phases - ascospore discharge is occurring later in spring
(Louw, 1951; Schwabe, 1980).
The fruit fly pests of the Western Cape, Ceratitis capitata and Ceratitis rosa, cause
major losses. The Sterile Insect Technique (SIT) programme targeting C. capitata was
initiated in the 1990s and put into commercial operation in 1999 (Manrakhan and
Addison, 2012). Research shows that this species has a high survival rate over a
broad range of temperatures (15–30 °C), with development accelerating at the
higher temperatures, but it did not mature when grown at 35 °C (Duyck and Quilici,
2002). The SIT programme has had numerous teething problems and rising
temperatures may make fruit fly control more difficult (Sutherst et al., 2000).
S. Fuller and co-workers presented the following summary of expected changes in
distributions of pests and diseases on fruit and wine farms in South Africa. The text is
taken verbatim from CCC (2012):
“It is predicted that with the temperature increase, insect pests with a distribution
from sub-tropical to Mediterranean climates will become more serious. These include
bollworm, Helicoverpa armigera, Mediterranean fruit fly, Ceratitis capitata, false
codling moth, Thaumatotibia leucotreta, and possibly antestia stink bug, Antestiopsis
orbitalis. If this is accompanied by a drier climate pests like two-spotted mite,
Tetranychus urticae, will also become more of a problem.”
“However, pests like Natal fruit fly, Ceratitis rosa, which seems to be limited by low
humidity, will become less of a problem, as will pear leafroller, Epichoristodes
arcebella, which cannot tolerate high temperatures. Local expert experience (K.
Pringle, University of Stellenbosch) has found that codling moth, Cydia pomonella,
becomes a lot more difficult to control during hot seasons. In addition the
pheromone dispensers used for mating disruption become depleted before the end
of the season, leaving the fruit exposed to late season infestations.”
“In addition, the efficacy of control methods is likely to be affected by climate
change. For example, the number of days that will be suitable for spraying is likely to
increase in areas of increased dryness and decrease in the wetter regions. The
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predicted increase in rainfall may result in an increase in herbicide and fungicide
requirements, while the increase in temperature may mean more insecticide is
needed to combat the increased pest numbers (Chen and McCarl, 2001). The
increased application rates may cause some invertebrate pests to become resistant
to certain chemicals (Harrington et al., 2001) and will impact the natural enemies
within the local ecosystem, further exacerbating the problem. Changes in
temperature could affect the synchrony between herbivores and their natural
enemies (Estay et al., 2009). Extinction of the natural enemy could occur if it appears
before the host is present, and the pest could escape biological control if its
population increase precedes that of the natural enemy. An example of this is the
woolly apple aphid, Eriosoma lanigerum, which is attacked by a parasitic wasp,
Aphelinus mali. The parasitoid can tolerate higher temperatures than the woolly
apple aphid. Therefore, increases in temperature may favour biological control in this
instance. However, hot, dry conditions are detrimental to microbial biological control
agents such as fungi, viruses (used against codling moth at present) and
nematodes.”
“This change costs money. On an active ingredient per hectare basis, this increase in
chemical input requirements translates to as much as a 60% increase in input costs
(Koleva and Schneider, 2009). The external costs in terms of the indirect costs like
human health, water contamination, destruction of beneficial organisms should
increase for all three classes of pesticides (fungicides, insecticides, herbicides), but
the highest increase is predicted to be for insecticides. This increase in external costs
due to insecticides is predicted to be highest on pome fruits, berries and stone fruits,
in that order.”
The pests and diseases of other major crops in the Western Cape are relatively well
studied, but not in the context of climate change.
Changes in climate and CO2 concentration will enhance the distribution and
increase the competitiveness of agronomically important and invasive weeds (Porter
et al. 2014). Weeds could limit crop yields to a greater extent with rising levels of CO2
per se (Ziska, 2010). Chemical control of weeds, which is the preferred management
method for large-scale farms, may become less effective, with increasing economic
and environmental costs. Herbicide resistance is already a major problem in South
Africa, with resistance already verified in 15 weed species to herbicides in seven
modes of action groups (Pieterse, 2010). This situation is compelling farmers to
consider alternative weed control strategies and cropping systems, and situation
which is likely be become more demanding under climate change. No climate
change studies have been conducted in South Africa.
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9.4

Livestock and freshwater aquaculture

Table 9.6: Risk and impacts for current and future timeframes for livestock production systems
Key consequences

Climate driver

Farming
category

Geographical
area

-Higher maximum
temperatures
-Increase in hot days
-Heat waves
-Increased solar
radiation

Intensive
and
extensive
production
systems

Swartland, RûensWest, Rûens-East
and Nelspoort

-Increased animal growth & reproduction
performance due to reduced risk of coldrelated deaths and illnesses in winter
months

-Higher winter
temperatures
-Decrease in cold
days

Intensive
production
systems

Swartland, RûensWest and RûensEast

Indirect impacts
-Decreased fodder, grain and water
quantity and quality due changes in the
quantity, intensity and distribution patterns
of rainfall
-Reduced animal growth & reproduction
rates due to decreased fodder quantity
and quality
- Increased nutrition-related illnesses &
deaths due to decreased fodder quantity
and quality

-Higher maximum
temperatures
-Higher maximum
rainfall
-Increase in hot wet
days
-Increase in frequency
and magnitude of
droughts/floods

Intensive
and
extensive
production
systems

Swartland, RûensWest, Rûens-East
and Nelspoort

Beef
Direct impacts
-Reduced growth & reproduction
performance due to heat and nutrition
stress
-Reduced meat yield and quality due to
heat and nutrition stress
-Increased deaths and illnesses due to
heat and nutrition stress

Recent and future risk

Low

Adaptation Responses

Medium

High

Recent
Near
term
Long
term

X
X
X

Low

Medium
X
X

High

Low

Medium

High

Recent
Near
term
Long
term

Recent
Near
term
Long
term
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-Physical modification of the animal
environment (e.g., shading)
-Use of less sensitive (heat tolerant)
breeds/species
-Improve nutritional management

X
X
X

-Use of drought tolerant breeds/species
-Provide supplementary feeds
-Create fodder banks (reserves)
-Use drought tolerant fodder
crops/rangeland plants
-Use early maturing fodder crop/pasture
varieties
-Improve animal management
-Improve rangeland management
-Improve water management
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Key consequences

Climate driver

-Increased climate control costs

-Changes in the
quantity, intensity and
distribution patterns of
rainfall

- Increased parasites & vector-borne
diseases prevalence due to increased
temperatures and changes in the
quantity, intensity and distribution patterns
of rainfall
- Extended range and activity of some
pests and disease vectors due to
increased temperatures and changes in
the quantity, intensity and distribution
patterns of rainfall

-Higher maximum
temperatures
-Higher maximum
rainfall
-Increase in hot wet
days
-Increase in frequency
and magnitude of
droughts/floods
-Changes in the
quantity, intensity and
distribution patterns of
rainfall

Intensive
production
systems

- Reduced parasites & vector-borne
diseases prevalence due to increased
temperatures
-Reduced range and activity of some
pests and disease vectors due to
increased temperatures

-Higher maximum
temperatures
-Increase in hot dry
days

Extensive
production
systems

Dairy
Direct impacts
-Decreased milk production due to heat
and nutrition stress
-Reduced growth & reproduction
performance due to heat and nutrition
stress

-Higher maximum
temperatures
-Increase in hot days
-Heat waves
-Increased solar
radiation

Farming
category

Geographical
area

Recent and future risk

Adaptation Responses
-Supplement rainfall (use irrigation)

Intensive
production
systems

Swartland, RûensWest and RûensEast

Low
Recent
Near
term
Long
term

Nelspoort

Low

Medium
X
X

Low

Medium

X
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-Use disease and parasite resistant breeds
-Strengthen veterinarian and extension
services
Improve animal health management

High

X

Recent
Near
term

High

X

Recent
Near
term
Long
term

Swartland, RûensWest, GrootBrakPlett

Medium
X
X

X

High

Physical modification of the animal
environment
-Use of less sensitive (heat tolerant)
breeds/species
-Improve nutritional management
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Key consequences

Climate driver

Farming
category

Geographical
area

-Increased deaths and illnesses due to
heat and nutrition stress

-Increased animal growth & reproduction
performance due to reduced risk of coldrelated deaths and illnesses in winter
months

Indirect impacts
-Decreased fodder, grain and water
quantity and quality due changes in the
quantity, intensity and distribution patterns
of rainfall
-Reduced milk production & reproduction
rates due to decreased fodder quantity
and quality
- Increased nutrition-related illnesses &
deaths due to decreased fodder quantity
and quality
-Increased climate control costs

- Increased parasites & vector-borne
diseases prevalence due to increased
temperatures and changes in the
quantity, intensity and distribution patterns
of rainfall
- Extended range and activity of some
pests and disease vectors due to
increased temperatures and changes in

Recent and future risk
Long
term

-Higher winter
temperatures
-Decrease in cold
days

Intensive
production
systems

-Higher maximum
temperatures
-Higher maximum
rainfall
-Increase in hot wet
days
-Increase in frequency
and magnitude of
droughts/floods
-Changes in the
quantity, intensity and
distribution patterns of
rainfall

Intensive
production
systems

-Higher maximum
temperatures
-Higher maximum
rainfall
-Increase in hot wet
days
-Increase in frequency
and magnitude of
droughts/floods

Intensive
production
systems

Swartland, RûensWest, GrootBrakPlett

X

Low

High

X
X

Low

Medium

High

Recent
Near
term
Long
term

Swartland, RûensWest, GrootBrakPlett

Medium

Recent
Near
term
Long
term

Swartland, RûensWest, GrootBrakPlett

Adaptation Responses

X
X
X

Low
Recent
Near
term
Long
term
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Medium
X
X

High

X

-Use of drought tolerant breeds/species
-Provide supplementary feeds
-Create fodder banks (reserves)
-Use drought tolerant fodder
crops/rangeland plants
-Use early maturing fodder crop/pasture
varieties
-Improve animal management
-Improve rangeland management
-Improve water management
-Supplement rainfall (use irrigation)

-Use disease and parasite resistant breeds
-Strengthen veterinarian and extension
services
Improve animal health management
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Key consequences

Climate driver

Farming
category

Geographical
area

the quantity, intensity and distribution
patterns of rainfall

-Changes in the
quantity, intensity and
distribution patterns of
rainfall

-Higher maximum
temperatures
-Increase in hot days
-Heat waves
-Increased solar
radiation

Intensive
and
extensive
production
systems

Sheep: Koup,
TankwavanWyksdorp,
Rûens-West,
Swartland, Little
Karoo
Goats: Koup,
Nelspoort, Little
Karoo

-Increased animal growth & reproduction
performance due to reduced risk of coldrelated deaths and illnesses in winter
months

-Higher winter
temperatures
-Decrease in cold
days

Intensive
production
systems

Sheep: RûensWest and
Swartland

Indirect impacts
-Decreased fodder, grain and water
quantity and quality due changes in the
quantity, intensity and distribution patterns
of rainfall
-Reduced animal growth & reproduction
rates due to decreased fodder quantity
and quality
- Increased nutrition-related illnesses &
deaths due to decreased fodder quantity
and quality

-Higher maximum
temperatures
-Higher maximum
rainfall
-Increase in hot wet
days
-Increase in frequency
and magnitude of
droughts/floods

Intensive
and
extensive
production
systems

Sheep: Koup,
TankwavanWyksdorp,
Rûens-West,
Swartland, Little
Karoo
Goats: Koup,
Nelspoort, Little
Karoo

Sheep and goats
Direct impacts
-Reduced growth & reproduction
performance due to heat and nutrition
stress
-Reduced meat yield and quality due to
heat and nutrition stress
-Reduced fibre (wool & mohair)
production due to heat and nutrition stress
-Increased deaths and illnesses due to
heat and nutrition stress

Recent and future risk

Low

Adaptation Responses

Medium

High

Recent
Near
term
Long
term

X
X
X

Low

Medium
X
X

High

Low

Medium

High

Recent
Near
term
Long
term

Recent
Near
term
Long
term

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

-Physical modification of the animal
environment
-Use of less sensitive (heat tolerant)
breeds/species
-Improve nutritional management

X
X
X

-Use of drought tolerant breeds/species
-Provide supplementary feeds
-Create fodder banks (reserves)
-Use drought tolerant fodder
crops/rangeland plants
-Improve animal management
-Improve rangeland management
-Improve water management
-Supplement rainfall (use irrigation)
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Key consequences

Climate driver

-Increased climate control costs

-Changes in the
quantity, intensity and
distribution patterns of
rainfall

- Increased parasites & vector-borne
diseases prevalence due to increased
temperatures and changes in the
quantity, intensity and distribution patterns
of rainfall
- Extended range and activity of some
pests and disease vectors due to
increased temperatures and changes in
the quantity, intensity and distribution
patterns of rainfall

Reduced parasites & vector-borne
diseases prevalence due to increased
temperatures
-Reduced range and activity of some
pests and disease vectors due to
increased temperatures
Pigs and poultry
Direct impacts
-Reduced growth & reproduction
performance due to heat and nutrition
stress
-Reduced meat yield and quality due to
heat and nutrition stress
-Increased deaths and illnesses due to
heat and nutrition stress

Farming
category

Geographical
area

-Higher maximum
temperatures
-Higher maximum
rainfall
-Increase in hot and
wet days
-Increase in frequency
and magnitude of
droughts/floods
-Changes in the
quantity, intensity and
distribution patterns of
rainfall

Intensive
production
systems

Sheep: RûensWest and
Swartland

-Higher maximum
temperatures
-Increase in hot dry
days

Extensive
production
systems

Sheep: Koup,
TankwavanWyksdorp and
Little Karoo
Goats: Koup,
Nelspoort, Little
Karoo

-Higher maximum
temperatures
-Increase in hot days
-Heat waves
-Increased solar
radiation

Intensive
production
systems

Pigs: CapeTownWinelands,
Swartland
Poultry:
CapeTownWinelands,
Grabouw-

Recent and future risk

Low
Recent
Near
term
Long
term

Adaptation Responses

Medium
X
X

Low

Medium
X
X

High

Low

Medium

High

Recent
X
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-Use disease and parasite resistant breeds
-Strengthen veterinarian and extension
services
-Improve animal health management

X

Recent
Near
term
Long
term

Near
term

High

X

-Physical modification of the animal
environment
-Use of less sensitive (heat tolerant)
breeds/species
-Improve nutritional management
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Key consequences

Climate driver

Farming
category

Geographical
area
VilliersdorpFranschhoek,
Swartland

Indirect impacts
-Decreased grain and water quantity and
quality due changes in the quantity,
intensity and distribution patterns of
rainfall
-Reduced animal growth & reproduction
rates due to decreased grain and water
quantity and quality
- Increased nutrition-related illnesses &
deaths due to decreased grain and water
quantity and quality
-Increased climate control costs

- Increased parasites & vector-borne
diseases prevalence due to increased
temperatures and changes in the
quantity, intensity and distribution patterns
of rainfall
- Extended range and activity of some
pests and disease vectors due to
increased temperatures and changes in
the quantity, intensity and distribution
patterns of rainfall

-Higher maximum
temperatures
-Higher maximum
rainfall
-Increase in hot wet
days
-Increase in frequency
and magnitude of
droughts/floods
-Changes in the
quantity, intensity and
distribution patterns of
rainfall

Intensive
production
systems

-Higher maximum
temperatures
-Higher maximum
rainfall
-Increase in bot wet
days
-Increase in frequency
and magnitude of
droughts/floods
-Changes in the
quantity, intensity and
distribution patterns of
rainfall

Intensive
production
systems

Pigs: CapeTownWinelands,
Swartland
Poultry:
CapeTownWinelands,
GrabouwVilliersdorpFranschhoek,
Swartland

Pigs: CapeTownWinelands,
Swartland
poultry:
CapeTownWinelands,
GrabouwVilliersdorpFranschhoek,
Swartland

Recent and future risk
Long
term

X

Low
Recent
Near
term
Long
term
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Medium
X
X

High

X

Low
Recent
Near
term
Long
term

Adaptation Responses

Medium
X
X

High

X

-Use of drought tolerant breeds/species
-Provide supplementary feeds
-Use drought tolerant grain crop varieties
-Use early maturing grain crop varieties
-Improve animal management
-Improve water management
-Supplement rainfall (use irrigation)
-Physical modification of the animal
environment

-Use disease and parasite resistant breeds
-Strengthen veterinarian and extension
services
-Improve animal health management
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Key consequences
Ostriches
Direct impacts
-Reduced growth & reproduction
performance due to heat and nutrition
stress
-Reduced meat yield and quality due to
heat and nutrition stress
-Reduced egg and leather production
due to heat and nutrition stress
-Increased deaths and illnesses due to
heat and nutrition stress

-Increased animal growth & reproduction
performance due to reduced risk of coldrelated deaths and illnesses in winter
months

Indirect impacts
-Decreased fodder, grain and water
quantity and quality due changes in the
quantity, intensity and distribution patterns
of rainfall
-Reduced animal growth & reproduction
rates due to decreased fodder quantity
and quality
- Increased nutrition-related illnesses &
deaths due to decreased fodder quantity
and quality
-Increased climate control costs

Climate driver

Farming
category

Geographical
area

-Higher maximum
temperatures
-Increase in hot days
-Heat waves
-Increased solar
radiation

Intensive
and
extensive
production
systems

Little Karoo,
MosselBayHerbertsdale,
Grootbrak-Plett

-Higher winter
temperatures
-Decrease in cold
days

Intensive
production
systems

MosselBayHerbertsdale,
Grootbrak-Plett

-Higher maximum
temperatures
-Higher maximum
rainfall
-Increase in hot wet
days
-Increase in frequency
and magnitude of
droughts/floods
-Changes in the
quantity, intensity and
distribution patterns of
rainfall

Intensive
and
extensive
production
systems

Little Karoo,
MosselBayHerbertsdale,
Grootbrak-Plett

Recent and future risk

Low

Adaptation Responses

Medium

High

Recent
Near
term
Long
term

X
X
X

Low

Medium
X
X

High

Low

Medium

High

Recent
Near
term
Long
term

Recent
Near
term
Long
term

-Physical modification of the animal
environment
-Use of less sensitive (heat tolerant)
breeds/species
-Improve nutritional management

X
X
X

-Provide supplementary feeds
-Create fodder banks (reserves)
-Use drought tolerant fodder
crops/rangeland plants
-Use early maturing fodder crop/pasture
varieties
-Improve animal management
-Improve rangeland management
-Improve water management
-Supplement rainfall (use irrigation)

-Use disease and parasite resistant breeds
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Key consequences

Climate driver

Farming
category

Geographical
area

- Increased parasites & vector-borne
diseases prevalence due to increased
temperatures and changes in the
quantity, intensity and distribution patterns
of rainfall
- Extended range and activity of some
pests and disease vectors due to
increased temperatures and changes in
the quantity, intensity and distribution
patterns of rainfall

-Higher maximum
temperatures
-Higher maximum
rainfall
-Increase in hot wet
days
-Increase in frequency
and magnitude of
droughts/floods
-Changes in the
quantity, intensity and
distribution patterns of
rainfall

Intensive
production
systems

MosselBayHerbertsdale and
Grootbrak-Plett

-Reduced parasites & vector-borne
diseases prevalence due to increased
temperatures
-Reduced range and activity of some
pests and disease vectors due to
increased temperatures

-Higher maximum
temperatures
-Increase in hot-dry
days

Extensive
production
systems

Recent and future risk
Low
Recent
Near
term
Long
term

Little Karoo
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High

X

Low
Recent
Near
term
Long
term

Medium
X
X

Adaptation Responses

Medium
X
X

High

X

-Strengthen veterinarian and extension
services
Improve animal health management
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9.4.1 Rangelands
Rangelands are defined as those natural and semi-natural ecosystems in which the
husbandry of herbivores is the principal economic activity. The rangelands of the
Western Cape (mainly the Succulent Karoo, Nama Karoo and Little Karoo, but also
parts of the Fynbos, Thicket and Grassland Biomes) are generally semi-arid and are
considered environmentally and economically marginal i.e. where climate variability
(mainly of rainfall) results in periodic drought conditions. The rangelands support both
commercial livestock production, and smallholder livestock systems. Climate change
will affect rangelands directly through changes in fodder production and quality,
driven by atmospheric and climatic factors (CO2 concentration, temperature, and
rainfall), and indirectly through changes in species composition and interactions,
bush encroachment and other invasive alien plants and animals, the frequency and
intensity of fire and drought, and interactions with land use (especially grazing
intensity) and degradation (Vetter, 2009; DEA, 2010, DEA, 2013b).
The summer rainfall areas of the province could experience significant shifts in
vegetation. For example, the Nama Karoo Biome appears to be vulnerable to
climate change, with models showing a transition to Arid Savanna or even Desert.
The north-eastern regions of the Fynbos Biome are prone to replacement by
Succulent Karoo or Albany Thicket. Rising atmospheric CO2 concentrations are
driving changes in the tree/grass and the shrub/grass balance, with woody species
gaining the upper hand (Bond and Midgley, 2012). Such shifts would change the
rangeland productivity for small and large stock and demand new rangeland
management approaches.
However, recent (1962-2009) historical changes in vegetation at the shrublandgrassland ecotone in the semi-arid Karoo, as assessed using long-term surveys and
repeat photography, showed that for most sites grass cover has increased and that
dwarf shrub cover has decreased over time (Masubelele et al., 2014). The decline in
stocking densities and more conservation-friendly land management practices
together with an increase in large wet events in the Nama Karoo biome may have
contributed to the increase in grass cover in recent times.
Spekboom (Portulacaria afra) is an important component of succulent thicket
vegetation, which occurs in the eastern parts of the province. It is a preferred browse
species for goats and has been heavily grazed in the past, with declines in it
distribution recorded throughout its range. Robertson and Palmer (2002) modelled
the species’ current and future potential distribution. Under climatic change, 80.3 %
of the grid-cells of its current potential distribution would remain suitable and 19.7 %
would become unsuitable (Map 9.5).
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Map 9.5: A change surface showing four classes of P. afra suitability, produced from
a cross-classification of predictions for P. afra under current and future climates.
Towns in the planning domain: 1. Ladismith, 2. Oudtshoom, 3. George, 4. Uniondale,
5. Willowmore, 6. Steytlerville, 7. Graaff-Reinet, 8. Grahamstown, 9. Fort Beaufort, 10.
Queenstown, 11. King William’s Town. Source: Robertson and Palmer (2002)
In the Western Cape parts of its range, decreases in suitability can be expected in
the area between Ladismith and Oudtshoorn. New areas of suitability are likely in the
vicinity of Uniondale and Willowmore. P. afra could respond with changes in
distribution and abundance, but it is unlikely that it will be able to colonise the sites
that are predicted to become suitable in the future within the time scales of
accelerated climate change. This is due to the generally poor dispersal ability of this
species.
Climate change is expected to deepen pre-existing vulnerability. The link between
rainfall, land use and degradation is important, since climate change can modify
both the magnitude of, and frequency with which, thresholds are exceeded that
may initiate desertification processes. For example, a higher frequency of drier spells
or a lower rainfall can affect vegetation cover, with implications for both erosion and
livestock production. In an area under pressure from overgrazing or inappropriate
water use, and thus vulnerable, climate change can amplify desertification (Archer
and Tadross 2009). The most degraded rangelands of the province occur in the Little
Karoo and the Tankwa Karoo (Map 9.6) (Hoffman and Ashwell, 2001). In areas where
livestock and human traffic is intense, and plants have not been able to set seed,
droughts and floods associated with climate change worsen erosion and aggravate
degradation. Range management can either increase or decrease the negative
impacts of climate change on rangeland capital (Milton and Dean, 2011).
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Map 9.6: The total Veld Degradation Index (VDI) for the 42 magisterial districts of the
Western Cape. The VDI incorporates the severity and rate of veld degradation, as
well as the % area of veld in the magisterial district. Source: Hoffman and Ashwell
(2001)
The communal areas of the semi-arid winter-rainfall Namaqualand region
(Hardeveld) are heavily utilised by a large number of subsistence farmers who keep
sheep and goats. Several decades of continuous high stocking densities have
caused significant changes in the vegetation, with perennial palatable shrubs being
replaced by unpalatable species (Hahn et al., 2005). Farmers are now heavily reliant
on an annual flush of vegetation following winter rains to keep their livestock alive.
However, modelling suggests that the system remains sustainable (though unstable)
due to climatic variability. Responses to drought in the Succulent Karoo Biome differ
between species, with leaf-succulent seedlings showing high levels of drought
resistance (Hoffman et al., 2009).
Climate change impacts are likely to be an important consideration in the efforts of
land reform beneficiaries and/or the emerging agriculture sector in rangelands.
Strategies and policies supporting this sector could usefully be informed by such
considerations (DEA, 2010).

9.4.2 Beef cattle
The Western Cape has about 94 000 beef cattle (WCG: Agriculture, 2014a) which
contribute about 4 % of South Africa’s total beef production. Beef is produced
mainly on natural pastures in Nelspoort with finishing taking place in feedlots
concentrated along the coast in Rûens-West, Rûens-East and Swartland. Overall,
warmer temperatures and concurrent changes in heat exchanges expected in the
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Western Cape are likely to cause heat stress in beef cattle raised on natural pastures
and in feedlots (Archer van Garderen, 2011; Nesamvuni et al., 2012). Based on upper
threshold temperature range of 30 to 32 °C (with relative humidity below 80 %) for
beef cattle breeds, Archer van Garderen (2011) projected that heat stress
probabilities for beef cattle in South Africa are likely to increase in the future. In
another study, Nesamvuni et al., 2012 used a temperature heat stress index (THI)
classification system to predict the heat stress likely to be experienced by feedlot
cattle in South Africa. In this study, heat stress (maximum daily THI) projections for the
Western Cape suggested that in the intermediate future [2046 - 2065] and distant
future [2081 - 2100] feedlot cattle might experience very severe stress (> 98 THI)
compared to present (78 to 84 THI) climate scenario (Nesamvuni et al., 2012a).
Heat stress suffered by beef cattle will possibly reduce time of feeding/foraging, feed
intake, growth performance (e.g. body condition, frame size, average daily gain, live
weight and weaning weight), carcass weight and fat thickness. Reproduction
performance will also be compromised. For example, conception rates will
decrease, calving intervals will increase and spermatogenesis and semen quality will
be impaired (Nardone et al., 2010; Rust and Rust, 2013). Heat stress may also increase
water intake, risks of meat spoilage and dark cutting beef, illness and deaths of beef
animals (Gregory, 2010; Scholtz et al., 2013).
Cattle raised on feedlot are likely to be adversely affected by heat stress than the
animal raised on natural pasture owing to high metabolic heat loads of feedlot
cattle (Nesamvuni, 2012). In addition, confinement and crowding lead to increased
moisture in the feedlot through sweating and urination, restrict airflow, reduce
ventilation and increase animal exposure to radiant heat associated with concrete
or dark, bare soils (Nardone et al., 2010). In particular, Bos taurus breeds, fatter cattle,
cattle with a heavier hair coat and those with darker coats will be very sensitive to
heat stress. However, increases in temperature during the winter months could
reduce the cold stress experienced especially by feedlot cattle along the coastal
areas (Rûens-West, Rûens-East). Warmer weather could also reduce the energy
requirements of feeding and the housing feedlot cattle in winter months (Nardone et
al., 2010).
Increased ambient temperatures, downward trends in rainfall and increased
frequency of extreme weather will possibly have indirect impact on beef production
by reducing quantity and quality of pastures, fodder crops, grains and water (Rust
and Rust, 2013). Thus, both intensive (feedlot) and extensive (natural pasture-based)
beef production systems are extremely vulnerable as natural pastures and feed
crops will be affected by these changes in climate. In feedlot systems, indirect
impacts from lower crop yields, feed scarcity and higher energy prices will be more
significant. In natural pasture-based systems, impacts are, expected to be most
severe in marginal areas (i.e. Nelspoort and Little-Karoo), where higher temperatures
and lower rainfall are expected to reduce yields of natural pasture and increase
land degradation (Hoffmann and Vogel, 2008). Subsistence, emerging, small-scale
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commercial farming systems are expected to be at high risk due to the high
dependency on rain-fed natural pastures, and fewer capital resources and
management technologies available to farmers.

9.4.3 Dairy cattle
The dairy herd in the Western Cape is made up of 129 000 cattle (WCG: Agriculture,
2014a) with the highest numbers found in areas close to the coast especially in
Rûens-West, GrootBrak and Swartland. The province commands the greatest share
of dairy production in South Africa accounting for 27 % of the milk production. With
the expected increase in ambient temperatures dairy cattle are likely to experience
heat stress. For dairy cattle, heat stress can occur when temperatures are above
25 °C or when THI is higher than 72. Projections of heat stress (maximum daily
conditions) in South Africa suggest that dairy cattle might be severely stressed under
present [1971 - 1990] and intermediate future [2046 - 2065] climate scenarios
(Nesamvuni et al., 2012). The implications of this projected severe stress (78 to 89 THI)
are that the dairy cattle in the Western Cape might experience a reduction in milk
productivity (10 to over 25 %) and reproductive performance (Nesamvuni et al.,
2012).

Photo: WCG: Agriculture

In more distant future [2081 - 2100] climate scenario, Nesamvuni et al. (2012),
projected very severe stress in the northern parts of the province (i.e. Nelspoort, Koup
and Little-Karoo). Thus, very severe stress (89 to 98 THI) likely to be experienced in
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these areas may result in marked decreases in milk production and reproduction
performance, and even result in death of dairy animals. Under such conditions, a
decline in milk yield will be predominantly the result of heat induced depression in
feed intake. Increased energy deficits as a result of heat-related nutritional stress
may also lead to a reduction in cow fertility, fitness and longevity (Thornton et al.,
2009). Heat stress may also alter milk composition, for example, cows exposed to
acute heat stress have shown a reduction in milk lactose content and an increase
protein and fat levels (Silanikove et al., 2009). Other general impacts of climate
change on dairy production could include lower feed conversion rates and growth
performance in hotter areas.
Overall, the projections of future climate on heat stress in dairy cattle suggests that
climate change will have direct impact on the dairy industry by affecting the
intensity and frequency of cattle heat stress and hence, will adversely affect
reproductive performance, milk yield and quality. Amongst large ruminants, high
producing dairy cows are the most sensitive to heat stress, followed by feedlot cattle
owing to their high endogenous heat production. Smallholder dairy farmers in
marginal areas who have adopted high-yielding Bos taurus dairy cows could,
therefore, be at greater risk. As for the beef cattle, climate change could lead to
additional indirect impacts from lower pasture and fodder crop yields, feed scarcity
and higher energy prices.

9.4.4 Small ruminants (sheep and goats)
There are about 1.13 million sheep in the Western Cape (WCG: Agriculture, 2014a)
which constitutes 12 % of the country’s sheep numbers. Most sheep for wool and
mutton are produced extensively in Koup, Tankwa-vanWyksdorp and Little-Karoo
inland areas and intensively in Rûens-West and Swartland coastal areas. The
province has a very small goat population (109 000) which account for only 4 % of
the national flock with Koup, Nelspoort and Little-Karoo being the largest producers.
Mohair goats such as Angora have the largest population (48 %) followed by
undefined (33 %), chevon (17 %, mainly Boer goats), dual purpose (1.3 %) and dairy
(0.7 %) goats. Overall, exposure of small ruminants to elevated temperatures may
result in the reduction of growth performance, reproductive performance, milk
production, animal health and welfare (Rust and Rust, 2013). However, these effects
are likely to be lower in small versus large ruminants owing to the small body weight,
well developed water retention in the kidney and lower metabolic rates of the
former ruminant species (Rust and Rust, 2013).
Climate change is likely to have implications for the wool industry in the Western
Cape, principally through its effects on growth performance, animal health, forage
and water resources (Rust and Rust, 2013). The combination of these effects is likely
to have an impact on wool production and quality. A reduced productivity in
marginal areas (Koup, Tankwa-vanWyksdorp and Little-Karoo) is highly predictable.
Changes in climate can possible increase plant and dust contamination as well as
changes in mean fibre diameter and staple strength. Owing to their low feed and
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water requirements, ability to utilise low quality forage, ability to browse and disease
resistance, goats are likely to cope with, and adapt to, hot and dry conditions
expected in the Western Cape compared to sheep. However, mohair goats such as
the Angora breed may be susceptible to thermal and nutritional stress due to their
high nutritional requirements for fibre production. In support of this prediction, a study
conducted in the areas of Eastern Cape Province with similar conditions with those
found in Koup, Tankwa-vanWyksdorp and Little-Karoo showed that Angora goats
inhabiting a desertified landscape were more water dependent and more
susceptible to thermal stresses imposed by shearing in their environment than were
those inhabiting a pre-desertified landscape (Hetem et al., 2011).
One of the few expected potential benefits of climate change in the Western Cape
is a decrease in the statistical probability of small ruminant losses due to cold, wet
weather after shearing. However, if fleeced animals are not acclimated or
acclimatized to cold, they may actually become more susceptible to cold stress
after shearing in a warmer future (Hetem et al., 2009). For example, in March 2007 an
estimated 20 000 Angora goats died in the Eastern Cape during a cold, wet spell
following shearing in late summer (Hetem et al., 2009).

9.4.5 Pigs and poultry
Most of the production of chickens and pigs is concentrated in the areas 100-200 km
from Cape Town (pigs: CapeTown-Winelands and Swartland; poultry: CapeTownWinelands, Grabouw-Villiersdorp-Franschhoek and Swartland), proximity to the major
urban markets is a primary consideration.
There are huge prospects for growth as South Africa is currently experiencing a huge
growth of its urban population and currently has a deficit of both pork and chicken
meat production in the range of 15 % which is met by imports from Europe and South
America. Poultry is one of the top five imports with just under 4 000 million rands worth
of imports recorded in 201314. The lower carbon footprint associated with nonruminant production means that more pigs and chickens will be produced in
response to the pressure to reduce methane and carbon dioxide from animal
production.
The production of pigs and poultry is characterised by intensive production systems
where animals are mostly housed and feed is provided them. With pressures largely
from consumer groups and animal welfare activists, there are moves to allow animals
more space, exercise and time spent outdoors.
The animals are largely fed maize, soybean and fishmeal based diets in zero grazing
systems. The impact of climate change will affect the pig and poultry industries via
the feed supply chain. Significant amounts of maize and soybean fed to poultry and
pigs are produced in the crop growing belt of South Africa in the Free State,
Northwest and Mpumalanga belt. The shortfall is imported largely from South
14

http://www.nda.agric.za/docs/statsinfo/EcoReview1213.pdf
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America. Local SA crop production is very much under the influence of the climate
change induced intensity of weather events like droughts and floods. This determines
how much of the feeds are imported.
Good quality fishmeal is largely imported from South America (Peru is a major
source) with very little local poor quality production in SA. The sustainability of the
anchovy based fishmeal from South America is in increasingly coming under scrutiny.
The Western Cape produces very little of the feed ingredients used in the pig and
poultry industries meaning they have to be somehow transported here. This means
the carbon footprint is further pushed up by the transportation requirements of the
feeds.
Both poultry and pig production is largely controlled by breeding companies who
own Intellectual Property (IP) on breeds and breeding technologies. In pig sector
there are a few stud breeders run as family farms but these are declining in number.
Exotic breeds are in use exclusively in both industries. Companies use breeding
technologies to determine what traits to incorporate in the final end user animal. The
main thrust is towards efficient utilisation of feed to production of more lean meat
per animal. Current Feed Conversion Rate for chickens is around 2:1 and 3:1 in pigs.
The resulting trend is that fewer animals are being used to produce the same amount
of product in comparison to say ten years ago.
In most commercial production outfits animals are housed indoors all the time with
very little or no time spent outdoors largely for biosecurity and disease control
reasons. In addition this is done for climate control of the houses. There is a significant
push by animal welfare stakeholders to have animals spend some more time
outdoors. Given the intensity of weather events i.e. flooding, heat and cold snaps this
will require creative housing technologies. Literature has a large number of varying
studies on the trade-offs between intensive housed pigs and poultry production
compared to organic and/or free range production.
There are a small but significant number of pigs and chickens kept by smallholder
farmers. These are largely free ranging animals that also receive some
supplementary feeding from the household e.g. kitchen wastes. These are largely
confined to urban, peri-urban and rural areas. These animals typically have an
impact on the livelihoods and food security of the keepers. The chickens are largely
of indigenous stock and have undergone some natural selection to reproduce and
survive under harsh conditions. This could be an important source of genes for
breeding future genotypes that could withstand climate change.

9.4.6 Ostriches
The latest livestock census figures published by the Western Cape Department of
Agriculture in 2014 show that there are around 219 000 ostriches in the Western Cape
(WCG: Agriculture, 2014a). More than 70 % of the production is concentrated in the
Southern Cape and Little Karoo areas of the province with some production in the
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Karoo and the West Coast as well. The production system in the MosselBayHerbertsdale and Grootbrak-Plett areas is based on planted pastures while that in
the Little-Karoo areas is an extensive semi-arid grazing system.
The value of the ostrich industry fluctuates considerably depending on the
performance of the exports from the industry. Diseases like Avian Influenza invariably
results in slaughter of birds for disease control purposes and export bans. The local
demand for export products is low and therefore incapable of supporting the
industry on its own.
Extensive ostrich production requires significant hectarage of land in the order of at
least 50 ha. This is mainly marginal (semi-arid bushveld) land where the environment is
very sensitive to disruptions of any form. It is in these areas where the impact of
climate change is likely to be felt through high intensity weather events e.g. droughts
and associated high temperature events. Where stocking rates aren’t proper and
too high, ostriches can lead to rapid rangeland deterioration primarily because they
tend to pull out plants from the ground rather than bite foliage off the plant. The
resulting land degradation is also related to poor management of water resources
which in itself affects various other agricultural activities e.g. irrigation.
The ostrich is one of the most heat tolerant farmed animals but excessively high
temperatures will likely affect productivity particularly in the growth of younger birds.
Fertility is also adversely affected by high ambient temperatures.
In intensive ostrich production the feed is grown on farm with some of the
supplementary feed being bought. The effect of climate change is therefore via the
crops grown to feed the birds. The ability to provide affordable forage and feed to
the ostrich industry will remain one of the biggest challenges of the industry. Climate
change will likely affect lucerne production. This could be in the form of declining
winter rain of increase in temperatures during the growing period. Depending on the
performance of the export market ostriches may be pushed more and more into the
marginal areas of the province where they will compete with small ruminants and
cattle.

9.4.7 Mixed crop-livestock
On commercial farms, small-stock/smallgrain-pasture systems are common in the
Rûens and Swartland areas. Usually sheep are an integral part of the farming
systems, even in the strong wheat areas. In the more marginal wheat areas, the
emphasis shifts more to the livestock component but could still be considered
‘mixed’ systems.
For smallholder farmers, there is very little mixed farming involving cropping and
livestock in the Western Cape. On the global scale such mixed farming systems are
the backbone of livelihoods and agricultural production in the tropics (Thornton et
al., 2009). Apart from the highly specialised farming in most of the province (i.e.
livestock and horticulture) there is only a small group of smallholder farmers in the
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province. In fact, the province’s contribution to smallholder farming stood at 3 % of
the national total in the 2011 census15. Most of these farmers largely keep livestock
with very little or no crop farming. They are mostly situated on the West Coast, in the
Karoo and Klein Karoo. Farmers find growing crops too risky in those marginal
environments. The effects of climate change on these farmers are determined by the
impacts on their livestock, which renders them vulnerable.

9.4.8 Diseases and pests
Warmer temperatures and increased flood frequency is likely to have mild to severe
impact on animal health, mainly due to their influence on distribution, competence
and abundance of pathogens, vectors, ectoparasites and animal host populations
(Rust and Rust, 2013; Scholtz et al., 2013). For example, it has been observed that
combinations of drought followed by high rainfall have led to widespread outbreaks
of diseases such as Rift Valley Fever and bluetongue in most parts of Africa and of
African horse sickness in the Republic of South Africa (Rust and Rust, 2013).
Overall, hot and wet environments are most favourable for parasitic (ecto and
endo) and disease vectors breeding and multiplication. In that regard, the predicted
rise in temperature and increased flood frequency may be responsible for
transforming the cooler coastal areas of the Western Cape to be climatically suitable
habits for ticks such as Rhipicephalus appendiculatus and R. (Boophilus) decoloratus
which causes Anaplasmosis (Gallsickness), and Babesiosis (Red Water). The
prevalence of Rhipicephalus species has been found to be very high in hot-wet
seasons in South Africa (Marufu et al., 2011).
On the other hand, the more arid inland areas such as Little-Karoo may become
climatically unsuitable for Rhipicephalus species infestation in response to predicted
increases in temperature in an already hot and dry area. A detailed study on 30
species of Rhipicephalus ticks concluded that 54 % of species may spread into new
regions, while the ranges of 46 % may contract (Olwoch et al., 2007). Since helminth
infections are also influenced by changes in temperature and humidity, increase in
temperature and changes in rainfall patterns may also influence expansion of
helminths into cooler areas during wetter seasons or years and make inland semi-arid
areas unsuitable for helminths.

9.5.9 Freshwater aquaculture
The use of natural resources, and specifically freshwater resources, for aquaculture
renders it sensitive to the risks and impacts brought about by climate change on
freshwater ecosystems, in terms of water flows and quality. In turn, aquaculture also
has the potential to impact on these ecosystems in ways which could alter the
response of the systems to climate change. Thus, “to ensure the sustainability of the
sector it is imperative that these [natural] resources are protected, and that their

15

http://www.statssa.gov.za/publications/Report-03-11-01/Report-03-11-012011.pdf
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utilisation for aquaculture is based on sound management, while ensuring equitable
benefits to all.” (Hinrichsen, 2007)
The direct risks and impacts of climate change on aquaculture relate to the climatic
suitability and sensitivity of the species used, and linkages with fisheries (feed, seed
and markets) (Hinrichsen, undated). For example, farmed trout are exposed to
possible increased temperatures of inland water bodies, their growing period could
be shortened and the fish become smaller, and they could become more impacted
by diseases. Hinrichsen (undated) suggests that smaller scale farmers could become
hardest hit. Although still a small sub-sector, and remaining relatively unknown at
policy and planning levels, climate change has the potential to disrupt this budding
industry. Climatic variability and seasonality have been identified as an industry
threat (DAFF, 2013e).

9.5

Post-harvest agriculture

9.5.1 Storage and transport
The risks and impacts of climate change on post-harvest agriculture are very poorly
studied, and have apparently not received any attention in South Africa or the
Western Cape, even though this is a vital aspect of the value chain and food
security. Post-harvest systems are affected by changes in temperature, rainfall,
humidity and extreme events (Stathers et al., 2013). Many of the potential issues are
well understood by post-harvest researchers and practitioners but the information is
not freely available, and is not framed within the climate change discussion. The
impacts are likely to be particularly strongly felt by resource-poor smallholder farmers
and the informal food system, where the cold chain is wholly absent or poorly
developed. Spoilage is a major problem for these participants in agriculture.
The impacts of extreme weather on agricultural infrastructure and the transport
network can be severe. The large volumes of produce going through Cape Town
Harbour and Cape Town International Airport every day are at risk of being
impacted by stormy weather, and in particular high wind speeds. The harbour on
occasion ceases operations due to dangerous wind – it is not known how climate
change could have an impact.

9.5.2 Formal markets
Because of the global nature of agricultural markets, agricultural trade patterns may
shift as a result of climate change. Producers must address both the impact of
climate change on their own operations and respond to market signals created by
the impact of climate change on agricultural land use, production and prices
nationally and around the world (Ortiz, 2012). In addition, there will be global
changes in consumer preferences and purchasing patterns driven by socioeconomic development (dietary transitions that accompany income growth) and
growing awareness of the carbon footprints of traded food.
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Water supply
In recent times, numerous regions dependent on widespread irrigation are facing
challenges relating to water supply, e.g. aquifer depletion, competing uses for
reservoir water, or salinisation of land under long-term irrigation (Tackle and
Hofstrand, 2008). A recent example is Saudi Arabia (Elhadj, 2008) which has an
annual rainfall of only 3-4 inches, and discovered in the early 1980s what was
thought to be substantial groundwater reserves. By 1992 the country’s farmers were
irrigating about 2.5 million acres and producing 4.1 million tons of wheat. But by
2000, the average cost of raising wheat in Saudi Arabia rose to $500 per ton - four
times what it cost to buy it on the world market. On January 8, 2008, the Saudi
government abandoned its food independence strategy and decided instead to
import the country’s entire wheat needs by 2016. These kinds of events and actions
can alter existing trade patterns and impact on crop prices across the globe.

Price volatility
Koizumi and Kanamaru (2014) illustrated the potential impact of climate change on
product price volatility through simulations which suggest that a constant agricultural
investment increase in ASEAN 8 (Thailand, Vietnam, Indonesia, The Philippines,
Malaysia, Cambodia, Lao PDR and Myanmar) countries will contribute to a decrease
in the international rice price volatility under future climate change. The same
investment increase in Thailand and Vietnam will also contribute to a decrease in the
international rice price volatility. However, the rice price volatility will increase if
agricultural investment in ASEAN 8 countries will not grow during the projection
period.

Production volume
Farming First (2009) reported that the effects of climate change on production are
already being felt in parts of Brazil where excessive rains and crop disease have
washed out or ruined many crops. This also affected some of Brazil’s major export
crops such as soybeans and coffee. Protecting harvests requires that farmers have
the tools necessary to cope with changing weather and market variations. Brazil’s
government has begun working with new coffee strains which resist heat (by having
longer roots) to deal with the potential changes to the country’s agricultural model.
Bloudoff-Indelicato (2012) projected that by 2060 more than half of the cocoaproducing countries in the region may be too hot to grow the crop, according to a
report released by the International Center for Tropical Agriculture. If scientists
cannot engineer a drought-resistant cocoa tree the international market will see a
significant increase in prices, and West African nations may experience a spike in
poverty, drug trafficking and food riots.
These examples serve to illustrate the risks to global stability of supply and price in a
changing world.
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Carbon footprint
Agri-business units at high risk will be those that are dependent on the export market
which is adapting to climate change in itself. For example, importers such as Marks &
Spencer are moving toward a carbon-neutral status and transferring this pressure
onto suppliers. There is an ever-increasing focus internationally on reducing ‘foodmiles’ (WCG: EADP, 2008; CCC, 2012).
Okereke (2007) list five main factors that motivate UK-based companies to manage
GHG emissions: (a) Profit (greatest motivator), (b) credibility and leverage on
climate policy development, (c) fiduciary (to act on behalf) obligation, (d) guiding
against risk, and (e) ethical considerations.
The growing concern regarding climate change within the retail sector has further
resulted in the development of labelling schemes. The UK’s Carbon Trust in 2006
introduced the Carbon Reduction Label with the proviso that products need to
reduce emissions by 20 % over two years. Importantly, from a South African wine
exporter point of view, the UK Government has established an enquiry into the
environmental labelling under Environmental Audit Committee that is to focus on
issues around labelling including feasibility of an international labelling scheme. This is
an important initiative that shows that carbon footprinting is not just desired in the
private sector, but that government involvement may well lead to regulation as has
been seen with other labelling schemes. Carbon footprinting and requirements to
reduce embodied-emission in exports seems likely to become standard for export
markets and likely to be introduced in the next few years. Packaging is another area
that is adapting to the impact of climate change. Alternative options are becoming
more available including lighter glass bottles and plastic polyethylene terephthalate
(PET) bottles. In turn, issues such as recycling and transport costs come into play due
to their impact on GHGs (SAWIS VinIntel, 2012).

Competitors
In terms of agricultural exports to the European and USA market, Chile is South
Africa’s main competitor. Grape yields are projected to decrease in northern Chile
due to crop earliness as a result of high temperatures during winter and spring. They
are also expected to decrease in the Metropolitan zone to the south because of
reduced solar radiation, high temperature and rainfall, and late spring frosts. Crop
productivity may be up in Maule and Biobío, on the other hand, and from La
Araucania southwards. Peach productivity may be affected as well as that of
grapes. Apple yields could be reduced throughout the country up to La Araucania
because of heat stress (that is, less cold winters and warmer summers), which
reduces the fruiting period (Ortiz, 2012).
In terms of agriculture, the IPCC reports that studies of Chile and other countries
forecast future yield reductions for a number of crops including maize and wheat,
and that in the more arid zones such as northern and central Chile, climate change
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could lead to the salinisation and desertification of agricultural land (National
Environmental Commission, Department of Climate Change, 2010).
Important issues in the outlook for agriculture include climate change and market
access for Australia’s commodity exports. There has been an increase in average
temperatures and a decline in average rainfall across parts of Australia over the past
century.
Australian agriculture is likely to be affected by climate change in a number of ways.
First, higher temperatures and reduced rainfall are likely to reduce crop yields and
livestock productivity, unless alternative production methods and new technologies
can be developed to adapt to the changing climate. Second, government policies
introduced to mitigate greenhouse gas emissions are likely to change production
costs. Third, global trade patterns are likely to alter, as climate change continues to
affect producers and consumers of agricultural commodities worldwide (Hogan and
Morris, 2010).
According to Horticulture Australia Limited (HAL, undated), the horticultural industry
has invested $18.8 million in adaptation activities over the past five years, which is
regarded as a small investment compared to other primary industries and when
considering that the majority of this investment has been focused on drought –
related activities such as water use efficiency during severe water shortages.
The Horticulture Climate Change Action Plan (Australia) aims to result in: (a) Resilient
and adaptive horticultural production systems which are less vulnerable to climate
change and climate variability, (b) improved resilience to changes in pest and
disease incidence, (c) increased ability to capitalise on new market opportunities,
(d) regionally specific climate change scenarios, which are very relevant to
managers of horticultural enterprises, and (e) practical tools available to horticultural
growers and their advisors to better manage climate change and climate variability.

9.6.3 Informal market
Some argue that due to the flexibility and diversity that characterises the informal
sector, this sector might be better equipped to respond effectively to changing
change including climate change then the formal sector. However, existing studies
already suggest that the informal food sector will be particularly badly affected by
heat events. Such events will lead to a lot of food spoilage during transportation and
storage caused by the lack of access to appropriate cooling and refrigeration
systems. It will also lead to a decline in the shelf-life of fresh produce. Hence, while
the trading system of the informal sector might be very flexible, the infrastructure and
technology system that underpins this system is not. As a consequence, urban poor
households will be at higher risks in terms of their health (spread of diseases caused
by food spoilage but also a weakened people’s immune systems due to lack of a
nutritional and balanced diet.
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Another area of the informal sector that is most likely to be negatively affected by
climate change is animal husbandry, which is a widespread activity in urban and
peri-urban areas. Extreme events will become a problem for animal safety and wellbeing. Given that urban areas are tightly developed there will be few possibilities to
provide animals with alternative grazing and housing options during times of heat or
flooding.

9.6

Disaster risk and impact

9.6.1 Introduction
Climate change is expected to lead to changes in the frequency, intensity, spatial
extent, and duration of weather and climate events or disasters. The United Nations
International Strategy for Disaster Reduction (UNISDR) defines a disaster as: “A serious
disruption of the functioning of a community or a society involving widespread
human, material, or environmental losses and impacts that exceeds the ability of
affected community to cope using only its own resources.” The same definition is
used in South Africa.
Figure 9.4 shows the conceptual linkages between climate, impacts and socioeconomic processes such as adaptation and mitigation, showing the importance of
hazards, exposure and vulnerability in defining climate-related impacts.

Figure 9.4: The key concepts of disaster risk reduction management and climate
change adaptation. Source: Climate and Development Knowledge Network (2012)
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Extreme events commonly play out as either slow onset disasters (e.g. consecutive
years of drought) or extreme events (e.g. heavy flooding) (Climate and
Development Knowledge Network, 2012). Agricultural systems (crops, livestock,
people and the natural resources they depend on) are directly impacted through
increased length, frequency and/or intensity of heatwaves, increased frequency of
heavy precipitation, intensified droughts, and changes in flood patterns. Weatherrelated disasters pose particular challenges to the agricultural sector as its activities
and assets are highly exposed to extreme weather. However, impacts on individual
farming units and up the value chain will be determined by other factors such as
wealth and financial resilience, education, gender, age, culture, health, local
governance and local disaster response systems.

9.6.2 Western Cape disasters
The Western Cape is prone to numerous natural hazards such as heavy rain, floods,
storms (with strong wind), wildfires, droughts, hailstorms and occasionally cold
damage in the interior regions (Holloway et al., 2012; Raju and Van Niekerk, 2013;
DEA, 2014b). Recently, heat waves and severe humidity have been recognized as
additional disaster risk factors.
These are a permanent feature of the climate of the Western Cape and agriculture
has always responded to such events and attempted to reduce the risks. Droughts
generally affect far larger numbers of farmers over longer time periods than floods
and storms, which are more acute and spatially restricted (DEA, 2014b). Floods are
the most common hazard type with South Africa, causing most damage and
resulting in escalated costs for response and recovery. A cost analysis of three major
flood events in the Western Cape between 2003 and 2006 (DEA, 2010) estimated
direct damage costs of R1.33 billion, and additional indirect costs increasing this by
15 - 30 %. The August 2006 Compound disaster resulted in soil losses of R27.6 million
(25.25 % of direct costs).
A further feature of the Western Cape is the occurrence of strong frontal systems and
cut-off low events which can cause flash floods, storm surges, hail storms and in some
instances snow. Initial estimates suggest that, since 2003, cut-off low weather systems
were linked to direct economic losses in excess of R 5 billion (RADAR, 2014).
The main impacts of flooding and storms on the agricultural sector include (DEA,
2014b):
•

•
•
•

Loss or damage to agricultural infrastructure (water and sewerage systems,
electricity pylons and lines, roads and bridges, dams, irrigation systems,
equipment, stores)
Contamination of water
Loss and damage of crops and livestock
Field flooding causes delays in spring planting, increases soil compaction, and
causes crop losses through anoxia, and root diseases.
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•
•
•
•
•
•
•
•

Increasing salinization of groundwater and estuaries by storm surges in coastal
regions
Loss of top soil resulting in low crop yields and siltation of dams
River erosion causing future increased risks of flooding
Loss of livelihoods.
Loss of income to subsistence families.
Reduced labour
Transport closures
Isolation.

Wilhite and Glantz (1985) describe four basic categories or types of drought (as
summarized in DEA, 2014b):








Meteorological drought: A reduction in rainfall supply compared with a specified
average condition over some specified period; defined as a period during which
less than a certain amount (e.g. 70 %) of the normal precipitation is received over
any large area for an extended period.
Agricultural drought: A reduction in water availability below the optimal level
required by a crop during each different growth stage, resulting in impaired
growth and reduced yields. Agricultural drought relates to an imbalance in the
water content of the soil during the growing season, which although influenced
by other variables such as the crop water requirement, the water-holding
capacity and degree of evaporation, is also largely dependent upon rainfall
amount and distribution.
Hydrological drought: The impact of a reduction in precipitation on natural and
artificial surface and subsurface water resources. It occurs when there is
substantial deficit in surface runoff below normal conditions or when there is a
depletion of groundwater supplies. Hydrological drought reduces the supply of
water for irrigation and other purposes.
Socio-economic drought: The impact of drought on human activities, including
both indirect and direct impacts. This relates to a meteorological anomaly or
extreme event of intensity and/or duration outside the normal range of events,
thereby affecting production and the wider economy. Socio-economic drought
occurs when demand for freshwater exceeds supply.

Droughts lead to the following impacts in the agriculture & food security sector of
South Africa (Vetter, 2009; DEA, 2014b):
•
•
•

Reduced income, food shortage, reliance on shops, unemployment, eviction
through reduced crops, total crop failure.
Reduced health, food shortage, sales, slaughter, reduced income through
weakened, disease, dead livestock.
Increased food prices, loss of tenure, food shortages, homelessness and
migrations through increased evictions, closure of farms, food shortages.
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•
•
•
•
•

Livestock weakening, diseases, heat stress and death, livestock sales and
slaughter, impounding, conflict, land degradation through reduced grazing.
Inadequate, poor land and management thereof, often heighten the impact of
a drought.
Wildfires.
Land degradation through loss of cover and salinization.
Loss of ecosystem services.

Similarly, high and low temperature extremes and hailstorms have significant impacts
on agriculture. In this sector, disease and pest epidemics (for crops and livestock)
can be included in the climate-related disasters category. Monitoring and
eradication and control programmes have reduced the incidence of such
outbreaks in the past decades. For example, locust outbreaks are now seldom
experienced. Whilst the recent avian flu epidemic in the ostrich industry has had
devastating impacts, there is no evidence as to whether or not this was climaterelated (probably not). However, it is possible that climate change could increase
the risks of similar epidemic disasters given the responsiveness of diseases and pests
to small shifts in climate.
Holloway et al. (2012) conduct a comprehensive post-event study and analysis of
the January 2009-January 2011 Western Cape drought. The vegetable farmers and
seasonal workers in the Southern Cape suffered huge losses due to this drought, as
did farmers in other parts of the eastern regions. This study led to important insights on
the drought response, and the research gaps and opportunities. Also, it highlighted
the fact that the agricultural sector did what they could to support drought-stressed
farmers (within their limited mandate of protecting the natural resources). However,
there was a marked disparity in funding allocation (far less to agriculture) and the
availability of skilled expertise available for agricultural risk management, in
comparison with the urban water infrastructure needs of municipalities. “No capital
investment was released for agricultural use, e.g. for the construction of infrastructure
to aid and augment the assured yield of irrigation water for, say, storage of water
from periods of abundance in dams.” The sector remains vulnerable to disasters such
as this.
Disasters caused by cut-off lows cause significant losses to the people and economy
of the Western Cape (Holloway et al., 2010). Table 9.7 is a summary of significant
disaster events from 2003 until 2008 (excluding fires).
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Table 9.7: Summary of significant disaster events from 2003 to 2008 in the Western
Cape (excluding fires). Source: Holloway et al. (2010)
Dates

Event type

March 2003

Cut-off low

August 2004

Two large cold
fronts
preceded by
gale force
winds and
severe rain
storm
Cut-off low

December
2004

Area affected
(district,
municipality/
metropole)
Cape
Winelands,
Eden and
Overberg
District
City of Cape
Town

Social impacts

Cape
Winelands,
Eden and
Overberg
District
Cape Agulhas
Municipality

April 2005

Cut-off low

August 2006

Two cut-off
low systems

November
2006

Hailstorm

June 2007

Two rainfall
events: a cutoff low,
followed by a
mid-latitude
cyclone

West Coast
and Cape
Winelands
District

November
2007

Cut-off low
associated
with black
southeaster

Cape
Winelands,
Overberg,
Central Karoo

Cape
Winelands,
Eden,
Overberg and
Central Karoo
District
Haarlem

2000 people
evacuated;
three deaths in
Hermanus and
Knysna
20 000 informal
residents flood
affected

Direct
damage
costs (R
million)
212.4

Direct
damage
costs* (R
million)
238.3

6.5

5.1

3700 homes
and 40 business
premises
damaged

54.9

57.9

Residents of
Kleinbegin
flood affected
1200 people
displaced

8.9

8.9

510.5

479.2

9.4

6.6

128.3

111.3

957.6

830.9

Seven farms:
389 hectares of
fruit trees
damaged; 35
small traders;
194 permanent
& 160
temporary
workers
unemployed
People from
low cost
housing,
informal
settlements
and farms
evacuated
Over 300
people from
low cost
housing,
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Dates

Event type

Area affected
(district,
municipality/
metropole)
and Eden
District

May 2008

Social violence
(xenophobia)

City of Cape
Town and Eden
District

July 2008

Cut-off low
and strong
south easterlies
Severe storm

West Coast
District

Cut-off low
associated
with black
south-easter

Overberg,
Cape
Winelands and
Eden District

August 2008

November
2008

City of Cape
Town

Social impacts

informal
settlements
and farms
either provided
with relief or
evacuated;
two fatalities
20 000 – 22 000
foreign
nationals
displaced; two
to four people
killed

Coastal
property
damaged and
extensive
flooding of
areas with
inadequate
drainage

Direct
damage
costs (R
million)

Direct
damage
costs* (R
million)

Approx.
200

71.7

57.0

4.9

2.9

996.0

791.3

* Adjusted for inflation, equivalent to 2005 values

The study concluded that, in the Western Cape, from 2003–2008, national
departments and parastatals sustained direct damage costs exceeding R221 million
in eight severe weather events. During the same period, eight provincial
departments reported direct damage costs of R1.8 billion for these storms and
associated floods. Damage costs attributed to agriculture over the eight severe
weather events exceeded R1 billion and represented approximately 58 % of losses
reported by provincial departments. These costs combined direct losses reported by
farmers as well as those incurred by the Provincial Department of Agriculture.

Following the severe hail storm in the Langkloof Valley in 2006, the Western Cape
Department of Agriculture provided financial support to get the fruit trees back into
production quickly, and training for the farm workers to treat the trees and thus to
keep them employed, at a cost of R9.2 million. Source: André Roux, WCG:
Agriculture.
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The Provincial Road Department also reported significant damage costs of more
than R600 million over the same period. These constituted approximately 35 % of all
damage costs reported by provincial departments. Reported farm losses were
particularly significant, with 636 farms recording damages in excess of R765 million
from November 2007–November 2008. Failure of flood protection works is a recurrent
concern, with R205 million in damaged farm flood protection infrastructure reported
following the November 2008 cut-off low. This was particularly marked in
Theewaterskloof, where 43 farms sustained damage to flood protection works
estimated at R150 million.
A significant challenge is the difficulty is assessing damage and verifying this on the
ground. This is due to lack of funding from national institutions, and underrepresentation of the damages reported by farmers. Some farmers no longer submit
the damage forms as they did not receive assistance for past disaster events. Thus,
data and analysis of disasters remain scarce, patchy and unreliable.
Nevertheless, in spite of the above-mentioned damages incurred by farmers and
those who depend directly on farm income, the overall picture is that the Western
Cape is not as disaster-prone as other areas of the world, including many of its
competitors. The impacts generally have a fairly limited spatial footprint and the
knock-on impacts in the secondary and tertiary economy are usually well contained
through a sophisticated national economic structure.

9.6.3 Climate change and disaster risk
The observed climate trends for the province, over the last five decades, indicate a
tendency towards an increased frequency of hot extremes and decreased
frequency of cold extremes, across the province and in almost all seasons (DEA,
2013a). Trends in rainfall extremes are not discernible. However, climate change
projections show a likelihood of more frequent and more intense heavy rainfall which
could lead to more flooding. It is very likely that disasters associated with heat waves
will become more frequent.
It is important to stress that climate change interacts with other significant drivers in
the Province in ways that affect patterns of disaster occurrence - both lowfrequency high-impact events (relatively rare disasters) as well as an increasing
frequency of low-impact occurrences such as fires in rapidly growing settlements.
The growing concentrations of people, services and infrastructure in urban and rural
settlements, and often irreversible changes in land-use (in proximity to fire-prone
vegetation, for example), escalate the risks. These increasing disaster vulnerabilities
have the potential to undermine development if not managed, according to the
Western Cape Disaster Risk Reduction Framework (2008).
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Box 9.7: How vegetative debris loading can contribute to flood damage to
infrastructure. Source: Barrett (2009)
As part of the RADAR programme at Stellenbosch University, studied vegetative
debris loading as a critical risk factor to flood-exposed infrastructure in the Western
Cape, using the July 2008 flood event in the Citrusdal area as a case study. Whole
citrus orchards were submerged in floodwaters, with the Cederberg Organised
Farmers Association sustaining costs of up to R7.2 million in crop damage, or 10 % of
their total crop. At least 160 people were trapped on farms when roads were
washed away while more than 300 people were displaced with no form of shelter
and one farm labourer drowned. Smaller-scale critical infrastructure such as bridges
connecting farmlands were destroyed, and small local and district roads were
closed, thus delaying the harvesting and transportation of citrus crops to the market,
a high cost for export farmers missing the international market window.
The study showed that debris in flood waters, often from the clearing of alien invasive
species in the upper catchments of the Olifants River and its tributaries, was the main
cause of the extensive damage to infrastructure. Removal of debris from the riparian
zone is problematic where catchments are located higher up or on steep
embankments. It is then swept into the river during heavy rain and flash floods, where
it blocks the culverts. The infrastructure is not designed to withstand a flood event,
and lack of maintenance is a contributing factor to the damage. Small bridges and
culverts were not repaired adequately after floods and broke again soon after
during more floods. Temporary bridge structures do not get replaced with
permanent infrastructure, and they cannot withstand the next flood event. With
increased frequency of heavy rainfall and flood events projected under climate
change, this situation will worsen and longer term solutions to the infrastructural
problems must be found. Similar studies are underway in the Overberg region where
similar problems are experienced (RADAR programme, R.A. Chapman, pers.
comm.).
RADAR has also analysed the cost-benefit of river engineering, such as groynes, in
the Buffelsjag River (southern Cape) as a solution to the severe flooding experienced
in that river system. RADAR is addressing the impacts of the recent spate of cut-off
lows, with emphasis on rural/farming areas, including impacts on agriculture.
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Table 9.8: Summary table of climate change impacts and agriculture for each agro-climatic zone
Name

Main physical
features

Main water
resource
features

Main climatic
features

Climate
change
temperature
projections16

Main
commodities

Socioeconomic
features

Future
agricultural
potential17

Bokkeveld

High altitude
plains
between
mountain
ridges

Farm dams,
good water
resources and
large storage
capacity18

Winter
rainfall, cold
winter
minimum
temperatures
, occasional
snow

Medium
range
warming

Pome fruit19,
wheat, stone
fruit20, onions,
potatoes

High
income,
seasonal
labour

Remains
high as long
as the dams
fill up

East-west
mountains
and valleys
near coast

Dams,
insufficient
storage
capacity, use
of groundwater

Rainfall
throughout
the year with
spring and
autumn
peaks; recent
floods,
droughts and
fires

Low to
medium
range
warming

High
unemployment, poor

Increasingly
marginal,
constrained
by water
availability
and
extremes

Bo-LangkloofOuteniqua

Cattle

Pome fruit,
hops, wheat
Cattle,
sheep, goats

Due to model uncertainties both decreasing and increasing rainfall scenarios should be considered
For the medium term future 2040-2060
18 Storage capacity refers to public storage capacity, excludes private farm dams
19 Apples and pears
20 Peaches, nectarines, apricots, plums, prunes
16
17
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Name

Main physical
features

Main water
resource
features

Main climatic
features

Climate
change
temperature
projections16

Main
commodities

Socioeconomic
features

Future
agricultural
potential17

Breede

Broad river
valley
surrounded by
mountains,
fertile

Breede River,
dams, farm
dams, very
large storage
capacity

Winter
rainfall; hot
dry summers

Medium
range
warming

Wine grapes,
wheat, stone
fruit, pome
fruit, olives

Seasonal
labour,
hotspot of
malnutrition

Remains
high as long
as dams fill
up

Oceanic with
mountains

WCWSS large
dams, farms
dams, rivers,
large storage
capacity,
almost fully
committed

Winter
rainfall; warm
to hot dry
summers,
snow on very
high ground,
windy in
summer

High
income,
rural
lifestyle
developme
nt,
unemploy
ment

Remains
high as long
as dams fill
up

Low
population
density

Increasingly
less
productive
particularly
in the north

Cape TownWinelands

Broilers, egg
layers
Low range
warming

Wine and
table grapes,
wheat, stone
fruit,
vegetables,
olives,
canola,
berries
Broilers, egg
layers, pigs

Cederberg

High elevation
mountains
and valleys

Rivers, very low
storage
capacity

Winter
rainfall, very
cold in winter
with
occasional
heavy rain

Medium
range
warming

Rooibos,
wheat, citrus,
wine grapes,
potatoes
Cattle

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

355
Chapter 9 Climate change risk & impact
Name

Main physical
features

Main water
resource
features

Main climatic
features

Climate
change
temperature
projections16

Main
commodities

Socioeconomic
features

Future
agricultural
potential17

and snow,
hot to very
hot in
summer
GrabouwVilliersdorpFranschhoek

Plains with low
elevation
mountains

WCWSS large
dams, farm
dams, very
large storage
capacity

Unique
climate,
more cloudy,
misty and
wet than
surrounding
areas

Low range
warming

Pome fruit,
wine grapes,
wheat,
barley, stone
fruit, berries

High
income,
seasonal
labour

Remains
high as long
as dams fill
up, but
apples
become
unviable
due to
warming

GrootBrak-Plett

Coastal plains

Rivers, low
storage
capacity

Rainfall
throughout
the year,
relatively wet

Low range
warming

Wheat,
barley,
vegetables

High
unemploy
ment

Possibly less
productive
but depends
on rainfall
shifts

Low rainfall in
winter, warm
to hot in
summer,

Medium to
high range
warming

Low
population
density

Increasingly
marginal

Hardeveld/
Sandveld-north

Coastal plain

Very low
storage
capacity, use
of
groundwater

Dairy, cattle,
egg layers
Wheat, wine
grapes,
rooibos,
potatoes
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Name

Main physical
features

Main water
resource
features

Main climatic
features

Climate
change
temperature
projections16

windy in
summer

Main
commodities

Socioeconomic
features

Future
agricultural
potential17

Sheep, cattle

Hex

Interior narrow
valley
surrounded by
high
mountains

Farm dams,
very low
storage
capacity

Unique
production
climate, cold
winters with
rain, and
some
summer
rainfall, hot in
summer

Medium
range
warming

Table
grapes, citrus

Seasonal
labour,
social
instability

Remains
high as longs
as dams fill
up

Knersvlakte

Very flat plain
rising gently to
escarpment

Almost no
storage
capacity

Very harsh
climate, very
hot in
summer, cold
in winter with
low winter
rainfall

High range
warming

Wheat, wine
and table
grapes,
rooibos

Very low
population
density

Already very
marginal
becoming
worse

Very dry, very
hot, cold
winter
minimum
temperature

High range
warming

Very low
population
density

Slowly
declining
productivity,
constrained
by heat

Koup

Mostly flat
plain rising
gently to
escarpment

Few episodic
rivers, medium
storage
capacity, use

Sheep,
cattle, goats
Olives,
vegetables
and
vegetable
seed
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Name

Main physical
features

Main water
resource
features

Main climatic
features

Climate
change
temperature
projections16

of
groundwater

Little-Karoo

Flat but
surrounded by
mountain
ranges

Farm dams,
few seasonal
rivers, large
storage
capacity

Main
commodities

Socioeconomic
features

Future
agricultural
potential17

Unemploy
ment and
poverty

Remains
moderately
high as longs
as dams fill
up

Seasonal
labour

Remains
high as longs
as dams fill
up

Sheep,
cattle, goats,
game
Hot summers,
cold winter
minimum
temperature

Medium to
high range
warming

Wheat,
vegetables,
wine grapes,
stone fruit,
olives
Dairy,
ostriches,
sheep,
cattle, goats,
pigs

MontaguBarrydale

Mountainous
with fertile
valleys

Rivers, dams,
low storage
capacity

Winter
rainfall, cold
in winter with
occasional
heavy rain,
hot in
summer

Medium
range
warming

Stone fruit,
wheat,
barley, wine
grapes,
pome fruit,
citrus, olives
Sheep
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Name

Main physical
features

Main water
resource
features

Main climatic
features

Climate
change
temperature
projections16

Main
commodities

MosselBayHerbertsdale

Hilly coastal
plain up to
mountain
range

Rivers, low
storage
capacity

Mostly winter
rainfall, but
occasional
rain in
summer, cool
with onshore
wind in
summer

Low range
warming

Wheat,
barley,
canola,
berries

Socioeconomic
features

Future
agricultural
potential17

Transition
area,
productivity
could
improve with
more
irrigation
capacity

Dairy, ostrich,
pigs, cattle,
sheep

Nelspoort

Flat with
isolated hills,
on
escarpment

Few episodic
rivers, low
storage
capacity, use
of
groundwater

Hot summers,
cold winter
minimum
temperatures
, low rainfall
in summer

High range
warming

Cattle,
sheep, goats,
ostrich

Very low
population
density

Depends on
rangeland
changes,
constrained
by heat and
water

Olifants
irrigation

Narrow
coastal hilly
plain, dry land
with fertile
river valleys

Olifants River,
dam, large
storage
capacity

Hot and dry
summers,
with
occasional
winter rainfall

Medium to
high range
warming

Citrus,
wheat, wine
and table
grapes,
rooibos,
tomatoes

Seasonal
labour

Remains
viable as
long as river
flows and
dams fill up,
but
constrained
by heat
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Name

Main physical
features

Main water
resource
features

Main climatic
features

Climate
change
temperature
projections16

Main
commodities

Piketberg

‘Island
mountain’,
fertile shale
soils

Farm dams,
very low
storage
capacity

Unique island
mountain
climate,
wetter and
cooler than
surrounding
area

Medium
range
warming

Pears, fynbos
flowers, stone
fruit, wheat,
citrus,
herbs/essenti
al oils, wine
grapes,
Cape rush

Socioeconomic
features

Future
agricultural
potential17

Remains
viable as
long as farm
dams fill up,
but
changing
due to
warming

Sheep, cattle
RooikarooAurora

Rûens-east

Flat dry plains

Hilly coastal
plain,
bordered by
mountains in
north, coast in
south,
fertile soils

Berg River in
the south, low
storage
capacity

Hotter and
drier than
Swartland to
the south,
more
variable
rainfall

Medium
range
warming

Farm dams,
occasional
river, low
storage
capacity

More
variable
rainfall than
to the west,
with recent
droughts in
Heidelberg-

Low range
warming

Wheat,
canola,
rooibos

Low
population
density

Increasingly
marginal for
wheat

Sheep, cattle

Wheat,
barley,
canola
Sheep,
cattle, dairy,
pigs ostrich

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

Currently
becoming
marginal for
small grains
but could
improve
given

360
Chapter 9 Climate change risk & impact
Name

Main physical
features

Main water
resource
features

Main climatic
features

Climate
change
temperature
projections16

Main
commodities

Socioeconomic
features

Albertinia
area, mostly
winter with
some
summer
rainfall
Rûens-west

Sandveld-south

Swartland

Future
agricultural
potential17
possible
increases in
rainfall

Hilly coastal
plain,
bordered by
mountains in
north, coast in
south,
fertile soils

Farm dams,
occasional
river, low
storage
capacity

More reliable
dryland
conditions
than to the
east, winter
rainfall, warm
dry summers

Low range
warming

Wheat,
barley,
canola

Dry shrubland.
On sandy
infertile soils

Very low
storage
capacity,
extensive use
of
groundwater,
Berg River

Rainfall in
winter, warm
to hot in
summer,
windy in
summer

Medium
range
warming

Wheat,potatoes, rooibos

Fertile,
Undulating
bordered by

WCWSS large
dams, Berg
River, farm

More reliable
dryland
conditions

Low to
medium

Wheat, wine
and table
grapes,

Remains
high for
small grains
but with
increasing
yield
variability

Dairy, sheep,
cattle

Increasingly
marginal

Sheep, cattle
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Name

Tankwa-van
Wyksdorp

Main physical
features

Main water
resource
features

Main climatic
features

Climate
change
temperature
projections16

Main
commodities

mountains to
the east

dams, large
storage
capacity

than further
north. Winter
rains, with
cool
conditions,
hot to very
hot in
summer

range
warming

canola,
olives

Medium
storage
capacity, use
of
groundwater

Very hot and
very dry; cold
winter
minimum
temperature

Medium to
high range
warming

Mostly flat
plain,
bordered by
mountains
with
escarpment
to the north,
split by the
Klein
Swartberge
and with
Langeberge
to the south

Socioeconomic
features

but with
increasing
yield
variability

Dairy, pigs,
sheep, cattle

Wheat, stone
fruit, wine
grapes
Sheep,
goats, pigs,
cattle,
game,
ostrich, dairy
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9.7

Livelihoods and occupational health of labour

The job opportunities that are created by the agriculture sector through its strong
backward linkages to suppliers and its forward linkages to food processors, retailers or
the packaging industry were already highlighted above. However, it needs to be
noted that the contribution that agriculture makes to the Western Cape cannot be
evaluated in economic terms only. The sector can create ‘non-economic’ benefits
for rural livelihoods, such as the strengthening of food security of poorer households,
the enhancement of social cohesion within rural communities as well as the provision
of safety nets for those who may have limited access to the welfare state (Vink,
2003). As such, agriculture can play a critical role in creating and strengthening
some of the assets (in particular human, social and financial capital) necessary for
sustainable livelihoods.
The places where rural communities live often provide strong notions of identity and
belonging. An agriculture sector that is integrative and in which benefits are
equitably distributed is a critical prerequisite for sustainable rural livelihoods.
However, due to South Africa’s recent political history, the benefits in the agricultural
system have been inequitably distributed for generations. The denial of land and
state support to non-white farming communities is largely responsible for the high
poverty rates among rural communities in South Africa and has led to the systematic
marginalisation of some groups. While the democratic government has taken steps
to address past injustices, the government-led land and water reforms have so far
not materialised for these people (Cousins and Scoones, 2010). Furthermore, the
more recent trends in the agriculture sector towards mechanisation and
casualisation of work, as well as the increased consolidation of the farming sector,
are perpetuating the inequality within the sector (Greenburg, 2013).
Marginalised groups in the sector are those that have limited access to land, to
markets and related infrastructure, financial institutions, technologies, decision
making, and knowledge that relates to their farming activities (Baiphethi and
Jacobs, 2009). The most marginalised groups in the sector in the Western Cape can
be grouped into the following categories: smallholder farmers in rural and peri-urban
areas, new/emerging farmers, and farm workers including seasonal labour. While
differentials within and between these groups exist, they all have a high risk profile
due to the lack of critical resources and capabilities that would enable them to
adapt to changes and stressors in the agriculture sector.
Special emphasis must be given to women in these marginalised groups (Ndobo and
Sekhampu, 2013). Women tend to be confronted with even more structural barriers
than their male counterparts. Since they are usually the caretakers for children and
the elderly, women are less mobile and often cannot take up opportunities that are
available. They therefore have to take up casual labour or low paying piece work
which creates further uncertainty. The role of women in the agriculture sector in the
context of climate change risks and impacts is receiving significant attention across
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Africa and elsewhere but has not been assessed in the Western Cape context. This
requires consideration and possibly policy direction.

Photo: WCG: Agriculture

9.7.1 Rural smallholder farmers
One of the biggest concerns to smallholder farmers is their limited access to markets
and market related infrastructure because they live in remote places and/or don’t
have the necessary social networks that provide access to those markets (Cousins,
2014). They also have limited access to financial institutions and insurance and as a
consequence have to take up expensive bank loans and credits through which they
cover input costs or land purchases. Due to their limited financial means and the
high competition for productive land in the Western Cape they are often only able
to purchase land that is less productive. Hence, the cost for irrigation and fertilisation
to make the land productive and the farming activities economically viable is much
greater. This situation puts them at greater and earlier risk than their counterparts on
more productive land during dry spells and droughts. A serious concern, particularly
in light of climate change, is the fact that smallholder farmers have very limited
access to low cost technologies that could assist them to adapt to existing and
future climate risks and to increase their energy efficiency.

9.7.2 Peri-urban smallholder farmers
While peri-urban smallholder farmers are closer to markets and may have various
opportunities to access these, they have to withstand fierce competition for land
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from the housing sector and urban developers. The important role of peri-urban
smallholder farmers in the supply of affordable fresh produce to local urban markets
remains under-acknowledged, and their interests and needs are often not
considered in city-wide planning (Battersby, 2011; Battersby and Peyton, 2014).
Having little power in comparison to urban developers they are also under constant
threat of being pushed out from productive urban agricultural land. Similar to their
rural counterparts, they have limited access to financial institutions and to
affordable, low-cost technologies that can assist them in increasing their productivity
or in reducing their risks to climatic stressors.

9.7.3 Newly established emerging farmers
While the smallholder farmers discussed above may have farmed for many
generations, either on their own land or that of their employers, some of the
emerging farmers supported by the government have only recently started to
establish themselves in the agricultural sector. These farmers require comprehensive
farmer support. Having not yet created strong ties in the farming community and the
value chain, they largely depend on the advice from WCG: Agriculture and its
extension officers. Attention to skills development and knowledge transfer around
sustainable and climate resilient farming practices from the start is not adequate.
Similar to smallholder farmers, the entry barriers to markets are very high for emerging
farmers and access to low cost technologies will be critical to reduce their
vulnerabilities to existing and future climate risks.
A recent evaluation of land reform project performance in the Western Cape (WCG:
Agriculture, 2014c) included the following key recommendation for improved project
performance: “Climate change places an urgent call for the kinds of sustainable
intensification that significantly raise land and labour productivity, while reversing
environmental degradation. This requires the best of modern science and indigenous
knowledge, as well as an enabling policy environment.” Also, “successful farm
growth depends on unleashing the entrepreneurship of the farmers themselves so
that they can grow and prosper, despite inevitable changes in their markets and
climate.”

9.7.4 Farm workers
Agriculture has always been important for formal and informal income generating
activities for the semi-skilled and low-skilled labour force (Kruger et al., 2007). Farm
workers are an important segment of the Western Cape agricultural sector especially
in the fruit and wine sector. While across large parts of the sector the employment
relations between farmers and farm workers are fair and adequate, there are still
instances where this is not the case and farm workers are denied their basic rights.
This is in particular a great concern to non-permanent farm workers. It has been
previously highlighted that the more secure and sustainable positions are declining,
whereas the employment of seasonal labour and ad hoc employment are on the
rise. When farm finances are under pressure, sometimes as a result of climatic events,
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these sections of the labour force are the first to lose their livelihoods and fall into
further poverty and food insecurity.
The discussion above (all groups) indicates that due to their limited resources and
little power these groups are likely to be hit the hardest by any changes or stressors
that affect the agricultural sector of the Western Cape. Climate change is likely to
amplify the stressors and risks that these communities are exposed to. While more
research is needed in understanding the existing and future vulnerabilities of these
groups in the context of climate change it is clear that any efforts to strengthening
their resilience to climate change impacts necessitates that the underlying barriers
and vulnerabilities are addressed.

9.8.5 Occupational health
Employee wellness programmes (EWP’s) have been in existence in South Africa since
the 1980’s and were originally established by the chamber of mines. Farming
enterprises can also be classified as having a relatively high risk of exposure to
situations which could prove harmful to the health and well-being of the workers.
Many of these are not climate-related and are regulated under national laws and
schemes such as HACCP and GlobalGap. However, climate extremes also play a
role, for example heat stress, cold stress, water-borne diseases associated with
flooding and poor water quality (e.g. diarrhoea, cholera), vector-borne diseases
associated with mosquitoes and ticks, and the dangers of working out of doors when
storms, lightning, floods and fires hit. Climate change could also have deleterious
effects on mental and occupational health (e.g. agricultural workers’ productivity),
and its adverse impacts would be worsened by food insecurity, hunger and
malnutrition (Figure 9.5).
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Figure 9.5: Drawing outlining how health might be impacted by climate change. The
dotted lines highlight the potential for modifying influences. Source: Confalonieri et
al. (2007) in DEA (2013f)
Climate change will exacerbate human health challenges by aggravating a
number of existing health and environmental risks (Ziervogel and Ericksen, 2010;
Ziervogel and Frayne, 2011). In the Western Cape these include diseases such as
tuberculosis and HIV/AIDS. Adaptation to the potential effects of climate change on
human health is usefully viewed in this context. However, significant knowledge and
information gaps prevent well supported quantitative projections of human health
impacts in South Africa.
Health impacts from natural disasters can be immediate (e.g. death), long-term (e.g.
food insecurity/unavailability linked to impacts on agricultural production such as
crop yields), direct (e.g. injuries as a result of a disaster) or indirect (e.g. changing
vector abundance through habitat destruction or creation), and are difficult to
project with the current knowledge base. Social support mechanisms as well as the
availability of basic social services greatly influence the effect of extreme weather
events on communities.
There is a clear relationship between workplace heat conditions and economic
performance. Beyond a certain heat exposure level (temperature beyond 30-40 °C,
depending on humidity level) the hourly work capacity goes down. Outdoor work is
particularly affected by hot climate conditions due to the extra heat load from solar
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radiation. Schulze and Davis (2013) mapped the human thermal discomfort index for
midday conditions at quinary catchment scale across South Africa under current
(historical) climatic conditions and for projected future climatic conditions. The results
are shown in Figure 9.6. The north-western areas of the province and parts of the
Central Karoo are at highest risk in the province.
According to DEA (2013f) the Department of Health is currently in the process of
publishing its National Climate Change and Health Adaptation Plan which
concentrates on vulnerable groups, urban and rural settlements, the general South
African health and environmental situation and includes research needs. This plan
aims to facilitate adaptation to the adverse health impacts of climate change. The
National Climate Change and Health Adaptation Plan defines nine health risks/
concerns for South Africa that are likely to be directly and indirectly impacted by
climate change.

Figure 9.6: The average of the number of uncomfortable days per annum according
to Thom’s human discomfort index, derived from daily climate output of 5 GCMs for
present (1971-1990), intermediate future (2046-2065) and more distant future (20812100) climate scenarios. Source: Schulze and Davis (2013)
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10 Current responses: Adaptation and risk management

Key messages
•
Adaptation and mitigation are frequently interlinked and often mutually
beneficial, although trade-offs will be encountered.
•
Iterative risk management with multiple feedbacks is a useful approach for
adaptation in agriculture.
•
The agricultural sector of the Western Cape is adapting by responding to the
demands posed by current climate variability and extremes in the context of other
equally challenging socio-economic drivers and pressures.
•
Although there are some anticipatory responses, most of the current
responses are reactive and focused on the short term.
•
Producers need a wide range of hard and soft technologies and approaches
from which to make appropriate choices tailored to their own situation and needs.
‘No-regret’ measures should be robust to a wide range of future climate possibilities.
•

Adaptation must be aligned with sustainable development and job creation.

•
Underpinning research is inadequate due to lack of access to databases,
insufficient climate monitoring, lack of research capacity (linkages to climate
change) and lack of funding. The private sector has taken the lead in providing
some research support, with some areas of research covered by the WCG:
Agriculture.
•
Water planning and adaptive initiatives for the agricultural sector are often
hampered by multiple policy, regulatory and institutional frustrations.

10.1 Introduction
This chapter addresses adaptation to climate change, with a focus on global
principles followed by what is already being done in the agricultural sector of the
Western Cape. Adaptation is, following international convention, separated from
mitigation, which is addressed in Chapter 11. However, there are numerous
examples in the agricultural sector where adaptation and mitigation are interlinked
and mutually beneficial (Thornton and Lipper, 2014). In particular, soil management
practices which lead to carbon sequestration have adaptive co-benefits in the form
of improved nutrition and water holding capacity. Also, some GHG emissions are
largely related to inefficiencies in production systems, and so increasing efficiency is
both a key mitigation strategy and it simultaneously increases resilience through
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overall improvements in farm economics. Another local example is the widespread
planting of spekboom (Portulacaria afra) in the eastern parts of the province and
adjacent Eastern Cape Province, which can earn carbon credits whilst contributing
to land rehabilitation and restoration of rangelands.

10.2 Global principles of adaptation
What the IPCC AR5 says about adaptation:
The following excerpts from the IPCC AR5 Summary for Policymakers for Working
Group 2 (IPCC, 2014a) are particularly helpful in the context of this Status Quo
Assessment for Agriculture.
Responding to climate-related risks involves decision making in a changing world,
with continuing uncertainty about the severity and timing of climate-change impacts
and with limits to the effectiveness of adaptation (high confidence). Iterative risk
management is a useful framework for decision making in complex situations
characterized by large potential consequences, persistent uncertainties, long
timeframes, potential for learning, and multiple climatic and non-climatic influences
changing over time. See Figure 10.1. Assessment of the widest possible range of
potential impacts, including low-probability outcomes with large consequences, is
central to understanding the benefits and trade-offs of alternative risk management
actions. The complexity of adaptation actions across scales and contexts means
that monitoring and learning are important components of effective adaptation.

Figure 10.1: Climate-change adaptation as an iterative risk management process
with multiple feedbacks. People and knowledge shape the process and its
outcomes. Source: Figure SPM.3, IPCC, 2014a
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Uncertainties about future vulnerability, exposure, and responses of interlinked
human and natural systems are large (high confidence). This motivates exploration
of a wide range of socioeconomic futures in assessments of risks. Understanding
future vulnerability, exposure, and response capacity of interlinked human and
natural systems is challenging due to the number of interacting social, economic,
and cultural factors, which have been incompletely considered to date. These
factors include wealth and its distribution across society, demographics, migration,
access to technology and information, employment patterns, the quality of
adaptive responses, societal values, governance structures, and institutions to resolve
conflicts. International dimensions such as trade and relations among states are also
important for understanding the risks of climate change at regional scales.
Major future rural impacts are expected in the near term and beyond through
impacts on water availability and supply, food security, and agricultural incomes,
including shifts in production areas of food and non-food crops across the world
(high confidence). These impacts are expected to disproportionately affect the
welfare of the poor in rural areas, such as female-headed households and those with
limited access to land, modern agricultural inputs, infrastructure, and education.
Further adaptations for agriculture, water, forestry, and biodiversity can occur
through policies taking account of rural decision-making contexts. Trade reform and
investment can improve market access for small-scale farms (medium confidence).
The following figure from IPCC (2014a) summarises an overall approach to risk
management and where solutions are to be found:

Figure 10.2: The solution space. Core concepts of the WGII AR5, illustrating
overlapping entry points and approaches, as well as key considerations, in
managing risks related to climate change, as assessed in this report and presented
throughout this SPM. Bracketed references indicate sections of this summary with
corresponding assessment findings. Source: Figure SPM.3, IPCC, 2014a
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Furthermore, the following “Principles for Effective Adaptation” are presented in the
SPM (IPCC, 2014a):

















Adaptation is place- and context-specific, with no single approach for
reducing risks appropriate across all settings (high confidence).
Adaptation planning and implementation can be enhanced through
complementary actions across levels, from individuals to governments (high
confidence). Local government and the private sector are increasingly
recognized as critical to progress in adaptation, given their roles in scaling up
adaptation of communities, households, and civil society and in managing risk
information and financing (medium evidence, high agreement). [own
underlining]
A first step towards adaptation to future climate change is reducing
vulnerability and exposure to present climate variability (high confidence).
Strategies include actions with co-benefits for other objectives.
Adaptation planning and implementation at all levels of governance are
contingent on societal values, objectives, and risk perceptions (high
confidence). Recognition of diverse interests, circumstances, social-cultural
contexts, and expectations can benefit decision-making processes.
Decision support is most effective when it is sensitive to context and the
diversity of decision types, decision processes, and constituencies (robust
evidence, high agreement).
Existing and emerging economic instruments can foster adaptation by
providing incentives for anticipating and reducing impacts (medium
confidence).
Constraints can interact to impede adaptation planning and implementation
(high confidence).
Poor planning, overemphasizing short-term outcomes, or failing to sufficiently
anticipate consequences can result in maladaptation (medium evidence,
high agreement).
Limited evidence indicates a gap between global adaptation needs and the
funds available for adaptation (medium confidence).
Significant co-benefits, synergies, and trade-offs exist between mitigation and
adaptation and among different adaptation responses; interactions occur
both within and across regions (very high confidence).

10.3 Adaptation in agriculture
Farmers and others who depend on agriculture have always developed ways to
cope with climate variability autonomously, but the current speed of climate
change will modify known variability patterns to the extent that people will be
confronted with situations they are not equipped to handle (WESSA, 2010).
Adaptation should go beyond being reactive and become more planned
(anticipatory), as well as more location-specific. Through a process of adaptive
management, farming communities can make decisions appropriate to their needs
taking into account their resources, information and skills. The inherent uncertainty in
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weather and climate projections means that sometimes very specific measures can
be taken (e.g. flood defences), whereas at other times so-called ‘no-regret’
measures, which are robust to a wide range of possibilities (e.g. good land
management), are more appropriate.
Some responses deemed to be desirable in the short term can turn out to be maladaptive over longer time periods because they either increase vulnerability (e.g.
building of agricultural infrastructure in disaster-prone areas), or they become white
elephants, sometimes called ‘stranded assets’ (e.g. capital-intensive projects such as
dams or wineries which become under-utilised as the climate shifts).
In the agricultural sector, technology clearly plays an extremely important part in
productive potential and adaptive capacity. It includes physical infrastructure,
machinery and equipment (hardware; e.g. irrigation system), knowledge and skills
(software; e.g. farmer training and awareness raising) and the capacity to organise
and use all of these (orgware; e.g. water user association); but also the biological
technology with which farmers produce (Clements et al., 2011). Biological
technology complemented with advances in crop nutrition and crop protection
(such as pesticides), equipment (hardware) and knowledge (software), have been
the primary driver of increased productivity in agriculture. These should be reevaluated and improved in the light of evolving situations and needs.
Climate change adaptation technologies can be developed and implemented at
various sub-national levels:







Individual farm e.g. choice of crop or production system
Community / co-operative of farms e.g. farmers’ associations
Catchment / landscape e.g. water user association
Local government e.g. district infrastructure
Intermediate level institutions e.g. NGOs
Provincial government e.g. investment, extension

Improvements of technologies support greater and more efficient production, lower
costs, help farmers to reach new markets, and can also be employed to reduce risks.
Appropriate technologies are those which can be managed and maintained by
farmers over the long term, and which integrate environmental, economic and
social sustainability principles. Irrespective of production system, location or resource
status, if producers have access to a wider choice of appropriate technology
options, they are able to innovate and improve their practices. The capacity to
differentiate and decide between technologies is also necessary (Clements et al.,
2011).
Finally, the strong relationship between sustainable agriculture and climate change is
of key importance (Blignaut et al., 2014; Campanhola, 2014). “The main challenge is
how to develop a sustainable agriculture that is capable of intensifying production
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for food security and improved livelihoods for the rural poor, and that, at the same
time, is resilient to climate change.” (Campanhola, 2014)

10.4 Adaptation in South Africa
Climate change adaptation in South Africa has over the last few years been framed
in the context of long-term development planning, with the National Development
Plan (Vision 2030) referring to it prominently. In some sectors, practical adaptation
responses are emerging, but institutional challenges persist (Ziervogel et al., 2014).

Box 10.1: Long-Term Adaptation Scenarios (LTAS) Flagship Research Programme
Phase 1
The Long-Term Adaptation Scenarios (LTAS) Flagship Research Programme (2012–
2014) is a multi-sectoral research programme, mandated by the South African
National Climate Change Response White Paper (NCCRP, para 8.8). The LTAS aims to
develop national and sub-national adaptation scenarios for South Africa under
plausible future climate conditions and development pathways. During its first Phase
(completed in June 2013), fundamental climate modelling and related sector-based
impacts and adaptation scoping were conducted and synthesised. This included an
analysis of climate change trends and projections for South Africa that was
compared with model projections for the same time period, and the development
of a consensus view of scenarios for three time periods (short-, medium- and longterm). Scoping of impacts, adaptation options and future research needs, identified
in the White Paper and guided by stakeholder engagement, was conducted for
primary sectors namely water, agriculture and forestry, human health, marine
fisheries, and biodiversity. This modelling and scoping will provide a basis for crosssectoral and economic assessment work needed to develop plausible adaptation
scenarios during Phase 2 (scheduled for completion in April 2014).
Six individual technical reports have been developed to summarise the findings from
Phase 1, including one technical report on climate trends and scenarios for South
Africa and five summarising the climate change implications for primary sectors,
water, agriculture and forestry, human health, marine fisheries, and biodiversity. A
description of the key messages emerging from the LTAS Phase 1 has been
developed into a summary for policymakers, as well as into seven factsheets
constituting the LTAS Climate and Impacts Factsheet Series.
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10.5 Adaptive initiatives with relevance to agriculture in the
Western Cape
The following table captures the range of adaptive responses which are already
being implemented in the Western Cape, aimed primarily at the agricultural sector
and in some cases through a cross-sectoral approach which includes agriculture.
It is instructive to note that almost all of these initiatives are driven primarily by nonclimatic drivers, particularly economic drivers (both on-farm and consumer-driven),
and in some instances the need for greater ecological and social sustainability.
Farmers and agri-businesses adopt new ways of doing things only where it makes
economic sense and/or the market demands it. Where climate is a strong
consideration, it is almost always focused on current realities and climate variability /
risk, rather than a futuristic assessment based on climate change projections.
However, future climate resilience is often acknowledged as a co-benefit.
In the past agricultural capital investments were planned for an economic life-time
of decades. However, the accelerating pace of changing consumer preferences
and market price fluctuations has changed this situation significantly over the last 1015 years or so. Perennial orchard and vineyards are now replaced over shorter cycles
as new cultivars and wine styles become more popular, fetching a premium which
justifies the investment. In this context, the notion that farmers are planning for the
next 30-40 years has become outdated. The rigours of modern agriculture demand
decisions which ensure profitability and survival over years rather than decades.
However, built infrastructure such as factories, packhouses and wineries, has a long
economic lifetime in order to achieve a return on investment.

Photo: Stephanie Midgley
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Table 10.1: Summary table of adaptation activities in the agricultural sector of the Western Cape
Project / adaptation

Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

No, but data analysed by CC
scientists, recognition (by some) of
value of data for CC purposes
No, but adaptive benefit
recognised by some

Planning for climate change and variability
Monitoring systems:
Weather monitoring

SAWS, ARC, producers

Researchers

All

Farm management

Monitoring of pests and
diseases on farms

Producers

Commodity
organisations,
researchers

All

Fire risk monitoring

Provincial and Local
government, Fire
Protection Associations
(FPAs), producers

Economic yield,
phytosanitary
requirements
Fire identification and
early response

All

No, but adaptive benefit
recognised by some

Assessment and Needs:
The weather station network is seriously insufficient for monitoring, especially in less accessible areas and across the agricultural production regions. In
addition, data is not readily available and sometimes only at a cost. This hampers advances in weather and longer-term trend analysis with knock-on
effects on all climate change research. Pest and disease monitoring is good in the high value commercial sector but not elsewhere, and climate-pestdisease models and predictive capacity are predominantly in the hands of the private sector. Fire risk monitoring has improved in some regions but needs
further attention in others. Generally, monitoring is fragmented and there is a lack of a consolidated provincial database driven by an integrated policy
and cooperative institutional arrangements.

Weather forecasting and climate change projections:
Short-term weather
SAWS, independent
All
Farm management
No
forecasts
agents
Seasonal weather
SAWS
DAFF, WCG:
All
Farm management,
No, but adaptive benefit
forecasts
Agriculture
marketing planning
recognised
Climate change
CSAG, CSIR researchers
DEA, WCG:
All
Policy and planning
Yes
projections
EADP
Assessment and Needs:
Weather forecasting is reasonably good but packaging of relevant messages for farmers is still inadequate. Climate change modelling science is strong in
SA but is hampered by the inadequate weather station network. Further work is required on suitable messaging for the agricultural sector. Farmers would
benefit from high resolution weather monitoring systems supplying real-time modelling and predictions over the short term (days to weeks) on which to
base immediate management decisions.
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Project / adaptation

Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

Provincial and District
Disaster Management
Centers
DEA

SANTAM (in Eden
District)

All

No, but with strong recognition of
adaptive benefit

Multiple

Multiple

GEF

DEA
FFA Holdings
UNDP

Multiple

Preparation for harsh
weather or climate
disasters
Prevention and control
of wildland fires, job
creation
Reduction of fire risk,
building the capacity of
Fire Protection
Associations (FPAs) and
communities at risk
Collective fire
management
Economic yield

Disaster Risk Reduction and Management:
Early Warning System

“Working on Fire”21
Integrated Fire
Management (IFM)
“Fynbos Fire Project”22
Reducing Wildland Fire
Risk in Response to
Climate Change
Local fire protection plans

Agri Avontuur (and
others), producers
SATI, producers

Multiple

No, but adaptive benefit
recognised by some
Yes

No (possible recognition by some)

Hail risk reduction using
Table grapes
No (possible recognition by some)
hail netting
Assessment and Needs:
DRR/M was given a boost after the series of disasters in the Western Cape during the 2000’s. A state-of-the-art Disaster Management Center has been built
in Eden District Municipality with others in the pipeline, with the support of the private sector. Localised high resolution disaster risk mapping has not been
widely conducted (mainly in Cape Town). This is a significant opportunity for the agricultural sector towards identifying the vulnerable sub-catchments and
even farms. Data on farm losses and damages following disasters are very poor and innovative technological methods of capturing this without relying on
farmer inputs would be valuable.

Insurance and risk management:
Understanding climate
Santam
Producers
All
Risk assessment and
Yes
change risk and insurance
management for
sector responses to
economic benefit
increase resilience
Assessment and Needs:
The insurance industry has identified certain climate-related trends and is responding to these. Summary by Midgley et al. (2012): South Africa’s largest
short-term insurer, Santam, conducted collaborative research in an area (Eden) exposed to a number of floods and intense rainfall events over the past
decade. The aim was to create an understanding of the systemic drivers of risk, how the drivers are changing over time and how the insurance industry
21
22

www.workingonfire.org
www.fynbosfire.org.za

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

377
Chapter 10 Current responses: Adaptation and risk management
Project / adaptation

Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

can best respond to ensure its own viability and build overall resilience of the area. One of the main findings was that for flooding, local land-use changes
have likely had at least as much an effect as climate change has had on flood risk. Accordingly, the main recommendation of the study is that the
insurance industry’s risk assessment approach should be complemented with proactive management of risk aimed at the underlying land use change
drivers in the landscape.
However, internal detailed assessments of changing risk profiles are not publicly available. Nevertheless, SANTAM has entered into valuable partnerships
and this should be further developed with strong inputs from the agricultural sector at high level.

Sustainable / adapted soil and water management
Irrigation technology and scheduling:
Use of most efficient
irrigation system for
purpose

Producers

Irrigation system
suppliers,
researchers

Irrigated
crops and
pastures

Water savings (supply
and cost considerations)

No, but adaptive benefit
recognised by some

Use of efficient pumps

Producers

Pump suppliers

Water savings (supply
and cost considerations)

No, but adaptive benefit
recognised by some

Irrigation scheduling
adjusted to avoid hottest
part of the day e.g. at
night
“FruitLook”23
Precision irrigation based
on satellite monitoring

Producers

Irrigated
crops and
pastures
Irrigated
crops and
pastures

Water savings (supply
and cost considerations)

No, but adaptive benefit
recognised by some

Irrigated fruit
crops

Water savings,
sustainable water
management

Yes

WCG: Agriculture
eLEAF (Netherlands)

UKZN
DAFF
HORTGRO
European Space
Agency
SU

Assessment and Needs:
Fruit and wine producers in the Western Cape, particularly those geared towards the export market, have already switched to efficient irrigation
technologies and there is not much room for further improvement. However, efficiency gains can still be found in optimum monitoring and scheduling
practices, switching to modern pump systems, and reducing conveyancing losses. The FruitLook project is a successful flagship project for the sector with
great potential for further impact and expansion. In other parts of the sector such as managed pastures, irrigation technologies are not yet as efficient as
they could be, and this is usually related to the cost-benefit calculation. In these situations, the reduction of water losses in conveyancing systems is
probably more feasible. Over-irrigation remains a problem throughout the sector, sometimes deliberately due to current water licensing (“use it or lose it”)
policies, sometimes due to an overly conservative risk strategy by the farmer. More research is required to identify this and point out the negative impacts

23

www.fruitlook.co.za
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Project / adaptation

Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

on yield, quality and profitability. Further research is also required on precision agriculture (including fertilization) using geo-spatial technologies and
electronic data collection and transfer, as well as the real benefits to water resources and farm profitability of using these approaches.

Alien tree clearing:
“Working for Water”24
Alien clearing

DEA

Alien clearing
LandCare alien clearing

CapeNature
WCG: Agriculture
LandCare

DWS
DAFF
CapeNature
Researchers

Private land owners

Multiple

Increase water flows, job
creation

Yes

Multiple
Multiple

Increase water flows
Increase water flows

Yes
Yes

Multiple

Increase water flows

No, but adaptive benefit
recognised by some

Assessment and Needs:
There has been a huge public effort and investment (through the Expanded Publics Works Programme - EPWP) in alien clearing and this needs to be
continued. Farmers have legal obligations to clear aliens on their land but this is not happening at scale due to unmanageable costs and failure by many
to see the benefits. Biological control offers opportunities to step up the programme cost-effectively. Short term incentives for clearing must be identified,
such as reduced fire risk (through the FPAs and insurance structures) or other instruments to encourage farmers to comply.

Wetland rehabilitation and restoration:
Working for Wetlands25
Wetland rehabilitation
and restoration

DEA

SANBI
WRC
LandCare SA
WWF-SA

Multiple

Improve ecosystem
services, job creation

Yes

Assessment and Needs:
Again, public investment through the EPWP is occurring but is still in the early stages, with work focusing on a few sites. Long-term benefits of good wetland
management on private farmland are not recognised by most farmers, and again, incentives are needed to encourage best practice. Part of the
problem is the weak research basis and lack of understanding of the co-benefits to agriculture, conservation, hydrology and flood/drought attenuation.
Awareness raising and demonstration sites would help in this regard.

24
25

www.environment.gov.za/projectsprogrammes/wfw
http://wetlands.sanbi.org/
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Project / adaptation

Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

Boost yields by improving
soil productive capacity
(incl. soil moisture
retention), reduce input
costs, sustainability
Boost yields by improving
soil productive capacity
(incl. soil moisture
retention), sustainability

No, but adaptive benefit
recognised

Conservation Agriculture:
Western Cape CA
Association26

Producers

WCG:
Agriculture,
researchers

Dryland field
crops

Mulching, composting,
cover crops

Producers

Commodity
organisations,
researchers

Perennial
crops

No, but adaptive benefit
recognised

Assessment and Needs:
Conservation Agriculture (CA) has been researched in various forms in the grain producing regions of the Western Cape for over two decades, but only
took off when the CA Association was launched. The strong research base driven by the WCG: Agriculture has been instrumental in encouraging farmers
to adopt this approach. In fruit orchards and vineyards the use of mulching is fairly widespread and various materials are used with others (e.g. organic
mulches) being researched. Further research is needed on the benefits provided by these practices under ‘normal’ to stressful (‘drought’) conditions and
in differing agro-climatic zones.

New sources of water for irrigation:
Build new farm dam

Producers

Sustainable groundwater
use (adaptive only if
renewable)
Rainwater harvesting for
smallholders/subsistence
farmers

Producers

Borehole
companies

Irrigated
crops

Smallholder /
subsistence producers

WCG:
Agriculture
Farmer Support,
NGOs

Use of wastewater for
irrigation

Wineries

Water
purification
companies

Irrigated
smallholder
crops
(usually
vegetable)
Irrigated
vineyards

26

Irrigated
crops

Assure supply, boost
yields, change to high
value irrigated crops
Assure supply, boost
yields, change to high
value irrigated crops
Boost yields

No, but adaptive benefit
recognised by some

Save water, reduce
impacts of waste

Yes

http://www.blwk.co.za
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Project / adaptation

Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

Assessment and Needs:
Options for new surface water sources are constrained in many catchments and regulations are strict. Groundwater resources are still available in some
areas but sustainable yields and use are poorly researched and new affordable technologies to deal with dissolved salts (‘brak’ water) could offer
opportunities. Rainwater harvesting is encouraged but there is a great need for further support. Re-use of water (e.g. winery wastewater) is not yet
widespread and could be extended to other applications e.g. fruit packhouses.

Improve water quality:
Berg River Improvement
Plan (BRIP) and Berg River
Water Quality Task Team
(BRWQTT)

WCG: EADP

Multiple

All irrigated
crops in the
Berg River
catchment

Reducing the negative
impact from municipal
urban areas, particularly
informal settlements and
wastewater treatment
works; reducing the
impact of agriculture
and industry on the
quality of the water in
the river system;
improving the ecological
integrity of the system

Yes

Assessment and Needs:
The BRIP is a strong first step in dealing with water quality problems, in particular in the Berg River system. It is a cooperative project spanning all three tiers
of government. If this Plan can deliver as intended and become a Flagship for the Province there is ample scope to extend it to other catchments in the
Western Cape that suffer from water quality problems.

Land management:
Landcare Service27

WCG: Agriculture,
producers

DAFF

Multiple

Conservation of soil
resources, land use
management

Yes

Assessment and Needs:
This nationwide programme is very active in the Western Cape and has had some notable successes. Key ingredients in this approach are the
participation of experienced farmers, the focus on young farmers (Junior Landcare), the clearing of invasive species, and collaboration with C.A.P.E.28.

27
28

www.elsenburg.com/srm/landcare.html
Cape Action for People and the Environment
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Project / adaptation

Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

Commodity
organisations –
HORTGRO, SATI,
Winetech,
nurseries
Nurseries

Deciduous
fruit and
grapes

Pest and disease
resistance, fruit quality,
market development

Yes

Citrus fruits

No

Commodity
organisations –
Potatoes SA and
others
Grain SA

Vegetables

Pest and disease
resistance, fruit quality,
market development
Pest and disease
resistance, quality,
drought resistance,
market development
Pest and disease
resistance, grain quality,
market development

Sustainable / adapted crop management
Crop breeding and cultivar development:
Fruit cultivar and rootstock
breeding and evaluation
programme

ARC InfruitecNietvoorbij

Citrus cultivar and
breeding and evaluation
programme
Vegetable/flower/fynbos
breeding and evaluation
programme

CRI

Small grains breeding and
evaluation programme

ARC-SGI

ARC-VOPI

Wheat,
barley, oats

No

Yes

Assessment and Needs:
Crop breeding programmes are in very variable health and there is great potential for improvement in some areas. Resilience to climate change factors
(heat & drought stress) is not a top priority, this is usually pest and disease resistance and fruit quality traits which meet production and consumer
preferences. However, in fruit breeding, low chill cultivars have been a focus for a long time (especially stone fruit). Apples are the crop most in need of
low chill cultivars but the options for breeding parents do not yet produce progeny which meet market requirements. The market size for such cultivars is
also fairly limited to South Africa and thus marginally financially feasible for the required investment. Local rootstock breeding has had some successes.
Evaluations of cultivars and rootstocks are generally conducted under varying climatic conditions. Vegetable breeding sometimes gives attention to
drought resistance for crops that are grown under dryland conditions. Small grains breeding and evaluation has a long history but is also more focused on
pest and disease resistance and grain quality. There are conflicting views as to whether expensive local breeding is the way to go, with some arguing that
genetic material with promise should be imported. Climate change adds another dimension to this discussion.

Site specific crop and cultivar choice:
Smart use of terroir

Producers

Focus on suitable sites with
good soil preparation,
eliminate marginal
production sites

Producers

Winetech,
researchers

Wine grapes

Wine quality

Yes (some)

All crops

Yield and quality

Yes
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Project / adaptation

Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

Shift cultivars towards
cultivars that are more
tolerant of future climate
Shift from wine grape to
raising and table grape
production
Sites suitable for niche
crops

Producers

Multiple

All crops

Yield and quality

Yes

Grapes

Yield and quality

Yes

Rooibos,
honeybush,
berries,
niche fruit
crops

Yield and quality

Yes (some)

Producers

Producers

ARC, WCG:
Agriculture

Assessment and Needs:
The wine industry has the most advanced understanding and application of the ‘terroir’ concept. This is gradually given more attention by other crop
commodity groups. Research has been conducted to assess the agro-climatically suitable areas for rooibos and honeybush, where there is a stronger
focus on climate change owing to the dryland production method. There is a need and opportunity to conduct research (including modelling) on shifting
climatic zones and how this could affect crop and cultivar choices in existing production areas while identifying potential new areas. Some research has
been done for wine grapes, rooibos and wheat, but not for the other crops.

Biotechnology for adaptation of crops:
Increasing resistance to
Researchers
Winetech, SATI
Wine and
Boost yield and quality
Yes
abiotic stress through
(particularly SU)
table grapes
biotechnology
Assessment and Needs:
Biotechnology continues to offer innovative approaches to cultivar development and improvement of grape and wine quality. A well-resourced Institute
for Wine Biotechnology at Stellenbosch University is conducting this research in close collaboration with the wine and table grape industries. One focal
area is abiotic stress, with strong relevance to climate change.

Integrated pest, disease and weed management:
Integrated Pest
Management (IPM)
programmes

Producers

HORTGRO, CRI,
Winetech,
researchers

Deciduous
and citrus
fruit crops

Sterile Insect Technique
(SIT) programme

FruitFly Africa (industry
owned service body)

DAFF
ARC
HORTGRO

Deciduous
fruit

Improved crop
management, yields and
quality, reduce inputs of
pesticides
Improved crop
management, yields and
quality, reduce inputs of
pesticides
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Project / adaptation

IPM for small grain crops

Primary agent(s)

Producers

Partner(s)
International
Atomic Energy
Association
Researchers,
ARC

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

Small grains
(wheat,
barley)

Improved crop
management, yields and
quality, reduce inputs of
pesticides

No, but adaptive benefits
recognised by some

Assessment and Needs:
This is a priority research area for all crops in the Western Cape and practices are generally well-grounded in research. Climate change is being taken
seriously and projects are addressing the following: thermal tolerances and distribution patterns of some pests and diseases, impacts of rainfall patterns on
fungicide applications, effects on distribution and infection period of diseases, invasive potential of exotic pests, development of climate-pest and
climate-disease models, phytosanitary problems, development of bio-control and other non-chemical control alternatives. Nevertheless, in light of the
potential risks and the large gaps in knowledge, continued and increased investment in this area is needed. Research needs to factor in the varying agroclimatic zones, impacts of recent climatic changes (especially shifting rainfall seasonality) and impacts of rainfall and temperature extremes. Only one
study on potatoes has modelled (using GCMs) the impacts of climate change on future pest and disease pressure.

Management of annual crops:
Crop rotations

Producers

Grain SA,
researchers

Small grains
and fodder

Shift planting dates

Producers

Grain SA,
researchers

Small grains
and fodder

Pest and disease
management, nutritional
management
Optimal use of soil
moisture

No, but adaptive benefits
recognised by some
Yes (partially)

Assessment and Needs:
The practice of crop rotations also has a strong research basis which needs to be continued. Adjustments in planting dates are generally made by
individual farmers based on their experience. This local knowledge needs to be better recognised and researched to find out why it works for some
farmers when others fail.

Technologies to manage rising temperatures:
Rest-breaking agents
sprayed on trees in late
winter

Producers

Shade netting over
orchards and fields

Producers

HORTGRO,
researchers,
chemical
companies
HORTGRO, CRI,
Winetech,
researchers,

Pome and
stone fruit

Strong even budbreak,
flowering and fruit set,
fruit quality

Yes

Fruit and
vegetables

Boost yield and quality,
reduce heat stress

Yes
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Evaporative cooling (only
where sufficient water is
available in the long term)
Kaolin-based sprays

Primary agent(s)

Producers

Producers

Partner(s)
netting
companies
Irrigation
companies
Chemical
companies

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

Fruit

Boost yield and quality,
reduce heat stress

Yes

Fruit

Boost yield and quality,
reduce heat stress

Yes

Assessment and Needs:
A considerable body of research underlies these practices although there are still many gaps. Heat stress impacts on fruit are relatively well understood. All
industries are evaluating the wider use of shade netting but little is known about adjustments needed in orchard/field management including irrigation
(should be lowered). Improved chilling and rest-breaking models are being developed to better describe what happens during dormancy and budbreak
under local conditions.

New production areas:
New wine areas in the
Producers
Wine grapes Market, change to high
Yes (by some)
Overberg and around
value horticulture
Plettenberg Bay
Assessment and Needs:
Entrepreneurs have pioneered the establishment of vineyards in new areas along the southern Cape coastal band, wherever soils are suitable and water
is available. Recent warming and the availability of disease resistant genetic material have made cooler humid areas such as Plettenberg Bay become
suitable for wine grapes. Given the climate change projections this trend is likely to continue.

Sustainable / adapted livestock management
Livestock breeding and breed choices:
Livestock breeding
ARC-API, private
Breed
All livestock
Boost growth, fertility,
Yes (partially)
programmes
breeders
associations
quality of meat and fibre
Change to disease and
Producers
Breeders, breed
All livestock
Boost growth, fertility
No
parasite resistant breeds
associations
Use heat and drought
Producers
Breeders, breed
All livestock
Boost growth, fertility
No
tolerant breeds
associations
Assessment and Needs:
Drought tolerant breeds have low feed requirements and are able to utilise poor quality forages and crop residues. Smallholder farmers all over the
country including those in the Western Cape are shifting towards Nguni cattle and goat breeds owing to their good mothering ability, longevity, high
fertility, disease and parasite resistance, and ability to utilise low quality feeds. In the commercial sector, indigenous livestock breeds are being used as
pure breeds (e.g., Afrikaner cattle and Boer goats) or are utilised through crossbreeding with exotic breeds, resulting in genotypes and synthetic breeds
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Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

that cope better with harsh local environments. For example, a survey by Scholtz et al. (2008) has revealed that 67% of feedlot cattle in South Africa are
crossbreds, indicating that crossbreeding is playing a significant role in the commercial beef industry. Crossbreeding is used to improve the efficiency of
meat/fibre production in indigenous breeds or to increase the adaptability of exotic breeds. A number of composite livestock breeds including the
popular Bonsmara, Dohne Merino (mainly found in the South-Western Cape, Highveld), Dorper (mainly found in the low rainfall areas, especially in the
Karoo region) and Dormer (mainly found in the winter rainfall areas) breeds are also being used in the commercial sector.

Livestock management:
Sustainable management
of planted pastures for
dairy

Producers

Researchers,
WCG:
Agriculture

Dairy cows
raised on
pastures

Extensive grazing
management systems e.g.
rotation grazing and multispecies grazing, that
maintain high
productivity, modification
of stock routings and
distances, adjusting of
stocking densities/rates,
changing livestock
composition, altering the
timing of operations,
reduce livestock numbers
(de-stocking)
Reseeding natural
pastures with improved
grasses and legumes to
cope with drought and
long dry spells
Provision of alternative
mineral supplements,
especially potassium,
sodium and chlorine;
replacement of rapid
fermentable

Producers

Researchers,
WCG:
Agriculture

Extensive
livestock

Producers

Researchers

Extensive
livestock

Producers

Researchers,
private sector

All livestock

Boost growth and
nutritional value of
pastures, boost milk
production
Boost productivity and
nutritional value of
rangeland through
sound stock
management
approaches, adjust to
drought conditions

No, but adaptive benefits
recognised by some

Boost productivity and
nutritional value of
rangeland, adjust to
drought and dry spell
conditions
Counteract losses in
cations and anions;
reduce the effects of
heat stress

No, but adaptive benefits
recognised by some
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Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

Producers

Researchers,
private sector

Extensive
livestock

Boost productivity in low
rainfall areas or during
periods of low rainfall

No, but adaptive benefits
recognised by some

Novel feeds from various
sources such as
horticultural crop residues,
winery by-products,
insects and worms

Private sector
companies and startups

Researchers,
feed companies

Livestock
that are fed

Provide alternative
sources of protein and
energy, input costs
savings

No, but adaptive benefits
recognised by some

Livestock health
monitoring and
management
Cooling of animals under
intensive management
(mechanical cooling,
forced ventilation,
evaporative cooling and
shading - natural and
artificial) – e.g. Fair Cape
Dairies

Producers

Veterinary
services

All livestock

Boost growth and
marketability

No, but adaptive benefits
recognised by some

Intensive
livestock

Reduce heat stress,
boost growth, increase
milk production

No, but adaptive benefits
recognised by some

carbohydrates, such as
maize, with saturated fatty
acids
Use of bought–in
commercial dietary
supplements (e.g., poultry
litter, urea blocks/licks),
cultivated pastures (rainfed or irrigated) and
conserved forages (silage,
hay, foggage, crop
residues)

Producers
(commercial), dairies,
feedlots

Assessment and Needs:
A number of adaptation strategies are currently being used under both intensive and extensive livestock production systems in the Western Cape to
reduce the effects of heat stress, as well as dealing with drought conditions and long dry spells. These are all available as climate change adaptation
strategies. Further research is required to provide site-specific guidance on appropriate management choices.
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Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

Sustainable / adapted farming systems
Mixed farming / diversification:
Diversification from
Producers
Multiple
Better risk management,
Yes (by some)
domination of pome fruit,
crops and
capitalise on market
to mix of pome fruit, wine,
livestock
fluctuations, move into
ecotourism, flowers, pigs
growth areas
and chickens
Diversification from
Producers
Multiple
Better risk management,
No, but adaptive benefits
dominance of livestock to
crops and
capitalise on market
recognised by some
other forms of on-farm
livestock
fluctuations, move into
and off-farm income
growth areas
Tourism and lifestyle
Land owners
Property
Multiple
Economic returns, risk
No, but adaptive benefits
developments in a mosaic (sometimes producers)
developers,
crops and
management
recognised by some
of agricultural lands (e.g.
tourism
livestock
coastal Eden DM)
companies
Assessment and Needs:
Entrepreneurial farmers continually evaluate the profitability of their various product lines and cull what is in long-term decline and replace it with
production that has a market gap with increasing demand and good prices. Diversification is an excellent risk management strategy as long as it is
supported by sustainable natural resource use and labour outcomes. It is too often hampered by red tape and regulatory bottlenecks and farmers then
risk missing the market gap.

Integrated Production:
Integrated Production of
Wine (IPW)29 - voluntary
environmental
sustainability scheme

Wine and Spirit Board

Wine industry

Wine

Compliance with
international wine
industry environmental
sustainability criteria,
marketing benefits

Yes (by some)

Assessment and Needs:
IPW is a proven approach to driving the principles of integrated production in the growing of grapes and the production of wine, through an
internationally accepted accreditation scheme. This creates confidence on the part of importers and global consumers with tangible benefits to the
environment and the profitability of the farmer/winery. Linkages to climate resilience have been made. Similar approaches could be extended to other
parts of the export segment, although to some degree this is partially covered by schemes such a GlobalGap.

29

http://www.ipw.co.za
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Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

Producers

SAOSO,
researchers
(limited)

Mainly crops
(vegetables,
herbs, olives,
rooibos)

Sustainability benefits:
increased soil organic
matter, improved
biodiversity, reduced
nitrogen leaching,
reduced nitrous oxide
emissions, reduced
energy use, no costs for
agro-chemical inputs;
niche market with price
premium (usually export)

Yes

Organic farming:
Organic farming (from the
start, or conversion from
conventional)

Assessment and Needs:
Organic farming is a niche in the Western Cape and is practiced either to supply the formal organic retail sector, the export market, or the farmers’ market
clientele. Volumes are small in relation to conventionally farmed produce. Research funding for organic practices is almost non-existent and this constrains
the further development of the sub-sector. The key problems are, firstly, lack of effective organic plant protection (pest/disease control) technologies
which cannot yet deal with heavy pest pressure coupled with strict phytosanitary requirements for the province’s export oriented production. Secondly,
organic produce does not consistently fetch the necessary price premiums to render it sufficiently profitable on the local market. Most organic produce is
thus aimed at the export market where demand and prices are high. Organic production is seen by its proponents as offering resilience to climate
change, but this has not been well researched globally or in South Africa. The potential benefits call for more attention to this farming system, at least for a
proportion of farmers including smallholder farmers who benefit from low input costs and preferential ethical/sustainable marketing channels.

Marketing and retail:
Farming for the Future

Woolworths

Producers, WWFSA,
Enviroscientific

Multiple

Reduction of input costs,
higher quality of
produce,
compliance with
certification
requirements

Yes

Assessment and Needs:
Farming for the Future is a holistic approach that manages the entire farming process systematically. It addresses practices that build healthy soils with
better water holding capacity, reduced chemical interventions, and using synthetic fertilisers or herbicides only when needed (Integrated Pest
Management). All locally grown fresh produce for Woolworths (other than organically certified produce) is now grown this way. Farmers are audited and
assisted in meeting sustainability targets. Woolworths believes that this approach also provides climate resilience. The drawback is that data are
confidential and not available for lesson learning to the rest of the farming sector, or value added research.
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Primary agent(s)

Partner(s)

CommoPrimary purpose /
dities
benefit
Ecosystem-Based Adaptation (EbA) and Community-Based Adaptation (CBA):

Framed as adaptation to
climate change?

Small-scale Rooibos Tea
farmers in the northern
Cederberg

Smallholder farming
community: Heiveld Cooperative (memberowned, for profit
company)

EMG and other
NGOs,
researchers

Rooibos and
livestock

Yes

Collective action on the
Agulhas Plain: Integrated
land use planning at
landscape level,
sustainable land
management
Nuwejaars Wetland
Special Management
Area (SMA) – Elim on the
Agulhas Plain

Landowners and users:
Agulhas Biodiversity
Initiative30

Set up in 2003
under C.A.P.E.
Now has multiple
partners
including WCG:
Agriculture
Multiple partners
including WCG:
Agriculture

Multiple

Climate resilience,
livelihoods resilience,
Organic and Fairtrade
Certification, price
premium on local and
export markets
Address the threats to
the Agulhas Plain, a
Biodiversity Hotspot with
high irreplaceability and
vulnerability

Yes

South Africa’s Expanded
Public Works Programmes

DEA

Multiple partners

Multiple

Biodiversity Corridors
(Greater Cederberg and
Gouritz)

CapeNature and
landowners

Researchers

Multiple

Biodiversity conservation,
eco-tourism and carbonand energy neutral
production. Farming and
conservation working
hand in hand.
Maintaining,
rehabilitating or restoring
ecosystems and natural
landscapes; job creation
for marginalised
communities;
development of value
added industries.
Mainstreaming
biodiversity initiatives into
the agricultural sector,
feeding and migration
routes for plants and
animals

30

25 private landowners
and local communities

Multiple

www.agulhasbiodiversity.co.za
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Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

Goedverwacht mixed
Smallholder farming
EMG,
Multiple
Alien tree clearing for
Yes
farming community31
community
researchers
water, shared water
natural resources
resources governance
management for farming
Assessment and Needs:
Biodiversity and well-functioning ecosystems provide natural solutions that build resilience and thereby help society adapt to the adverse impacts of
climate change. They also support poverty alleviation by providing safer and more secure livelihoods for the poor. Ecosystem Based Adaptation (EbA)
and Community-Based Adaptation (CBA) show many interlinkages and are presented here in a combined manner. They both refer specifically to climate
change adaptation. Many of the EbA projects reviewed for South Africa deliver additional livelihood benefits such as job creation, poverty alleviation
and green economy outcomes including economic diversification (Midgley et al., 2012). There is significant scope for innovative EbA and CBA
implementation activities. From an agricultural sector perspective, farmers experience co-benefits of strong conservation approaches, and employ
sustainable agriculture practices and strategies which confer resilience to the uncertainties of future climate and the fluctuating business environment.
Farmers are trained for climate and other monitoring which builds understanding and guides short and long term farming decisions and strategies. Social
benefits for rural communities and farm workers are an important component.

Stakeholder organisation and networks:
Water User Associations
Western Cape CA
Association
Adaptation Network

Water users in a specific
sub-catchment
Producers

Civil society,
government,
parastatals, academia
and business, hosted by
EMG

DSW
WCG:
Agriculture

All irrigated
crops
Field crops

All

Local water resources
governance
Lower input costs, soil
improvement and water
holding capacity
Networking, capacity
development, policy
processes, adaptation
finance, resources

Yes (by some)
Yes (by some)

Yes

Assessment and Needs:
Social organisation and networking are powerful strategies for climate change adaptation. This can revolve around the management of shared natural
resources, or the development of shared farming systems and technologies. Bottom-up information sharing and learning, problem-solving, collaboration
and mutual support during recovery periods build resilience. Social networks are particularly important for poorer and more marginalised farming
communities. It is noteworthy that the recent strong uptake of CA in the Western Cape was largely due to the efforts of the Western Cape CA Association,
made up mainly of farmers themselves. No other farmer-led network is known which is driving climate smart practices. The WCG: Agriculture has worked
with natural resources committees across the province in its work to conserve soil resources.

31

http://www.emg.org.za/news/112-local-farmer-knowledge-confirms-climate-responses-in-rural-western-cape
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Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

Education and research:
Research and
postgraduate education
in climate change and
development in Africa

University of Cape
Town: African Climate &
Development Initiative
(ACDI)

Multiple

All

Research outputs and
skills development

Yes

Research and
under/postgraduate
education in climate
change science
Research and
under/postgraduate
education in energy and
climate change
Sustainable Agriculture
Masters programme
Research and
under/postgraduate
education in disaster risk
reduction

University of Cape
Town: Climate Systems
Analysis Group (CSAG)

Multiple

All

Research outputs and
skills development

Yes

University of Cape
Town: Energy Research
Centre (ERC)

Multiple

All

Research outputs and
skills development

Yes (peripherally for agriculture)

Stellenbosch University:
AgriSciences Faculty
Stellenbosch University:
Research Alliance for
Disaster and Risk
Reduction (RADAR) Dept Geography &
Environmental Studies
Stellenbosch University:
Sustainability Institute
University of the Western
Cape: Faculty of
Natural Sciences
University of the Western
Cape: Institute for
Poverty, Land and
Agrarian Studies
(PLAAS)

Multiple

All

Yes

Multiple

All

Research outputs and
skills development
Research outputs and
skills development

Multiple

All

Yes (peripherally)

Multiple

All

Research outputs and
skills development
Research outputs and
skills development

Multiple

All

Research outputs and
skills development

No but linkages are recognised

Sustainability Masters
programme
Integrated Water
Resources Management
Masters programme
Research and
postgraduate education
in poverty, structural
inequality and land
reform, agro-food systems,
marginalised livelihoods,
with a focus on
subsistence and
smallholder farmers and
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Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

farm workers amongst
others.
Research and
undergraduate education
in agricultural
management, nature
conservation,
sustainability

Nelson Mandela
Metropolitan University
(NMMU) – George
Campus;
Sustainability Research
Unit

Multiple

All

Research outputs and
skills development

Yes

Cape Peninsula
University of Technology
(CPUT): Faculty of
Applied Sciences
WCG: Agriculture Cape
Institute for Agricultural
Training (Elsenburg)
Agricultural Research
Council (ARC): various
Institutes nationally

Multiple

All

Research outputs and
skills development

Yes (peripherally)

Multiple

All

Research outputs and
skills development

Yes (peripherally)

Multiple

Multiple

Yes (by some)

Agricultural Research
Council (ARC): Institute
for Soil, Climate and
Water (ISCW) – Pretoria

Multiple

All

Availability of cultivars
and breeds with
beneficial traits for local
conditions
Research outputs and
research services

Western Cape
Department of
Agriculture: Directorate
Research & Technology
Development Services

Multiple

Multiple

Research outputs and
research/technology
services

Yes

Research and teaching
programmes in
Agriculture, Horticulture,
Environmental Studies
Undergraduate
programme in Agriculture
Crop and livestock
breeding programmes

Sustainable and
integrated use and
management of soil,
climate and water.
Includes AgroClimatology
and seasonal weather
forecasting. Numerous
valuable databases.
Various research projects
covering Plant Sciences,
Animal Sciences and
Research Support Services
(including GIS). Research
farms across the province.
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Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

Private sector driven
research on various
production technologies

HORTGRO, CRI, SATI,
Winetech, Potatoes SA,
GrainSA and other
commodity groups
Council for Scientific
and Industrial Research
(CSIR): Natural
Resources and the
Environment (Pretoria
and Stellenbosch)

Multiple

Multiple

Problem-driven applied
research outcomes and
technology transfer

Yes (by some)

Global Change and
Multiple
Multiple
Basic and applied
Yes
Water research
research outcomes and
programmes: Climate
research services
science, Risk &
Vulnerability Atlas;
ACCESS; ecosystem
dynamics; water
Biodiversity impacts of
South African National
Multiple
Multiple
Basic and applied
Yes
climate change and
Biodiversity Institute
research outcomes and
National Implementing
(SANBI): Climate
research services
Entity for the Global
Change BioAdaptation
Adaptation Fund
Division
Assessment and Needs:
The Western Cape has an extraordinarily rich and in many cases world-leading research and education capacity across agriculture and various aspects
of climate change. What is even more extraordinary is that the two seldom meet! CC research specifically for agriculture in the Western Cape is patchy
and uncoordinated and in fact mostly driven and funded by the commodity groups (private sector). Some projects are conducted by ACDI/CSAG. There
is a notable lack of effort at the ARC and no strategic focus on climate change at this institute or at Stellenbosch University’s AgriSciences Faculty. The
interface with environment is covered by SANBI and CSIR, and sustainability science is offered by a few institutions. Climate change is sometimes included
in the curricula of tertiary institutions, but at the discretion of each institute and often not well covered. A large part of the problem lies in the woefully
inadequate funding. Agricultural research as a whole suffers from significant under-funding and institutions are constrained in what they can tackle. A
huge opportunity could exist in establishing a Centre of Excellence for Agriculture and Climate Change, possibly across a number of institutions in the
Western Cape, drawing on existing high levels of expertise, and creating a strategic framework for research and a knowledge management hub, with
significant long-term funding.

Knowledge management:
Climate Information Portal
(CIP)32 – online

32

University of Cape
Town: Climate Systems
Analysis Group (CSAG)

All

Access to climate
observational data and
climate change
projections, and
guidance towards the

https://cip.csag.uct.ac.za
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weAdapt33: an online
open space on climate
adaptation issues and
synergies with mitigation
Adaptation Network

Green Portal – online
(going live in March 2015)

Research Support
Services: Geographic
Information Systems34

Primary agent(s)

Partner(s)

Commodities

Stockholm Environment
Institute

Multiple

All

Civil society,
government,
parastatals, academia
and business, hosted by
EMG
GreenCape and WCG:
Agriculture

Multiple

All

Multiple

All

WCG: Agriculture

Multiple

All

Primary purpose /
benefit
use and interpretation of
climate data
Access to credible, high
quality information and
to share experiences
and lessons learnt
Networking, capacity
development,
information on policy,
research, adaptation
finance
Access to information on
the Green Economy
including linkages to
agriculture; mostly
focused on low carbon
technology but with
linkages to adaptation
Access to maps of
relevance to agriculture
and natural resources
management; GIS
support services

Framed as adaptation to
climate change?
Yes

Yes

Yes

No but has relevance

Assessment and Needs:
While online resources cater to the need for information on climate science and adaptation (globally and nationally), agriculture has until now not had a
one-stop credible source of information. This is now being implemented via the Green Portal – a collaboration between GreenCape and the Western
Cape Department of Agriculture.

33
34

https://weadapt.org
http://www.elsenburg.com/gis/

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

395
Chapter 10 Current responses: Adaptation and risk management
Project / adaptation

Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as adaptation to
climate change?

Sustainable Agriculture
programme35

WWF-SA

Nedbank (Green
Trust)

Multiple

Yes

Biodiversity & Wine
Initiative36 - partnership
between the wine industry
and conservation sector

WWF-SA, 175 members

Wine

Water Stewardship
Programme: Alliance for
Water Stewardship
Confronting Climate
Change (CCC) project37

WWF-SA, farmers in the
retail supply chain

Nedbank (Green
Trust), Sanlam,
multiple
conservation
NPOs
Marks &
Spencer,
Woolworths
TradeMark SA,
WCG:
Agriculture,
NAMC, PostHarvest
Innovation
programme

Reconnect food systems
and ecosystems; reduce
the direct on-farm
environmental impact of
production practices;
climate proofing
production
Protect natural habitats;
produce wine
sustainably; express the
advantages of the
biodiversity in wines
Best practice in water
resource management
(WWF SA, 2014)
Carbon footprint
measurement and
industry benchmarking

Partnerships:

South African wine and
fresh fruit industries:
SAAPPA, SASPA, CRI,
CGA, SATI, Winetech

Fruit

Fruit and
wine

Yes

Yes

Yes

Assessment and Needs:
The Western Cape has two superb examples of strong partnerships built between a group of partners in order to address sustainability and climate change
in agriculture: the work of the WWF-SA, and the CCC project. The process of partnering, and the mutual building of understanding and trust and crossfertilisation of skills, is in itself a vital adaptation approach. Huge opportunities exist for further partnerships across other parts of the sector.

http://www.wwf.org.za/what_we_do/sustainable_agriculture_/
http://www.wwf.org.za/what_we_do/sustainable_agriculture_/biodiversity___wine_initiative/
37 http://www.climatefruitandwine.co.za
35
36
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We have not included climate adaptation finance and investment in the above
table since this is still in its infancy. While South Africa has a National Implementing
Entity, two projects have thus far been approved, which are not situated in the
Western Cape. There is a strong expectation that the private sector could drive
investment through, for example, venture capital. This needs further investigation.

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

397
Chapter 11 Current responses: Mitigation

11 Current responses: Mitigation

Key messages


Agri-businesses in the Western Cape are already developing renewable
energy (mainly solar photovoltaic) and energy efficiency programmes. The
drivers are numerous and not all related to climate change.



There are seven principal land-use based climate change mitigation activities
in the Western Cape.



Four of the activities - the restoration of rangelands, reducing degradation,
conservation agriculture and the application of biochar - will lead to a net
increase in terrestrial carbon stocks and have substantial secondary
ecosystem service and climate change adaptation benefits.



The restoration and long-term sustainable management of indigenous
vegetation and agricultural soil not only leads to a net increase in carbon
stocks above- and below- ground but it improves the productivity, water
infiltration and water retention of the land as well as reducing soil erosion and
the siltation of rivers.



The remaining three activities are energy related, either through improving
energy efficiency at a farm and packhouse level, or through the production
of bioethanol and electricity through anaerobic biogas digestion.



Both the implementation of anaerobic biogas digestion and bioethanol
provide a means of processing waste streams from the agricultural sector in a
way that generates energy, leads to a net reduction in GHG emissions, and
reduces potential water and soil pollution (similar projects in KwaZulu-Natal
are primarily being implemented for the water pollution benefit before
climatic considerations).



All seven climate change mitigation opportunities will require further
investment in rural areas and the creation of required expertise and capacity,
making their realization a potential source of jobs and skill development in
rural parts of the Western Cape where such opportunities are certainly
needed.
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11.1 Reducing energy use
Transportation distance and vehicle choice (air freight versus shipping) have large
impact within the supply chain on energy use and GHG emissions. However, other
significant factors include the timing of consumption (seasonality), the packaging
and storage facilities required to keep out of season stock available, and the energy
necessary to maintain full year product choice.
Foreign consumers, e.g. the EU, are demanding goods with as low a carbon emission
burden as possible. Businesses such as fruit exporters require renewable energy
programmes, not only as a point of competitive advantage, but also to ensure that
they are able to stay in business going forward. Every kilowatt hour (kWh) Eskom
generates produces around 1 kg of CO2 emissions. Sole dependence on this source
of power could become a liability for businesses reliant on the export trade (CBN,
2014).
Western Cape fruit packers have already made huge investments in renewable
energy programmes. Judging by the number of large-scale solar installations on
farms in the Western Cape recently, farmers and agri-businesses are keen to invest in
cost-saving, sustainable technology. Examples of installations include Bosman Family
Vineyards, Lourensford Estate, Ceres Koelkamers, Rooibos Ltd, Timberlea Farming
Trust and Ceres Fruit Growers (CFG).
The Post-harvest Innovation Programme aims to transform the global competitiveness
of the South African fresh fruit export industry by supporting the development of
innovative technology in the post-harvest leg of the value chain, e.g. energy
efficiency in cooling facilities in fruit cold chain, solar energy, etc.

11.2 Opportunities to reduce GHG emissions
Several opportunities exist to both reduce GHG emissions generated by the land-use
sector as well as to sequester atmospheric carbon in biomass and especially soils. An
initial set of six opportunities was identified that are each explored separately below
(Table 11.1). The set of six opportunities is not necessarily comprehensive, but should
be seen as a starting point on which to base discussions with stakeholders over the
course of the next phase of the SmartAgri initiative. It is expected that some of the
estimates (e.g. spatial extent) may be calibrated further and that even additional
activities may be added to the set.
In addition to the six listed activities, livestock stock management and bioethanol
were initially considered. Livestock management - range fed versus feedlot
production - was not included following an analysis of the net effect of different
forms of production on GHG emissions in a South African context (Scholes, 2010). The
results of the assessment indicated that when GHG emissions from the production
and supply of feedstock are included, the net effect of alternative livestock
management systems on emissions is not significantly different.
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Table 11.1: Potential land-use based climate change mitigation activities located in
the agricultural sector of the Western Cape.
Activity

Subclass

Spatial
extent
(ha)*

Reduction per
unit area per yr
(tC)

Emission
reduction per
yr (tCO2e)

Reference

Land management
1. Restoration of
grasslands**

25 000

2. Reducing degradation

0.5

45 833

Watson et al. 2000,
Conant and Paustian,
2002, Mararakanye and
Le Roux 2011

To be identified

Crop management
3. Conservation tillage***

4. Application of biochar

Wheat

272 000

0.1

99 733

ARC (2014)

Barley

84 000

0.1

30 800

ARC (2014)

Canola

44 000

0.1

16 133

ARC (2014)

70 000

0.3

64 167

-

471 908

Energy source and
efficiency
5. Energy efficiency

To be identified

6. Bioethanol

To be identified

Waste management
7. Anaerobic biogas
digesters

See text

Total

Burton et al. 2009

728 574

* The spatial extent estimate should be viewed as a conservative estimate based on existing publications and expert
opinion. A dedicated assessment of the potential spatial extent of each activity is still required that not only assesses
the ecological potential but economic constraints and social acceptance as well.
** The national-scale assessment of gully erosion undertaken by Mararakanye and Le Roux (2011) provides an initial
(conservative) estimate of degraded bare land that could be restored. It is reasonable to assume that the majority of
soil carbon pool has been lost through the degradation process. In addition, the assessment is useful for identifying
the location of 'degradation hotspots' across the country. It is however not a comprehensive assessment of grassland
degradation. This analysis remains to be done.
*** Soil carbon sequestration only. The reduction in operational emissions will be included during the course of the
study.

11.2.1 Restoration and management of grasslands
The opportunity to sequester additional carbon in grasslands is often overlooked due
to the international focus on REDD+ and associated forest landscapes. However, in a
South African context, restoring grasslands and reducing the further degradation of
intact rangelands may be one of the principal land-use based climate change
mitigation opportunities. Due to the relative extent of grasslands and open savanna
ecosystems across the country, over 70 % of the national terrestrial carbon stock is
located in such systems, where 95 % of carbon is located in the below ground
carbon pool (Scholes et al., 2013).
Full knowledge of the total spatial extent of the opportunity is lacking due to an
absence of maps that adequately identify areas with degraded soil carbon. A
Status Quo Review of Climate Change and Agriculture in the Western Cape Province

400
Chapter 11 Current responses: Mitigation
conservative estimate of 25 000 ha of degraded grassland in the Western Cape is
therefore assumed, based on the mapping of erosion gullies by Mararakanye and Le
Roux (2013). This estimate will be revisited during the course of the protracted
stakeholder engagement in the next phase of the SmartAgri project.
Typical scenario




Grassland restoration: The turnover and ploughing of soil leads to the release
of soil organic carbon into the atmosphere. Overgrazing and the removal of
the herbaceous and litter layer may also lead to a substantial decrease in soil
carbon over a longer period of time. A comprehensive set of complementary
measures over the long-term to restore and maintain soil carbon is needed.
Measures may include the physical restoration of erosion gullies and
replanting of grassland as well as a reduction in grazing pressure in the shortto medium- term. In the dry grasslands of the Western Cape, a conservative
carbon sequestration rate of 0.5 tC/ha.yr can be assumed.
Reducing the degradation of grasslands: There has been a clear increase in
the spatial extent of degraded grassland and ‘bare land’ in the Western
Cape over the past 10 years (see Section 7). The trend is likely to continue over
time if the underlying drivers of degradation are not addressed. Here an
analysis of degradation drivers is required for each specific site and how to
address such drivers e.g. incentives to decrease grazing pressure or increase
rest periods. For planning purposes a conservative release rate of 1.0 tC/ha.yr
is assumed.

Implementation model
In the context of privately owned land, owners may need to be provided with
financial incentives or additional capacity to undertake restoration and
management activities. Experience has shown that private farms often have excess
labour capacity at certain times of the year that could undertake required
restoration activities at relatively low cost. In addition, Government programs such as
the EPWP may provide additional capacity that could be provided by EPWP or
provincial conservation authorities.
Monitoring reporting and verification
The high costs associated with monitoring soil carbon to sufficient levels of accuracy,
is one of the key reasons why the rollout of grassland restoration activities has been
inhibited to date. Particular attention will need to be paid to developing a
progressive monitoring, reporting and verification system, if grassland and soil carbon
management is to be pursued as a viable climate change mitigation option.
Employment and skill development
As noted in the proposed 19th Strategic Integrated Project (SIP 19), the restoration of
ecological infrastructure is a potential vehicle through which to create employment
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and skill development opportunities in the rural area of South Africa. This is
particularly important in the remote areas of the Western Cape where skill
development and employment opportunities are rare and desperately required.
Ecological infrastructure, ecosystem service and climate change adaptation benefits
The indigenous fynbos and grassland areas of the Western Cape provide a wealth of
ecosystem services to both local communities as well as regional urban and industrial
centers. For this reason, the restoration and long-term appropriate management of
grasslands is highlighted as a key intervention in the proposed SIP 19 that focuses on
ecological infrastructure for water security. At a local scale, intact indigenous
landscapes provide local communities and commercial farmers with water services,
productive grazing land and support an active tourism industry. Intact ecological
infrastructure is viewed as an integral part of long-term national development and
resilience to climate change (DEA, 2013d).

11.2.2 REDD+ through Planning and Regulation
Reducing Emissions from Deforestation and Forest Degradation (REDD) is defined as
follows by the IPCC (http://www.ipcc.ch/pdf/assessmentreport/ar5/wg3/ipcc_wg3_ar5_annex-i.pdf): “An effort to create financial value for
the carbon stored in forests, offering incentives for developing countries to reduce
emissions from forested lands and invest in low-carbon paths to sustainable
development. It is therefore a mechanism for mitigation that results from avoiding
deforestation. REDD+ goes beyond reforestation and forest degradation, and
includes the role of conservation, sustainable management of forests and
enhancement of forest carbon stocks.”
During the course of the South African National Sink Assessment, stakeholders were
asked if they were aware of any climate change mitigation opportunities that are
not been considered adequately in South Africa. In response, many parties noted
that while formal projects were proceeding (e.g. reforestation, anaerobic biogas
and no-till ventures), there is still substantial unplanned and unregulated degradation
of indigenous landscapes occurring, to the extent that addressing such degradation
may be one of the principle climate change mitigation opportunities within the
AFOLU sector.
Conventionally, REDD+ has solely referred to reducing emissions from deforestation
and forest degradation due to international focus on halting deforestation in the
tropics. In South Africa, a broader interpretation is suggested that includes the
degradation of all vegetation types and ecosystems. This is especially important in
the Western Cape that is predominantly Fynbos and Nama Karoo and where forests
cover less than 0.5 % of the province.
Under continued land use practices and no restoration activities it is expected that
the degradation of natural landscapes will continue in a similar to manner it has
been over the past 10 years. As noted in the ‘trends and projections’ part of Chapter
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7 of this review, substantial areas that were intact fynbos or Nama Karoo have
changed to bare land over the past 10 years and it is a trend that is expected to
continue over the next 10-15 years. Based on this analysis, a minimum degradation
rate of 0.1% per year is assumed at this initial stage. It is anticipated that this estimate
may be calibrated further based on input from stakeholders during the next phase of
the SmartAgri initiative. On the other hand, if dedicated planting and long-term
management programs are launched to re-establish indigenous vegetation,
coupled with rigorous application of environmental planning and regulations, the
degradation of above and below-ground carbon stocks would be avoided.
Implementation model: form and agencies
Planning and regulation needs to originate from government. Municipalities are able
to plan and regulate land-use through the realisation of Integrated Development
Planning (IDP) that is aligned with national level binding policies, such as National
Environmental Management Act. Integrated Development Planning provides a basis
for land-use decisions that are aligned with Bioregional Plans and inform the
approval of Environmental Impact Assessments (EIAs), water permits, agricultural
licenses and other activities impacting on the land-use sector.
Cost of implementation
Due to the progressive nature of this opportunity, there are no empirical examples on
which to base a cost estimate. REDD planning and regulation would be
implemented through existing institutions, and could leverage current budgets. A
marginal increase in budget allocation may be required to improve environmental
planning at the local, provincial and national scales and undertake monitoring
requirements that are currently not being addressed.
Monitoring, reporting and verification
As this is a completely new opportunity, an innovative MPV system would need to be
created to quantify the net effect of the planning process on carbon stock and
associated GHG emissions.
Ecological Infrastructure and Ecosystem Services
REDD Planning and Regulation could form the broad planning foundation for
ecological infrastructure management, with the potential to deliver a substantial set
of ecosystem goods and services over the long-term. This set would include: climate
regulation, soil erosion prevention, habitat protection, medicinal plant protection,
water catchment improvements and maintenance, stream flow improvements, soil
nutrient and health improvements, biodiversity conservation, pollination services, and
feedstock and fodder provision.
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11.2.3 Conservation agriculture
CA may take various forms, but in general consists of three principle elements (see
Box 9.3): minimum soil disturbance, maximum soil cover and crop rotation using a
diversity of species. Due to the broad suite of benefits generated through the
adoption of the practice, it has been widely adopted both globally and locally
within the Western Cape (Strauss, 2014). Local and international studies consistently
report improvements in soil fertility, yields, water retention and a decrease in water
and wind erosion due to the practice. Particularly in dryland farming areas that are
predicted to get warmer and drier over time, CA has been identified as an important
climate change adaptation response that may decrease the effect of changes in
temperature and rainfall on yields, due to improved water retention and soil fertility.
The effect of CA on soil carbon sequestration, as a long-term climate change
mitigation opportunity, is less well understood. Whereas numerous local and
international studies have reported an increase in soil organic matter and soil carbon
in the top 30 cm of the soil profile, an emerging set of analyses that assess the full soil
profile to 1 m in depth (e.g. Loke et al., 2012; Baker et al., 2007), suggest that the
effect may have been overestimated. In this review, we have therefore adopted a
conservative sequestration rate of 0.1 tC.ha-1.yr-1 (Table 11.1). The intention is to
identify a more locally specific estimate during in the course of the SmartAgri
initiative, in terms of both spatial extent and sequestration potential.
A second and perhaps larger potential source of GHG emission reductions is the
significant decrease in diesel usage by entities that have adopted no- or zero-till
practices. A recent analyses by the ARC (2014) of the impact of CA on wheat
production in the Western Cape, noted that of no- or zero-till practices used at least
60 % less diesel when compared to traditional tillage practices. The intention in the
next phase of the SmartAgri initiative is to quantify and better understand the
potential reduction in GHG emissions to date due to the adoption of no – or zero-till
and the potential reduction if such practices are adopted more broadly across the
province.
The decrease in diesel usage means that is it costs 43 % more to produce the same
amount of wheat per hectare using a conventional system, compared to CA (ARC
2014). In contrast to the majority of climate change mitigation opportunities, the
adoption of CA provides significant financial benefits to the implementing agent
and therefore can be realized without additional incentives linked to carbon
revenues. For this reason, together with the production, ecosystem service, climate
change adaptation and potential climate change mitigation benefits, it is certainly
an opportunity that is worth exploring further.
Implementation model
Reduced tillage requires farmers to halt current ploughing, fertilization and planting
practices, and to adopt a new suite of planting and pest control measures. The
concept is relatively well-known and researched in the grain growing areas of the
Status Quo Review of Climate Change and Agriculture in the Western Cape Province

404
Chapter 11 Current responses: Mitigation
province. The majority of the winter wheat area in the South Western Cape has also
already adopted reduced tillage practices. A provincial program could expand
such measures, providing additional outreach and awareness services to farmers. It
should be noted that while substantial additional research is required into the net
climate regulation impact of reduced tillage across the full range of South African
soils and commodity types.
Monitoring reporting and verification
Monitoring changes in soil carbon stocks across diverse landscapes can be
prohibitively expensive. One of the reasons why there has been a subdued roll-out of
climate change mitigation activities that focus on soil carbon stocks is due to the
cost of implementation exceeding revenue from carbon offset sales. For this reason,
an innovative, progressive monitoring approach will need to be pioneered for
province in which activity-based monitoring instead of carbon stock-based
monitoring could be used.
Employment and skill development
Reduced/no tillage improves farming skills as farmers need to adopt various new
pest and weed management strategies, including biological, physical and chemical
measures to reduce the use of herbicides. The net impact on employment is unlikely
to change.
Ecological infrastructure, ecosystem service and climate change adaptation benefits
Reduced/no tillage systems can improve water infiltration, increase soil moisture and
reduce runoff and water contamination as well as improve soil quality, reduce
erosion and compaction, and increase surface soil organic matter. The water and
soil quality and erosion benefits are often the primary reason for the adoption of
reduced tillage systems, with carbon sequestration viewed as a marginal side
benefit.
Risk considerations
As noted, an intact below-ground carbon pool is not exposed to typical risks
associated with the land-use sector, such as fire and pests, being relatively stable
over the long-term. The key risk is that the farmer may decide to return to or adopt
traditional ploughing techniques.

11.2.4 Application of biochar
Biochar is a form of charcoal that is produced through the process of pyrolysis using
woody biomass as an input material. In the context of the Western Cape, the
biomass could be sourced from waste following the harvest of commercial timber or
alien invasive species that are cleared by the Working for Water program.
A substantial amount of research has been undertaken on the soil and yield benefits
applying biochar in the Western Cape to date (e.g. Olivier, 2011; Sika, 2012).
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Furthermore, there are a number of further research programs focussed on the
subject that are currently underway (A. Hardie, pers. comm.). A feasibility study on
the viability of biochar production from alien vegetation in Eden District Municipality
(WCG: EADP, 2013b) concluded that this requires further comprehensive research
and analysis in order to resolve a number of issues before this could be implemented.
A full review of the impact of applying biochar in the wide variety of soils and for
each of the crops cultivated in the Western Cape is beyond this brief review. In
general, the application of biochar increases the carbon content of soils, improves its
water retention capacity, reduces the need for fertilizers and leads to a significant
improvement in crop yields. However, in its application, one needs to carefully
consider the type of input material, the existing soil type and chemistry, the specific
requirements of the target crop and the rate at which it should be applied (Sika,
2012; WCG: EADP, 2013b).
In the interest of providing an initial estimate, it is reasonable to assume that biochar
use could conservatively apply to approximately 70 000 ha (penetration fraction of
5 % of agricultural lands), with an annual carbon sequestration rate of approximately
0.3 tC.ha-1.yr-1 or 64, 168 tCO2e.yr-1 across the 70 000ha.
Sources of biochar
Biochar would either be produced by private entities or through the Expanded
Public Works Program (EPWP). In the case of private commercial entities, input
material would be sourced from agricultural or forestry waste. The EPWP would use
the use alien invasive species that are cleared by the Working for Water program.
However, a clear concern is the cost of sourcing and producing biochar. Current
commercial estimates are R2500 per ton (A. Hardie, pers. comm.), meaning that the
additional costs of applying biochar are unlikely to be met by an increase in revenue
due to an increase in yields or through a carbon-related payment. At 10-20 times the
price of compost, the cost of producing biochar in the Western Cape needs to be
addressed, if the practice is going to be widely adopted.
Monitoring reporting and verification
Monitoring changes in soil carbon stocks can be prohibitively expensive relative to
potential carbon-related revenues. If the application of biochar were to be adopted
at a significant scale in the Western Cape as a formal climate change mitigation
activity, it would be prudent to invest in the development of new, activity-based
monitoring methods that may decreases monitoring and associated transaction
costs significantly.
Employment and skill development
There may be good opportunity to create employment in remote rural areas though
the harvesting of alien invasive species and production of biochar. If linked to the
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Working on Water program, it may provide a practical solution to dealing with the
large amount of biomass harvested by the initiative.
The biochar production and distribution network would likely lend itself to the
establishment of small, medium and micro enterprises (SMMEs) in rural areas.

11.2.5 Improvements in energy efficiency
The principle forms of energy used on farms and in packhouses are electricity and
diesel (see Chapter 7 of this report for a more detailed description). As the majority
electricity supplied to the national grid is generated using coal, electricity and diesel
usage are the two predominant sources of GHG emissions at a farm scale. An initial
assessment by the Confronting Climate Change program estimated that electricity
usage accounts for over 70 % of GHG emissions generated by fruit and wine farms,
with diesel usage generating approximately 13 %.
A comprehensive assessment of the opportunity to improve energy efficiency within
the agricultural sector across the entire province is currently non-existent. However,
there are a number of entities that are assisting individual farming enterprises and
packhouses to improve energy efficiency, who are able to provide an initial estimate
of the energy savings that could potentially be made at a provincial scale. Koos
Bower Consulting provided the following estimates:





Farm level: Increasing the efficiency of irrigation pumping systems may be the
main opportunity where energy utilisation could be decreased by 20-50 %.
Packhouse level (excluding cold storage): A 10-20 % decrease in electricity is
possible using known technologies. The potential decrease in energy usage is
low due to overall low consumption.
Cold storage level: There may be opportunity to reduce electricity usage by
20-40 % due to high consumption levels.

The suggested potential improvements in efficiency are principally due to relatively
low historical prices for electricity that led to little emphasis on efficiency as well as
emerging available technologies that allow savings to be made in a practical
manner at a farm or packhouse level.
The nature of implementation
A broad suite of energy saving opportunities exists in the production and supply of
produce that include:




The adoption of energy efficient refrigeration, lighting, motors and pumps in
packhouses
Reducing diesel consumption through improved vehicle efficiency and
utilisation
Optimising irrigation pumping systems
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The level to which energy saving opportunities may be adopted by a particular
farming enterprise is highly case specific and dependant on the extent and location
of the farm, the commodity or range of commodities produced, the age of existing
infrastructure, water availability and so forth. During the course of SmartAgri project,
emphasis will be placed on validating and potentially calibrating the initial estimates
provided above and identifying the principle opportunities that should be supported
by Government.
Monitoring, reporting and verification
The MRV aspects of energy-efficiency initiatives are well known with several projects
aimed at verification through the Clean Development Mechanism (CDM) and
Verified Carbon Standard (VCS) already in existence. In comparison to the majority
of land-use sector projects where changes in terrestrial carbon stocks need to be
monitored across heterogeneous landscapes, energy efficiency initiatives only
require the monitoring at a point source.
Cost and financial implications
Interview specialists noted that the additional capital costs associated with adopting
energy efficient technologies are usually recouped within 1-2 years due to the
relative high price of electricity and diesel. Financial considerations should therefore
not be an inhibitor to implementation but rather a clear incentive to farm
management. The intention of the SmartAgri project is to better understand the
nature of such costs through interviews with stakeholder over the next year, to obtain
more specific cost estimates relative to commodity-type and specific technologies.

11.2.6 Bioethanol production
Bioethanol is a form of renewable energy that can be produced from agricultural
feedstocks. It can be made from common field crop feedstocks and residues, as well
as fruit industry and forestry residues. However, this substantial debate around how
efficient bioethanol is in replacing petroleum products in terms of cost, total
environmental impact and the net GHG emissions of production and supply when
compared to a fossil fuel based equivalent. In addition, there are international
concerns regarding the impact of its demand for feedstock on food prices.
The bioethanol opportunities under investigation in the Western Cape include the
production of bioethanol from feedstock that are either a non-food product or
agricultural wastes or residues. A study undertaken by PetroSA in 2008 noted that
small grains in the Western Cape (wheat, malt, barley) may provide a potential
feedstock that could produce approximately 78 million liters of bioethanol per year
based on 100 000 – 300 000 tons of feedstock (Williams, 2014). In addition, a more
recent study focused on waste-based bioethanol for fleet transport in the Western
Cape, noted that grape and citrus pomace as well as general agricultural residues,
could produce 59 million liters per year using second-generation technologies
(Williams, 2014). The agriculture residues considered are those that are easily
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available and include wheat, maize, barley and various fruit residues from wine and
table grapes, apples, pears and citrus.
The potential bioethanol production volumes from the available waste streams
represent approximately 7 % of the current liquid fuel consumption in the Province.
Other alternative crops for bioethanol production investigated included potatoes
and Jerusalem artichokes that may yield 12 million liters per year. If a potential
78 million liters based on small grains and the 12 million liters per year from alternative
crops were added, the proportion increases to nearly 9 % of the total current
provincial consumption (Williams, 2014). Concerns around possible impacts on food
crop production could be addressed by investigating the production of biofuel crops
on marginal soils.
Although the available studies provide a good initial assessment of the potential for
bioethanol production in the Western Cape, they do not provide a full holistic
assessment of the industry, including full costing and the net environmental and GHG
emission effect of their adoption.
Baseline without-activity scenario
Agricultural products would be handled in a conventional manner - all food
products would be sold in the traditional markets and agricultural waste would be
used or disposed in a traditional manner by farmers.
Additional with-activity scenario
Agricultural products and waste are collected and transported to a bioethanol
production facility for supply into the market. Bioethanol is blended with
conventional petroleum products. Mandatory blending regulations are set to be in
place by 1 October 2015. At present, blending levels for bioethanol are not
stipulated in regulation, and neither are the incentives that may be required for
production to begin.
Implementation model
There are numerous private, small-scale biofuel companies already in operation in
South Africa. Furthermore, there are numerous large-scale operations planned within
the country in the near future that are likely to be privately owned with startup
capital provide by private investors.
Monitoring reporting and verification
The technology for bioethanol production is well understood and tested. Several
CDM, VCS and Gold Standard biogas projects are already in existence, together
with formally documented monitoring, reporting and verification standards.
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Employment and skill development
A bioethanol plant using small grain feedstock to produce 100 million liters per year,
is estimated to create approximately 3 000 to 4 000 permanent agricultural jobs
(Williams, 2014). Bioethanol production using already aggregated waste streams
would provide fewer employment opportunities – a few hundred skilled and semiskilled positions at a production plant (Williams, 2014).
Risk considerations
Sufficient input material as well as long-term demand for bioethanol may in theory
present a risk to bioethanol projects. However, such risks can be adequately
managed through proper planning. Bioethanol initiatives are generally viewed as
low risk, especially when compared to land-based carbon projects.

11.2.7 Anaerobic biogas digesters
Anaerobic biogas digesters are essentially fermentation tanks or sealed ponds in
which organic material ferments anaerobically. The fermentation process produces
a composite gas, of which methane is the predominant component (50-80 %). The
gas is combustible and when captured in a sealed digester, can be used to either
power a unit that generates electricity or for thermal applications such as cooking.
The combustion of biogas can reduce GHG emission below a baseline scenario in
two ways:




Methane is a GHG with a global warming potential 23 times that of carbon
dioxide. As the biogas is combusted, the methane combines with oxygen
releasing carbon dioxide into the atmosphere. Compared to a business as
usual scenario where methane may have been released from a settling pond
linked to a feedlot or piggery, the capture and combustion of methane leads
to a substantial reduction in GHG emissions.
The use of biogas to generate electricity or for thermal applications often
reduces the consumption of fossil fuel generated power. This is especially true
in South Africa, where the majority of power supplied into the national
electricity is generated through the combustion of coal. Substitution of
electricity from the South African national grid may well form a climate
change mitigation activity, as long as the net emissions generated through
the production and supply of biogas are less than that generated by the
national grid.

A number of biogas generation opportunities may exist within the Western Cape
agricultural sector. Particularly wastewater and solid waste from animal production,
has been identified as a potential opportunity that could lead to a reduction of
between 470 000 – 1 500 000 tCO2e per year (Table 11.2). The possibility of generating
energy from fruit industry wastewater has also been highlighted, but a full in-depth
feasibility assessment of the opportunity in the Western Cape remains to be
undertaken. Initial studies have been inconclusive raising concerns regarding
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seasonality and the cost of production compared to existing alternatives (Burton et
al., 2009).
Table 11.2: Estimating the potential for GHG emission reductions through
implementation of anaerobic biogas digesters in the Western Cape (fuelled by
livestock waste)
(a)
Stream

National Total
(MWth)

National Total
(MW)**

Low
est.

Low
est.

High
est.

W. Cape
fraction*

High
est.

Total in Western
Cape
(MW)
Low
est.

High
est.

Cattle in Feedlots

79.1

214.5

26.4

71.5

0.1

2.6

7.2

Rural Cattle

1270.9

3444.5

423.6

1148.2

0.1

42.4

114.8

Dairies

233.8

241.4

77.9

80.5

0.1

7.8

8.0

Piggeries

36.0

1429.0

12.0

476.3

0.1

1.2

47.6

Red meat
abattoirs

0.2

48.9

0.1

16.3

0.1

0.0

1.6

Poultry farms

940.1

2976.1

313.4

992.0

0.1

31.3

99.2

Poultry abattoirs

0.6

7.0

0.2

2.3

0.1

0.0

0.2

* A broad estimate based on DAFF (2012). Abstract of Agricultural Statistics, Pretoria: Dept of
Agriculture, Forestry and Fisheries. The intention is to calibrate this estimate during the course
of the project's stakeholder engagement and development
**1 MW (electrical power) [MWe] = approx. MWth / 3. National total sourced from Burton et
al., 2009

(b)
Stream

Total in Western
Cape
(MW)
Low est.

Cattle in
Feedlots
Rural Cattle

High
est.

MWh*

Low est.

tCO2e/
MWh**

High est.

tCO2e reduction
per year
Low est.

High est.

2.6

7.2

17 323

46 976

0.8415

14 577

39 530

42.4

114.8

278 327

754 346

0.8415

234 212

634 782

Dairies

7.8

8.0

51 202

52 867

0.8415

43 087

44 487

Piggeries

1.2

47.6

7 884

312 951

0.8415

6 634

263 348

Red meat
abattoirs

0.0

1.6

44

10 709

0.8415

37

9 012

31.3

99.2

205 882

651 766

0.8415

173 250

548 461

0.0

0.2

131

1 533

0.8415

111

1 290

471 908

1 540 910

Poultry farms
Poultry
abattoirs
Total

* Load factor: 75 %, **Emission factor: 85 % of Eskom national grid estimate
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Baseline without-activity scenario
Livestock waste from cattle feedlots, dairies, piggeries and chicken farms would be
handled in a conventional manner where waste is allowed to settle out in settling
ponds, prior to been distributed over fields or into landfills.
Additional with-activity scenario
Either existing settling ponds are capped or new digestion tanks are built to facilitate
anaerobic digestion and capture generated methane. The gas is then used to
generate electricity that would substitute fossil fuel generated power sourced from
the national grid.
Implementation model
There are several livestock waste fed digesters already in operation in South Africa.
The uMgungundlovu District Municipality is KwaZulu-Natal is in the process of installing
five digesters to process piggeries, poultry farm and cattle feedlot waste in the
greater Pietermaritzburg area. Each digester is envisaged to generate 5 MW and
they were principally considered due to the urgent need to address river pollution in
the greater Umgeni catchment, not purely from a climate change mitigation
perspective.
In the Western Cape, Bio2Watt have initiated the Cape Dairy Biogas Plant that is
expected to generate 3-4 MW from the waste generated by 7000 cows on the Vyvlei
dairy farm in Malmesbury as well as other waste streams in the surrounding area
(www.bio2watt.com). In addition, the company has a further cattle feedlot based
digester system in Bronkhorstspruit that supplies electricity to BMW’s Rosslyn plant that
further illustrates the type of projects that are possible.
The key is to have a sufficient concentration of input material to sustain economically
viable digester units. Whereas Burton et al. (2009) provide estimates of the total
amount of livestock waste that is available; it falls short of documenting the level to
which it is aggregated. A study that assesses the level of aggregation and
particularly the existence of substantial feedlot, dairy, piggery or chicken farm nodes,
would significantly improve our understanding of opportunity in the Western Cape.
The study should not only focus on livestock waste but municipal and other waste in
the area surrounding the node. The pending national South African Waste
Management Act effectively bans organic waste from landfills from 2015 onwards.
Such regulation will result in a significant amount of waste that needs to be
processed in the province. Biogas offers options for dealing with organic waste, but
other options also exist, for example the use of organic waste in fly farming, where
the flies are then processed into protein-rich feeds.
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Monitoring reporting and verification
The technology on which the generation of biogas and associated electricity is
based is well understood and tested. Several CDM, VCS and Gold Standard biogas
projects are already in existence, together with formally documented monitoring,
reporting and verification standards.
Employment and skill development
There is significant scope for the development of an entirely new economic activity
in the construction sector as this technology is in its infancy and there are only a few
applications of it to date in South Africa.
Ecological infrastructure, ecosystem service and climate change adaptation benefits
In addition to the obvious carbon mitigation benefits, the introduction of biogas
digesters will significant in the management of livestock waste and associated soil
and water pollution. If designed appropriately, digesters will improve water quality
by reducing the pollutants from dispersed sources into water bodies as digesters
reduce the biological oxygen demand loads in effluent by up to 90 %.
Risk considerations
Sufficient input material as well as long-term demand for generated electricity may
in theory present a risk to biogas projects. However, such risks can be adequately
managed through proper planning. Biogas initiatives are generally viewed as low
risk, especially when compared to land-based carbon sequestration ventures.
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Table 11.3: Summary table of mitigation activities in the agricultural sector of the Western Cape
Project / adaptation

Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as mitigation to
climate change?

TradeMark SA,
WCG:
Agriculture,
NAMC, PostHarvest
Innovation
programme
CCC

Fruit and
wine

Carbon footprint
measurement and
industry benchmarking;
strategic positioning in
the export market

Yes

Barley

Yes

Food and Trees
for Africa

Wine

Carbon footprint
measurement and
industry benchmarking,
measuring and reducing
the carbon footprint;
strategic positioning
Achieving carbon
neutral status; carbon
offsets used towards a
greening programme;
strategic positioning in
the export market
Manure management
(dung used as natural
fertiliser), recycling of
packaging, measuring
and reducing the
carbon footprint of milk;
strategic positioning in
the local market
Measuring and reducing
the carbon footprint of
fresh produce; strategic
positioning in the local
market

Measuring the carbon footprint
Confronting Climate
Change (CCC) project

South African wine and
fresh fruit industries:
SAAPPA, SASPA, CRI,
CGA, SATI, Winetech,
Subtrop

Better Barley Better Beer

SAB & WWF SA

Carbon neutral wines

Backsberg

Ecofresh Milk

Fair Cape Dairies

Farming for the Future

Woolworths

Dairy cows

Producers, WWFSA,
Enviroscientific

Multiple
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Project / adaptation

Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as mitigation to
climate change?

Assessment and Needs:
Properly measuring the carbon footprint of commodities is the first step in understanding the situation, before identifying what to do about it. In the
Western Cape, most agricultural businesses are still focusing on this first step, with some already moving into practical actions to reduce the footprint. For
some, this is a necessary part of certification and accreditation, and for some it creates a strategic advantage within the market they operate in.

Renewable energy sources
Biogas from manure and pomace:
Biogas facility using cow
manure

WCG: Agriculture
Outeniqua Research
Farm dairy herd

Biogas company

Dairy cows

Biogas facility using cow
manure, 3 MW

Vylvlei Dairy,
Malmesbury, 7000 dairy
cows
Backsberg Estate

Biogas company

Dairy cows

Biogas facility using
chicken manure (and
grape pomace)
Waste to energy project

Distell

Wine

Wine

Demonstration project;
sustainability; generate
own energy; reduce
carbon footprint
Generate own energy;
manure management;
reduce carbon footprint
Generate own energy;
sustainability; waste
management; reduce
carbon footprint
Generate own energy;
sustainability; waste
management; reduce
carbon footprint

Yes

Yes

Yes

Yes

Assessment and Needs:
Commercial scale biogas facilities in the Western Cape are still in the early stages and most are regarded as pilots, with ambition to increase the energy
generating capacity over time. The volumes required and year-round availability of feedstock are problematic. The technology must be carefully chosen
for the required application. Small scale biogas is not being taken up widely although the technology is well established.

Micro-hydropower:
Micro-hydropower plant

Anthonij Rupert wines,
Simondium

Wine

Generate own energy;
sustainability; reduce
carbon footprint (carbon
credits)

Yes

Assessment and Needs:
See Box 6.1. This renewable source of energy is not well studied and applications will require extensive investigation to ensure sustainability and minimum
environmental impacts. It was mentioned by stakeholders that the red tape involved in this option is onerous.
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Project / adaptation

Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as mitigation to
climate change?

Solar energy
companies

Wine

Solar energy
companies

Pome and
stone fruit

Solar installations

Rooibos Ltd.

Solar energy
companies

Rooibos

Solar water heaters for
farm dwellings and other
building

Multiple

Solar energy
companies

Multiple

Sun stoves (eastern region
of province)

NGOs

Generate own energy;
sustainability; reduce
carbon footprint (carbon
credits)
Generate own energy;
sustainability; reduce
carbon footprint (carbon
credits)
Generate own energy;
sustainability; reduce
carbon footprint
Generate own energy;
provide energy to farm
dwellers not previously
services; reduce carbon
footprint; make use of
subsidies
Cheaper and more
efficient energy use for
cooking (farm dwellers)

Yes

Solar installations on fruit
packhouses and cold
storage facilities

Villiera Estate; Bosman
Family Vineyards,
Lourensford Estate and
others
Ceres Fruit Growers,
Ceres Koelkamers and
others

Solar PV:
Solar installation on cellar
roofs

Multiple

Yes

Yes

Yes

Yes

Assessment and Needs:
The agriculture sector is showing great interest in installing solar energy facilities, with the primary aims of reducing reliance on Eskom (and the risks
associated with rolling blackouts), reducing energy costs, and accessing carbon credits. This option has much further potential but misunderstandings
around the workings of carbon credits must be cleared up with reliable information provided to the farming sector.

Increasing energy efficiency
Energy analysis and
benchmarking in pome
fruit packhouses and cold
rooms; future energy
efficiency e.g. low energy
bulbs
Energy optimisation and
cold chain management

HORTGRO, businesses in
the supply chain

Energy
consultants

Deciduous
fruit

Reduce energy costs,
reduce carbon footprint

Yes

CRI, businesses in the
supply chain

Energy
consultants

Citrus fruit

Reduce energy costs,
reduce carbon footprint

Yes
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Project / adaptation

Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as mitigation to
climate change?

Alternative energy sources
for irrigation pumps, such
as hydroelectric, gravity
fed, or solar powered
pumps

Producers

Pump suppliers,
energy
consultants

Irrigated
crops

Water, energy and cost
savings

Sometimes

Assessment and Needs:
Larger companies in the supply chain have been starting a process of energy auditing and the development of energy management plans. Substantial
savings through actions based on these have been proven by many. However, smaller players are not yet doing this widely.

Reduce on-farm diesel and fertiliser use
Biodiversity and Wine
Initiative

WWF-SA

Nedbank (Green
Trust)

Wine

Cost savings;
sustainability; reduce
carbon footprint

Yes

Assessment and Needs:
Some certification schemes incentivise the reduced use of diesel and chemical inputs, and many producers are achieving this through the sheer necessity
to reduce input costs.

Packaging
Change to packaging
Distell, Woolworths and
Researchers
Multiple
Cost savings;
Yes
materials with a lower
others
sustainability; reduce
carbon footprint (bottles,
carbon footprint
crates, cartons, retail
packaging), change to
recycled packaging
materials
Assessment and Needs:
The agriculture sector and its highly sophisticated export arm are constantly researching materials and innovations for packaging in order to reduce costs,
increase distribution efficiencies, and improve shelf life and quality. The drive to lower carbon footprints has generated new thinking in this process.
However, much more can be done since packaging still has a very high embedded carbon content.

Retail
Reduction of in-house
GHG emissions

Woolworths

Multiple

Reduce carbon
footprint, reduce energy
use and costs
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Project / adaptation

Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as mitigation to
climate change?

Assessment and Needs:
Woolworths has proven how energy costs can be driven down substantially by reducing in-house GHG emissions, while at the same time responding to the
market’s call for sustainability. Much more could be done across the sector.

Waste management
Waste management
including recycling

Eden District
Municipality

All

Reduce waste going to
landfill; sustainability;
reduce carbon footprint

Yes

Assessment and Needs:
Eden DM has embarked on a concerted effort to improve waste management which includes waste generated across the agricultural value chain going
through the municipal waste removal system. Much more could be done in other municipalities.

Land-based carbon sequestration
Conservation agriculture
(CA)

Producers

WCG:
Agriculture,
researchers

Dryland field
crops

Reduce input costs,
sustainability, reduce
carbon footprint

No, but mitigative benefit
recognised by some

Jobs for carbon: planting
and harvesting spekboom
(Little Karoo)
Land restoration projects

WESSA and others

EU

Rangelands

Yes

WCG: Agriculture and
others

Researchers
(e.g. SU, UCT,
NMMU)

Rangelands

Job creation; carbon
sequestration, carbon
credits
Increase productivity
and ecosystem services;
carbon sequestration

Yes (by some)

Assessment and Needs:
Land-based mitigative approaches are gaining traction but are only adopted by farmers where there are clear benefits. Much more can be done (see
Chapter 11.3).

Research and education:
Research and
under/postgraduate
education in energy and
climate change
Research in Life-cycle
Assessment (LCA) for

University of Cape
Town: Energy Research
Centre (ERC)

Multiple

All

Research outputs and
skills development

Yes (peripherally for agriculture)

UCT Faculty of
Engineering

ETH Zürich
(University in
Switzerland)

Selected
crops

Research outputs and
skills development

Yes
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Project / adaptation
agricultural products from
the Western Cape
Research and
under/postgraduate
education in renewable
energy
Research in biochar and
other means of carbon
sequestration in soils (e.g.
spekboom)

Primary agent(s)

Partner(s)

Commodities

Primary purpose /
benefit

Framed as mitigation to
climate change?

Stellenbosch University
Engineering Faculty:
Centre for Renewable
and Sustainable Energy
Studies
Stellenbosch University
Department of Soil
Science

Multiple

Multiple

Research outputs and
skills development

Yes

Multiple

Research outputs and
skills development

Yes

Assessment and Needs:
The Western Cape has good capacity for research and training in mitigation-relevant fields, particularly with respect to renewable energy development
(while not specifically for agriculture except in the case of biofuels and some biogas feedstocks, the applications are wide-ranging). However, there are
large gaps in potentially valuable research for mitigation in agriculture. Equally, it is hardly covered in the curricula of tertiary institutions (agriculture
programmes). As for adaptation, funding for this purpose is woefully inadequate. There is a need for research into the synergies and co-benefits of
adaptation and mitigation. A Centre of Excellence for Agriculture and Climate Change (as outlined in Table 10.1) could cater to these needs.
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12

M&E review

Key messages


M&E for Climate-smart Agriculture is becoming a high priority and is starting
to be developed.



However, there is a critical gap to which the Western Cape SmartAgri
project can make a significant contribution, both for the benefit of the
Agricultural sector in the province and much wider.



It does mean that much pioneering work will be required in the M&E
component of the project. Given that the team capacity for M&E only
comprises one M&E Specialist, it will be essential that the other team
members think ‘M&E’ in the development of the strategy so that, in
particular the development of the indicators , can benefit from their
collective expertise.



Another requirement will be to keep abreast with the fast moving
emergence of publications and hopefully some examples of Climate Smart
Agriculture M&E frameworks, systems and indicators and the evaluation
reports which follow.



Finally, methodological innovations around issues such as uncertainty,
longer term results, baselines and attribution are also important, publishable
project results.

12.1 Introduction
Monitoring and Evaluation (M&E) system development for Climate Change
adaptation and mitigation is still at an early stage, but it is attracting significant
attention, as a major 21st century M&E challenge. The review’s objective is to find if
any institution or initiative, engaged with M&E of climate change adaptation,
particularly in Agriculture, has made progress that SmartAgri could build on.

12.2 Background
The 2nd International Conference on Evaluating Climate Change and Development,
convened by the Global Environment Facility (GEF) and Climate-Eval, is being held
while the SmartAgri Status Quo review is in preparation (November 2014).
The conference agenda concerns the difficulties linked to the monitoring and
evaluation of climate change and development, including: existing tools and
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methods; emerging approaches to improving climate change evaluation; and new
and innovative ways to create an enabling environment for the demand and use of
climate change and development evaluation to improve policy making.

12.3 Some global examples
The review of sources and examples covered the following institutions and
publications.

12.3.1 CGIAR and CCAFS
The Consultative Group on International Agricultural Research (CGIAR), a global
agricultural research partnership for a food secure future, has a research program on
Climate Change, Agriculture and Food Security (CCAFS, which addresses agriculture
in the context of climate variability, climate change and uncertainty about future
climate conditions. A globally common set of baseline indicators have been
collected so that monitoring and evaluation can be carried out. From 2013, specific
and measurable Intermediate Development Outcomes (IDOs) have been adopted,
accompanied by explicit impact pathways and theories of change. Key indicators
and metrics are being selected by partners across all regions to measure, monitor
and evaluate progress towards outcomes and impacts. However, on the respective
websites, no mention is made of M&E systems and no further information is provided
about indicators. This needs follow up.

12.3.2 Environmental Change Institute (ECI) and UKCIP
The Environmental Change Institute (ECI), University of Oxford, promotes inter
disciplinary research on the nature, causes and impact of environmental change
and contributes to the development of management strategies for coping with
future environmental change – particularly climate, ecosystems and energy. The ECI
is advancing understanding of processes of change in complex human and natural
systems, including the use of climate change scenarios.
UKCIP, based at ECI, is a leading advocate of risk-based approaches to climate
adaptation which are now widely used around the word. The UKCIP Risk Framework,
one of the first adaptation decision support tools, subsequently becoming the UKCIP
Adaptation Wizard, is a tool to help organisations adapt to climate change. The 5step process helps to: assess the organisations’ vulnerability to current and future
climate change; identify options to address the organization’s key climate risks; and
develop and implement a climate change adaptation strategy. An Adapt M&E
Toolkit is also available at www.ukcip.org.uk
In conjunction with SEAChange, an online Community of Practice on monitoring and
evaluation of climate change interventions and Pact, an international NGO, UKCIP
has published “Monitoring and evaluation for climate change adaptation: a
synthesis of tools, frameworks and approaches” (Bours et al., 2013). The report
presents a synthesis and a summary of frameworks for the monitoring and evaluation
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(M&E) of climate change adaptation interventions, with a specific focus on
international development projects and programs.
SEAChange and UKCIP also published three Guidance Notes in 2014 (Bours et al.,
2014a,b,c): 1) “Twelve reasons why climate change adaptation M&E is challenging”;
2) “Selecting indicators for climate change adaptation programming”; and 3)
“Theory of Change approach to climate change adaptation programming.”
Guidance Note 2 offers examples of process and outcome indicators for Climate
Change Adaptation M&E.

12.3.3 Multi and bi-laterals and NGOs
The World Bank Independent Evaluation Group (IEG), which leads in M&E, has
nothing on it’s website on M&E of climate change in agriculture. Some of the 16
institutions or initiatives surveyed by UKCIP/SEA Change that offer “detailed”
conceptual frameworks, or “detailed” indicators, or both, are: United Nations
Development Program (UNDP); Strengthening Climate Resilience (SCR) of Institute for
Development Studies (IDS); International Institute for Environment and Development
(IIED); Global Environment Facility(GEF); the OECD; NGO’s PACT and CARE; and UN
Framework Convention on Climate Change (UNFCCC), but none of these are
specifically agriculture and climate change focussed. The SCR Discussion Paper 9 by
Paula Silva Villanueva is about “Learning to ADAPT: monitoring and evaluation
approaches in climate change adaptation and disaster risk reduction – challenges,
gaps and ways forward”. At the concurrent Evaluating Climate Change and
Development conference, this same author will be presenting on “Adaptive
Capacity: a unifying concept for measuring progress in Climate Change
Adaptation”.

12.3.4 FAO and IFAD
The Food and Agriculture Organisation’s (FAO) website lists reviews of
Implementation Completion Reports which should provide their indicators in use, if
publicly accessible. The International Food and Agriculture Fund’s (IFAD) website lists
mainly training and capacity building tools and materials for M&E and does not
specifically address their indicators.

12.4 South Africa’s Monitoring and Evaluation System for the AFOLU
sector
The start of the collaboration between the Department of Environmental Affairs
(DEA) and the Government of Australia to develop the adaptation and mitigation
monitoring systems for the AFOLU sector was presented at a recent workshop on The
South African Climate Change Monitoring & Evaluation (M&E) of AFOLU.38

38

Because of the synergy and overlap between adaptation and mitigation in the sector, the M&E
system of AFOLU will be part of piloting of the national M&E system.
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12.4.1 Policy and Planning Mandate
The Government of South Africa approved the National Climate Change Response
Policy (NCCR) in 2011. The NCCR presents South Africa’s vision for an effective
climate change response and the long-term transition to a climate-resilient,
equitable and internationally competitive lower- carbon economy and society. The
development of a national climate change monitoring system is informed by Section
12 of the NCCR. The Government of Australia is assisting South Africa to develop a
strategic plan to guide the development and implementation of M&E in the AFOLU
sector.
The NCCR mandates the DEA to produce two parallel systems for AFOLU within two
years of the publication of the policy - a GHG inventory system and an M&E system
(Table 12.1):


a GHG inventory only indicates and estimates base level sources of sectoral
GHG emissions and focuses on areas of mitigation potential, whilst excluding
or not explicitly including information about the non-GHG benefits;



the M&E system captures the processes, outcomes, impacts and costs of
tracking climate change interventions through both adaptation and
mitigation interventions.

Table 12.1: Differences between a climate change M&E system and a GHG
inventory system
Scale
Scope
Scope
Does it show causality?
Does it show
implementation?
Does it track co-benefits?

M&E system
Response measures
(specific interventions)
Costs, impacts and
outcomes
Mitigation & adaptation
Yes
Yes

GHG inventory
Economy and sector
wide
Emissions only

Yes

No

Mitigation only
No
No

12.4.2 What the climate change M&E system of AFOLU will do
Selected activities and products of the AFOLU M&E system will include:
Mitigation:


by collection of emissions data in a GHG Inventory; and



with an M&E system to monitor and evaluate mitigation interventions against
the National Emissions Trajectory range; and indicators in DEROs (Desired
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Emission Reduction Outcomes) and mitigation plans including impact on
emissions, implementation and wider benefits,
Adaptation and impact:


measuring climate variables at scales appropriate to the institutions that must
implement responses with a system for gathering information and reporting
progress on the implementation of adaptation actions.

Climate finance:


Tracking of climate finance mechanisms, climate responses, impact of funds.

12.4.3 AFOLU M&E System Summary
Overall objective: To track the transition towards a lower carbon and climate resilient South Africa, thereby providing an evidence base to inform effective climate
change responses.
Objectives:
 Lower carbon:


what are the GHG emission trends?



which mitigation response measures are being undertaken?



which mitigation responses are working well in terms of impact and
effectiveness?

 Climate resilience:


what are the impacts of climate change?



which adaptation responses are being implemented; which are working
well?



how is South Africa’s vulnerability and adaptive capacity changing?

Cross-cutting objectives:
 climate finance – what are the finance flows and impacts; how effectively is
the finance contributing to climate change responses?
 communication and learning – how are the outputs of the M&E system
communicated and fed back to inform future decisions?

Status Quo Review of Climate Change and Agriculture in the Western Cape Province

424
Chapter 12 M&E review

12.4.4 Implementation Plan
Implementation of the web-based AFOLU M&E system will take place in 6 steps:


setting up the web-based platform - 2014 Q4 to 2016 Q3



setting up the legal and regulatory framework – 2014 Q4 to 2016 Q3



resource needs assessment and resource mobilisation – 2015 Q2 to 2016 Q4



development of MRV guidelines - 2014 Q2 to 2016 Q4



test and refine data-sharing networks in M&E System design – 2015 Q2 to 2016
Q1



developing response-level adaptation M&E indicators – 2014 Q2 to 2016 Q4



official launch of Climate Change Response M&E system – 2017 Q1

12.5 M&E system in use in the Western Cape Government
The development of M&E for the Western Cape Climate Change Response Strategy
and Action Plan is in an in-between period, according to the Climate Change
Directorate, WCG: EADP. The original Western Cape Climate Change Response
Strategy and Action Plan was developed in 2008 and an M&E System was
developed for this strategy. “This was a very detailed system which was quite
cumbersome and difficult to populate. There were a lot of issues with data
availability.”
The development of a Western Cape response to Climate Change is proceeding in
three stages. In February 2014 the Western Cape Government launched a fully
revised Western Cape Climate Change Response Strategy aligned with the National
Climate Change Response Policy (NCCR) of 2011. This was followed by the Western
Cape Climate Change Response Implementation Framework, in August 2014. The
Province will commission an updated M&E system in 2014/2015.

12.5.1 Western Cape Climate Change Response Strategy
Building on the 2008 Western Cape Climate Change Response Strategy and Action
Plan, the updated Strategy is newly aligned with the National Climate Change
Response Policy (NCCR) of 2011 and is geared to strategically direct and
mainstream climate change actions, and related issues, throughout relevant
provincial transversal agendas.
The Strategy takes a two-pronged approach to addressing climate change:


Mitigation: by contributing to national and global efforts to significantly
reduce GHG emissions and build a sustainable low carbon economy, which
simultaneously addresses the need for economic growth, job creation and
improving socio-economic conditions;
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Adaptation: by reducing climate vulnerability and developing the adaptive
capacity of the Western Cape’s economy, its people, its ecosystems and its
critical infrastructure in a manner that simultaneously addresses the province’s
socio-economic and environmental goals.

The Strategy is a coordinated climate change response for the Western Cape and
will guide the collective implementation of innovative projects as well as the search
for opportunities that combine a low carbon development trajectory with increased
climate resilience, enhancement of ecosystems and the services they provide, as
well as economic growth and job creation.

12.5.2 Western Cape Climate Change Response Implementation Framework
The strategy will be implemented through the Western Cape Climate Change
Response Implementation Framework for integrating climate action across all
departments. Focus areas include: energy/renewable energy efficiency & demand;
the built environment including infrastructure, integrated waste management and
human settlements; sustainable transport; water security and efficiency, biodiversity
and ecosystems goods and services; coastal and estuary management, food
security; and healthy communities. Agriculture is not specifically mentioned.

12.5.3 Monitoring and Evaluation Framework and M&E System
The M&E system will track the transition to a low carbon and climate resilient Western
Cape. No further details are available at present.

12.6 Possible indicators identified for similar applications
The best global source of indicators is the World Development Indicators, 2014 report
published annually by the World Bank. The number of economies covered is 214, at
national and regional levels, with topics that include Agriculture and Rural
Development and Climate Change. It is updated quarterly and can be easily
accessed on line. The UNDP’s Human Development Report, published annually,
might have indicators that could put a human development lens on climate change
and development. The UNFCCC has a Greenhouse Gas Inventory (of) Data about
GHG emissions and removals that are listed as: GHG data, KP data, and GHG data –
Non-UNFCCC, but nothing on adaptation.
The Statistics South Africa website provides Agricultural statistics but none, as yet,
involving climate change mitigation or adaptation. These will presumably be added
as the AFOLU GHG inventory (mitigation) and the M&E system (adaptation) are
implemented.
Of more direct relevance are the upcoming conference papers on Indicator
Development, Selection and Use Principles for Climate Change Adaptation M&E
(Bours D, GEF Independent Evaluation Office); and Evaluating Climate Change
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Adaptation, Food Security and Agriculture: Lessons from Africa (Djiam, Serge Y,
African Evaluation Association - AfrEA).39
The Western Province Sustainability Directorate are currently finalising a set of Green
Economy indicators, some of which link closely to the imminent M&E system, but the
project manager has explained that there are currently no clear indicators for the
agriculture sector. The existing climate change indicators include those around
energy consumption and CO2 emissions (from the energy sector).

39

2nd International Conference on Evaluating Climate Change and Development, November 2014.
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13

Conclusions

The Western Cape agriculture sector is faced with numerous difficulties and climate
change will exert its influence in the context of multiple interacting drivers and
pressure points. Adapting to the consequences of climate change and mitigating
greenhouse gas emissions from agriculture, thereby building climate resilience, will
depend as much on addressing these pressure points as on preparing for a different
climatic future.
Agriculture is highly dependent on effective risk management covering all three
sustainability components: economic, environmental and social. The risks and
impacts experienced as a result of climate change in the Western Cape and the
capacity to respond depend largely on where individual enterprises are positioned
on the scale of resource wealth or ‘capital’ (based on the sustainable livelihood
approach): human, natural, social, physical and financial capital. Weaknesses in any
of these can significantly reduce climate resilience, for example continued labour
unrest. All farms can experience exposure to variable and extreme weather, but
some are able to draw on resources and skills to ‘bounce back’ relatively unscathed,
whereas others never fully recover and become morbid or fail. Economies of scale
and diversification across commodities and agro-ecological zones renders larger
farming groups much more resilient than small and undiversified farming operations.
In order for the sector to deal with whatever climate change throws in its path whilst
continuing on a green growth path, and to seize opportunities arising from an
increasingly fluid global agricultural market, it is necessary to go beyond response
and to plan strategically (anticipatory) for the near- and mid-term future. The
Western Cape may experience pockets of increasingly marginal agriculture and
these can be identified through research, communication and monitoring. This
review has however, on a more positive note, identified many areas of opportunity.
In some cases certain agro-ecological zones will benefit from relatively benign
climate changes such as moderate warming with potentially stable or even
increased rainfall. In other cases, a shift to more resilient crop types and farming
systems (climate smart agriculture) can buffer agriculture against some aridification
without negatively impacting profitability or jobs.
This review has found that, although the agricultural value chain is known to be
extremely important in the Western Cape, almost no work has been done to assess
the impacts of climate change across the value chain. Growth opportunities in the
value chain should be well assessed against climate change risks and impacts,
including the question of limiting resources (water, energy) required for these
activities.
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As global markets become increasingly focused on ‘food miles’ or the carbon
footprint of agricultural imports, the export segment of Western Cape agriculture has
had a good start in positioning itself to avoid future risks. The transition from
measuring to reducing the footprint now needs to be made, with the correct policy
support. Many of the mitigation options identified in this review show either the
potential for financial benefits to farmers and agri-business (e.g. carbon credits) or
they confer adaptive benefits which lead to greater production potential (e.g.
cheaper and more reliable energy, healthy soil). Either way, farmers will respond if
convinced of the benefits, and this will drive the response to reduce GHG emissions
from the agriculture sector. Some options could even become lucrative sources of
additional income for land owners, for example once independently generated
solar and wind energy (at scale) can be connected to the grid.
In conclusion, the Western Cape will likely remain a strong agricultural region, at least
in the near- to medium-term. It is likely that there will be ‘winners’ and ‘losers’ and the
sector together with government needs to identify the latter and provide support.
The next step of the SmartAgri project will be to develop a Climate Change
Response Framework and Implementation Plan. This will provide the mechanisms for
such support.
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Appendices
Appendix 1: Findings from the two stakeholder workshops
Two stakeholder workshops were held on October 14th 2014 in Agter-Paarl and
October 16th 2014 in Oudtshoorn.
The stakeholder workshops had several interlinked objectives:
1. To gain a better understanding of the current and future concerns of the
stakeholders, and what actions they are undertaking to reduce the existing
and future risks, in particular climate related risks;
2. To start building a collaborative network of stakeholders across the agricultural
sector (i.e. primary producers, supply chain, support organisations,
government departments); and
3. To bring on board leaders and champions who will be critical agents of
change in facilitating the transition to a climate resilient sector.
Both workshops received a lot of interest and brought together a diverse group of
sector representatives. The workshop participants included representatives from
various government departments (such as the Department of Agriculture, the
Department of Environmental Affairs & Development Planning, the Department of
Water and Sanitation, the Western Cape Education Department and several
municipalities), farmers from different agricultural sub-sectors (e.g. dairy, fruit and
wine, wheat etc.), representatives from commodity groups and organised
agriculture (such as SATI, HORTGRO, KAAPAgri, Agrimega Enterprise, the Deciduous
Fruit Development Chamber, Distell and Woolworths). Several conservation
organisations such as CapeNature, WWF-SA and the Gouritz Cluster Biosphere
Reserve also participated, as did key research institutions such as the ARC,
Stellenbosch University, CPUT and UCT.
The two workshops were organized into four sessions that were conducted in the
form of interactive group discussions and a concluding plenary. The smaller group
discussions enabled the participants (including the project team) to get to know
each other and to engage in thought-provoking and insightful discussions.
Thereafter, the plenary captured the key points of the group discussions and in doing
so created a more holistic picture and understanding of (1) the existing factors that
weaken the resilience of the agricultural sector, and (2) what is already happening
on the ground to respond to climate change risks and opportunities.
The first session set out to identify the major threats that currently confront the
agricultural sector, and to explore potential threats that the sector will face in the
future. It became apparent that climatic risks are only one category of the many
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pressures that the agricultural communities are already confronted with. Rising input
costs, the recent labour unrest and insecurity around water availability were of
particular concern to the participants.
Session two focused more specifically on existing and future climate risks.
Stakeholders discussed whether they have experienced unusual weather in the past
10 years and which climatic risks they think will affect their agricultural activities in the
future. While some of the stakeholders reported that they have experienced unusual
weather events (such as frost or hail) others were of the opinion that this is just part of
normal climate cycle and climate variability. Important to note is that most
participants agreed that the seasons have started to shift and that extreme events
are also on the increase. Many mentioned that the rainfall season is starting later and
that many days of consecutive rain are no longer taking place as they did in the
past. Instead, more intense rainfall for shorter periods of time has been experienced.
In some areas this has also increased the frequency of flash floods.
In session three the participants shared what they are currently doing to adapt to
climatic risks and what actions they are undertaking to reduce agriculture related
greenhouse gas emissions. Stakeholders suggested what the Western Cape
government could do to create an enabling environment that allows the different
sub-sectors to establish effective adaptation and mitigation activities. Such an
environment would foster collaborative and innovative problem solving intended to
strengthen the resilience of the agricultural sector as a whole.
The session revealed that many stakeholders are already taking measures to adapt
to current climatic risks and are exploring options to reduce their vulnerability to
future risks. Many of these measures are in the realm of sustainable land and water
management practices. Some of the commodity groups are also engaging in
targeted research to develop cultivars that will be more adaptable to the expected
climatic changes. Yet the workshop participants also mentioned that their
adaptation options are highly constrained by the lack of access to reliable data and
targeted research, the limited home-grown and locally specific know-how and
technologies, and the red tape experienced in dealing with government
departments.
Exciting projects, such as Confronting Climate Change, are working towards
reducing the greenhouse gas (GHG) emissions caused by the different activities on
the farms and beyond. Several sub-sectors and enterprises have started to measure
their GHG emissions and energy consumption and are exploring ways to reduce
these. However, as for adaptation, it became apparent that more joint and
concerted effort is needed between the public and private sector in order to create
the necessary know-how and technologies for undertaking effective mitigation
projects and activities. It was emphasized in many of the discussions that the
Department of Agriculture, the Department of Water and Sanitation as well as the
Department of Environmental Affairs & Development Planning need to better
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coordinate and align their efforts and polices. Only then can an enabling
environment for successful climate change responses be created.
In the final workshop session the participants shared ideas of what a climate resilient
agricultural sector for the Western Cape would look like. They also assured their
commitment to the SmartAgri project and to the creation of the envisioned climate
resilient sector.
Two direct workshop outcomes were that the stakeholders have been able to
establish new contacts and that most of them showed a high level of commitment
to the project. The valuable knowledge generated through the workshops was
integrated into this Status Quo review. For example, the input from the stakeholders
informed the Adaptation and Mitigation chapters and the concerns voiced by the
stakeholders were also captured in the key messages of each chapter. The
feedback from the workshops, jointly with the Status Quo review, will form the basis
for the development of a Climate Change Response Framework in Phase 2 and an
Implementation Plan in Phase 3.
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Appendix 2 Distribution maps of commodities
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Appendix 3 Analysis of GHG emissions
Table A3.1: Calculation of GHG emissions for the Western Cape agricultural sector: Grain and
field commodities
Commodity

Spatial extent

Emissions
per hectare

Annual emissions
for Western Cape

Hectares

kgCO2e/ha

tCO2e per year

Wheat
Triticale (rye)
Oats
Barley
Canola
Lupine
Small grain grazing
Pasture Grass
Lucerne

312 476
9 290
4 210
70 238
71 865
38 468
190 325
290 038
398 820

Total

2190
2270
1800
1930
1800
1200
50
50
50

Source of data

684 323
21 087
7 578
135 559
129 356
46 162
9 516
14 502
19 941

1 385 728

Emission per hectare: Cui et al.,
2014; Sanders and Webber,
2014; Linquist et al., 2012 (670);
Rajaniemi et al., 2011.
There is "substantial" variation in
estimates and therefore the
emission per ha figures should be
seen as a (very) ball-park
estimate
The CCC program should have
locally appropriate estimates by
mid-2015

1 068 024

Table A3.2: Calculation of GHG emissions for the Western Cape agricultural sector: Livestock
Livestock

Cattle

Type

Beef

Pigs
Total

Annual emissions
for Western Cape

kgCO2e/head.yr

tCO2e per year

1 254.54

117 926

129 438
16 212

1 922.36
1 311.00

248 826
21 254

1 129 927
109 161

158.00
158.00

178 528
17 247

Layers
Broilers

268 473
1 317 899

7.40
3.20

1 987
4 217

Breeders

1 366 242
218 637

3.20
7.40

4 372
1 618

63 066

210.15

13 253
609 229

Ovine - sheep
Caprine - goats

Ostrich

Emissions
per animal

93 999

Diary
Undefined

Poultry

Population
size

Source of data

No. of Animals: Grewar,
2014; Western Cape
Livestock Census. Veterinary
Services: Epidemiology UBALO data
Following up pig population
data with John Grewar at
Elsenburg
Emissions per animal:
Luanne Stevens - full
reference not yet available
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Table A3.3: Annual GHG emissions generated by each category of livestock (initial source:
Luanne Stevens, to be confirmed later in the project)
Animal

Categories

Dairy cattle
(commercial)

Lactating cows
Others
Lactating cows
Others
Mature cows
Heifers (1-2yrs)
Young oxen
Mature oxen
Mature bulls
Feedlot cattle
Calves
Mature cows
Heifers (1-2yrs)
Young oxen
Mature oxen
Mature bulls
Calves
Commercial
Subsistence
Commercial
Subsistence
Sows
Boars
Growers

Dairy cattle
(pasture)

Commercial beef
cattle

Subsistence
cattle

Sheep
Goats
Pigs
Horses
Donkeys
Poultry

Layers
Broilers

CH4 EF (enteric)
kgCH4/head/yr
139.73
49.47
131.01
46.57
92.64
75.89
51.64
89.44
112.63
58.87
51.58
73.09
62.51
41.58
72.56
83.83
40.92
8.9
6.2
7.05
6.95
1.7
1.5
0.7
18
10

CH4 EF (manure)
kgCH4/head/yr
8.625
3.253
3.92
1.582
0.018
0.016
0.012
0.018
0.022
0.87
0.012
0.015
0.013
0.01
0.015
0.017
0.01
0.0025
0.002
0.011
0.007
9.448
7.365
9.945
0.3
0.9
0.35
0.15

Total CH4/head.yr

Total CO2e/head.yr

kgCH4/head/yr
1205.2
160.9
513.6
73.7
1.7
1.2
0.6
1.6
2.5
51.2
0.6
1.1
0.8
0.4
1.1
1.4
0.4
0.0
0.0
0.1
0.0
16.1
11.0
7.0
5.4
9.0
0.0
0.0

kgCO2e/head.yr
25308.6
3379.4
10784.7
1547.1
35.0
25.5
13.0
33.8
52.0
1075.6
13.0
23.0
17.1
8.7
22.9
29.9
8.6
0.5
0.3
1.6
1.0
337.3
232.0
146.2
113.4
189.0
0.0
0.0
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Table A3.4: Calculation of GHG emissions for the Western Cape agricultural sector: Fruit, wine, smaller commodities
Commodity
Pome fruit
34 farms

Stone fruit
35 farms

Citrus – hard
32 farms

Citrus – soft
33 farms

Grapes – table
44 farms

Grapes Wine white
Grapes wine red

Source
Farm
Packhouse
CA store
Cold storage
Pome total
Farm
Packhouse
Cold storage
Stone fruit total
Farm
Packhouse
Cold storage
Citrus H total
Farm
Packhouse
Cold storage
Citrus S total
Farm
Packhouse
Cold storage
Grapes total
Farm
Winery
Farm
Winery
Wine total

Fynbos flowers
Rooibos
Potatoes

Spatial extent

Yield

Hectares

ton/ha

Annual Western
Cape production

Emissions per
unit produce

Annual emissions
for Western Cape

Tons

kgCO2e per kg

tCO2e per year

32 117

50
50
50
50

1 605 827
1 605 827
1 605 827
1 605 827

0.20
0.16
0.19
0.15

18 362

23
23
23

422 328
422 328
422 328

0.27
0.20
0.06

6 594

228 474
228 474
228 474

0.16
0.12
0.11

2 368

16 960
16 960
16 960

0.26
0.18
0.09

12 684

22
22
22

279 037
279 037
279 037

0.38
0.25
0.08

44 000

17.5

770 000

51 000

17.5

892 500

0.31
0.90
0.26
1.04

321 165
256 932
305 107
240 874
1 124 079
114 029
84 466
25 340
223 834
36 556
27 417
25 132
89 105
4 410
3 053
1 526
8 989
106 034
69 759
22 323
198 116
238 700
232 050

Yield - HORTGRO, 2013. Key Deciduous Fruit
Statistics 2013, Paarl.
Emission per unit fruit - CCC Program

Yield - HORTGRO, 2013. Key Deciduous Fruit
Statistics 2013, Paarl.
Emission per unit fruit - CCC Program
Spatial extent: DAFF 2012i
Annual production: DAFF 2013c - estimated as
the average over the last 10 years of production
Estimation calculated as a portion of national
production based on hectares
See "Citrus" worksheet

Yield - HORTGRO, 2013. Key Deciduous Fruit
Statistics 2013, Paarl.
Emission per unit fruit - CCC Program
Spatial extent: Floris-Samuels, B. & Whitehead, C.,
2013. Status of wine-grape vines, SAWIS
Production: Vinpro (2013) - this estimate should
be calibrated during stakeholder engagement

470 750
1 795
35 798
9 800

323 000

0.13

40 698

Onions

3 200

152 000

0.12

18 544

Olives

6 164

15 410

0.15

5 000

2 281
61 523
2 176 395

Other total
Total

Source of data

223 881
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Appendix 4 Chapter authors and reviewers
Chapter
Chapter 1

Title
Introduction

Chapter 2

Background and context

Chapter 3

Policy environmental - South Africa
and Western Cape

Chapter 4

Climate change in the Western
Cape
Overview of agriculture and its
significance

Chapter 5

Chapter 6
Chapter 7

Overview of energy and greenhouse
gas emissions
Overview of the natural resource
base

Chapter 8

Overview of the food system

Chapter 9

Climate change risk & impact

Chapter 10

Current responses: Adaptation and
risk management

Chapter 11

Current responses: Mitigation

Chapter 12
Chapter 13
Maps

M&E review
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