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ABSTRACT
“Climate Change Effects on Land Degradation and Agriculture in the Swartland, South Africa”

The Swartland is a region of sparse natural vegetation, consisting of primarily dry-land
crop farming. The area is particularly sensitive to the changing Mediterranean-type
climatic conditions and is characterised by undulating terrain and a history of land
degradation and soil erosion. This thesis therefore considers how future climate change
may impact on soil loss in such a climatically sensitive region of central economic

significance for southern Africa.

In order to gain an understanding of future climate change, an in-depth analysis of the
literature and other historical records revealed the sensitivities and value of the region with
respect to agriculture, the primary land-use. Agricultural trends are identified with an
examination of historical wheat yields, the dominant land-use, and past climate effects on

these yields.

Potential climate impacts on the region are explored through an examination of projections
of future temperature, precipitation and wind speed from Global Climate Models (GCM).
Regionally downscaled precipitation projections are used in addition to GCM outputs, to
gain a better regional perspective of future precipitation change. Future climate change
projections from GCMs suggest increased temperatures for all seasons, increased wind
speeds over winter and possibly decreased wind speeds over summer. Regionally
downscaled precipitation scenarios indicate changes in the 90" percentile range along
with clear indications of a shortened winter rainfall season with increased dry spell

duration.

In order to assess the direct impacts of future climate change on soils in the Swartland, a
soil loss estimator for southern Africa (SLEMSA) was applied. This soil loss model proved
successful after some simple modifications to calculate the effects impending future
climate changes may have on the region. SLEMSA suggests that future climate change
would lead to increased soil erosion in the Swartland, under current farming practices and
methods. Thus farmers are advised to take careful consideration of the projected climate
changes when planning for the future, particularly concerning type of cultivar planted and

management practices relating to soil erosion.

Anne Barrable ENGEO Dept
September 2005 University of Cape Town
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Chapter One: infroduction & Background

1.1 Introduction

The primary aims of this thesis are to examine future climate change impacts
on land degradation, specifically soil erosion, and its potential effects on
agriculture. The study is based in the Western Cape Province of South Africa,
in an area vulnerable to climate change. Itis an area of little remaining natural
vegetation, largely having been cultivated for grain and grape farming, with a
few pastures for grazing sheep. The area under investigation has a long
history of soil erosion (Meadows, 2003a), with the geological make-up of the
area being prone to land degradation. It is from this perspective that this study
examines what future climate change impacts might be on an area already

vulnerable to environmental change.

Before advancing further, it is necessary to explore a few terms, their meaning
and various other related studies. Terms include: climate change —on a global
as well as regional scale; the climate-soils link, land degradation and climate
induced soil erosion; and areas of distinct vulnerability. The rest of this chapter
introduces these terms with appropriate case studies, ending with a summary
of the objectives of the present study.

1.2 Global climate change issues

Solar energy is absorbed by the earth and then emitted in the form of long-
wave radiation into the atmosphere. This long-wave radiation is partially
absorbed by the atmosphere and re-radiated in all directions, some of which
returns to the earth’s surface. The rate of absorption and hence re-radiation
back to the surface, is dependent on the chemical composition of the
atmosphere. Carbon dioxide is a strong absorber of long-wave radiation and
any increases in its concentration result in more long-wave radiation at the
surface. This is the greenhouse effect in a nutshell, and without this process,
there would be no life on Earth.

Human activities since the beginning of the Industrial Revolution, around two
hundred years ago, particularly the burning of fossil fuels (coal, natural gas, oil)
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and the clearing of forests, have increased the concentration of greenhouse
gases in the atmosphere. This increase is causing more solar radiation to be
trapped in the atmosphere, thus warming the Earth’s surface and enhancing
the greenhouse effect Carbaon dioxide is cne of the main greenhouse gases,
and it has been increasing rapidly since the beginning of the Industnal
Revolution (Figure 1.1). and maost dramatically towards the end of the last
century with the dramatic increase in the use of fossil fuels and the

deforestation of the tropics (O'Brien, 1998; Laurance, 1983).
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Figure 1.1: Changes in greenholse gases C0; and CH. as recorded in the Vostok ice core:
exfrapolated to present day values and compared with the range of IPCC scenancs for the year
2900 {Adverson sf al, 2001}
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Fossil fuel combustion in the late 1880s was estimated at emitting 5.4 billion
tonnes of carbon into the atmosphere annually {Huntiey ef g/, 1889). Since the
pre-industrial era, the aitmospheric concentrations of greenhouse gases have
ingreased due to human activities, reaching their highest levels on record in the

1990's (Gitay ef a/, 2002}, and most are predicted to continue increasing.

Cli_mite__is ar important component of the Earth's environment and climatic
fluctuations have a strong impact on many aspects of the earth system
including, for example, sea level, water supplies, soil, vegetation, agricuiture
and energy use (Houghton ef af, 2001). Periods of fluctuating warm and cold,
drought and flood, famine and plenty have occurred repeatedly in the past and

it is certain that these natural cycles will continue to occur in the future.

Global climate change is a critical issue for the future of society, as it poses an
unprecedented threat to all human beings (Downing ef af, 2003). Climate
change is becoming more and more a concern of the present as we move
closer to experiencing the climate change scenarics projected by the
Intergovernmental Panel on Climate Change (Houghton et af. 1998) Already
the rate of global warming is greater than at any other time in the |ast few
thousand years (WMO, 2004). This general warming 15 expected to continue
and thus have an impact on all areas of society (CCSP, 2003). ft is predicted
that as this forecasted warming increases regionally in intensity and
persistence. it willi be accompanied by fewer regional precipitation events.

which are likely to be of greater magnitude (Desanker, 2002; Williams, 2001).

In 2003 the World Meteorological Organisation {(WMO) noted that there was a
marked increase in extreme events arcund the world; from record
temperaiures in Eurcpe, to abnormally high numbers of tornadoes in the USA,
and especially heavy rains from fropical cyclones in Sri Lanka. These extreme
events occurred across the world (Showstack, 20033} and scientists hinted at

these weather events possibly being precursers of climate changes to come.
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The predicted Intergovernmental Panel on Climate Change (IPCC) changes in
climate indicate an increase in precipitation intensity in many areas, suggesting
a greater frequency of extreme rainfall events (Houghton ef al, 2001; 1996).
The current trends in climate are expected to continue in the future due to
continuing increases in greenhouse gas and aerosol emissions, thus altering
the chemical composition of the atmosphere.

Bowes and Crosson (1993) examined the consequences of climate change on
the economy of the central United States, focusing on impacts and responses.
They concluded that the impacts of climate change on the agricultural, energy,
forestry and water sectors would reverberate negatively throughout the regional
economy (Bowes and Crosson, 1993). They found the largest economy-wide
impacts to be via the agricultural and water sectors, implying a direct effect on

natural resources.

The worst effects of global warming could be a problem future generations will
have to contend with, however the current position gives no room for
complacency. W is warmer than |t was 100 )0 years ago.
According to Hulme et al. (2001), the African chmate has been warming at an
average rate of 0.5°C through the 20™ century (Figure 1.2). The six warmest
years in Africa from the last century have all occurred since 1987, with ‘the
warmest being 1998 (Hulme ef al., 2001). This rate of warming is concurrent
with that experienced globally, and the periods of most rapid warming -1910s to
1930s, and the post 1970s — occur simultaneously in Africa as they do in the
rest of the world (Figure 1.2).

While the warming of the atmosphere might be the first and most tangible
consequence of the greenhouse effect, many secondary impacts are
suggested. These could reach significant levels by 2050, some of which
include:
- Major changes in global and regional climates (Giorgi et al., 2001a; Kerr,
2001; Hulme and Turnpenny, 2004).
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Figure 1.2: Mean air surface temperature anomalies for the African continent, 1801-1898,
expressed with respect to the 1861-80 average; annual and four seasons. The smooth curves
result from applying a Gaussian filter (Hulme ef al,, 2001).
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- Crop and economic losses necessitating changes in agricultural patterns
(Sanchez, 2000; McMichael, 2001; Darwin, 2004).

- Increased frequency and amplitude of extreme weather events (Francis
and Hengeveld, 1998; Rosenzweig ef al., 2002; Huntingford et al., 2003).

- Rising sea levels (Brochier and Ramieri, 2001; Mcinnes ef al., 2003; Wild
et al., 2003).

- Spread of diseases and pests (Sutherst, 2001; Tanser ef al., 2003; Hales
and Woodward, 2003).

- Rapid losses of species (Porter et al.,, 2000; Laurance, 2001; Sax, 2001;
Hannah et al., 2002; Parmesan and Yohe, 2003).

- Deserttification (Desanker and Justice, 2001; Karl and Trenberth, 2003;
Meadows and Hoffman, 2003).

A warmer world, richer in carbon dioxide should generally be able to grow more
food, benefiting some nations while being detrimental to others (Darwin, 2004;
Schulze and Kunz, 1995). This would introduce the potential for profound
changes in economic rankings, e.g.. much of the North American grain belt
could suffer permanent drought (Wilhelmi ef al., 2002; Rosenzweig and Hillel,
1998). Climate change studies in the late 1980s showed that a 1°C increase in
temperature plus a 10% decrease in rainfall could reduce the North American
wheat crop by one-fifth — with adverse consequences not only for North
Americans, but also for more than 100 countries that benefit from the USA’s
grain surplus (Huntley ef al., 1989). In other parts of the world the optimum
climate for wheat might shift onto unsuitable soils, like in Australia with its
unpredictable climate causing often devastating problems of drought and flood
(White, 2001), changing the country from an exporter to an importer of wheat
(Reyenga, et al,, 2001). In contrast, the area suited to maize or other crop
production might increase, thereby decreasing the amounts previous importers
of grain might require from exporting nations,

The loss of crops through a changed climate is one of many components of
potential crises in the future of food production. The loss of genetic diversity is
also of concern (Hannah et al., 2002; Parmesan and Yohe, 2003), as fewer
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than 20 species of plants produce 90% of the world’s food (Huntley et al.,
1989). The genetic makeup of these plants, that allows them to adapt to a
changing climate, is limited. Also the potential of breeding new strains and
varieties, capable of adapting to a changed environment, would be severely
restricted by the rapid pace of the predicted climate changes.

Research into the effects of climate change shows an increased frequency and
magnitude of extreme events such as droughts, floods, hailstorms and
hurricanes (Rosenzweig ef al., 2002; Huntingford et al., 2003). These extreme
events are likely to occur as the global climate moves through a series of
temporal states to a new equilibrium (Szuromi, 2001), having a severe impact
on infrastructure (Trenberth, 2002), agriculture (Barson and Wright, 1999;
McMichael, 2001) and reinsurance (Wigley and Raper, 2001). Not all
developing and most developed countries would be able to prevent or cover the
costs of the natural disasters that might follow in the wake of the changing
global climate (Houghton, 2004).

Polar ice caps are expected to melt under an enhanced greenhouse effect, and
accompanied by the expansion of water of warmer oceans, this could cause
sea levels to rise by as much as 1.5m by 2050 (Wild et al., 2003; Mcinnes et
al., 2003). One impact of such a change in sea level to existing infrastructure
and natural processes, would be to accelerate coastal subsidence. Without
undertaking extremely expensive precautionary measures, much of the
Netherlands would be flooded, together with half of Florida and huge sections
of other low-lying areas, such as New York, London and New Orleans. Venice
and Bangkok, who currently experience frequent flooding, would become
permanently submerged. The combined effects of sea-level rise and coastal
subsidence imply a scenario in which more that 30% of the arable land of Egypt
and Bangladesh could be inundated —countries already prone to frequent
flooding on an annual basis.

Global climate change is happening and it is necessary to take precautions
towards what a changing future may hold. The next section analyses climate
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change in a southern African context, then focuses in on what the future holds
for South Africa.

1.3 Regional climate change: southern Africa

While some regions of southern Africa might become wetter and others drier
than at present, all regions are expected to experience increased temperatures
(Hulme et al., 2001; Stott and Kettleborough, 2002). Future climate change
projections for the majority of southern Africa indicate a generally warmer, drier

situation.

The impact of climate change on hydrology in southern Africa is also a critical
concern (Schulze et al., 2001), where the predictions for southern Africa seem
to be drier than present conditions, taking into account future increases in water
demand (New, 2002). Countries within the region are in the process of making
important economic and social decisions on long-term projects for the next 50
years and beyond. These include issues of water resources management,
such as planning large and small dams and their associated hydraulic designs,
irrigation and hydro-power projects, drought relief schemes and ecologically
orientated stream-flow regulation (Schulze, 2000a; 1997; 1990). Where
historically observed climate and stream-flow data were reliable guides in
predicting future changes, global warming and its feedbacks with other
environmental systems are expected to update these earlier findings (Pittock,
1988).

Schulze (1990) identified the following possible temperature change-induced
rainfall scenarios for southern Africa:

(i) The reduction of thermal gradients latitudinally may decrease the inter-
annual variability of precipitation, with the timing and distribution of
rainfall being likely to change;

(i) Rain belts are generally expected to shift polewards, i.e. the summer
rainfall regimes extending further south;
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(i) Summer rains might start earlier in spring and/or last fonger into
autumn;

(iv) The present winter rainfall regimes being replaced by summer rainfall
distributions.

Current studies show that these predictions may not be far from the truth
(Hewitson and Crane, in press; Hewitson, 2001a; Turpie ef al, 2002; van
Jaarsveld and Chown, 2001). A closer examination of future climate changes
on a more regional scale in southemn Africa is needed to judge the impacts that
are likely to occur, should these drastic scenarios happen over the short time

scale that is being predicted.

Most of Africa’'s, and particularly South Africa’s, industrial, domestic and
agricultural users are highly dependent on a reliable supply of rainfall. As a
result, the region as a whole is highly vulnerable to changes in climate
variability, seasonal shifts and precipitation patterns (Desanker, 2002), with any
negative changes in rainfall immediately being perceived as problematic. It is
postulated that a reduction in rainfall amount, increased variability, or increased
evaporation due to increased temperatures, would put further strain on the
limited available hydrological resources. It is thought that global warming could
bring an increase in rainfall, linked to higher concentrations of atmospheric
carbon dioxide in southern Africa, and result in a possible reduction of plant
water use and thus ease the problems of drought in some areas, but this is yet

to be proven.

Global warming has become an important consideration of conservation in
southern Africa, where the continued existence of many organisms is in serious
jeopardy, unless steps are taken to alleviate the effects of climate change
(Alverson et al., 2003; Midgley et al, 2001; Meadows ef al., 1993). Many
organisms, such as those endemic to the Cape Floral Kingdom in the
southwestern Cape, are more seriously under threat as their existence is
already limited to refugia, hemmed in by agriculture, industrialisation,
urbanisation and alien plant infestation. These species would have trouble

10
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adapting to a changing climate as the isolation of plant species in habitat
islands creates a serious constraint to potential future survival of many plant

species (Peters, 1988 and Bridgwater, 1991).

Increased temperatures caused by a changing climate can also negatively
affect water quality. Schulze (1990) suggests this could occur in some of the
following ways: by increasing the mobility of toxic metals from soils into water;
warmer temperatures influencing the spread of water-born diseases such as
malaria, typhoid, cholera and diarrhoea; and the probable effects of increases
in algal blooms and other eutrophication-related problems. The regions
identified as sensitive to climate change induced hydrological impacts, include
humid areas, arid regions, and all regions where “shifts in climate could result

in important changes in vegetation type” (Schulze, 1990, p379).

Even more significant may be the shift in seasonality. The southwestern Cape,
presently a winter rainfall region, could become more of a summer rainfall
region, with unfavourable consequences for its wine and wheat industries
(Huntley et al., 1989).

Future climate changes are also expected show impacts on natural vegetation.
The southwestern Cape’s remnant patches of lowland fynbos, among the
richest of plant communities in the world, would be the hardest hit of all. Most
of these patches occur in a sea of agricultural and urban development, thus
limiting their chances of individual species dispersing as habitat conditions

change.

Many if not most species of proteas and ericas and their associated biota will
be at risk of extinction under projected climate change (Midgley ef al, 2001).
South Africa’s floral wealth is one of its richest natural assets and tourist
attractions, yet many species are under threat of extinction due to climate
change (Midgley et al., 2001).

11
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The flora of the Cape Floristic Kingdom in the southwestern Cape is the most
severely threatened flora in southern Africa, with around 2373 species at risk of
extinction (Huntley et al., 1989). One of six major sub-divisions of the world’s
flora, it is by far the smallest area, with most threatened species surviving in
remnant patches of fynbos between urban and agricultural areas. Even narrow
corridors provided by roadside verges, stream banks, and hedgerows, have
been diminished by ploughing, burning or other disturbances. A changing
global environment could move the majority of the Cape’s threatened species

from the category of “endangered” to “extinct”.

South Africa, with its current passion for the development of marinas and
expensive coastal housing, would not remain unscathed (Huntley ef al., 1989).
Much of the real estate and infrastructure development along our coastline
could be at risk of rising sea levels and more severe storms by the year 2050.
South Africa’s position at the tip of Africa, exposed to the full brunt of the
storms generated over the Southern Ocean, makes the coastline extremely
vulnerable to the physical impacts of a rising sea level.

The “South African Country Study on Climate Change”, hosted by the South
African National Research Foundation (NRF) in 2000, commissioned an
overview of the likely effects of forecast climate change on sectors
representative of the South African economy (van Jaarsveld and Chown,
2001). Three main predictions ‘came out of the study, as outlined in van
Jaarsveld and Chown (2001), having serious commercial consequences:

- 1-3°C significant sub-continental warming, with greatest warming in the

northern regions of the sub-continent;
- extended summer season characteristics;
- a probable reduction of 5-10% in mean annual precipitation.

A 10% decrease in water runoff is also predicted by the year 2015, particularly

in the western part of South Africa. Water resources are already strained in
southern Africa, particularly the southwestern parts (see Appendix A), and this,

12
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with predicted population increases are likely to increase, not decrease water

demand.

It is extremely difficult to separate the influence of people and climate on the
environment. It is argued however, that current climate change scenarios
indicate that we can expect less rain in the future and increased variability in
rainfall amounts for southern Africa (Joubert and Hewitson, 1997), along with
rising temperatures (van Jaarsveld and Chown, 2001). This can well have an
impact on soil erosion and general land degradation when coupled to current
land use patterns in some areas. Therefore given these projected impacts,
land degradation in the arid southwestemn parts of South Africa warrants closer

examination.
1.4 Background and history of land degradation

Land degradation has been defined as the “substantial decrease in either or
both of an area's biological productivity or usefulness due to human
interference” (Johnson and Lewis, 1995, p2). Soil erosion and related land
cover changes have generally been considered the more obvious indicators of
land degradation and desertification (Hoffman et al, 1999). This study will

concentrate on these aspects.

Soil IS the medlum for all plant growth. Without productive soils, there can be

no food for humans or ammals who are dependant on plant life for existence.

There is a delicate balance between humans and their activities on the one
hand and the environment on the other, especially in arid and semi-arid lands
(Stamp, 1961). Soil resources are under increased pressure, as growing
populations require increasing agricultural production from limited soils. Thus,
there is a need to generate awareness of the erosion potential of soils,
particularly as they form the buffer between the land and the atmosphere,
absorbing and releasing nutrients and gases to the atmosphere and to plants
(Paul and Clark, 1989).

13
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Humankind began cultivating the soil as far back as 10 000BP, with wheat,
barley, fruit and cattle being the chief agricultural products (Stamp, 1961).
These products were initially used as primitive currency (Mattessich, 2000) and
were grown in ancient Mesopotamia’'s northern valleys, in present day Iran
(Wild, 1993). In this way plants and tress were spread from lran to Egypt and
Europe; millet from India was found in ltaly and European oats and poppy
appeared in Asia and China (Whyte, 1961).

The demise of the old Mesopotamian culture resulted from soil erosion and
degradation of the land, where salinisation and gullies destroyed the upland
areas and caused soil loss that, over the years, reduced food production
(Whyte, 1961). This could be cited as the first human-induced accelerated
erosion affecting an entire watershed (Wild, 1993). There are many examples
throughout history where mass migrations of people and animals occurred due
to famine, resulting from one or more years of deficient rainfall (Stamp, 1961)
accompanied by already eroded soils. In Australia, desertification tends to be
associated with land degradation, which has resulted from unsustainable land
use and the impact of European settlement, rather than a changing climate
(Pickup, 1998).

Since ancient Mesopotamian times around 5000B.C., accelerated soil erosion
has become more common place, resulting from, for example, deforestation
and clearing of vegetation for fields and building purposes, over-grazing and
increased pressure on crop production. These all dramatically influence the
water regime and runoff of the area concerned. The ultimate loss of soil is the
most serious form of soil erosion. (Morgan and Rickson, 1995). Acidification,
nutrient loss and accumulation of salts in a soil can to a certain degree be
reversed (Paul and Clark, 1988). However, effectively the physical loss of soil
cannot be reversed. Soil erosion is one of the key environmental problems
facing the developing world, which, if not correctly managed, can lead to large-
scale famine and hunger (Larson and Pierce, 1994).
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Generally it takes 30 to 300 years to produce 25mm of soil by natural
processes (Liu ef al,, 2003; Lal, 2001). In the late 1980s South Africa was
estimated to be losing soil at a rate more than 30 times higher than its natural
rate of soil formation (Huntley ef a/., 1989). This would equate to an average of
400 million tons of arable soil per year. This includes a rough estimate of 3300
tons of nitrogen, 26 400 tons of phosphorus and 363 000 tons of potassium per
year, all valuable plant nutrients. These soil loss figures are surely rising with
changing land use and increased food demands as the population increases
(Yang, 2003), and to replace this loss of valuable plant nutrients by commercial
fertilizers would come to well over R1 billion per annum (Morel, 1998).

in 1995, Arbuthnot (p1) reported that:

“South Africa’s resources are in a critically poor state. Land degradation is an
extremely serious problem that threatens the future of South Africa. Apart from
its insidious long term effects, it can severely frustrate the implementation of
the Reconstruction and Development Programme with serious socio-economic
consequences. Poorly planned land redistribution will seriously aggravate and
accelerate the land degradation problem, creating poverly traps that will drain
limited resources that must be more effectively used to enhance the quality of
life and eradicate the persistent poverty among rural communities.”

Arbuthnot's (1995) comments on soil erosion and land degradation affecting
land redistribution has recently been seen as apt in Zimbabwe, where
indigenous people have taken back their land, and then used unsustainable
farming methods, causing increased soil erosion (Mail and Guardian, 2004a).
Many of the originally profitable farmlands have become “poverty traps” where
rural communities have joined together to make money off the newly acquired
land and have ended up with a wasteland (Buckle, 2001; Mail and Guardian,
2004b). It is therefore critical that South Africa address soil erosion and land
degradation issues (as Boardman ef al. (2003) have done in the Great Karoo)
so as to prevent such instances occurring in this country. This is especially
important when people who are not aware of how to run a commercial farming
business make land claims on profitable commercial farms.
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1.5 Land degradation and agriculture

From the early 1970’s, following the first UNCOD (United Nations Conference
on Desertification) in Nairobi, desertification began being noted as a major
environmental problem, which needed closer research to understand its
implications, particularly under global change (Sevink and Imeson, 1998). Key
areas of environmental concermn when addressing desertification, but
particularly land degradation are the following:  Agricultural land and
production; soil fertility; acidification of soils; loss of biodiversity (Arbuthnot,
1995). Other areas of concern globally are the loss of soil to support food
production, loss of grasslands and forests; silting up of dams; deposition of
erosion causing rivers to change course; variable flow of rivers and flooding;
and water pollution (soil nutrients dumped into rivers) (Morel, 1998; White,
2001).

Nutrients, pesticides, pathogens, salts, and eroded soils are leading causes of
water quality problems in many parts of the United States. A draft document of
the US Global Change Research Program showed that in many parts of the
western U.S.A., agriculture is a major user of scarce imigation water'. The
concern in southern Africa's agricultural areas is based on the encroaching
problem of food production to meet food demand, as populations increase, with
resultant increased pressure on water resources. This problem is compounded
by a loss of valuable agricultural land due to the leaching of nutrients from the
soil, thereby rendering soils less fertile (Beckendahl ef al., 1988; Arbuthnot,
1995).

Research on soil conservation first started in South Africa in the 1930’s with the
establishment of The Soil Erosion Advisory Council (Hoffman and Ashwell,
2001), continuing with the work of Bill Talbot, Hugh Bennett and others. This
concern soon materialised in terms of legislation and policy, so that by the mid-

! Draft document of the US National Assessment of the Potential Consequences of Climate
Variability and Change - Changing Climate and Changing Agriculture: Draft Report of the
Agriculture Secior Assessment (Accessed August 2004)
hitp://www.usacrp.gov/usgerp/nacc/agriculture/drafi-report/chapters.himl
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1940s a Soil Conservation Act was in place (Verster ef al., 1992). Dr Hugh
Bennet, the then Chief of the Soil Conservation Service of the US Department
of Agriculture, toured South Africa in the early 1940s to promote soil
conservation among commercial farmers (Meadows, 2003a).

Hudson (1971) found that up to two thirds and more of the southern African
region is particularly susceptible to erosion from wind and water, with his view
being based on a consideration of prevailing climatic conditions for the sub-
continent. This view has been confirmed more recently by Middleton and
Thomas (1997) where a large majority of the subcontinent of southern Africa is
affected by soil degradation and erosion.

%ﬁﬂoil erosion remains a serious problem over much of South Africa. Meadows
and Hoffman (2003) found that land degradation resulting from soil erosion is
clearly underpinned by poverty in South Africa, and these areas are likely to
become even more susceptible to erosion under climate change. In the late
1980’s annual soil losses were estimated at 300-400 million tonnes, nearly
three tonnes per hectare (Huntley ot al., 1989), and this figure includes
valuable plant nutrients such as nitrogen, potassium and phosphorus which are
carried out to sea. Where crops are renewable, and to a certain degree
genetically modifiable, soil to all intents and purposes is not and so needs to be

conserved.

]
\._Soil properties are determined by a diverse range of soil processes, which can

be physical, chemical or biologically mediated, all occurring at different rates
(Rounsevell et al., 1999). These physical characteristics of soils, along with
topography and microclimate, all affect agricultural productivity (Antle et al.,
2004).

égSoil erosion is not purely a farmer's problem but must be seen as a major
environmental problem that affects every sector of society either directly or
indirectly (Hoffman and Ashwell, 2001). The late winter rains of 2004 in the
wheat farming areas of South Africa have caused huge increases of prices
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throughout the economy, not only on the wheat market where farmers are
forced to conserve water due to higher water prices (Dinar and Mody, 2004).
Wheat shortages have robbed farmers financially, rendering them unable to
prepare for the next season, and this has caused price hikes to ricochet
throughout the economy (Gosling, 2005).

Puigdefabregas (1998) reported that almost all cases of dryland degradation
show that transition trigger events that increase degradation are the result of
some combination of anthropogenic and climatic factors, which reinforce each
other to induce degradation. Thus, the importance of prevention is necessary,
as well as a need to carefully consider where to apply rehabilitation and
restoration to the landscape. This can only really be carried out when an
understanding of the links between land degradation and climate change are
defined, as in the next section.

§ - 1.6 Land degradation and climate change: the climate-soils link

Major environmental challenges for the future include deforestation, soil
degradation and desertification, declining biodiversity and marine resources,
water scarcity, and deteriorating water and air quality (Sola, 2001). All of these
are likely to be affected by impending climate change. There is too much
complexity here to meaningfully research every aspect of climate change on all
these environmental challenges in one thesis. However, soil degradation,
which is often the “key” feature of land degradation assessments, stands out as
being immediately important in the context of looming food and water shortages
(Appendix A) and the direct link to climate change already evident.

Conservationists should be seriously concerned about the implications of
climate change, particularly when expressed by changes in precipitation
patterns, for the conservation of soil and water resources (SWCS, 2003).
Global warming is expected to lead to a more vigorous hydrological Cycle,
including more total rainfall and more frequent high intensity rainfall events
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(Nearing ef al., 2004). These rainfall changes will have significant impacts on

soil erosion rates.

The fragile nature of soils and their supporting vegetation make them good
benchmarks for climate change research. Soils influence species distribution,
productivity, water and biogeochemical cycling, and underpin the ability of land
to grow crops and to support grazing (Rounsevell ef al., 1999). The importance
of good quality soils for agriculture also makes them important indicators of

future impending climate change.

Soil processes are influenced directly by temperature, precipitation, and
atmospheric CO, changes; and indirectly by climate-induced changes in land
use and management (Rounsevell ef al., 1999). Changes in soils will in turn
affect the composition and structure of vegetation and feedback to the climate
system (Antle et al.,, 2004), thus making it important to examine how soil
erosion will be impacted in the future.

If there is to be a future water erosion problem, then two main conditions must
be met: firstly there must be sufficient future rainfall, and secondly that this
rainfall must occur when the soil surface is insufficiently protected (Favis-
Mortlock and Guerra, 1999). Predictions of future soil erosion can help in the
management of valuable agricultural lands and suggest ways in which soil
conservation strategies need to be adapted under a changing climate (O'Neal
et al., 2005). For example increasing air temperatures affect soil erosion in a
number of ways: warmer temperatures can increase biomass production rates;
impact microbial activity levels which directly impact on decomposition rates; as
well as limit crop production in extreme heat (Pruski and Nearing, 2002).

Increased CO2 can also lead to a moister soil, conducive to greater runoff-
induced erosion. This happens through enhanced stomatal resistance and a
suppression of transpiration (Schulze, 2000b). Evapo-transpiration rates are
also influenced by temperature changes, thus impacting soil moisture and
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directly influencing infiltration and runoff amounts and rates (Pruski and
Nearing, 2002).

Precipitation changes are more complex and need to be examined on a
regional basis for a clearer understanding of what future climate change has in
store. For example, Schulze (2000b) found, using the CERES-Maize and
ACRU models that a 10% increase in precipitation in parts of South Africa
would lead to a 20-40% increase in run-off. Future climate change impact
modelling conducted in the U.S. has shown that in every case where
precipitation was predicted to increase significantly, soil erosion also increased
significantly (Favis-Mortlock and Savabi, 1996; Flanagan and Nearing, 1995;
Nearing et al., 1989).

In quantifying the impacts of future climate change it is necessary to consider a
complex array of factors, viz. changes on soil properties, changes in the timing
of precipitation, and changes in planting date. Interactions between these
variables may lessen or even reverse the general pattern of changes in soil
loss and runoff (O'Neal et al., 2005). Since the early 1990s, there have been
various studies of the agricultural impacts of climate change (see IPCC, 2001a,
section 5.3.4 for an overview). Perhaps the greatest impact of climate change
on soils will arise from the climate-induced changes in land use and
management (Rounsevell et al.,, 1999). O’Neal et al. (2005) concluded that a
change of management practice could have a significant effect on the accuracy
of predicted soil loss under climate change. A changing climate will affect soil
and water resources on agricultural land in many ways, however if the future
climate change impacts are known, then the impacts on soil erosion can be
lessened through adapting management practices (Williams et al., 2001).

Different landscapes vary greatly in their vulnerability to soil erosion and runoff
(SWCS, 2003). Timing of agricultural production and practices creates an even
greater vulnerability to soil erosion and runoff during certain seasons. Changes
in climate may also induce changes in aggregate production and prices in the
farming community (Antle et al., 2004). Jetten ef al. (1999) showed that if more
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data is available about the agricultural activity and the interaction between
climate and the soil surface, then modelling results also improve.

1.7 “Why the Swartland?”

South Africa enjoys one of the most pleasantly temperate and healthy climates
in the world —attractive to humans, but not necessarily to crops. The average
annual rainfall of about 497mm for South Africa as a whole is well below the
world average of 860mm. A comparatively narrow region along the eastern
and southern coastlines receives a moderate amount of rainfall, but the greater
part of the interior and the west of the country is arid or semi-arid (Schulze et
al., 2001). 65% of the country has an annual rainfall of less than 500mm,
which is usually regarded as the minimum rainfall needed for crop farming
without irrigation. 21% of the country receives less than 200mm. Over most of
the country the annual potential evaporation, which ranges from about 1100mm
to more than 3000mm, is well in excess of the annual rainfall. South Africa is
by any standard an arid country (Huntley et al., 1989).

A feature of South Africa’s rainfall is the apparent existence of cycles of wet
and dry spells. 18-year cycles of approximately 9 dry and 9 wet years occur in
the summer rainfall area (Tyson and Preston-Whyte, 2000), and this variability
has been present for at least 600 years as identified by tree ring data (Tyson et
al., 2002). The winter rainfall region of the Western Cape Province often
displays the opposite trend to the wet and dry cycles of the summer rainfall
area (Meadows, 1998; Preston-Whyte and Tyson, 1993). Thus the interior and
eastern half of South Africa might experience an extended drought while the
southwestern Cape enjoys above-average rains (Huntley ef al., 1989).

in more recent times the winter rainfall region of the Western Cape has
undergone serious drought conditions, whereby some farmers have had to sell
prize agricultural land for alternative land uses in order to survive. Appendix A
contains a collection of recent news clippings where the drought has become a
more urgent issue for farmers in the Western Cape. Some farmers have had to
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lay off farm labourers in order to maintain the bare minimum of turnover, while
others have uprooted the weakest fruit trees so as to conserve soil nutrients for
the stronger trees more able to sustain the drought conditions.

The International Panel on Climate Change (IPCC) defines ‘vulnerability as
“the extent to which a natural or social system is susceptible to sustaining
damage from climate change; it is a function of the sensitivity of a system to
changes in climate, adaptive capacity, and the degree of exposure of the
system to climatic hazards” (McCarthy ef al, 2001, p89). This definition,
combined with the factors mentioned above, has made the Swartland distinctly

vulnerable to climate change.

The Swartland is a principal agricultural area in the Western Cape Province of
South Africa, primarily known for its winter wheat, barley, and more recently
vines (Dietrich ef al., 2004). Located in the winter rainfall region of South
Africa, it exhibits a unique appearance, being an area of relatively uniform
geology experiencing a semi-arid climate. There is very little natural vegetation
remaining in the Swartland (~2.5%), being identified as prime agricultural land
in the 1800's. With the already evident vulnerability of the region to drought,
and a largely uniform geology, it makes the Swartland an important area to
conduct such a climate change study. From this view, the study region of the
Swartland is examined in more detail in Chapfer Three.

1.8 Research aims and objectives

As it has already been established that soil degradation is of paramount
importance for the Swartland, this aspect will be the focus of the study. In
response to the critical need to better understand our changing climate, the aim
of this project is then to investigate how potential future climatic changes may
affect geomorphic processes in this winter rainfall region of South Africa,
particularly concentrating on soil erosion and processes related to the
degradation of agricultural fand that results.

22



Chapter One: Introduction & Background

Table 1.1. Objectives, methods and where the results are found for this regional study.

RESULTS
OBJECTIVES ANALYTICAL TECHNIQUES CHAPTER
introduce & gain understanding | ¢ Literature review of historical records,
of the study area. field surveys and consultation with
Examine concems of climate experts in the field of agriculture, soils,
change impacts on the region. climate and land use history of the three
Compile a historical account of Swartiand.
wheat yields in the Swartiand. o Review of govemment records of wheat
yiglds.
Chose GCMs relevant to study. | ¢ Literature review of GCMs and
Explore the present and future applicability for southem Africa.
climate change projections from | e Examine present & future simulations
GCMs. for the Swartland, particularly four
The relevance of GCMs on a temperature, wind speed and
regional study. precipitation.
Constraints & caveats of GCMs | « Validate present day GCM output in the
for regional climate change. Swartland against observed data.
Gain a more accurate regional | « Examination of downscaling technigues.
understanding of future climate | « Identify present-day and future
impacts in the Swartiand. simulations of precipitation using
Examine regional downscaling regional downscaling methods. five
application fo this particular | « Examine the efficiency of regional
study. downscaling on a region such as the
Swartland.
Consider how future climate | » Literature review of present agricultural
change may impact on soil trends in the Swartland and what future
erosion in the Swarlland. climate change may hold for the region.
Evaluate what these impacts | » Application of SLEMSA, using present-
would be on agricultural trends, day observed as well as downscaled six
particularly for the Swartiand. future precipitation.
Validation of Soil Loss| o Modification of SLEMSA for specific use
EstiMator for Southem Africa in the Swartland.
(SLEMSA,) for the Swartland.
Overview of findings. e Summary of results and objectives
Main constraints and caveals achieved.
dealt with. » Suggest recommendations for future Seven

Recommendations for  future
research.

research and possible considerations to
be made by end users in the future.
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Table 1.1 shows a summary of the objectives for this study, the analytical
techniques required to meet these objectives, and where the results are found
in the thesis. A detailed description of all the analytical techniques conducted

is found in Chapter Two.

To analyse the effect of future climate change on soil erosion and land
degradation, an analysis of past and present climate-soil erosion linkages
needs to be made. Using a conceptual model, the key sensitivities of natural
landforms need to be identified with respect to land degradation and then
projected into the future to analyse the response to climate change. The
overall aim is then to establish the relationship between the geomorphology of
the area and its climatic sensitivity, where climate sensitivity is expressed as
the “increase of global-mean equilibrium surface temperature for a doubling of
pre-industrial atmospheric CO, concentration” (Knutti ef al., 2002, p718). Thus
an examination of how a change in climate will affect the region.

The project deals with identifying the past, present and future climatic changes
for the Swartland. An examination of regional scale historical climate change is
made, using observed station data for the region. For examining the envelope
of projected future change, a combination of six Global Climate Models (GCMs)
is used, as well as regional downscaling techniques using three GCMs.

The six models used to simulate climate changes inciude: HADCM3; CSIRO-
Mk2; ECHAM4/OPCY3; CCCMA; NCAR-CSM; and NCAR-PCM. These six
models were chosen based on available data from the Intergovernmental Panel
on Climate Change’s Data Distribution Center (IPCC-DDC). Specifically,
HADCM3, CSIRO-Mk2 and ECHAM4/OPCT3 have been used by CSAG
(Climate System Analysis Group?) extensively and their results over southem
Africa have proven appropriate thus far. All six models are current generation
climate models and commonly reported on in the literature, thus making them
familiar to researchers.

? np:/heew . cse0.uck.8C.28
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The model simulations of present day conditions are first examined to assess
the veracity of the model for the region. Precipitation, temperature and wind
speed are the variables examined to establish the projected future climatic
impacts over the Swartland. The SRES A2 and B2 emission scenarios will be
used to force the GCMs to establish future climate change. These two
emission scenarios are only two of many available scenarios, but chosen as
the most appropriate for this regional study to gain an idea of the “worst case”
and the “best case” scenario when considering future changes in climate.

The basic difference between the SRES A2 and B2 emission scenarios is that
the A2 scenario envisions a rather slow economic and technological
development with a steady population growth rate until 2100. The B2 scenario
depicts a much slower population growth rate, with a more rapidly evolving
economy linked with an emphasis on environmental protection. Thus the B2
scenario is thought to produce lower emissions and less future warming than
the A2 scenario. These emission scenarios are discussed in more detail in

Chapter Two.

The output for both the present conditions and a simulated CO, doubling
around 2100 are used to examine present and future changes in climate.
Following the analysis with respect to their effects on the study area, the
models are examined in conjunction with a soil erosion model to examine their
direct influences on the study area and their effects on the undulating
geomorphology of the Swartland. This is achieved through the application of a
soil erosion model (Soil Loss EstiMator for Southern Africa ~-SLEMSA (Stocking
et al., 1988)). The results from SLEMSA are computed from the present-day
and future climate model simulations, knowing that SLEMSA has been proven
in the southern African region. Conclusions are then drawn from the results of
the soil erosion model, and these are examined regarding their effects on

agriculture.

Since wheat is historically and currently the primary agricultural product of the
Swartland, this is targeted in order to understand its natural response to climate
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change. The projected climate changes examined with respect to soil erosion
are closely scrutinised with wheat in mind.

By examining some main links in detail, the ultimate aim is to examine how
climate change will affect the geomorphology and accordingly, the agriculture
of the area. With the expected future warming of the climate system, its
potential consequences increase the need for climate projections with clearly
defined uncertainties and likelihood estimates (Schneider, 2001). The climate
change effects are then examined with regard to soil erosion and land
degradation, and how present vulnerable areas for growing winter wheat will be
affected under these future climate change projections.

Previous studies have recommended that a more practical approach to erosion
studies needs to be made by using models suited to the area (Stocking, 1995).
Initially there is a tendency to overreact to the soil erosion question, and
Stocking (1995) concludes that the problem is probably less severe than we
have been led to believe. This has been proven for the Swartland where Talbot
(1947) showed extensive gully erosion, which has in recent times been
remarkably reversed (Meadows, 2003a; Muller, 1999; Morel, 1998). Thus a
more interdisciplinary approach is considered appropriate for dealing with soil
erosion issues in southern Africa.

Chapter two assesses the materials and methods used in the study to achieve
the objectives mentioned in Table 1.1. Chapter three explores the study area
in more detail, investigating the historical aspects of temperature, precipitation
and wheat yield for the Swartland, thus setting the scene for the following
chapters. Chapter four examines the climate modelling aspect of the study
from a GCM point of view and their applicability for a regional study. Chapter
five continues from Chapter four looking at climate modelling on a regional
scale, with some downscaling results of present and future climate simulations
for the Swartland. Chapter six examines the expected future climate change
in relation to agriculture and the soil erosion issue using a soil loss estimator,
and the study then concludes in Chapter seven with a summary and synthesis
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of the results, constraints and caveats of the study, and finally how this
research can move forward with possible recommendations to farmers and
decision makers.
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Chapter Two: Analytical Technigues

2.1 introduction

This chapter aims at summarising the methods applied throughout the study,
and gives details of any additional materials used. The main sections are
identified by the relevant chapter headings for easier cross-referencing:

2.2 The study area: The Swartland

The physical details of the Swartland are gained mainly through a review of
available literature. This includes government publications on the crops grown
in the region, which date back to the very early 1900s. An understanding of the
current climate of the Swartland is gained from reviews of climatological
statistics from the South African Weather Service including historical station
data, as well as past government publications.

Geological and geomorphological descriptions of the Swartland are obtained
through a review of the literature in this regard, as well as two field trips to the
region. Stratigraphy and soil maps, as well as consultations with soil scientists
at the University of Stellenbosch also aided in a more complete understanding
of the physical characteristics of the geological components of the region.

Identifying the vegetation composition of the Swartland was largely verified by
the field trips to the Swartland. It is an area of gently undulating hills and
therefore easy to identify the components of the vegetation, which are presently
mostly cultivated lands. A review of the literature and government agricultural
records revealed a long history of cultivation and the reasons behind the
excessive removal of natural vegetation for cultivated crops in the early part of
the 20™ century. Fire has always been a natural component in this marked
seasonal climatic region, that the indigenous population of the area quite likely
utilised, however these hunter-gatherers and early pastoralists were seasonal
migrators (Humphreys, 1998), so the main impacts on the landscape really only
started with the settlement of the Dutch colony in the 1600s (Wesson, 1998).
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A literature review reveals that current land use trends in the Swartland are still
mostly as cultivated lands, however recent research has identified a move from
crop farming towards more areas planted with grapes. This has also been
identified from government records where political influences have caused
farmers to plant one particular crop over another. This makes for an interesting
future of farming in the Swartland, especially in the context of future climate

change.
2.3 Climate Modelling

Climate modelling is divided into two main sections: climate modelling on a
global scale; and regional scale climate modelling. Climate modelling from
Global Climate Models (GCMs) is dealt with in this first section:

2.3.1 Constraints and caveats of GCMs

Climate is simulated using mathematical models, which link the various
equations that describe the key relationships and processes within a system to
simulate its behaviour. By changing the values of certain variables, scientists
can study how the system responds to both external and internal changes.
Models tend to simplify reality, which is unavoidable because the system
processes can never be understood perfectly (Hengeveld, 2000). For example,
GCMs capture large scale features like deserts and the tropics very well, but
have difficulty capturing smaller features like cyclones and thunderstorms
because they occur at scales much smaller than the spatial resolution of the
grid from the GCMs (Hennessy, 1998).

Models in many areas have, however, achieved a degree of skill that they are
used routinely for operational purposes as well as for research, but for this
study the model results would need to be used with caution as this is the first
such study of these particular models for this research area. This section
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examines constraints and caveats of the models in this study thus far, and how
to progress further for more refined results within this study region.

The models do not (and cannot) take into account all processes (natural and
anthropogenic) which affect climate variability and change. Some processes
are not well understood and others must be represented in a simplified way in
order to ensure computational efficiency. While continental-scale climatic
features are well simulated for present conditions, regional features are
captured with less accuracy (Hennessy, 1998).

The modelling team for the CSIRO GCM makes the statement that their model
does not include the regional cooling effect of sulphate aerosol (Hennessy,
1998), which was identified early on by the Intergovernmental Panel for Climate
Change (IPCC) as the important element of anthropogenic climate change
(Houghton ef al., 1996). Although the largest aerosol emitters are countries in
the northem hemisphere, these aerosols can impact on the southemn
hemisphere through long-distance teleconnection patterns (Markgraf, 2001),
thus making them an important component of future climate change.

Many GCMs over-simplify the representation of ocean processes. This would
be more likely to be important in determining patterns of climate change when
examining a country like South Africa which is surrounded by oceans. These
simplified ocean processes can include changes in the vertical profile of ocean
temperature and/for salinity, and El Nino cycles (Hennessy, 1998). Small-scale
influences of climatic features such as tropical cyclones, thunderstorms and cut
off lows can also not be resolved at the GCM resolution.

Another constraint of GCMs is their inability to simulate plant physiology. The
CSIRO GCM particularly excludes plant physiology (Hennessy, 1998), thus
resulting in a lack of response from simulated vegetation to climate change and
any changes in CO, levels. Another factor which is difficult to simulate and
include in GCMs is that significant biospheric responses to climate change can
occur in the real world, some of which resulting in land-use changes, which
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would in turn result in complex climatic feedbacks (Hennessy, 1998). These
feedbacks are difficult to simulate in a GCM as there could be any number of
factors involved in the complex responses. Recent GCM research is, however,
addressing this task.

One of the main issues of understanding regional climate change using a
Global Climate Model is that of resolution. It so happens that the entire study
area falls into one GCM grid box, thus making any small-scale regional
changes impossible to simulate at a GCM level. With these constraints and
caveats in mind, the next section explains the methods for GCM application to
the Swartland.

2.3.2 GCM data and models’ description

The present climate of the Swartland was simulated using six GCMs from the
Intergovernmental Panel for Climate Change’s Data Distribution Centre (IPCC-
DDC). This output was then compared to historical station data and NCEP

reanalysis data as observed.

NCEP (National Centers for Environmental Prediction) reanalysis data are from
a GCM constructed using global analyses of atmospheric fields from
observations. These observations include data from the land surface, ships,
rawinsonde, pibal, aircraft, satellite, and other data (Kistler et al, 2001).
Reanalysis data are fine resolution gridded data, which combine observations
with simulated data from numerical models. The observed data are then
quality controlled and assimilated with a data assimilation system to eliminate
perceived climate jumps associated with changes in the real time operational
data assimilation system, but still being affected by changes in the observing
systems (Kistler ef al., 2001). Table 2.1 shows the details of the six models,
where they come from and how they compare to NCEP in terms of resolution.
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Table 2.1: Details of the six models to be compared to NCEP reanalysis data.

MODEL OWNER RESOLUTION

NCEP National Centers for Environmental | 2.5° x 2.5° {roughly 285 x
Prediction ~NOAA 295km at the equator)

HADCM3 Coupled atmosphere-ocean from Hadley | 2 5° « 3.75°
Centre, UK. (295 x 278km)

CSIRO-Mk2 Cliimate Change Research Program - | R21 at 5.625° x 3.25° (625 x
Australia 350km)

ECHAMA4/OPYC3 | ECMWF — Hamburg T42 at 2.5° x 3.75°
DKRZ — Max Planck institute, Germany (295 x 278km)

CCCMA Canadian Center for Climate Modelling | 3.7 x 3.7
and Analysis, Canada.

NCAR-CSM National Center for Atmospheric Research, | T42 at approx. 2.8° x 2.8°
USA — Coupled Systern Model.

NCAR-PCM MNational Center for Almospheric Research, | 384 x 288 x 32 grid with ave
USA — Paraliel Climate Model. 2/3° iat. & long.

As mentioned in Chapter One, the choice of models was made based on the
availability of model data and their common usage for other applications.
Specifically, HADCM3, CSIRO-Mk2 and ECHAM4/OPYC3 have been used by
CSAG (Climate System Analysis Group') extensively and their results over
southern Africa have proven appropriate thus far. CCCMA, and the two NCAR
models are leading models in the field of future climate change, and are
therefore important to the study (IPCC, 2001b). All the six models are current
generation climate models and well reported on in the literature, thus making
them familiar to researchers.

The NCEP reanalysis data results in a comprehensive and dynamically
consistent three-dimensional gridded data set (the “analysis”) which represents
the best estimate of the state of the atmosphere at that time (IPCC-TGCIA,
1999). The NCEP reanalysis data are freely available from National Center for
Atmospheric Research (NCAR), National Centers for Environmental Prediction
(NCEP) and from the National Oceanic and Atmospheric Administration/

! hitp://www.csag.uct.ac.za
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Climate Diagnostics Center (NOAA/CDC). Further details on the NCEP
reanalysis data assimilation system can be found in Kalnay ef &l. (1996).

The atmospheric horizontal resolution of HADCMS3 is 2.5° by 3.75°, with 19
levels in the atmosphere and 20 levels in the ocean (Braganza et al., 2004).
The ocean component uses a slightly higher resolution (1.25° by 1.25° than
the atmospheric component, thus giving improved representations of the
physical processes in the atmosphere and the ocean (this is further described
by Gordon et al., 2000).

CSIRO Mark 2 is a coupled global climatic model with atmospheric, oceanic,
biospheric and sea-ice components (Gordon and O'Farrell, 1997, Hennessy,
1998). The atmospheric component contains nine vertical levels with an R21
horizontal resolution, being roughly 5.625° longitude and 3.25° latitude
(Braganza ef al., 2004). This is then coupled to a gridpoint ocean model of the
same resolution with 21 vertical levels (Hirst ef al, 2000). CSIRO includes
diurnal and seasonal variability within the model (Hennessy, 1998). Aerosol
values for the SRES A2 and B2 emission scenarios being supplied by NCAR,
with observed greenhouse gas concentrations for 1870 to 1990 are being used.
The initial CO, concentration was set to 330ppm, as used in the model control
calculations. The equivalent CO; was scaled relative to this, so that the
evolution of the radiative forcing is correct (Dix ef al., 2001).

ECHAM4/OPYC3 is an atmospheric T42 spectral model with 19 vertical layers
(Braganza et al., 2004). The ocean part of the model (OPYC3) uses isopycnals
as the vertical coordinate system described by Oberhuber (1993). A range of
greenhouse gases are explicitly represented including that of aerosol radiative
effects, described further in Roeckner et al. (1996).

The Canadian Center for Climate Modelling and Analysis (CCCMA) have
included their CGCM2 model with the IPCC-DDC dataset which is being used
in this study. This is a T32 spectral model, thus yielding a surface grid
resolution of roughly 3.7° by 3.7°, and 10 vertical levels (Flato et al., 2000).
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The model uses heat and water flux adjustments obtained from uncoupled
ocean and atmosphere model runs, followed by an ‘adaptation’ procedure in
which the flux adjustment fields are modified by a 14 year integration of the
coupled model.

Two models from the National Center for Atmospheric Research (NCAR) in the
USA are examined in this study. Firstly NCARCSM, NCAR’s community
climate system model, version 2.0.1 which is a coupled climate model
composed of four separate model components simultaneously simulating the
earth’s atmosphere, ocean, land surface and sea-ice, and one central coupler
component (Buja and Craig, 2002). The high-resolution version is used here
for future climate change studies and is at T42 in the land/atmosphere
component and gx1v3 in the ocean/sea ice component. The grid cell resolution
varies from a 2.8° by 2.8° grid over land to 1° by 1° grid over oceans and ice,

with 26 levels in the vertical.

NCAR'’s Parallel Climate Model (NCARPCM) uses the parallel version of the
NCAR Community Climate Model version 3.2 (CCM3), which includes the latest
versions of radiation, boundary physics and precipitation physics (Kiehl and
Gent, 2004) contributing to a modern, high-tech atmospheric component. The
CCM3 also includes a land surface model with takes into account soil physics
and vegetation. The ocean component of the NCARPCM includes a moderate
resolution global ocean model with a parallel ocean program (POP) model.
The horizontal grid has 384 by 320 grid points, with an average resolution of
0.7° latitude and longitude over the oceans, and 40 levels in the vertical.
NCARPCM also includes a sea ice model and a river transport model, tying the
components together and allowing for the exchange of fluxes and variables
with a fully implemented flux coupler. Most of these details have been taken
from the Climate and Global Dynamics Division (CGD) of NCAR webpages?,
however more detailed information on this model can be found at Kiehl and
Gent (2004).

2 http://www.cgd.ucar.edu/pcm/ accessed 7 May 2005.
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The above GCM simulations include emission scenarios from the Special
Report on Emissions Scenarios (SRES) A2 and B2 scenarios. The A2
scenario describes a heterogeneous world where the underlying theme is self-
reliance and preservation of local identities (Houghton et al.,, 2001). This
scenario uses a continuously increasing population structure, where economic
development is primarily regionally oriented and per capita economic growth
and technological change are fragmented and slower than the B2 scenario
(Houghton et al., 2001). '

The SRES B2 emission scenario is on the opposite scale from the A2 emission
scenario, where there is an emphasis on local solutions to economic, social
and environmental sustainability. It reflects an increasing global population,
however at a lower rate than A2, with intermediate levels of economic
development (Houghton et al., 2001). B2 scenarios are based on having less
rapid and more diverse technological change, while also leaning towards
environmental protection and social equity, focussed at a regional level. While
many other differing scenarios of climate change exist, the A2 and B2
scenarios were chosen for the study as the best “extreme” cases for a regional
study. Thus they are the most appropriate model output to consider for an
envelope of future climate change to be established for the Swartland.

2.3.3 GCMs validation for the Swarfland

The variables examined for the models’ validation included temperature
(average, maximum and minimum where available), precipitation, and wind
speed from the IPCC-DDC GCM archive of simulations forced by the SRES A2
scenarios, for the first 30 years as a simulated climatology of the region. The
GCM values were only available in “grib format” from the IPCC_DDC, and so
were converted into GrADS (Grid Analysis Display System) format using a
“grib2¢ctl” script then running “gribmap” on the new “ctl” file.

Table 2.1 shows that all the models have a differing resolution. To enable
accurate comparison between the models and NCEP, they were regridded
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using the box averaging method, to a 4° by 4° degree grid. With the box
averaging method, the inner region solutions are fixed by normalisation in such
a way as to guarantee conservation of the probability within the box radius (Box
and Jenkins, 1976; Hamilton, 2003). An advantage to using this method it that
one is closely involved with the data and is therefore better able to judge the
goodness-of-fit of the model and the influence that idiosyncrasies in the data
have on the fit (von Storch and Zwiers, 2000). This method was conducted
using GrADS for ease of verification and analysis in the study region.

The GCM values were taken over a study region of 32°S to 34°S and 18°E to
19.5°E to represent the Swartland, where the geological makeup of the
Swartland falls within these latitude and longitude dimensions (the Swartland is
explained in more detail in Chapter Three). As the Swartland is a relatively
small area when examining GCM grid cell resolutions and it was found that the
entire region fell into one grid box. Thus the GCM values for that one 4° by 4°
degree grid box were taken as representative of the entire Swartland region

and compared to NCEP as observed.

In order to validate the models for the Swartland region, the long-term average
monthly mean for each variable over 30 years was determined for each model.
This included NCEP as observed for comparison's sake. The difference
between the models’ long-term average monthly mean and NCEP was
examined in order to establish the model bias. This value was then used to
adjust the model output so that it is more representative of the study region and
taken into account for all model output, i.e. both present and future. Monthly
standard deviation and variance were then calculated, and the seasonal cycles
examined to check if the models could correctly simulate seasonality for the
region. The monthly average, maxima and minima were compared to NCEP.

The raw GCMs are too coarse to compare directly to NCEP (as observed) for
the study without taking into account model sensitivity and model bias analyses
(as mentioned above). Once these were examined with respect to how they
represent present climatology, the model results of present and future climate
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averages were statistically clustered with a “Statistica” package, using Single
Linkage and Ward's Method with Euclidean distance measures.

The Single Linkage clustering is performed to identify outliers, as in this method
the distance between two clusters is determined by the distance of the two
closest objects in the different clusters (StatSoft, Inc., 2004). Ward's Method
however, helps to identify cohesive groups by analysing the variance to
evaluate the distances between clusters, thus making it insensitive to outliers
(StatSoft, Inc., 2004). Ward's Method is the most frequently used hierarchical
clustering technigue for climatic classification (Kalkstein ef al., 1987). Table 4.2
shows the outliers and cohesive groups resulting from the clustering
techniques, while all the joining tree-clustering graphs examined can be found

in Appendix B.

2.3.4 Present and future GCM simulations

Once the model simulations of present day conditions were adjusted for model
bias, the output was used to examine present climate in the Swartland. The
long-term average model temperature, precipitation and wind speed variables
were plotted on a monthly basis and compared to NCEP. The results (Chapler
Four) showed that the two NCAR models (that of CSM and PCM) did not
adequately simulate present climate in the Swartland, and are therefore
excluded from the study from this point forward.

Future climate change is then examined with respect to the raw GCM output of
CSIRO, ECHAM4 and HadCM3 for both the A2 and B2 SRES scenarios, also
adjusted for model bias as calculated earlier. These changes are then briefly
analysed with respect to their effects on the Swartland in Chapter Four.

2.4 Regional climate modelling: downscaling

Downscaling climate data is a statistical technique based on the view that the
large-scale climatic state and local physiographic features condition the

3¢



Chapter Two: Analytical Techniques

regional climate. Taking this perspective, regional climate information is
derived by first determining a statistical model which relates large-scale climate
variables to regional and local variables. In this case the three GCMs of
CSIRO, ECHAM and HadCM3. The large-scale GCM output is then fed into
this statistical model to estimate corresponding local and regional climate

characteristics.

Some of the primary advantages of using such a technique are that it is
computationally inexpensive, and also easily applied to output from many
different GCM experiments. Site-specific information can also be derived,
being especially beneficial to climate change impact studies (Wilby et al.,
2004). Downscaling is a widely recognised methodological approach for
dealing with GCM inadequacies in developing regional scale scenarios, and is
considered the most viable for the South African context (Hewitson, 1999).

Until recently, statistically downscaled climate modelling experiments were
largely practised by climatologists, and not used by impact analysts at all (Wilby
et al, 2004). This is largely because the output has been regarded as
unreliable, or too difficult to interpret. Generally, downscaled scenarios are
mostly based on a single GCM, which can give a misleading impression of
increased resolution equating to increased confidence in the projections. Thus,
comprehensive impact studies must be founded on muitiple GCM outputs, and

not rely on the findings of only one simulation, for one scenario.
2.4.1 Key downscaling assumptions
Several key assumptions are made when downscaling climate model output,
both for current and projected future climates. It is imperative that these
assumptions be considered before examining the downscaled output (Wilby et
al., 2004, Giorgi ef al., 2001b; Hewitson and Crane, 1996):
o Large-scale climate variables must be chosen on the balance of their

relevance to the target regionalllocal variables, and their accurate

40



Chapter Two: Anaiytical Technigues

representation by the climate modeis used. Thus a venfication of the
GCM for the study area, at least for the large-scale climate variables of
interest, is necessary before considering downscaled ocutput. This was
conducted in section 3.3 for this study.

The assumption that the relationship between the large-scale climaie
variables and the regionalflocal variabies remains valid for periods
outside the fitting pericd. This is important to check for future climate
projections. as there are no observed data to compare to, thus making
verification of future climate output impossible. A possibie solution is to
validate the downscaling model with observational data stemming from
periods well separated from the fiting period, e representing a
“different” climate regime (Charles et al., 2004). Here the caveat is the
limited ability of climate models to simulate the local variable, however
this has been checked for the three downscaled scenarios for the
sauthern African region (Hewitson and Crane, in press).

The targe-scale climate variable set needs to sufficiently incorporate the
future climate change ‘signal’ for the region. This assumption increases
the confidence in the cheice of large-scale climate variables for the study
and shows that relationships derived during fitting remain legitimate for
the future changed climate.

The large-scale climate variables used for determining the future local
climate shoutd not lie outside the range of the downscaled model. If this
does occur, then technically the downscated model is invalid.
FPreliminary expiorations of the output of ECHAM4 suggest that the
assumption of ‘stationarity' is robust for geopotential heights across most
of the Southern Hemisphere, but less so for aimosphernc moisture in the
tropics (Hewitson, 2004). Using this assumption, the ECHAMA4 model
can be safely used for this study, keeping in mind that it tends to slightly
aver simulate precipitation over the southern African subcontinent

{Hewitson and Crane, in press).
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242 Data and models’ description

Hewitson and Crane (in press) have developed the downscaled GUM
scenarios that are being used in this study. The methods they apply are briefly

summarised here (see Box 2.1), but for a full review, see Hewitson and Crane

{submitted),

Box 2.1 Downscaled data and modeals description. as per Hewitson and Crane (submitted].

- Daily mean atmospheric figlds were construcled from S-hourly NCEP reanalysis dala for 1979 {o
2002, The NCEF and GCM data were then regridded to 8 common 3° by 3° grid for

comparisons sake. The vanables used included u and v wind vectors, temperature, speaific

humidity and relative humidity, representing 2 commaon ge; that reflects the primary circulation |
and water vapour attributes. 'Surface’ and 'F00hPa levels were examined, so asg to establish a

correlation between variables and levels in the atmosphere. ‘Surface’ 15 particularly examined |
as it plays a significant role in characterising the atmospheric state in 2 region where grographic |
torcing 1s dominant.  The precpitation data used came from 2 high resolution §.25¢ gridded
dataset for South Africa, orginally derived from source station observations of around 3000

stions {described by Hewitson and Crana, 2005}

- self Crganising Maps (SCMs) were then produced for each 37 by 37 grid cell and & unigue set of
possible synoplic states derived: A synoptically controlled precipitation probatility density

i function (FDF) is then created for each precipitation gnd point, from the 0 25 grid

The downscaling then standardises the GCM data using lhe same procedurs as for NCEP,
menhoned above  For fulure climate, this slandardisation process uses means and standard |
devigtions of the simulstion dalz for present day climate, thus preserving any changss in the
future from the present day means and standard deviations. These data are then mappéd to the
SOM, so that there iz a2 BOM {0 describe the synoplic slates associated wilh the domain. and
i thus the daily atmosphenec states of the GOEM control and tuture climate simulation data map

onto the same set of observed synoptic states.
Cont...
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Box 21 cont.. BDownscaled date and mmodels description, as per Hewitson and Crane .

i {submiited)

Downscaling the precipilation data then resulted in a generation of r@infall events of the correct
magnitude for South Africa. Once the rainfall value was sxtracted. the daily data for the length
pf the record being used was generated and repeated 100 timas. This created a monthly time
series that reflected the median and mean resnonses within a stochastic envelope.  Further

detais are available in Hewitson and Crane {in press).

Two main facts are notable immediately from the downscaled results for South Africa: firstly that

the downscalng provides regional detadl thal 1s consistent with the actual spatial gradisnts over

. the region; and secondly that the pattern of agresment of positive and negative changes are
© remarkably consistent across the three GOMs (Hawikson and Crane, in press). This endorsed

i the confidence to use the downscaling for the regional shudy of the Swartland.

lhe downscaled cutput from these same three GOMs are analysed with respect to the
Swaritand. e that from CSIRD Mk?. ECHAMA 5 and HadAM2. Four vanables of precipitabion
ware analysed. as GCM temperature simulations are agcurate for this particular regional study

and no other downsecaling data were available. 1L is necessary to note hare that HadAM3 was

uszd instead of HadCM3 as it is a higher resolution atmaspheric model howsver still driven oy

sea sudacs temperatures from HadCM3E

The variables examined from the downscaled output included monthly values
of median total prectpitation (mm), median rain days greater than 20 00mm;
median dry spell duration; and median gp™ percentile, The median values
were taken as they are stochastically calculated from the means, being the
median value for one specific month, and are therefore better representative of
future climate for the region than the means generated directly from the
downscaled data {Hewitson pers comm ). The anomalies of these variables

are then examined with respect to present vs. future climate change.
243 Analytical techniques of regional downscaling

Monthly anomaly maps from the downscaled data for the variables mentioned

above were created using GrADS by taking the future simulations and
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subtracting the contral for each model. The months were grouped in seasons
for eaze of comparizon, i.e. DFJ (summer), MAM (autemn), JJA {winter) and
SON (spring). A three-element moving time average was then applied to the
anomalies to gain a better understanding of the seasonal change. The
binomial center weighted smoother was the moving average technique used.
This basically includes taking the ancmaly of one month and adding half the
anomaly for the months either side, then dividing this total by twa. Applying this
technigue helps to reduce the extreme peaks in the data, thereby decreasing

the chance of artificial resulis being presented,

The SRES A2 scenarios were examined for ECHAM4, HadAM3, and CSIRO,
and then the SRES B2 scenaric was alzo examined for CSIRO.  The
downscaling of GCMs= in southern Africa i= an ongoing project and it is planned
that more precipitation scenarics and possibly even temperature will be
examined in the future. This would include examining different scenarios to
gain a possible "envelope of climate change’. it 1s necessary to note here that
with these future downscaled regicnal climate change output, the pattern or
direction of change is what is examinad, not the magnitude. This is because
the magnitude is partly dependent on global CQ: emissions and future global
actions in this regard, which cannot be accurately predicted. These resuits are

presented in Chapler Five.
2.5 Swartland ciimate and soils

Land degradation is widely recognised as a global problem and is often
referred to as desertification in arid, semi-arid and dry sub-humid zones
{Gisladottir and Stocking, 2005) of which the Swartland is classified as semi-
arid {Chapter Three). It is primarily through changes in rainfall patterns and in
blomass production that climate change may effect land degradation
(Gisladottir and Stocking, 2005). A survey of the potential impact of future
climate change in South Afnca concludes that the currently maost severely
degraded parts of the country are likely to become even more susceptible to

land degradation and soil erosion (Meadows and Hoffman, 2003). It is explicitly
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important to consider the soil as well as climatic variability when examining
climate change impacts on crops and natural vegetation (Wassenaar ef al.,
1999), and this is achieved through modelling likely patterns of future soil

erosion.
2.5.1 Soil erosion modelling

Many soil erosion models have been used at different localities around the
world. Researchers favour different models for their final output; amount of
data and local knowledge required; level of expert information needed; scales
of time and space; different processes examined; continuous or event based
models depending on the final requirements; land-use considerations; socio-
economic aspects; erosion links; etc... (Boardman and Lorentz, 2000). Models
perform at different levels producing results at different time scales; relative
versus absolute results; and results for runoff and soil loss. Thus it is important
to choose a model based on the input necessary as well as the output required

in the study.

Many different erosion models exist and have been used successfully in
different parts of the world. Some of these include: GLEAMS, EUROSEM,
GUEST, EPIC, WEPP, SLEMSA, MEDRUSH, CSEP, ACRU, USLE, AGNPS,
EROSION3D, APSIM, among others. Boardman and Lorentz (2000)
concluded their study of evaluating various soil erosion models with some valid
points for choosing the model appropriate for the study concemed. These
include the following:

s Modellers need to have some knowledge about the data and the locality
being modelied.

e Hydrological processes are generally simulated more accurately than
the erosion or sediment yield processes.

e Extreme events are generally poorly simulated in current models,
particularly if they are empirically based.
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e Model performance can be improved upon by incorporating spatial
heterogeneities at the appropriate scale.

Models cannot be limited to special cases, but must be applicable to ‘real world’
situations if they are to be effective tools for conservation planning and erosion
control (Morgan, 1981). Several erosion models were considered for this study
and have been compared in detail in Appendix C for their validity to the
Swartland. Some of the main points are summarised here, starting with ACRU
(Agricultural Catchment Research Unit), which was indeed found to be
appropriate for studying climate change impacts and CO; conditions on crop
yields at the catchment scale (UNFCCC Secretariat, 2005). However ACRU is
in essence a hydrological model, with its key outputs being crop vield and water
balances for different climate change scenarios (Kiker and Clark, 2001). It
does not simulate soil erosion at any scale, making it inappropriate for this

study.

APSIM (Agricuitural Production Systems simulator) has the unique quality of
being able to integrate models being derived from different research domains,
thus enabling a combination of research from different disciplines to be
compared within one model (UNFCCC Secretariat, 2005; Asseng et al., 2004).
The APSIM output includes changes in crop and pasture yields, yield
components, soil erosion losses, all for different climate change scenarios
(McCown et al., 1996), which are potentially helpful for this study. However,
APSIM is aimed at trained agronomists, with an advanced knowledge of plant
growth and more complex soil processes (McCown et al., 1996), thus it does
not appear to be viable for this study.

EPIC (Erosion Productivity Impact Calculator) is a generalised crop model,
being physically based and therefore capable of simuitaneously and realistically
simulating the various physical and chemical processes of erosion (Huszar ef
al., 1999). It is freely available for use via the Blackland Research and
Extension Center® of Texas A&M University, USA. The primary aim of the

? http:/Awww.bre.tamus.edu/epic
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EPIC model is to connect the rate of soil erosion to agricultural productivity
(Sharpley and Williams, 1990). Its key outputs include the response of crop
yields; yield components; and irrigation requirements to climate change,
making it a desirable choice to use in this study. However, closer examination
of the workings of the model reveal that EPIC is highly data intensive and
difficult to use without sufficient qualifications in crop system science and
moderate programming skills (UNFCCC Secretariat, 2005). Thus, being
technically complex and data intensive, it was decided to reject EPIC in favour

of an alternative.

SLEMSA (Soil Loss EstiMator for Southern Africa) has proved itself in other
regions of southern Africa (Igwe et al., 1999; Mughogho, 1998; Hudson, 1987),
and so is a logical consideration. The key outputs produced by SLEMSA are
estimated soil loss, given as the ‘field rate of soil loss’ or ‘gross erosion’ (Abel
and Stocking, 1987) and these are derived from plot sized farming areas. It
has a reasonable accuracy with the ability to extrapolate to unmeasured
conditions and more complex farming systems practised in developing
countries (Clark, 1996). No professional training is required to run SLEMSA
and it is cheap to apply (Abel and Stocking, 1987) therefore making it a
favourable option for this analysis.

A classic method for determining soil loss from an area is the USLE (Universal
Soil Loss Equation) developed in the USA. It is an index-based, empirically
derived model (Favis-Mortlock and Guerra, 1999) that allows one to estimate
the average annual soil loss for a given region under natural and anthropogenic
conditions. Although developed specifically for croplands east of the Rocky
Mountains (Foster ef al,, 2003), it has been widely used as it can be
extrapolated for any region, with relatively little available data. However, the
USLE has shown problems when applied to environments for which it was not
originally designed and thus results need independent verification when used
elsewhere, particularly for estimating and interpreting vegetation cover (Abel
and Stocking, 1987) and dealing with deposition of sediments (Foster et al.,
2003; Clark, 1996). Including this necessary model validation and calibration
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for use in “new” regions (Jetten ef al, 1999), this makes the USLE data-

intensive and therefore not an option for this study.

The Water Erosion Prediction Project (WEPP) has developed a continuous
simulation model, which is physically process-based (Favis-Mortlock and
Guerra, 1999) and therefore able to predict soil loss and deposition reasonably
accurately. WEPP takes into account climate, hydrology, water balance, plant
growth, soil composition and consolidation (Laflen ef al., 1997) and models the
effects global climate change is expected to have (Williams, ef al, 2001).
Considering all these factors, WEPP is very data demanding when compared
to simple response functions of many other erosion models, such as the USLE
and SLEMSA. Although these large quantities of data can be simplified using
GIS technology (Evans and Brazier, 2005; Amore ef al., 2004), this only adds
to the data requirements necessary to use the model. This is an important
factor when modelling in developing countries and thus a negative point when
considering utilising this model.

Although the Universal Soil Loss Equation (USLE) has been the dominant
method of soil loss prediction in many parts of the world, other methods have
been tried and proven more satisfactory for the sub-tropical African continent
(Maali, 2003; Igwe et al, 1999; Stocking, 1995; McKyes, 1989; Stocking et al.,
1988; Stocking, 1981).

One of the successful approaches to soil erosion modelling in the southem
African region in particular, is that of SLEMSA (Soil Loss EstiMator for
Southern Africa). It was initially developed in Zimbabwe in the late 1960s to
provide advice towards curbing an ever increasing soil loss problem on arable
lands, and its framework is well documented in Stocking (1981). Since its
inception, it has been successfully modified and used repeatedly in various
studies in the southern African region (Igwe et al, 1999; Mughogho, 1998;
Hudson, 1987). After considering the six models mentioned above, SLEMSA
seemed to be the most appropriate for this study in the Swartland and the
details as to its usage follow.
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The SLEMSA framework is simplified in Figure 2.1 and starts with the
identification of the major physical processes that affect soil erosion, namely
crop, climate, soil and topography. The control variables are the dominant
factors influencing soil loss within the system, while at the same time being
easily measurable and rational (Stocking, 1981). The fact that these control
variables are logical and easily measurable is one of the main strengths of
SLEMSA.

Physical CROP CLIMATE SOIL TOPOGRAPHY
Systems I
Control Energy Rainfall Soil Slope Slope
Variables Interception Energy Erodibility Steepness Length

i E F S L
Submodels  Crop <(D Soil loss .

Ratio from bare K) Topographfc 6)
soil (t/ha/a) Ratio
Main Model Soil loss from | Z=CKX
cropland (t/ha/a)

Figure 2.1: The SLEMSA framework, reproduced from Stocking (1881).

The control variables used in the model are explained as follows: Rainfall
energy intercepted by the crop (i) is measured as a percentage. The seasonal
rainfall energy (E) is the total kinetic energy of all rainfall events within the
rainfall season, i.e.: 1% April to 30" September, and is measured in joules/m?.
F is the soil erodibility and is calculated off an index (Stocking, 1981). The
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slope steepness (S) is measured as a percentage, and the slope length (L) is

measured in meters.

The sub-modeis of C; K; and X represent the crop ratio or crop canopy; the
bare soil condition or soil loss from bare soil, measured in tonnes per hectare
per annum; and the topography or topographic ratio respectively. These
produce the output of Z, being the mean annual soil loss in tonnes per hectare,
which is calculated by the multiplication of C, Kand X.

2.52 Constraints and weaknesses of SLEMSA

SLEMSA was built to have a predictive capability on the Zimbabwe highveld.
This is a region of relatively high elevation, inland and experiencing summer
rainfall. The Swartland is an area experiencing winter rainfall, but aithough on
the coastal plain, it is far enough inland to afford the opportunity of using
SLEMSA with some small degree of accountability. The winter rainfall feature
of the area is noted and will be discussed with the forthcoming resuits in
Chapter Six.

it was noted that because of the simplistic nature of the soil loss estimator, it
cannot take into account all the complex interactions involved in the soil erosion
processes (Elwell, 1981), but merely serve as a guide and indicator towards
possible future soil erosion scenarios. At this stage, this is all that is being
required of using SLEMSA in this study. The thought is to gain an idea of what
future climate change impacts would have on the study region. As these future
climate changes are reliable only to a “direction of change” point of view (see
Chapter Four), SLEMSA will provide an indication as to whether or not erosion
will be intensified in the future, combined with climate change.

SLEMSA is used here as it utilises data that can be obtained at a relatively low
cost, in less time than for conventional methods of soil data collection. As itis
simple to utilise, a variety of models can be formulated to suit different localities
and field conditions, hence the cautious use of SLEMSA in the Swartland. With
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these thoughts in mind, the next section considers SLEMSA’s output for the
Swartland with downscaled future climate model output.

253 Applying SLEMSA to the Swartland

in order to examine climate change effects on erosion in the Swartland,

SLEMSA was calculated using both present-day observed precipitation as well

as using the downscaled future precipitation. The procedure followed when

calculating SLEMSA factors, as mentioned above, were as follows:

Firstly, mean annual precipitation in mm/year is needed. This was
calculated from historical station data and the regionally downscaled
climate model data. Table 2.3 shows the annual rainfall by which
SLEMSA will be modelled, where the historical data was subjectively
chosen as best to represent the Swartland region, i.e.. all stations with
more than 1000mmiyr were disregarded as being orographically
influenced and therefore not representative of the Swartland region (see
Chapter Three for study area details).

Table 2.3: Mean annual precipitation as calculated from historical station data, and

regionally downscaled data for the Swartiand (latitude 32°-34°S and longitude 18°-19.5°E).

Prasent day {mmiyr} Future {(mmiyr)
Historical station data 461.5033
ECHAMY 333.888 314.367
HADAM 332.499 300.589
CSIRO-A2 319.185 270.081
CSIRO-B2 319.197 277633

E (rainfall energy) was then estimated from the annual mean
precipitation, as the Swartland was identified as a “non-guti” area.
Stocking (1981) explains “guti” as referring to those stations receiving
significant amounts of orographic rainfall which tends to depress the
proportion of high intensity rainfall received in the season. Thus “guti”
stations generally have lower energy per millimetre of rainfall than “non-
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guti”. In the original study, “guti” stations were estimated at receiving
more than twenty days of early morning drizzle annually (Stocking,
1981) which is not experienced in the Swartland, hence the classification

of “non-guti” for this study.

An empirical relationship is assumed here between rainfall energy and
total rainfall. In order to assume this empirical relationship, stationarity
of the climate system is understood, given that there is a relationship
between the larger-scale and the local climate. When considering the
future climate state, the assumption is made where the observational
data from which the relationship is developed, encompasses the
required information for future cross-scale relationships (Hewitson and
Crane, submitted). Essentially then the same synoptic states are
present in the future as the present, and that climate change will
manifest itself as a change in timing, persistence and frequency of these

larger-scale events.

Thus E is estimated by plotting the mean annual precipitation (Table 2.3)
against the graph in Figure 2.2. Table 2.4 shows the calculations for E
from the graph in Figure 2.2.

Table 2.4: Average annual incident rainfall energy, E, calculated from historical station
data, and regionally downscaled data for the Swartland (latitude 32°-34°S and
longitude 18°-19.5°E).

Present day E (kJ/m°) Future E (kJ/m®)
Historical station data 85
ECHARM4 6.5 6.1
HADAM 6.5 6
CSIRO-A2 6.2 4.8
CSIRGC-B2 6.2 4.9
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_/V

Mean N /
annual 15 00

energy ]oe
E, kJ/m?2 <

10

0 1000
Annual rainfall, mm

Figure 2.2: Mean annual rainfall energy versus annual rainfall for guti and non-guti
regions (originally from Elwell, 1980).

o Soil erodibility (F) was derived from SLEMSAs original tables which take
into account soil group, soil family, soil texture, and land management
factors and crop management, e.g.: crop rotation. The basic equation is

as follows:
Fm = Fy + correction factors, where the correction factor is determined by

the crop practice and soil management techniques (see table in

Appendix D).
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Fy is calculated from the basic soil erodibility factors for the different soil
types (Appendix D). The Swartland generally has a combination of both
lithosols and fersiallitic soil groups. The lithosols are mainly clayey and
thus would have an Fb factor of 4.0. Granites and Malmesbury shales
are aiso present, and these tend to produce more sandy soils, where
little original topsoil remains. Soils in the Swartland tend to be duplex in
nature, reflecting their ability to move downslope, thus making them
more susceptible to soil erosion (Talbot, 1947)(see Chapter Three).
These characteristics also provide an Fp of 4.0, which is what will be
used in the calculation of soil erodibility.

The correction factor for the Swartland was determined by the following
assumptions:

- Average soil losses occurred in the pervious year, assumed by
the stringent conservation practices employed by farmers in the
region. Factor: -0.5

- Ridging practices employed include normal tilth. Factor: 0

- Crops are generally on small ridges (<200mm) and slope of >2%
due to the topography of the region. Factor: -1.0

- Annual crops are planted on the contours and ploughed and
rolled. Factor: 0.5

- Fallows and leys have been generally well vegetated for more
than three years. Factor: 2.0

- Crops are mechanically cultivated dry land crops, i.e: they are not
irrigated. Factor: -0.5

Thus the total correction factor estimated for the Swartland equals 0.5.
Concluding that Fr, = 4.0 +0.5=45

« Specific soil loss, K, is then shown in Table 2.6, as calculated from
Figure 2.3.
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Table 2.6. Specific soil loss, K (hafyr), as calculated from Figure 2.2 for historical station
data, and regionally downscaled data for the Swartland (latitude 32°-34°S and longitude

18°-19.5°E).
Present day K {(Uhalyr) Future K (i/halyr)
Historical station data 9 N
ECHANZ4 4 2
HADARM 4
CSIRO-A2 3 0.5
CSIRO-B2 3 05
800 [ ] | 1 1 ‘ 1 /‘ L] 1 ‘ i 1 B / ¥ l ) L3 ¥ 8 1] B
[ K=exp ( (0.4681+0.7663 F) InE + 2.884 - 8.1200 F) -
o S g / /
200 |- : -
i . L
i ]
B &
180 |
100

Raintall energy (E) x 10% Joules /m®

Figure 2.3: Specific soil loss rate, K, versus rainfall energy, E, for different degrees of soil
erodibility, F (originally from Ebwell, 1980).

o The proportion of rainfall energy intercepted by various crops (i) is

expressed as a percentage. This is calculated from the values of rainfall

energy interception proportion for various crops, and emergence times
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before and after the start of the rainy season (Appendix D). Thus a

number of different scenarios exist, which are displayed in Table 2.7.

Table 2.7. Values of rainfall energy interception, | (%) proportion for wheat, with

emergence times being before (-) or after (+) the start of the rainy season (originally

from Elwell, 1980).

Emergence time after start of ralny season

Yield (tha) —{month 0 +1 month +2months | +3 months
1.0 38 40 35 25 12
2.0 47 49 43 30 15
6.0 81 B4 73 52 26

e The next step in estimating soil loss is to evaluate the crop cover effect.

Thus the crop soil loss ratio, or cropping factor (C), is read from Figure

2.4 and shown in Table 2.8 for the various scenarios.
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Figure 2.4: Soil loss ratio (C) versus the proportion of rainfall energy intercepted by
various crops (i) (originally from Elwell, 1980).
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Table 2.8: Cropping factor, €, for the various scenarios of rainfall energy intercepted

by wheat.
Emergence time after start of ralny season
Yield (tha)  "q'month 0 +1 month +2months | +3 months
1.0 0.1 0.1 0.14 0.24 0.5
2.0 0.07 0.07 0.08 0.17 0.4
6.0 0.06 0.08 0.05 0.07 0.23

The estimation of topography factor (X) combines the field length (L) and
the slope (S). The equations below give the appropriate topography
factors for slopes less than or greater than 1%, where L is in meters and
S is in percent:
ForS <1%
ForS>1%

X =SVL/(10.74S + 8.04)
X =+L (0.76 + 0.53S + 0.076S?) / 25.65

This calculation for the Swartiand used a standard field length and slope
of 30m and 4.5% respectively. Thus:
X =30 (0.76 + 0.53x4.5 + 0.076x4.5%) / 25.65
= 1.0002

Once the variables K, C and X have been calculated, they are simply
multiplied together to estimate the mean annual soil loss from a field, in
the following manner:

Z=KCX
The results for the mean estimate soil loss from a field, calculated for
both the present and future climate change scenarios, are presented in
Chapter Six.

2.5.4 Modifying SLEMSA for the Swartland

The results shown in Chapfer Six were rather simplified and when scrutinised

more closely with the predicted regional downscaling of future climate, posed a

significant problem. Estimates of soil loss are most sensitive to changes in the
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E factor, as Hudson (1987) found in her use of SLEMSA in the Drakensberg.
By reducing the amount of annual rainfall expected, one would tend to reduce
the theoretical soil loss in SLEMSA. Future climate change predicts that the
annual rainfall of the Swartland is likely to decrease or possibly remain the
same, but this rainfall is more than likely going to occur over a shorter time with
significantly longer dry spell events during this shortened winter rainfall season
(Chapter Five). Thus increased dry spell duration, linked to increased
temperatures (Chapter Four) would logically lead to decreased available soil

moisture and therefore be cause for possible increased soil erosion.

SLEMSA does not make provision for the change in intra-annual rainfall
patterns with the calculation of E. Therefore in order to apply SLEMSA to the
Swartland, the downscaled precipitation variables examined in Chapter Five
need to be re-considered. These include not only total annual precipitation, as
addressed by SLEMSA, but also mean number of rain days greater than 20mm
and mean dry spell duration. The long-term 30 year average of the mean of
these two variables was examined for the Swartland as a region (between 32°S
and 34°S and 18°E and 19.5°E). It was noted that for the average number of
rain days greater than 20mm there was little significant future change predicted
over the entire region. There was however a significant difference in dry spell
duration for the region as a whole when examining future climate change (see
Table 2.9).

Table 2.8: Long-term 30 year time average mean of dry spell duration taken from the
regionally downscaled climate data.

Model Present Future Ratio of change
ECHAMA4 418187 6.23249 1.49
HADAM 3.51649 5.31189 1.51
CSIRO-A2 3.34007 4.34561 1.30
CSIRO-B2 3.34806 3.13675 0.94

Thus a crude adjustment needs to be made to correctly consider the future
climate change scenarios for the Swartland. By taking the regionally
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downscaled output of dry spell duration, and examining the anomaly, one can
gain a percentage change between future and present (Table 2.9) by which to
adjust the annual precipitation value in SLEMSA to make it more representative
of the Swartland region for future climate change. This crude adjustment was

called factor “A”.

To create factor “A”, the ratio of change between the future and present results
of mean annual dry spell duration (Table 2.9) were then multiplied by the
annual future precipitation as was the original input to run the model (see Table
2.3). These results (Table 2.10) were then used to determine the rainfall
energy (Ea) from SLEMSA once again (section 2.5.2), being more
representative of the possible future climatic conditions.

Table 2.10: Mean annual precipitation as calculated from historical station data, and
regionally downscaled data for the Swartland (latitude 32°-34°S and longitude 18°-19.5°E), with
future precipitation adjusted for dry spell duration (A).

Present day (mmfyr) A {(mmiyr)
Historical station data. 461.5033
ECHAM4 333.886 468.407
HADAM 332.499 454,190
CSIRO-A2 319.185 351.375
CSIRO-B2 319.197 260.142

After the adjustments were made for rainfall energy, E, using factor “A” rather
than the simplified method of only considering annual precipitation (Table 2.11),
SLEMSA was then recalculated using the methods explained in section 2.5.2.
The results using the adjusted annual incident rainfall energy (Ea) are
presented and discussed in Chapter Six.
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Table 2.11. Average annual incident rainfall energy, E,, calculated from historical
station data, and regionally downscaled data for the Swartland (latitude 32°-34°S and longitude
18°-19.5°E), with future precipitation adjusted for dry spell duration (A).

Present day E (kJ/im®) Future E, (kJ/m°)
Historical station data 8.5
ECHARMA4 6.5 9
HADAM 6.5 8.75
CSIRO-A2 6.2 7
CSIR0O-B2 6.2 L]

This concludes the analytical techniques applied in the study. The results are
displayed in the relevant chapters as tabulated in section 1.8. Chapter Three

now goes on to describe the study area.
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Chapter Three: Study Area: The Swartland

3.1 Introduction to the study area

The Swartland forms part of the western lowlands of the Western Cape
Province of South Africa (Figure 3.1). ltis a region of gently undulating hills on
Malmesbury Group shales, bordered by the Sandveld, an area characterised
by sandy soils, to the west; the Picketberg Mountains and more karroid
vegetation to the north; the Hottenttot Mountains to the east; and the more
densely populated Tygerberg region to the south (Dietrich et al,, 2004). The
‘regions’ shown in Figure 3.1 are identified on the basis of consistency of their
physical environmental features, more particularly their geological make-up;
their natural vegetation; their climate; and by the human activities conducted
there (Meadows, 2003a).

The southwestern Cape represents a significant southermn hemisphere example
of a Mediterranean-type climate. Conacher and Conacher (1998) attempted to
define the Mediterranean regions of the world (Fig. 3.2), above all agreeing that
summer drought was the main distinguishing characteristic, they also deduced
the following:
- Areas with >275mm mean annual precipitation for cool,
coastal stations and >350mm mean annual precipitation for
warm interior stations,
- Areas where mean monthly temperature is >0°C;
- Areas which receive >65% of their rainfall in winter;
- Generally falling between the latitudes 30° and 40°, between
temperate and tropical arid zones;
- Areas occur on the west coasts of continents washed by cold

ocean currents.

Large parts of the southwestern Cape of South Africa fall into the category of
having a Mediterranean-type climate. The region experiences marked
contrasts between hot, desiccating summers and cool, wet winters. Strong
winds are a prominent feature in all seasons, with frontal rains from the
northerly movement of the ‘roaring forties’, which, together with winter fogs,
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bring moisture to the region. The climatic variability of these intense drought
periods followed by intense wet periods, which can occur on a maonthly to
yearly basis, is what characterises Mediterranean-type regions around the
world (Conacher and Sala, 1998).

s
w Laetad wlzuwas 2656 i I

Figure 3.1: The socuthwestern Cape distmguishing the Swartland's geographical location
among other natural regions (Meadows, 2003a}
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Another distinctive feature of Mediterranean regions is their location on a
coastal plain being backed by mountains (Dietnch af af,, 2004), The cold
ccean current washing the shores of the Western Cape i1s the Benguela
Current, coming directly from the Southern Ocean. Mountains  in
Mediterranean-type ciimatic regions are usually formed through folding
geological processes, as is the case in the Western Cape. and have marine
origins. Thus white limestones, dolomites, and karstic landscapes feature

prominently, with the occasional granitic outcrop also present in the landscaps.

The Western Cape region is floristically and geomorphologicaily diverse, due to
the geological and climatic heterogeneity of the region. The southwestern
Cape is the only region of South Africa experiencing a winter rainfall peak, and
it is important as it represents the equatorward boundary of direct influence of

mid-latitude storms.

~Hm
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Figure 3.2 The Mediterranean regons of the world (after Conacher and Sala, 1588,
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The Swartland falls into the heart of the southwestern Cape's winter rainfall
region, and is the primary area chosen for this study (Figure 3.3). Itis primarily
an agricultural region producing winter wheat, cats, barley and also containing
vineyards, with less than 5% natural vegetation remaining {Dietrich ef af,
2004). It is this low percentage of remaining natural vegetation that gives it a
distingt vulnerability with respect to land use and climatic conditions as natural
vegetation would be better able to adapt to climate change than an

agniculturally medified landscape.

The majority of agricultural land in South Africa falls into the summer rainfall
region and largely consists of maize, sugar-cane and a small proportion of
wheat, with anly a small percentage of agncultural land falling into the winter
rainfall region. It 45 this imbalance of agricultural land distribution between
summer vs. winter rainfall regicns that arguably has contnibuted to an
imbalance in climate change research, favouring the summer rainfall region.
Hence this study is to help correct the imbalance by focussing on the winter
rainfall region, and to highlight the importance of climate change on the crops

being grown in the Swartland.

Desertification (land degradation in arid, semi-arid and sub-humid lands —
UNCCD. 1905) is considered a serious threat to the semi-arid areas of
Mediterranean-type environments, and particularly to the marginal hilly lands of
the region {Kosmas and Danalatos, 1994). This also stands true for the hilly
lands experiencing a Mediterranean-type climate in the Swartland. Sail
grosion, resulting from ignorance, negligence and apathy in land use —
especially during the years 1850 to 1950 —has caused an increase in the silt-
content of many South African streams, therefore accentuating the naturally
highly irregular character of their discharge {Talbot, 1961). This is particularly
evident in the more ard regions of the southwestern Cape and notably in the
Swartland, as Talbaot identified in his 1947 report. Thus a more somprehensive
study into the geology of the area and past agricultural history is examined

following the next section on the current climate of the Swartland.
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3.2 Current climate of the Swartland

As noted above, the Swartland falls into the winter rainfall region of South
Africa, which corresponds to conditions experienced in the Mediterranean
regions having hot, dry summers and cool. wet winters. The Swartland
expariences an average of 250-400mm of rainfall per annum, and temperatures
range between 8°C and 41°C. Table 3.1 shows the climate statistics for
Moorreesburg, which is in the heart of the Swartland at 33 158 and 18.67°E,

ta give an idea of local conditions.

Figure 3.3: The agricultural districts of the Western Cape of South Africa, showing the
Swartland n the southwest as the study regon {van der Menwe, 2003).

Winter in the Swartland rarely sees very low night temperatures, with mean
daly mimma varying from about 4C te 8°C (Talbot, 1947} Frost is unknown
over most of the region, occasionally occurring in the valleys and low lying
areas for roughly four nights in total over the winter months {Lambrechts,
18938} Winter days are warm with average daily maxima of over 15°C along
the coast and over 18°C inland being typical (Tyson et af, 2002). On notably
warm days, shade ternperatures of over 24°C are not unusual in winter. These

temperatures enable the native vegetation and crops such as wheat, rye. oats
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and bariey, and vegetables such as potatoes, cabbage, peas and turnips to

continue growth even in mid-winter (Talbot, 1947).

Table 2.1: Average climate statistics for Moorreesburg, located at 33.15°5 18.67°E at a height
of around 280m above mean sea level, for the penod 1970-1998 Shaded cells denote

imaximuim and minimum temperatures and maximum precipitation —the latter occurring in

winber,
Temnperature (* C) Precipitation |
Month | Highest | Average | Average | | o eq | Averase | i Gutl,
Recorded S | R Recorded fim) Rainfall l
(mem}
January 41 24 15 7 B 25 _
Fehruary 40 30 15 4 B 45 l
March 1g 28 14 7 15 59
Apri! 38 25 12 5 32 98
May 32 21 g 2 54 145 I
June 29 18 7 1 65 e
July 27 17 g o 57 111
August 30 18 7 1 1 238
September 32 20 3 1 35 100
October 38 23 10 4 21 59
November 41 26 12 4 18 1654
December 40 28 12 6 17 83
Year 41 23 11 1] 385 238

The winters of the southwestern Cape are generally maist, with the area having
its rainfall restricied by the mountain ranges of the Cape foid belt (Preston-
Whyte and Tyson, 1993). The dry, anticyclonic high-pressure systems, which
are a prominent feature over southern Africa, migrate north in the winter
months and allow the westerly winds inic the southwestern Cape (Presion-

Whyte and Tyson, 1883). This provides the winter rainfall and produces the
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Mediterranean-type climate. The rainfall in the Swartland is closely linked to
altitude; with rainfall increasing with increased height above sea level. [n the
upper regions of the Riebeek Mountains, in the eastern part of the Swartland,
rainfall can be as high as 700mm, in a region experiencing an average of
500mm per year (Maorel, 1998). These rainfall figures make the Swartland
clearly well suited to arowing winter grains, such as wheat and barley
{Elsenburg, 1981}

The summers on the other hand are arid, caused by the Benguela current,
which creates strong upwelling on the west coast particularly during the
summer months, thus intensifying summer aridity (Shillington, 1898). The
occasional more humid day interuplting the marked aridity i1s brought on by
relatively cool air being brought in from the ocean by prevalent south-
southeasterly winds, when upwelling is weakened. Average temperatures
range from about 20°C in the southwest to 24°C in the northeast, with mean
dally maxima wvarying around 24-32°C.  Fuither infland temperatures have

cceasionally been recorded as high as 38°C, and even up to 42°C (Table 3.1).
strong southerly winds are frequent in summer and thus evaporation s high.
The force of the wind can sometimes damage crops, and vines often suffer

from desicecating or ‘'scorching’ effects (Talbot, 1947).

Wind erosion and soil drifting are common on cultivated and cleared areas of
ight soils.  Littte rain falls between Cctober and April, so despite favourable
temperatures, summer is a period of reduced vegetative activity except in the
case of plants and cultivated crops not directly dependent on rainfall {Talbot,
19473, ie plants with well developed rooting systems such as vines, and crops

under irmgation,

Spring and autumn are the seasons of optimal plant growth in the Swartland.
In September and October lengthening days, rising temperatures and soils still
moist from winter rains stimulate a vegetative growth. |n autumn when the first
winter rains begin to replenish the soil moisture after the arid summer, thus

promoting a secondary maximum of vegetative activity,
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The rainfall is mainly cyclonic in crigin, being associated with the passage of
cold fronts moving over the sub-continent in the winter months.  This frontal
rain, in the vicinity of mountains can be generally more intense as the rising air
is induced to rise more rapidly by the orographic obstacles in its path. The
autumn and spring rains are of greatest importance to the farmer with optimum
dates of seeding being 15M-30" May for wheat (Agenbach pers. comm., 2003).
Should the auturmn rains come later or be of an insufficient amount, the sowing
and germination of the crops are delayed, often resulting in retarded crops.
Late spring rains, such as those at harvest time that centinue inte October, can
impair the guality of the grain (Talbot. 1947), thus the timing of the rain events

is also a critical component,

Recurrent droughts are parnt of the climatic pattern in arid regions of the world,
and South Africa is mo exception {Rouault and Richard, 2003). The varable
rainfall conditions of the Swartland make grain production and especially wheat
preduction a hazardous branch of farming, where stack-raising would appear to
be the most economic form of land use {Neethling, 1941} Politicat pressures
have created an agricultural region mere inclined to crop farming, where wheat,
sorghum, barley and oats are favoured over stock-raising. This makes the
region one of distinct vulnerability, and particularly with respect to future climate
change, where little is known of the impact climate change witl have on the
Swartland.

This particular study area is important due 1o its situation at the southern tip of
Africa. Any change in sea surface temperatures, ocean currents and Antarctic
ice extents greatly affect the dynamics of the atmespheric circulation and hence
rainfall systems in the region, with resultant climatic change (Mulock-Houwer,
2001). At the same time, should the atmospheric circulation patierns change,
this would directly affect sea surface temperatures. ocean currents and

Antarctic ice extents.
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3.3 Geological and geomorphological history of the Swartfand

Geomorphologically, the Swartland is a region of mainly gentle relief where
erosion has fruncated the highly folded Maimeshbury Formation (Figure 3.4},
forming a surface o moderate slopes with locally almost lavel areas. Steeper
slopes and occasional lowbluffs along river coursas are alse a feature. The
undulating lowland is occasionally interrupted by broad granitic masses and
steep-sided oufcrops of Table Mountain Sandstone [Kasteelberg and

Fiketberg).
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Faure 3.4: Geclogy of the Swartland, with the study area being prirmanty defined by the
presence of Malmesbury Formaton shales.
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The Malmesbury Formation consists of sedimentary and meta-sedimentary
rocks, which are combined te form the Malmesbury Group shales in the
Western Cape Province (Tankard ef al., 1982; SACS, 1980). The Malmesbury
Group 15 mainly of marine origin, with sediments being laid down in
Precambrian seas, forming the bedrock that underlies the brown loamy soil of
the Swartland (Taibot, 1971). These sediments have been subject to foiding,
upliftment and erosien during the Precambrian, and this has decreased their

resistance to weathering (SACS, 1980).

The Precambrian rocks are associated with fine grained quartzites in the
region, thus when the rocks weather, exchangeable cations are released which
are used by plants. These cations include magnesiumn, calcium, potassium and
sodium {Deacon ef al, 1892). Deep soil profiles are usually found in valleys
where the deposition of the weathered material accumulates, causing fertile
soils to be drained by rivers and streams. Thus the Swartland, with its

unduiating hills makes for prime agriculturatl land.

The Malmesbury group is estimated at around 800-950 million years old
(Tankard ef af., 1982). This group is then divided into three separate areas,
divided by twe zones of dislocation, {g) the scuth-western domain; (b) the
central domain; {c) the north-eastern domain (Morel, 1998), with the later

forming the majority of the Swartland.

The northeastern domain reflects the dominantly manne sedimentation with the
Piketberg Formmation forming the geosynclinal setting. The rocks of the
Fiketberg Formation closely resemble those of the Franscheek Formation, with
evidence of folding and faulting and a presence of granite (Morel, 1988). A
FPiketberg-Wellington fault zone runs in a northeasterly direction through the
Swartland. Felding and faulting are found extensively in this region, as it

comman in al! Mediterranean regions of the world (Conacher and Sala, 1898).

The Swartland landscape is smocth, except for the mare resistant hilts and

mountains made up of marine sediments. Downfaulted outliers of the
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Kiipheuwel Formation and the Table Mountain Series form low hills or
prominent ridges, such as the Kasteelberg (Morel. 1898). Qutcrops of
Klipheuwel Formation also occur between Piketberg-Porterville and Riebeeck
Kasteel. This ies on steeply dipping Malmesbury shale, and is overiain by the
basal beds of the Table Mountain Group. Norne of the Malmesbury strata is
particularly resistant to erosion and therefore resulted in the gently rounded

landforms and gentle slopes charactenstic of the Swartland (Figure 3.5},

Figure 2.5 The gently sloping, undulating topography characteristic of the Swariland

Gully erosion has been shown in the past to be a force capable of drastically
altering the landscaoe of the Swartland (Muller. 1899; Morel, 1938; Talbot,
1942}, The relief of the Swartland with its undulating landscape is extremely
susceptible to water erosion, and therefore increased impacts from guily
grosion. The next section deals with soils of the Swartland and their general

susceptibility to erosion.
3.4 Soils of the Swartland
Solls derived from different parent materials, react differently to soil erosion,

vegetation and deszriification.  Acidic igneous parent materials produce

shallow soils with high erodibility risk and high deserification rigsk (Kosmas and
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Danalatos, 1994). These soils are present in the Swartland as being derived
from the Malmesbury shales. Soils on conglomerates and shale-sandstones
usually have a restricted effective rooting depth resulting from erosion. The
tolerance of these soils to erosion is low, and under hot and dry climatic
conditions and severe soil erosion, rain-fed vegetation can no longer be
supported, leading to desertification (Kosmas and Danalatos, 1994).

The Swartland exhibits a whole host of soil types, with deep, well-drained soils,
highly leached soils and shallow calcareous soils all being common (Meadows,
1998; Germishuys, 1992). Swartland soils are relatively in-situ, showing a
direct relationship to the parent material and surrounding terrain. Cowling
(1992) showed that shallow weakly developed soils (lithosols) are found on the
granitic mountainous outcrops, while soils on the more undulating areas are
more clayey and of residual and duplex nature (Talbot, 1947). This duplex
nature is reflected in the textured contrast between the A and B horizons,
where the A tends to be of a sandy nature and the B horizon of a clayey nature,
thus making them more easily erodible. Some paleosols are found in the
region, having been formed under previous climatic conditions. For example,

silcretes and red apedal soils developed from ferralitic weathering.

Kosmas et al. (1993) conducted a case study in the European Mediterranean
region on soils similar to those found in the Swartland, which showed that in dry
years, gravel and stones are extremely important for the prevention of
desertification by conserving appreciable amounts of soil water from
evaporation through surface mulching. Stony soils along slope catenas of
conglomerates and shale-sandstones, despite their normally low productivity,
were found to supply appreciable amounts of previously stored water to water
stressed plants and ensure an adequate biomass production in extremely dry

years (Kosmas ef al., 1993).
Generally the soils in the Swartland that are derived from granites are red and

yellow in colour with a well-developed internal drainage system (Morel, 1998).
In the eastern parts of the Swartland, around the Riebeekberg, the soil consists
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of medium textured sands with varying depths. The sands overlying the
Malmesbury shales, on the more undulating landscape, form residual soils.

Soils of the Malmesbury Group are usually shallow, with a narrow horizon of
small ferruginous concretions and rock fragments at a depth varying from 10-
46cm (Talbot, 1947). Beneath these soils is yellowish brown, reddish brown or
brown sandy clay that is impervious, compact and plastic when wet (Drew,
1999), and below this is the shale parent rock. The soils are poor in
phosphates and nifrogen, and are usually fairly acidic. They tend to cake after
heavy rains due to their high content of fine sand and low organic matter
content (Talbot, 1947). The soil types of the Swartland include the following:
Mispha, Gelnrosa, Cartef, Swartland, Sterkspruit, Hutton, Clovelly, Kroonstad,
Escourt, Pinedene, Bainsviei, Fernwood, Constantia, Lamotte, Westleigh,
Dundee, and Longlands.

3.5 Vegetation of the Swartland

A region experiencing a Mediterranean-type climate, the Swartland forms part
of the fynbos biome of the southwestern Cape. Fynbos is a highly species-rich
vegetation type, forming one of the six major Floral Kingdoms of the worid
known as the Cape Floral Kingdom. Fynbos is a mosaic of mainly shrubland
types, where some are ‘heath’ and others ‘non-heath’, depending on the
species composition of the area. In terms of numbers of plant species and
genera, the fynbos rivals even tropical rain forests and suggest a long-term
evolution over a complex course in time (Meadows, 1998). Taxa indicative of
the Cape Floristic Kingdom include numerous members of the Restionaceae,
Proteaceae and Ericaceae families.

The natural vegetation of the Swartland itself falls into the category of West
Coast Renosterveld (Low and Rebelo, 1996), which is associated mainly with
the more nutrient-rich shales of the Malmesbury Group (see section 3.3).
Although also species rich and forming part of the mosaic of the fynbos biome,
it phytogeographically has more in common with the vegetation of the interior of
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South Africa. Renosterveld includes semi-dense to dense evergreen plants
with small leaves from the Asteraceae family. Small clumps of tall broad-leafed
shrubs also occur (Dietrich ef al., 2004), as with the presence of grasses in

more frequently burned patches (Low, 1995).

The Swartland today has very little natural vegetation remaining, being
primarily a wheat and grape producing area. As mentioned in section 3.1, the
Swartland has no more than 5% of its original natural vegetation remaining,
being taken over by agricultural practices as early on as the late 1600's
(Meadows, 2003a). This lack of natural vegetation makes the region even
more vulnerable to climate change. From this point, future climate change
impacts will be examined with respect to the crops grown in the region, rather

than the natural vegetation.

Inadequate rainfall is usually the most limiting factor of crop production in
Mediterranean environments (Fischer, 1979). For the Swartland, Talbot (1947)
identified autumn and spring rains to be of greatest importance to farmers, as
crops are seeded around May (autumn) with optimum warming for rapid growth
in August and September (late winter to spring). Thus early rains would cause
the crops to sprout early and risk loss due to ploughing, and decreased spring
rains may prevent proper development of the crop and impair development of
grains. Lopez-Bellido ef al. (1996) found that differences in rainfall during the
growing season had a marked effect on wheat yield and responses to effects of
tillage, crop rotation and nitrogen fertilisation on the crops. It is for these
reasons that examining the present and future climate of the region has major
implications towards the continuing of present agricultural practices and soil
erosion management. Thus, one needs to consider the past practises first,
before extrapolating a future trend.

3.6 Swartland land-use history
Wheat forms one of the most important food crops in the worid, as it serves as

the staple food for many countries and thus plays an important part in
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economics, politics and culture (Maali, 2003). Wheat and other crop farming
have formed the primary activity in the Swartland for the last 100 years.
Deacon (1992) mentions evidence of structured cultivation of land in the
southwestern Cape beginning as recently as 300 years ago, with stock farming
as far back as 2000 years.

The earliest inhabitants to the Swartland region were Acheulean people, who
were predominantly scavengers who had to compete with wild animals such as
hyaenas for their meat supply and tended to live in more riverine environments
(Humphreys, 1998). They would have had little impact on the natural
environment. Later Stone Age Sun hunter-gatherers (the “San” or “Bushmen”)
also displayed little environmental impacts, living a highly mobile existence by
moving seasonally to exploit varying resources in complementary ecological
zones (Humphreys, 1998). This continual movement meant that family groups
were small and therefore their impact on the environment also negligible.

The first pastoralists were thought to be the “Khoekhoe” (also known as
“Hottentots”) who probably originated in present-day Botswana, moving south
with a domestic form of sheep and cattle. Evidence of their presence in the
Western Cape is from as early as 1300 years ago (Humphreys, 1998). These
groups tended to be large, competing with the earlier hunter-gatherer
inhabitants and would have had a more marked effect on the environment.
Like the San people, they also migrated seasonally as their large herds needed
good pasturage. The impact of the Dutch colony around the mid 1650s, in the
southern parts of the Swartland and around the Cape Flats region, caused the
displacement of these previous indigenous people and eventually they were

taken into the colony as slaves (Wesson, 1998).

Farming methods of the 19" Century were generally sustainable, where
farmers used oxen and mules to plough the fields. It was also standard
practise to leave considerable intervals between cropping times, thus allowing
the soil sufficient time to recuperate lost nutrients and maintain soil fertility
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(Morel, 1998). Up until the early 20" Century, the Swartland participated in
mainly mixed farming of grain, grape, vegetables and stock (Wesson, 1998).

The concern with over-cropping began around the time of mechanisation in the
early 1900's, when the growing urban population placed increased demands on
farmers to produce greater yields. The effect of the Anglo Boer War and the
two World Wars saw a worldwide depression, with farmers being encouraged
to produce greater yields, as imports were scarce. Farmers were expected not
only to provide sufficient wheat for the population, but also for provisions on
passing ships (Talbot, 1947). Thus land previously unsuitable for cultivation
was used; the rest period between cropping was shortened; and rotational
cropping slowly fell away (Dietrich ef al., 2004, Morel, 1998).

Urban population growth was not the only reason for increased cultivation.
Import control and rail transportation restrictions were implemented in the
1920's, which provided farmers with protection from low-priced imports (Morel,
1998). The government then introduced wheat importation restrictions in the
1930’s, which caused domestic prices to be higher than the prices available in
the free market, thus being an incentive to expand cultivation into more
marginal areas so as to maximise yields (Talbot, 1971). Other crops were also
grown in the Swartland, consisting of other cereal crops of barley, oats and rye,
as well as grapes for wine making and table grapes. However these other
crops were on a much smaller scale than the wheat industry, particularly when
the government began manipulating wheat prices so as to entice farmers to
plant wheat in their fields for better economic gains. It is for this reason that the
rest of this section will concentrate on farming in general in the Swartland, with
specific references to the growth and yields of winter wheat.

The new farming practices on marginal lands were hard hit in the 1930's when
a prolonged drought hit the southwestern Cape. The unfavourable climate,
combined with deficits in wheat production during war times, aggravated the
situation and farmers proceeded to plant less suitable areas with wheat to gain
greater overall yields. A survey of the Swartland conducted by Talbot showed
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that the use of contour ploughing on grain farms was completely absent and
only a few farmers were making attempts to stop soil erosion (Talbot, 1947)
while concentrating instead on achieving greater yields off the land. These
erosion control attempts mainly consisted of badly constructed water ditches,
which quickly led to excessive rill and gully erosion (Morel, 1998).

it was quickly realised that the complicated problem of soil erosion could not be
solved by means of reclamation alone and that steps for the prevention of soil
erosion were also necessary (Viljoen, 1945). The government introduced state
funded soil erosion combating schemes in 1933 to draw attention to the
growing problem of soil erosion (Dept of Agric. & Forestry, 1935), and the
“Division of Soil and Veld Conservation” was established early in 1939 (Viljoen,
1945). Unfortunately war conditions stemming from World War |l lead to the
temporary suspension of government schemes to control soil erosion, but it
was realised that this was of national importance and so the most important of
these schemes were reinstituted in 1942 (Meadows, 2003a; Viljoen, 1945).

In the 1942/43 season, the winter rainfall region did not get rain until late in the
wheat growing season, then heavy precipitation was experienced in a relatively
short time (Dept of Agric. & Forestry, 1944). This resulted in leaching of arable
lands and a much reduced wheat crop than usual. In addition, this was the
second consecutive drought at the commencement of the winter sowing
season (Dept of Agric. & Forestry, 1944). Farmers were now more encouraged
than ever to implement soil erosion practises, and many went for the
application of rotational cropping between contour banks. These methods were
combined with the introduction into the rotational system of a perennial grass
for the restoration of the good structure of the soil (Dept of Agric. & Forestry,
1944). This was then the favoured method to maintain the fertility of the soil
and to strengthen the soils ability to resist erosion.

in 1947 official attempts, encouraged by government incentives, to control gully

erosion began. These included incorporating conservation strategies such as
contour ploughing and rotational cropping. Lupin was also introduced as a
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rotational crop as it was well suited to the Swartland area, being tolerant of
slightly acidic soils and annual rainfall of around 300mm (Morel, 1998). Lupins
grow well in sandy soils and apart from being valuable post-war fodder crops
rich in protein, they also improve the soil as, being legumes, they enrich the soil
with nitrogen (Marais, 1949). Contours, check-banks and new field patterns
started becoming more familiar sights in the Swartland, and so marked the
beginning of conservation-minded farms aimed at reducing soil erosion (Talbot,
1971).

The causes of soil erosion by the mid-late 1940s were both climatic and
cultural. Climatically induced erosion was evident from heavy rains combined
with drought periods. Culturally, the replacement of indigenous fauna with
exotic farm animals, thereby changing the ecological conditions affecting
vegetation (Talbot, 1961), proved to be a more cost effective means of gaining
fertilizer which was unavailable in the post-war years (Marais, 1949). The Soil
Conservation Act (No. 45 of 1946) was passed as a response to the nationwide
demand for better provision for combating soil erosion and for conservation of
the natural resources of the country in its soil, veld and water supplies (Dept of
Agric., 1947).

Greatly increased mechanisation of farming methods occurred around the mid-
1950s (Du Toit, 1960). Around this time unfavourable climatic conditions were
experienced, in the form of extreme drought followed by heavy rains, resulting
in increased soil erosion and flood damage (Dept of Agric., 1955). These led
farmers to adapt their farming practices in a manner calculated to counter the
ill-effects of extreme climatic conditions, so being better able to deal with
climatic variability than in previous years (Du Toit, 1960). These changes could
not only be seen in the decreases in frequency of previously mentioned erosion
features, shown later by Sebataolo (2003); Muller (1999) and Morel (1998), but
also by the increased wheat yields during unfavourable climatic conditions.

The next serious drought recorded in the Swartland was during the mid-1980s.
Excellent wheat yields were observed from 1980-1983, in the years preceding
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the drought where tons of wheat gained per hectare was high. However
serious drought conditions in the Swartland forced the government to institute
the “Conservation of Agricultural Resources Act” (Act 43 of 1983) where the
government would take immediate action against the misuse of agricultural
resources (Immelman, 1986). This Act replaced the Soil Conservation Act of
1969 and became effective in the middle of 1984, when drought conditions
were at their peak in the mid-1980s.

The drought of the mid-1980s was broken in the Swartiand when good winter
rains fell from April to August 1987, and resulted in good winter grain crops
(Hattingh, 1988). It is about this time during the 1980’s that agricultural
changes are noted, possibly due to political changes in the country. Dietrich et
al. (2004) note that land sown to grain over the years 1960-1977 remained
fairly constant at around 80-84% of the Swartland. However by 1988, the
amount of land sown to wheat fell slightly to 77% (Dietrich et al., 2004). This
figure seems to have continued to decline up untii 2000 where 67% of
agricultural land in the Swartland was planted to grain, the rest represented by
a substantial increase in grape cropland and a small percentage of other land

use.

These latest changes are thought to be due to the change over of political
parties from a Nationalist government to a democratic rule under the African
National Congress. These political changes brought the cancelling of
economic sanctions, thus reopening exports and entrance into free trade on the
international markets (Dietrich ef al., 2004). This extra competition lowered the
price of wheat and with local government subsidies no longer favouring white
farmers; these farmers were forced to re-evaluate their chosen crops for
economic sustainability. Another important reason for this increased trend in
planting grapes it that the farmers can now take advantage of global markets,
with the ending of apartheid induced sanctions after 1992, especially with
respect to the wine market (Dietrich ef al., 2004).
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3.7 Agricultural trends in the Swartland

Currently the Western Cape Province is the largest producer of wheat in South
Africa, with the Free State Province coming in a close second. All the nine
provinces of South Africa produce wheat, with the Western Cape producing
around 33-40% of the total for the country (2002 wheat production figures from
Dept of Agric., 2004). The Swartland (north of Cape Town) and Ruens
{Overberg region, east of Cape Town) regions are the primary regions within
the Western Cape, with the production per hectare almost evenly distributed
between both areas.

Wheat is one of the industries “most dependent on climatic and other natural
factors, with the result that the wheat crop fluctuates from one extreme to the
other in the course of a few successive years” (Dept of Agric. & Forestry, 1938,
p490). Past historical records have shown that when marginal climatic
conditions prevail in the winter rainfall region, the Swartland seems to maintain
the highest yield per hectare when compared fo the other regions.

in 1953 the Swartland produced as much as 47% of the total wheat production
in the (then) Cape Province' and 21% of the total for the country. In 2000 this
figure stood at around 34% in the “Cape Province' and 15% of the total for the
country (Dept of Agric., 2004). Maali (2003) showed that wheat quality and
wheat yield varied largely between years due to annual variation in total
precipitation and distribution of rainfall. Dietrich et al. (2004) however attribute
these changes to an increase in land use for grape production, with the
southern parts of the Swartland containing the “third highest percentage of total
vines less than ten years old out of the eight major wine producing regions” (pg
28).

As mentioned previously, climate is one of the main factors affecting
desertification in Mediterranean-type regions. Here rainfall amount and

' The Cape Province, up until 1984, consisted of what are ioday the Northem Cape, Wastemn Cape and
Eastern Cape Provinces. For comparison’s sake, these three current provinces are combined when
considering statistics.
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distribution are the major determinants of biomass production on hilly lands
under Mediterranean conditions (Kosmas and Danalatos, 1994). Talbot (1961)
cites Kokot (1942) as providing ample evidence to support the view that serious
desiccation was taking place in many parts of South Africa in the 1930's and
early 1940’s.

By the 1960’s there was little or no vegetation in South Africa that was in its
original condition, but it was the arid regions and the broad marginal zones
adjacent to them that have suffered the most changes (Talbot, 1961) and
continue this trend today. On the whole however, the Swartland is remarkably
different to the eroded hills noted in the 1930's and 1940's. Stringent erosion
laws and attractive government subsidies encouraged farmers to combat
erosion and change farming practises for the better.

Climate and weather patterns are crucial to farmers and agricultural research
continues in all the major agricultural areas of the country to ensure adequate
yields. Maali (2003) recommends minimum tillage or reduced tillage being
performed on wheat in the Swarlland during low rainfall years than
conventional tillage. in general these tillage systems should be combined with
crop rotation to ensure that vields are comparable to that obtained with
conventional tillage. This section continues with an examination of Swartland
wheat yields from historical records; climate effects on Swartland wheat; and a
case study of climate impacts on crop yields in the Swartland.

3.7.1 Historical wheat yields in the Swartland

The government reports of annual wheat vyields, rainfall conditions and
temperature were examined with respect to the Swartland. Figure 3.6 shows
these factors combined against an index of favourable or unfavourable leading
to high/low wheat yields respectively. Unfavourable precipitation was ranked
as too much or too little; unfavourable temperature was where conditions were
too hot or too cold; and unfavourable wheat yield was where the yield produced
was below that required. Satisfactory precipitation, temperature and wheat
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yield are plotted in between. Unfortunately the historical records are
incomplete, one of the main reasons betng that as the Depardment of
Agriculture changed its staff, so thetr metheds, style and content of the reports

also changed.
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Figure 3.6: Swartland climatic conditions slatted with wheat vield from historical government
records (see fext for classification of favourablefunfavourable).

From the histonical records of wheat yields, the Swarland is the main wheat
producing region in the Western Cape Province of South Africa, with Ruens in
the Overberg {east of Cape Town) being the other significant region. The Free
State Province also produces wheat, but expertences a summer rainfall
climate, thus their wheat cullivars are different, as are their yields produced.
The Swartland has been producing wheat histarically for longest out of all the
regions, but more intensely with the discovery of gold and diamonds in the
intertor of South Africa during the fate 1300s, thus increasing the demand
{Newton and Knight, 2003). in the Swartland, yields of wheat have more than
doubled per hectare between 1955 and 1887 (Dept of Agric., 1994) as shown
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in Figure 3.7 and tabulated in Appendix £. Although the wheat subsidies of the
past have now been withdrawn, there remains a tax of R186 .00 per tonne on
imported wheat” encouraging local farmers to maintain their wheat crops as a

viable source of income even with impending climate change.
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Figure 3.7 Total wheat produced in the Swartland from 1950-1983, measured in 1000t units.

N e Chimate effects on Swarfland wheat

One main point that stands out from the data and literature reviews of climate in
the Swarttand is that, in terms of farming and growth of crops, the Swartland
does not experience true winter temperatures, | & present temperatures are
not a limiting factor for crop growth in the Swartland. Crop growth begins at
around 5°C where a mean dafly temperature of 8°C would be one degree-day
above the critical temperature (George ef af., 1988), of which the daily average
minimum temperatures experienced in the Swartland fall around 6-7°C (see
Table 3.1).

¥ Brwth Afncan Cirstoms and Excise Tarlf Tables, hitp-iwew. rapiditp.co zafanfA 040018000 htm| |, arcessed 24th
June 2005,
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Future climate change shows temperatures to be increasing in the Swartland
{see Chapter Four). thus temperature change would not be a limiting factor on
the growing season. However high temperatures can lead to high evaporative
demand and can compound the effect of scare rainfall in low rainfall areas
{Sadras and Angus, 2005). For example, it has been shown in parts of
Australia with similar environmental canditions to the Swartiand, that if rainfall
decreases by 20%, wheat yield would increase slightly for a 1°C warming. but
decrease for warming greater than 1°C (Augustin, 2002). This is because
higher termperatures increase the speed of crop development, thus reducing

grain yields.

3. 7.3 Case study of Boshof farm

The Boshof farm (33°21.01'5 18°48.72°E) was chosen for a case study as it is
in the heart of the Swartland, being just outside Malmesbury at an elevation of
J01m above sea level. Appendix £ contains monthly rainfali from January
1966 to May 2005 on the Bostiof farm. From a crop farmer's point of view, the
months from May to September are the most crucial rainfall months in the
Swartland (Damp, pers comm.). Figure 3.8 shows the number of years in the
38-year record which fall intoc g parlicular interval of tatal rainfall received for the
months of May to September —"Swartiand winter’, The average rainfall over

this 38-year peried for the Bosnof farm is 276mm for this same winter period.

Particularly bad farming years identified by the farmer at the Boshof farm, Gerry
Damp. were those of 1978, 1887, 2003 and 2004, These years not only
coincided with rainfall on the lower end of the spectrum, but alsc experienced
enhanced dry spells during the winter rainfall period. 1978 was, from the
perspective of agricultural productivity, the worst climatic year during this
record. where the dry spell lasted for a full three months, experiencing a total of
only 24mm of rain over the months of June, July and August. This coincides
with the flowering season of the wheat crop, where crops suffer a yield loss of

around 1.25% per stress day (Agenbach, pers comm.). The tatal wheat yield
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for the Swartland in 1978 was around 49% less than the average for the 1970s

{Figure 3.7},
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Figure 3.8 Years grouped into S0mm intervals of rainfall recetved over the recorded 38 years
on the Boshof farm near Maimesbury in the Swartland. This identifies the most common range

of rainfall experienced

3.8 In summary

There is a large amount of evidence to support the theory that farmers in the
Swartland are moving over from wheat to grape farming (Dietrich ef af., 2004),
ang this is thought to be initiated since the lifing of trade sanctions in 1992
(Fairbanks et af, 2004). There is concern as to whether further expansion of
the wine industry, which would benefit the economy through increased fareign
exchange (Fairbanks el al.. 2004), would be sustainable when considering
clirnate change and the encroachment on the little remaining natural

vegetation.
Wheat cultvars are constantly being adapted to cope with changing climatic

conditions. Viticulture on the other hand. relies on particular cultivars, which

are characterised by soil type and climate, to produce wines of a certain style
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and quality to be recognised internationally®. It is for this reason that grape
cultivars are not able to adapt to suit changing climates as this would affect the
quality of the grape and ultimately the wine produced (James, 2002). The
wheat farmers are better able to cope with changing climatic conditions with the
options to plant different cultivars depending on which climatic conditions are

prevalent.

The main question to be dealt with from this point forward is how will the
climate change that the wheat farmers will have to adapt to? And how is this
likely to affect soil erosion and possible resultant land degradation in the
Swartland? Chapter Four begins with a look at how climates are simulated
through the use of climate models, and how accurate they are at projecting

regional climate changes.

3 hitp:/Aveven wosa.co.zalorigin_cultivars.asp
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Chapter Four: Climate Modelling

4.1 Introduction

Climate models were initially designed as an attempt to understand the
processes that produce climate and to predict the effects of changes in those
processes (Preston-Whyte and Tyson, 1993). Models are basically deductive
and are formulated from the fundamental equations governing the physical
processes under consideration, making them powerful in their representation of
climate dynamics (Tyson and Preston-Whyte, 2000).

Climate models can be fully three-dimensional in character, and comprise a
series of equations with prescribed initial boundary conditions and physical
constraints. A climate model represents a controlled environment, within which
the impact of anomalies on the climate system can be studied (Hudson, 1998).
By comparing an anomaly simulation to the control simulation, the nature,
degree and extent of climatic variability can be identified.

Many different models are being used to predict future climate changes and,
although there is broad agreement among the models, there are also many
differences in the details of their predictions (Joussaume and Taylor, 2000).
The main advantage is that climate models are continually improving in their
ability to simulate the major features of contemporary climate (IPCC, 2001b) as
illustrated in Figure 4.1.

Where future climate change is concemned, the actual magnitude of change
cannot be directly interpreted, as this is highly dependent on global emissions
and global actions towards climate change. Natural variability plays an
important part in affecting and changing climate, and therefore the models need
to be more refined where a clear signal is not initially present before assuming
the climatic changes are relevant for the area in question and not just “noise”
within the climate system.
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Figure 4.1: Clirmate models simulate many interconnested events that drive the Earth's climate
These include changes in the atmosphere, oceans. sea ice and impacts of forests and rivers on
the overall system (CCSM, 2004}

There 15 howsaver, deneral consensus that the increasing atmospheric
concentrations of greenhouse gases are causing an Increase in global
temperatures and in climate variability, with many models predicting more
gxtreme climatic events gccurring in the future {(IPCC, 2001c). These climatic

changes are likely to impact all aspacts of the climate system, and beyond.

A prime example of the projected changes that could occur as a result of
increased greenhouse gas forcing 8 that “large climate-induced changes in
soils and vegetation may be possible and could induce further climate change
through increased emissions of greenhouse gases from plants and soll, and
changes in surface properties {e.g., albedo)’ (IPCC, 2001c, pgth). Some

ecosystems respond to the effects of climate change rapidly, while others do so
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more slowly, thus #t is important to examine and predict what the future
changes are likely to be in order to enforce preventative measures and make

informed decisions about how the systems will adapt under ¢limate change.

Climate change projections come in the form of General Climate Models
(GCMs) and Regional Climate Models (RCMs). At this stage RCMs are still in
their infancy as far as simulations of regional climate in southern Africa go, with
current studies being carried out in the interior of the subcontinent where
summer rainfall conditions predominate (Zhago &t af., 2005; Jury et af, 2004,

Engelbrecht et al, 2002; Jury, 2002).

For the Swartland, as a winter rainfall region of southem Africa, a combination
of six GCMs are used here to examine the envelope of projected future climate
change. Initially the GCMs are validated against station data, both archived
from historical records and NCEP data to establish their credibility for the study
region. As mentioned in Chapter Two, NCEP data are reanalysis data
generated from forecast charts that are public domain and ¢reated by a global

medium range forecast model in the USA (Kalnay ef al.. 1896).

The methods used in this chapter, as well as constrainis and caveats of using
GCMs for regional climate studies have been described in detad in Chapter
Two. The next section examines the results from the six GCMs for the
Swartland,

4.2 GCMs validation for the Swartland

The following are the results of the model bias and model validation analyses of
the GCM data for the Swartland:

421 Temperature
All six models showed a very close agresment with NCEF, when 2xamining

temperature. The average temperatures clearly depicted the summer-winter
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Chapter Four. Climate Modelling

seasonality (Figure 4.2), while the minimum and maximum temperatures
conformed to the same special pattern as NCEP, with similar values (Figure
4.3). Temperature extremes were noted as being well depicted, with ail the
models being within 1-1.5°C of NCEP throughout the year, both when
examining the average temperatures (Figure 4.2) and the minima and maxima

{Figure 4.3).

2= ——NCEF R ) i
i ——FrHAM4 —— AL

Figure 4 2. Swartland average temperatures, simulated by the six models in the study and
compared o NGEP as observed. These values have been adjusted for model blas as
described in the text.
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Figure 4.3: Swarttard minimum {dashed ling} and maximum (solid line) temperatures,
simulated by the six models in the study ard compared to NCEP as observed. These values
have been adjusted for model bias as described in the text.
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The conclusion for temperaturs is that all six GCMs seem to simulate monthly
temperature well for the study region, when comparad to NCEP as observed.
They all manage to simulate the correct seasonal changes, as wel as the

maximum and minimum exiremes.

4272 Precipitation

The six models seemed to diverge In their patterns of average precipitation
simuiations for the Swartland region, when compared to NCEP. CSIRQ,
ECHAM4, HADCM3I and CCCMA were closely clustered in their depictions,
while the two NCAR models were clustered together. The first group of
models, that being CSIRO, ECHAM4, HADCM3 and CCCMA, showed the
surnmer-winter rainfall seasonality well, with lower rainfall in summer than in
the simulated wirter months (Figure 4 4) ECHAM4 seemed to be the most
closely related overall to NCEP, showing a more defined summer dry period,

with greater rainfail in the winter months.

—HMCFD = —FIRM —— [ HAaMa

—— HADTMA - —- COONA

T

an

Figure 4.4, Swartland average precipitation, simulated by the six modeis in the study and
compared ko NCEP as ohserved. These values have been adjusted for model bias as
described inihe iext. {note: NCARCSM and NCARPCM are overfain for easy of comparison
only and are not excleded from the study at this stage).
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Chapter Four: Chimate Maodelling

The two NCAR models, that being NCARCSM and NCARPCM, seemed to
have little agreement with NCEP at all (Figure 4.4). They showed two rainfall
paaks in the year, being around February/March and then again in Juby/August.
The only reasonably appropriate connections with NCEP are the spring and

early summer months of Septernber to December.

When examining precipitation minima and maxima, the model minima’'s are
linearly clustered between 20-45mm precipitation per month (Figure 4.5).
MCEPF is much less than this, and shows a clear summer-winter relationship,
with a slight increase in the winter months. Once again the models
overgstimate the minima and underestimate the maxima precipitation, and only
the CSIRO, ECHAM4, HADCM3 and CCCMA GCMs manage to depict the

seasonal cycle of increased precipitation in the winter months.

W —- - . -
‘ = = = NCFP —MCEF = = = CHIB == CS5IAL
- = EUSAMS ——ECHAMA = = “HADUMI ——HADOMS
= = GRCMA = CLCMA = & = NCARCSM == NCARCSM

* HLARPLM HCARPCM

250

lan Firy Mar Apw May duni Wl Aug Sep Ot Mo Dt

Figure 4.5 Swartland minimum {f#ashed Iine] and maximum (salid ling) precipitation, simulated
b the six maodels in the study and compared to NCEF as oheerved. These values have been
adjusted for model bias as described in the text

Thus, in conclusion for modelled present day precipitation, it is seen that the
CSIRO, ECHAMA, HADCM3 and CCCMA GCMs best depict precipitation for
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the Swartland when compared to NCEP, while NCARCSM and NCARPCM fail
to simulate correct seasonality. None of the models are particularly good at
simulating extreme minimum precipitation, with ECHAM4 being the closest to

NCEFP’s simuiation of the monthly precipitation maximuom.
423 Wind Speed

NCARCSM did not have wind speed data available at the time of this sfudy, so
has been excluded from the wind speed evaluation. All the cther models were
examined with regards to their monthly average, minimum and maximum wind
speed over the Swartland. Generally the models do not seem able to simulate
the minimoem and maximum extremes, paiticularly relating to wind speed
{(Figure 4 ). They do however manage 1o identify the general increase in wind
speed in the summer and winter months, with the asscciated slight decreases
during spring and autumn months of AprilfMay and August/Sepiember

respectively (Figure 4.7).

MCER + LEIRD == CEIRD

= - - WZEF
P —— = s = TIAMY FOUAME = = « b4alEMA

- CLCMA —— COGAA © KNUARPCH —— NCARFPCA

HAn Fak MWar At sy Jun Jul Aug Sap Cok Moy [mT43

Figure 4.8 Swartland minimum (dashed ling} and maximum (solid ling) average wind speed,
simulated by five modeals in the study and compared to NCEP as present day. These yvalues
have been adjusted for model bigs a5 desaribed in the text.
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| =——MNCER ——CEIR ——[CI4AMA

N =—HADCMS — CCUMA — NZARPCH

Figure 4 7. Swartland average wind speed, simulated by the six models in the study and
compared to MCEP as observed. These values have been adjuskted for model biag as
described in the text. (note: NCARCSK exclided as no therse was no data available at this

stage).

4,3 GCMs present climate results

The raw GCMs are too coarse to compare directly to NCEF (as observed) for
the study without taking into account model sensitivity and model bias analyses
{as in section 4.2 above). Once these were examined with respect to how they
represent present climatology, the model results of present and future climate
averages were statistically clustered using Single Linkage and Ward's Method
with BEuclidean distance measures (see Chapter Three). The results from the

cluster analysis are presented below:

It was thought that the NCARCSM and NCARPCM models, although well
related in the analyses of temperature, would be inappropriate for use in this

study due to their poar representation of the present day climate far the region

ar
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when considering other variables, in particular precipitation (Figure 4 4). \While
NCARCSM has no wind data available, NCARPCM's wind speed data is a
clear outlier when considered for the Single Linkage clustering technique
(Table 4.2), another reason to discard these two models for this particular

regional study.

Tabie 4.2 The results from the cluster analyses for average monthly climatology model output,
Single Linkage clustering identifies outliers and Ward's Method identifies cobesive groups,

Variable  Scenario Model Cohesive maodel groups
- and time cutiers 1 L
Temperature . A2 | HADCM3 ~  CSIRO/ECHAM4! | HADCM3/CCCMA/
present NCARCSM  NCARPCM i
Precipitation | A2 NCARCSM ~ CSIROICCCMAS - NCARCSM/
present  : and . HADCM3/ECHAM4 - NGARPCM
NCARPCM | i
Wind Speed | AZ NCARPGM CSIROMHADCM3 ECHAMA/CCCMA
present

Therefore the study will continue from this point only examining the modei
cutput from the CSIRO, ECHAMA, HADCM3 and CCCMA GCMs, all of which
are automatically adjusted for madel bias so that they are hetter representative

of the study region.

4.4 GCMs future climate projections

Initially temperature. precipitation and wind speed variables for GCM
simulations forced by the SRES A2 and B2 scenarios were examined to
establish the window of change over the Swartland for future climatic impacts
on the region. The A2 scenaric from the IPCC-DDC represents a more
extrermne case, while the B2 scenaric is a more conservative approach of future
climate change (see section 2.3 2}, in order to develop an envelope of change

for the study region.
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Average future temperature change for the Swartiand shows that every month
and for each model, there 15 an agreement that average monthly temperatures
will be higher than thase experienced presently (Figure 4.8). When comparing
the A2 vs BZ scenarios for each individual model, the A2 scenarios show
higher temperatures than those of the B2 scenario. The CCCMA A2 scenario
shows the highest summer temperatures, being almaost §°C higher in February
than NCEP. In the winter months, CSIRO AZ and ECHAM A2 temperatures

are around Z2_5°C warmer than NCEF.

— LIEIRD B2 —— ECIihad FZ

28 . — HATME RY = DCCMA B o
[ == CHERIAD - - - EDHAMA AZ
[ == -IBADCM3AZ - - - GROMA A7

NCFF

4

12

10

Jan Fgh Mar Apr Way Jum Jud A Sep Ot Mov Dec:

Figure 4.8 Swartland A2 (dashed line) and B2 (solid |ing) average future temperatures.
simullated by the four models in the study and campared to NCEFP as present day. These
values have been adjusted for model bias as described in the text,

Future precipitation changes look possibly to simulate more rainfall during the
surmmer menths, with less winter rainfail occcurring. These resuits are reflected
in all the GCMs, however the region still remains a winter rainfall region, with

the majority of precipitation for the year occurring during the winter months
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Chapter Four: Clirnate Modelling

{Figure 4.8}, CSIRO and CCCMA reflect the greatest increases in summer
rainfall, at around 15-20mm per menth more than currently experienced.
However in winter, CSIRO's B2 scenario reflects the greatest decrease in
rainfall at over 30mm less at the peak rainfall pericd in June. As NCEP is well
within the range of changes between the A2 and B2 scenarics, the signal from
the models is not strong enough to e more precise as to expect increasing or
decreasing precipitation. One needs to remember that natural variation is
always a facter, and where the models cannot clearly identify a positive or

negative change, the future remains unknown until such time as the models

Ay . .

j\ ——-CLIR0 B2 ———LCHAM O
| om—ALRCMI N2 —— DM 2

- - - GRIROAD = = = CCHAMY oy
Pk - o = S e 7 {- = - HADLMA AP - - - CLCMA A
- ML:ER
e - _.-"/-.,1__ g
r.—.

dan Fef: Mar Apr May Jun Sul Ay L Th:t Moy Dot

can become more refined.

Figure 4.9 Swartland A2 (dashed tine} and B2 {solid ling) average future precipitation.
simulated by the four models in the study and compared to NCEP as present day. Thess
values have been adjusted for model bias as described in the text.

Future average wind speed modelled from both the AZ and B2 scenarios
reflects a general decrease during the summer maonths, with a possible

increase during the winter months (Figure 4 10).
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Figure 4.10: Swartland AZ [dashed line) and B2 (salid ling} average future wind speed,
simulated by the four models in the stugy and compared to NCEP as present day. These

values have been adjusted far model bias as described in the text.

The models simulating the A2 and BZ future climate changes were also
clustered using Single Linkage and Ward's Method clustering, and with
Euclidean distance measures. Table 4.3 shows the outliers and cohesive
groups resulting from the clustering technigues for the future climate change
scenarios, while all the joining tree-clustering graphs examined in the study can

be found in Appendix B.

The clustering technigue clearly showed an envelope of change is existent in
the Swartland region as there were clear “outliers” and groups for both
temperature and orecipitation, Howsver one needs to remembear the

constraints and caveats behind such a modelling approach to a regional study
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in order to gain a clearer understanding of the mechanisms involved (see

Chapter Two). Thus Chapter Five follows, where downscaling is examined as

an aic to understanding the smaller scale dynamics of regional climate change.

Table 4.3 The results from the cluster analyses for average monthly climatology model output.

Single Linkage clustering identifies cuttiers and Ward's Method identifies cohesive groups,

 Variable | Scenario | Model Cohesive model groups
_ -+ and time outliers 1 2
"'"feﬁi'ﬁé'ﬁéﬁihé'? AZ future | CCCMA CSIRO/EGHANA HADCM3/CCCMA
B2 future | HADCM3 CSIRGICCOMA " ECHAM4
Precipitation | A2 future | ECHAMY i CSIRDICCOMAS | ECHAM4
HADCM3
B2 future | ECHAM4 CSIROICCCMA/ ECHAM4
HADCM3
Wind Speed | A2 future © - | CSIROMHADCMA ECHAM4/CCCMA
B2 future - - | CSIRO/HADCMS ECHAMA/CCOMA
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Chapter Five: Regional Climate Modelling

5.1 Introduction

Modelling climate using a Global Climate Model (GCM) can have major drawbacks when
examining regional climate (see section 2.3.1). Impact studies particularly, require a
spatial scale much finer than that provided by GCM’'s. Thus climate modellers have
adapted a number of techniques to get around the problem of scaling down to a regional

level.

Regional Climate Models (RCM's) have recently become a tool of favour for many climate
modellers, especially in the northern hemisphere where European modellers have found it
necessary to develop finer resolution models for a more complex physical environment, as
with the new RegCM3 model (Pal et al,, in press). RCM'’s, as with GCM's can be fully
three-dimensional in character, and comprise a series of equations with prescribed initial
boundary conditions and physical constraints. Generally an RCM will use a GCM to force
the model parameters at a higher resolution for the regionally based study area.

The CSAG' research group at the University of Cape Town have examined the MM5
regional climate model developed in the USA for central and southemn African. Preliminary
results have revealed that the model is quite sensitive to selection of parameterisation
options. CSAG and the South African Weather Service (SAWS) are also involved in
examining the RegCM3 RCM over Africa south of the equator, but this research is very
much in its infancy and at this stage cannot be relied upon for valid resuits. However at
this stage, there remains a degree of uncertainty in RCM'’s, as they have not yet proven
themselves viable to simulate regional and future climate changes reliably (Hewitson pers.
comm., 2005), particularly in southern Africa.

There are many different techniques for generating high-resolution climate change
scenarios. Some of these other methods of modelling regional future climate changes
include the construction of spatialtemporal analogues using historical climate data;
climate sensitivity analysis of impact models; spatial interpolation of grid-point data to the
required local-scale; and the stretched grid model. The University of Pretoria is currently
exploring the use of the stretched grid model for regional analysis in southern Africa under

! Climate Systems Analysis Group based at the University of Cape Town: hitp://waw.csag.uct.ac.za
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Dr CJ de W Rautenbach, but it is also still experimental at this stage (Hewitson pers
cormm., 2005).

The technique for examining regional climate changes used in this study is that of
empirical downscaling. This is where output from a GCM is downscaled using nesting
techniques in order to gain a more regional, higher resolution indication of climatic
changes. Regional rainfall changes were successfully developed for southem Africa as
early as the mid-1990s, when Joubert and Hewitson (1997) used a regional-scale model
nested in a GCM, described as “downscaling” the GCM environment to a finer resolution,

and therefore at a more regionally applicable scale.

One of the major advantages of downscaling, and particularly empirical downscaling, is
that its computational demand is very low when compared to RCMs. This allows the
generation of large ensembiles of climate realisations and the exploration of some aspects
of uncertainty due to natural climate variability. This technique is what is utilised to further
the understanding of regional climate change in this study, as was described in detail in
Chapter Two. The following sections contain the results gained from the regional analysis
of the Swartiand:

5.2 Regionally downscaled climate results for the Swartland

The following variables were examined in the context of the Swartland, from the regional
downscaling: total precipitation; number of rain days greater than 20.00mm; dry spell
duration; and the 90™ percentile. Only precipitation was examined as the GCMs currently
reflect temperature acceptably well over the study region, and temperature increases have
little direct influence on hydrology or erosion (Favis-Mortlock and Boardman, 1995).

The following are the results from the examined downscaled precipitation using the
HadAM, ECHAM4 and CSIRO climate models under the SRES A2 emission scenarios,
unless otherwise stated. These are obtained from anomalies of future climate change
minus present climate change. Where increases occur, then this reflects a future climate
change increase and visa versa. Once again it is necessary to stress that the magnitude
of change is not a reliable forecast of future climate change. Here the strength of
accuracy is placed on the direction of change, ie: increasing or decreasing (Note: all the
anomalies examined can be found in Appendix G at the end of the thesis):
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5.2.1 Total precipitation

The summer months of December, January, February (DJF) show very little change at all
in precipitation for all the models over the Swartland (Figure 5.1). The litle change there
is, occurs over the Cape Fold Mountains and is thus largely orographically induced (Figure
5.2). This is expected, as it is a winter rainfall region and therefore receives very little
precipitation, the large majority of what is received in summer being orographically
induced.

The autumn months of March, April, May (MAM) on the other hand show a different
picture. There is a definite decrease in total precipitation expected in the future during this
season. HadAM shows the drying to be more pronounced at the start of autumn, and
ECHAM4 emphasizes it at the end, closer to winter, while CSIRO agrees in the general
pattern of drying throughout the autumn season (Figure 5.3).

The winter season of June, July, August (JJA) is when most of the Western Cape and the
Swartland in particular, currently receive the majority of its annual rainfall. This rainfall
pattern has fluctuated in the past with the region experiencing winter rainfall growing and
shrinking in size over many thousands of years (Mulock-Houwer, 2001), however the
winter rainfall region as it is known currently will still be prevalent in the next one hundred
years, where the models agree that the amount of winter rainfall is more likely to increase
in the future for the Swartland (Figure 5.4).

September, October, November (SON) are the spring months in the Swartland and have
been known in the past to experience late winter rains. Future trends however reflect a
definite decrease in rainfall during these months, foliowing the winter rainfall period
(Figure 5.5). This decrease, combined with the decreased rainfall reflected for autumn
suggests a possible reduction in the length of the winter rainfall season in the Western
Cape in the future.

The total precipitation anomalies for CSIRO A2 and B2 simulations were also examined.
The CSIRO B2 simulation shows less of the autumn drying that the other models show,
with almost no change in the future vs. the present scenario. Spring is however
concurrent with the other models, but with much less total rainfall. The CSIRO B2

106



Chapter Five: Regional Climate Modelling

scenario winter rainfall is much more pronounced than the other models, but also over a

reduced time period of the winter rainfall season, thus in agreement with the A2 scenario

of the other models (see Appendix G).
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Figure 5.1: Anomaly of total summer precipitation for parts of the Western Cape Province, with the

Swartland outlined in the block. These show good agreement between models that little changs in futura

precipitation is likely to occur over the summer months, where red reflects decregses and blue refiacts

increased rainfall.
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Figure 5.2: An elevation map of the Swartland {block) and surreunding areas, shows mountains to the east
of the study area causing the resultant crographically induced precipitation changes to the region.
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Figure 5,3 Anomaly of total autumn precipitation for parts of the Western Cape Province. with the Swartland
autined in the block. These show good agreement befween models that the autumn season will reflect
drying in the future, where red reflects decreases and biue reflects increased rainfall.
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Figure 5.48: Anomaly of total precipitation for the spring months for parts of the Western Cape Province, with

the Swartland cutlined in the block. These show good agreement between the models that a drying will

follow the winter rainfall, possibly shortening the winter rainfall season, where red reflects decregsed and

blue reflects increazed rainfall.
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522 Dry spell duration

Dry spell duration was examined to gain an idea of the months that would experience
increased perigds of drying in the future. DJF showed very litle change, if any, in the
number of days per month without precipitation. In accordance with the total precipitation
anomalies in section 5.2.1, the future trends in dry spel durabon decreases in the winter
months (Figure 5.6), but ncreases in the autumn (Figure 5.7) and sprng (Figure 5.8).

This hints again at a shortened winter rainfall season.

CSIEG A2 vws. B2 scenano for dry spell duration shows less change for the B2 scenano
than the A2 scenario for autumn (Figure 5.9, but concurs with the enhanced drying at the
end of the winter rainfall season (Figure 5.10). The CSIRO BZ scenario shows more
intense spring drying in the future than the CSIRO A2 scenario. CSIRC B2 also reflects
possibly more moisture during summer when compared to CSIRQ A2 scenarig; however

the Swartland would still receive the majority of its rainfall over the winter months.

5.2.3 MNumber of rain days > 20.00mm

The number of rain days greater than 20mm was examined to determine if the future
climate would hold an increase or decrease in the current heavier rainfall events. After
examining the anomalies of all the seasons (Appendix G), the most significant results
show that there is a definite decrease in heavier rainfall events after winter {Figure 5.11).
The models also suggest an increase in heavier rainfall ouring the winter months (Figure
5.12), but this is thought to be more orographically induced due to the topography directly
east of the study region (Figure 5.2). The CSIRO A2 vs. B2 scenaries for number of rain
days greater than 20.00mm show rather insignificant changes between future and present

simulations.
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5.2.4 90" percentile

The 90" percentile of precipitation change for the Swartland was examined to determine
the range of heavier rainfallf greater drought in the future, from the size of the tai of the
distribution. All the models simulated, including the CSIRC B2 scenario, agree with the
results from the number of rain days greater than 20.00mm (section 5.2.2) and that of the
dry spell duration (section 5.2.2) These show that there is a definite decrease in the

precipitation prior fo and following the winter rainfall season.
5.2 Summary of regionally downscaled resuits

Precipitation was examined in the context of regional downscaling, as results from GCMs
are not well represented on a regional scale. The main features emerging from an
examination of the four variables of total precipitation; dry spell duration; number of rain

days greater than 20.00mm:; and the 90" percentile are the following:

The winter rainfall which is the dominant feature of the region is still prominent in the future
simulations, and possibly also of a slightly greater intensity than experienced currently.
What is noticeable is the drying of the months prior to and proceeding the winter rainfall
sgason.  This drying may possibly result in the winter rainfall season becoming much

shorter.

Future precipitation patterns also seem to indicate increased orographic rainfall oceurring
as many of the increases are situated over the Cape Fold Mountains to the east of the
Swartland. A known decrease in intensity of frontal systems passing through during the
winter months also causes less rainfall and more orographic precipitation, The decreased
intensity of these fronts is thought to be due to their passage further south in the future
than currently observed, It 1s necessary to note here that research shows ECHAM4 to
simulate wetter conditions over the subcontinent of southern Africa (Hewitson and Crane,

In prass).
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5.4 Implications for the Swartland

Future climate change, of any magnitude at any place, is of major concemn both at a social
and economic level. Climate change will affect everyone, with rapid climate change
possibly jeopardising agriculture, forestry and biodiversity worldwide (Pimentel, 1993).
These changes would have serious social repercussions, not least of all being food

supply.

The Swartland is an agriculturally productive region, with little natural vegetation remaining
for adaptation to future climate change (see Chapter Three). From this point of view it is
necessary to examine what the future climate change impacts would have on such an
agriculturally important region of South Africa. The next chapter deals with how climate
change is likely to affect the Swartland, in terms of agricultural yield and land degradation

-two important aspects of food production.
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Chapter Six: Swartland Climate & Soils into the Future

6.1 Future Swartland climate effects on land degradation

“Land degradation in arid and semi-arid areas” has been defined by the South
African Department of Environmental Affairs and Tourism as desertification,
and “can contribute to climate change as well as be a result of climate change”
(DEAT, 1998, p19). it is therefore important in a largely semi-arid South Africa
to examine the effects of impending climate change. The problem with making
reliable predictions of climate change is that they occur at different rates in
different regions primarily due to a wide range of local environmental factors
(Augustin, 2002). Thus, examining climate change effects on a regional basis
has some merit for farmers in that region as they are more than likely to
produce more reliable results if the methods used are proven robust for that
region, than globally forecast climate changes.

Broadly speaking, climate change has major implications for land degradation
in the Swartland. Historically, the region has proven highly susceptible to soil
erosion, and with such a small amount of remaining natural vegetation (Chapter
Three), there is little chance of adaptation to climate change occurring
naturally. Hoffman and Todd (2000) showed that veld degradation in South
Africa is generally higher in communal areas than commercial areas, although
many commercial areas are subject to bush encroachment and alien plant
invasions (Damp, pers comm.). Soil erosibn however, seems to be a common
concemn in both communal and commercial farming regions.

Biophysical and climatic environmental factors are also crucial to consider for
any examination of soil degradation (Hoffman and Todd, 2000). Regions with
steeper slopes, higher annual temperatures and with more erodible soils
possess higher soil degradation index values, as explained in detail in Hoffman
and Todd (2000). The Swartland has been described earlier as being a region
of undulating slopes, with highly erodible duplex soils (Chapter Three) and
qualifies as a potential region of vulnerability to soil and land degradation.

Changes in vegetation cover and/or changes in climate lead to changes in the
amount of overland flow runoff generated (Kirkby ef al., 1998). With climate
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change and greenhouse gas emissions being recognised as realities, it is
necessary to look at how agriculture may be impacted by changed weather
conditions over a more long-term scale (Augustin, 2002). The next section
deals with climate effects on agriculture, with specific reference to the
Swartland region.

6.2 Future Swartland climate effects on agriculture

South Africa is self-sufficient in food supply, except for periods of widespread
drought, despite two-thirds of the country falling below the rainfall limit for
reliable wheat and maize crops. At the end of the last century, it was estimated
that a 10% increase in rainfall coupled with an increase in carbon dioxide would
lead to a 10-20% increase in wheat and maize production, while a 10%
decrease in rainfall would be approximately balanced by the rising carbon
dioxide content of the atmosphere (DEAT, 1998).

These figures need to be understood in the context of wheat farming practised
in the Swartland. This understanding is achieved with a review of wheat yields
produced and the related climatic conditions experienced (section 3.7). Wheat
crops in low-rainfall areas commonly fail to realise their yield potential because
of low water-use efficiency (Sadras and Angus, 2005), where Mediterranean-
type climatic regions generally fall into the category of “low-rainfall areas”. This
is a typical characteristic of dry environments and dry-land crop farming (Damp,
pers comm.), as is common in the Swartland.

The timing of rainfall is a crucial determinant of grain yields and water-use
efficiency, as it can impose agronomic and physiological constraints on the
crop (Sadras and Angus, 2005). A late start to winter rainfall, as well as
intermittent dry spells during the winter rainfall season result in reduced
vegetative growth (Damp, pers comm.). Poor rainfall during late winter/early
spring inhibits grain fill as September is the grain-filling stage in the life cycle of
the wheat in the Swartland (Agenbach, pers comm.), and this causes the wheat
to be of a lower quality grade.
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The onset of rainfall determines sowing opportunities, which influence the
season length and crop yield (Sadras and Angus, 2005). The average yield of
wheat drops roughly 17kg/ha per day delay in sowing from mid-April (Sadras
and Angus, 2005), thus a later start to the winter rainfall season would cost the
farmer dearly. Currently the optimum planting time for wheat in the Swartland
is in May (Agenbach, pers comm., 2003) therefore winter rains commencing
later than May would have negative results to the overall wheat crop produced.

A severe water deficit during the critical growing stages of flowering, grain set
and filling, would significantly reduce crop yield (Sadras and Angus, 2005).
Rainfall around flowering time (mid-August to mid-September) is critical as
plant development is particularly susceptible to environmental stresses at this
time (Sadras and Angus, 2005). The years when the Swartland saw below
average wheat yields correspond to the years with pronounced dry spellis
during the rainfall period of May to September (Chapter Three).

Other factors also affect wheat yield, some of which farmers can have a certain
degree of control over. For example one of these factors is fertiliser inputs to
the wheat crop, which results in an increase in the quality of grain due to the
nitrogen content. At planting, 60-80% of nitrogen-rich fertiliser is applied, with
roughly 30% around 30-80 days after planting (Agenbach, pers comm.). Soil
evaporation, run-off and drainage serve no production benefit to the crop
(Sadras and Angus, 2005), but can be detrimental to the crop when combined
with the removal of applied fertilisers. Should heavy rainfall occur during this
planting stage when fertiliser is applied, the fertiliser is washed off resulting in a
decrease in the quality of the grain (Agenbach, pers comm.).

Heavy rainfall events, frequency and timing of dry spells, as well as the start
and duration of winter rainfall all impact on the wheat crop grown in the
Swartland. Wheat is, however, not the only component of farming affected by
changing rainfall conditions. Soil erosion is also an important component of
farming in the Swartland that cannot be ignored here. These climatic factors
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directly affect wheat yield produced and soil erosion, and are thus important
when considering future climate change.

Chapter Two considered some of the many soil erosion models available for
examining erosion and land degradation. Basically, the type of soil erosion
model used is dependent on the input factors known and output required.
SLEMSA was concluded as an adequate soil erosion model to be used in this
study as it has proven reliable for research in other parts of southern Africa,
and has been successfully modified each time for the study areas in question.
The next section deals with examining the probable impacts of future climate
change on soil erosion in the Swartland using SLEMSA.

6.3 SLEMSA

SLEMSA (Soil Loss EstiMator for Southern Africa) is an approach to estimating
soil loss taking into account the consequences of various management
decisions. The purpose of a soil loss estimator is to bring together all sources
of information into a formal arrangement which represents the best advice
available (Elwell, 1981; 1978). SLEMSA was designed for arable lands in
regions of high intensity rainfall, and for a wide variety of cropping conditions
(McKyes, 1989). The methodology used is described in more detail in Chapter
Two. The key assumptions and results are, then, as follows:

6.3.1 Key assumptions

Some key assumptions were made in the utilisation of SLEMSA for the
Swartland. The creation of SLEMSA was as a ready means of predicting
erosion losses given a limited amount of time and expensive experimental data
(Stocking, 1981). The following assumptions were based on the need for an
indication of possible future climate change impacts on the region as a whole
rather than per specific agricultural plot, so some generalisations were made.
The constraints and caveats of using SLEMSA for the Swartland are discussed
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in section 2.5.1, but further assumptions were made within the analysis, and

are considered here:

Historical station data from 1970-1999 were used to calculate an average
observed annual precipitation. This was calculated excluding stations with
annual rainfall above 1000mm as these are assumed to be orographically
induced and therefore not representative of the study region. The study region
particularly includes the areas where farming activities are conducted, and
these would not be in the upper mountainous regions experiencing the much
greater rainfall at the eastern boundary of the Swartland.

The Swartland was classified as “non-guti”, as opposed to “guti” due to the fact
that the stations with orographically induced rainfall were excluded, as
mentioned above. “Guti” refers to those stations receiving significant amounts
of orographic rainfall which tends to depress the proportion of high intensity
rainfall received in a season (Stocking, 1981). Thus the “non-guti” graph was
used, so as to exclude possible minor orographic influences on the region.

SLEMSA’s soil erodibility was not taken from an individual plot or site. The
aims of this study are to examine a general impact of climate change on the
Swartland as a whole area, and therefore taking one or two specific sites would
have been assuming that the entire region was represented. For soil erodibility
soil group, soil family, soil texture, land management factors and crop
management are all taken into account. These were gauged from the literature
review (Chapter Three) and selected to broadly represent the Swartland. This
IS necessary to note, as the results are then more generalised and should be
examined in this light.

The soil correction factor was determined also using some key assumptions.
They include the following:

e Average soil loss in the previous year needed to be calculated. This is

highly dependent on the individual farm and the conditions thereof and

thus needed to be generalised for the Swartland as a whole. Historically
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the Swartland is a region susceptible to soil erosion, thus the value in
the middle of the range was taken.

Ridging practices Were assumed to be normal tilth, with crops generally
being on small ridges (<200mm). The Swartland consists of gently
undulating hills with periodic granitic rocky outcrops. The slope is then
taken as an angle of >2%, reflecting the undulating nature of the region
(Appendix D).

The planting direction of crops in the Swartland is generally as per the
contours. This is presently standard practice in the Swartland, although
it was not so until after the 1930s (Talbot, 1847). Even those farmers
now planting grapes on the less favourable steeper slopes, are all opting
for planting on the contours.

Tillage is very dependent on the actual farmer’s techniques, so for this
study a generalisation had to be made. Tillage techniques of ploughing
and rolling were assumed for this study, which are the techniques
generally practiced in the Swartland.

Fallows and leys are prime contributing factors of soil erosion if they are
not vegetated. An index of how long these features have been
vegetated for is considered in the model. From field trips to the
Swartland, it is evident that any possible fallows and leys have been
vegetated for more than the past three years. The farmers in the
Swartland are generally very soil conservation conscious as stringent
conservation laws have been inflicted on them in the past.

The last assumption made for the soil correction factor is that all the
crops are mechanically cultivated dry land crops. The wheat in the
Swartland is almost entirely dry land cropping, with mechanical
cultivation being the cultivation method favoured by farmers.

SLEMSA was originally designed for the summer rainfall region of Zimbabwe,

where they are not known to plant winter wheat. Thus the table for calculating

the rainfall energy interception proportion for various crops does not include

winter wheat. As sorghum has also been grown successfully in the Swartland

and produces roughly the same vield per hectare as winter wheat, it was
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assumed that the emergence time after the start of the rainy season would be
similar for the two crops. This would need to be validated in future research,
but is adequate for the study of climate change being conducted here.

SLEMSA does make provision for evergreen orchard trees (except apples) and
coffee plantations, which are not relevant for the Swartland but worth noting as
this reflects its possible broader application for the southern African region.

A topography factor is another component to the soil loss model. This is once
again very site specific, however a generalisation can be made to consider the
Swartland, as it has a very uniform geomorphological appearance (Chapter
Three). The topography factor assumed a standard field length and slope for
the study, as once again it would not be practical to use one plot as being
representative of the entire study region. The actual standards of 30m field
length and 4.5% slope are recommended by McKyes (1989) when examining a
region as opposed to a specific site.

General limitations of SLEMSA include the restriction of consideration of sheet
erosion only and the fact that quantity and not quality of soil loss is predicted,
however this is also a common limitation to other techniques (Stocking, 1981).
SLEMSA is also crudely based on annual precipitation, not considering any
other climatic variables such as dry spell duration or “extreme” precipitation
events into account. This model, like any other, can therefore only be as good
as the information upon which it is based. Soil erodibility values can be a major
potential source of error, for example an error of one unit in the value of F will
affect prediction greatly, yet the means for deriving F are relatively insensitive
and liable to misinterpretation, having been designed originally for contour
layout programmes and not soil loss estimation (Stocking, 1981).

SLEMSA as a whole manages to meet four basic criteria for the suitability of a

soil loss estimation procedure, as set out by Stocking (1981) and include the
following:

130



Chapter Six: Swartiand Climate & Soils into the Future

o SLEMSA is reasonably accurate. Both predicted and annual soil losses
have been demonstrated to correspond closely;

¢ |t has a certain degree of flexibility. As information becomes available, it
can be incorporated into the design procedure;

o SLEMSAs method relies partially on physical processes such as rainfall
penetrating canopy cover, rather than purely empirical techniques. This
is makes a certain degree of extrapolation possible;

¢ In comparison to the USLE, SLEMSA is a simple technique, therefore
easy to apply and teach out in the field.

Taking these assumptions and previously mentioned constraints and caveats
into consideration, the next section discusses the results found.

6.3.2 Results

This section takes into account the key assumptions mentioned above. Thus
the results are exploratory and should be supported by further field
measurements, applicable to the individual plots being analysed. They do
however provide estimates from which to deduce how future climate change
may be expected to impact on agriculture and soils in the Swartland as a
region. This is achieved by calculating SLEMSA using current precipitation
scenarios as well as projections of future climate change precipitation.

The SLEMSA model calculates mean annual soil loss in tons per hectare per
year by using current mean annual precipitation. The impact of future climate
change on mean annual soil loss in the Swartland is calculated through the use
of projected future mean annual precipitation estimates taken from the three
climate models used in the regional downscaling —namely ECHAM4, HadAM,
and CSIRO. A brief comparison of mean annual soil loss under the SRES A2
and B2 emission scenarios, calculated using the CSIRO model, is also
examined. The annual soil loss from both the current and projected future
climate change scenarios are presented below:
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Table 6.1 and Table 6.2 show the results for mean annual soil loss calculated
in tons per hectare per year for the various modelling scenarios, under present-
day and future precipitation respectively. The results also consider differing
yields obtained, whose factors are more than just climate dependant. As the
Swartland is generally a dryland irrigation area, i.e.: little to no irrigation is
applied to crops planted as they rely entirely on precipitation, this study of
climate change impacts on the crops and soils of the region is imperative.

Table 6.1: Mean annual soil loss, Z (t/halyr) as calculated from SLEMSA for the
various downscaled present-day precipitation scenarios as compared to historical data.

Emergence time aifter start of rainy season

Yield (t/ha) -1 month 0 1 month 2 months 3 months

1.0 0.80018 0.80018 1.260252 2.160432 4.5009

Historical

data 20 0.830128 0.630126 0.720144 1.530306 3.60072
6.0 0.540108 0.540108 0.45008 0.630126 2070414

1.0 0.40008 0.40008 0.560112 0.980182 2.0004

ECHANM4 2.0 0.280056 0.280056 0.320064 0.680136 1.60032
6.0 0.240048 0.240048 0.20004 0.280056 0.820184

1.0 0.40008 0.40008 0.560112 0.980192 2.0004

HADARM 2.0 0.2800586 0.280056 0.320064 0.680136 1.80032
8.0 0.240048 0.240048 0.20004 0.280056 0.920184

1.0 0.30008 0.30006 0.420084 0.720144 1.5003

CSIRO-A2 20 0.210042 0.210042 0.240048 0.510102 1.20024
8.0 0.180036 0.180038 0.15003 0.210042 0.690138

1.0 0.30008 0.30008 0.420084 0.720144 1.5003

CSIRG-B2 2.0 0.210042 0.210042 0.240048 0.610102 1.20024
8.0 0.180036 .180036 0.15003 0.210042 0.680138
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Table 6.2: Mean annual soil loss, Z (tha/yr) as calculated from SLEMSA for the
various downscaled future climate change precipitation scenarios.

Emergence time afler start of rainy season

Yieid
-1 month 0 1 month 2 months 3 months
{t/ha)

1.0 0.20004 0.20004 0.280056 | 0.480096 1.0002

ECHAMA4 20 0.140028 | 0.140026 | 0.160032 | 0.340068 0.80016

6.0 0.120024 | 0.120024 0.10002 0.140028 0.460092

1.0 0.10002 0.10002 0.140028 0.240048 0.5001

HADARM 2.0 0.070014 0.070014 0.080016 0.170034 0.40008

6.0 0.060012 | 0.060012 0.05001 0.070014 0.230046

1.0 0.05001 0.05001 0.070014 0.120024 0.25005

CSIRO-
2.0 0.035007 0.035007 0.040008 0.085017 0.20004
A2
6.0 0.030006 0.030006 0.025005 0.035007 0.115023
1.0 0.05001 0.05001 0.070014 0.120024 0.25005
CSIRO-
2.0 0.035007 | 0.035007 0.040008 0.085017 0.20004
B2

6.0 0.030006 | 0.030006 | 0.025005 | 0.035007 | 0.115023

Initially the results show that with an increased yield (t/ha) there is a decrease
in soil loss. This is expected as the increased crop size would retain more soil,
and so less soil would be lost to soil erosion. The emergence time of the crop
after the start of the rainy season is also important. The later the crop emerges
after the rainy season staris, the less vegetation there is available to prevent
the soil from erosion. Therefore the greatest erosion takes place with the
lowest yield and the latest emergence time after the start of the rainy season. It
was interesting to note that when the crops emerge prior to the rainy season,
the soil erosion is the same as if they emerged at the start of the rainy season.
This indicates the effects of sheet wash considered by the model.
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Examining the present day precipitation as produced from the models, against
the historical data, one notices that the models grossly underestimate the mean
annual soil loss. This issue has been addressed in Chapter Two and Chapter
Five where the direction of change is stressed as the indication of the result
and not the magnitude of change when considering future climate change
scenarios. Thus the results are obtained from an increase/decrease in mean

annual soil loss when the models are compared to each other, i.e.: anomaly of

future minus present scenarios (Table 6.3).

Table 6.3: Anomaly of mean annual soil loss, Z (t/hafyr) as calculated from SLEMSA

for the various downscaled future vs. present climate precipitation scenarios.

Emergence time after start of rainy season

Yield (tha) | _1 month 0 1 month 2 months 3 months

1.0 -0.20004 -0.20004 -0.280056 -0.480096 -1.0002

ECHAM4 2.0 -0.140028 -0.140028 -0.160032 -0.340068 -0.80016
6.0 -0.120024 -0.120024 -0.10002 -0.140028 -0.460092

1.0 -0.30006 -0.30006 -0.420084 -0.720144 -1.5003

HADAM 2.0 -0.210042 -0.210042 -0.240048 -0.510102 -1.20024
6.0 -0.180036 -0.180036 -0.15003 -0.210042 -0.690138

1.0 -0.25005 -0.25005 -0.35007 -0.60012 -1.25025

CSIRO-A2 20 0.175035 -0.175035 -0.20004 -0.425085 -1.0002
6.0 -0.15003 -0.15003 -0.125025 -0.175035 0.575115

1.0 -0.25005 -0.25005 -0.35007 0.60012 -1.25025

CSIRO-B2 2.0 -0.175035 -0.175035 -0.20004 -0.425085 -1.0002
6.0 -0.15003 -0.15003 -0.125025 -0.175035 0.575115

Most noticeable from the results of climate change scenarios of the future
applied directly to SLEMSA is that the impacts will possibly have very little
negative effect on the region as a whole when considering annual soil loss. All

the models predict that there would actually be a decrease in soil erosion,
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along with the decrease in future precipitation, if current agricultural practices
being conducted are maintainad. This is thought 1o be highly unlikely wath the
presence of duplex, highly ercdible soils ana increasing heavier ramfall events
in many parts of the Swartland. Further examination with the characteristics of
the Swartland and historical soil erosion reputation in mind, has resyited in the

need to modify SLEMSA to be more applicable to the Swartland region,

633 SLEMSA modified

It is evident that SLEMSA relies on the basic assumption that any decrease in
precipitation would naturally lead to a decrease in soil erosion. The model
implies that a lower mean annual precipitation would have fewer high intensity
rainfall events, and therefore lower rainfall energy te ernde away the soil. This
possibly stems from the model being criginally designed for regions of high
intensity rainfall (McKyes, 1989) and simulating rather simplistic scenarios for

easy application in the field.

The Swartland experiences a Mediterranean-type climate and does not receive
the high intensity rainfall that would be experienced in places like Zimbabwe
and other summer rainfall regions. Thus factors other than rainfall intensity
need to be examined, especially where the predictions for the Swartland
include possible increases in heavier rainfall events in scme paris,
accompanied by a shorter rainfall season and more dry spells of longer
duration (Chapter Five). These climatic factors would result in increased sof
erosian in any Mediterranean-type terrain, as a shorter rainfall season would
mean that the ground would be exposed to increased desiccation and the other
elements of erosion for a longer parind of time,  Any increases in overland flow
as a resull of increased dry spell duration weould also lead to increased
sediment transport, producing greater ercsion upslope and greater deposition
at sites further downslope (Kirkby ef a/, 1988). as is seen in Figure 8.4.
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Figure §. 4: A typieal slope being farmed in the Swartland shows the difficulties the area
experiences with soil erosion, even with erosion controls in place.

In order to apply SLEMSA to the Swartland, the downscaled precipitation
variables examined in Chapter Five need to be reconsidered. These include
not only total precipitation, as addressed by SLEMSA, but alsg mean number of
rain days greater than 20mm and mean dry spell duration. The long-term 30-
year average of the mean of these two variables was examined for the
Swartland ag a region (between 32°S and 34°5 and 18°E and 19.5°E). It was
noted that for the average number of rain days greater than 20mm there was
little future change predicted over the entire region. There was however a
significant difference in dry spell duration for the region as a whole when

examining future ciimate change (see Table 6.4).

Table §.4: Long-term 30 year time average mean of dry spell duration taken from the
regionally downscaled cimate data,

Model Present |  Future | Ratio of change
ECHAMA 418167 |e23240 T T [ 149
HADAM 2 51649 '531189 1.51 B
CSIRO-AZ 334007 434561 140 _
[ CSIRO-BZ 334806 [ 3.13875 094 - J

[36
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The ratio of change hetween the future and present results of mean annual dry
speill duration (Table §.4) were then factored by the annual future precipitation
as was originally input into the modei (see Table 2.2}, This resulted in an
increase in the estimate of "annual precipitation” as was the original vanable

required in the model,

Future climate change projects that precipitation will occur in reughly the same
quantity, but over a shorer period of time (Chapler Five). When cansidering
the increase in dry speli duration over this same pericd, these two factors
equate to an increase in precipitation per unit ime, when examined over the
winter rainfall sgason. If this increase per unit time were taken inta account
evenly across the year, there woulid e a net increase in precipitation and
therefore a definite increase in the ercsion impact on the landscape, These
resulis called factor "A" (Tatle 6.5) were then used to determine the rainfall
energy (Ea) from SLEMSA conce again (Chapler Two), being more

representative of the possible future climatic conditions.

Table 6.5 Mean annual precipitation as caloulated from historical station data, and
regicnally downscaled data for the Swartland (iatitude 325345 and longitude 18°-18.5E)}, with

future precipitation adjusted for dry spell duration {A).

N ]l_ Present day (mrniyr] A {mmiyr) |

Historical station data j 461.5033 .

"ECHAMA k\< 355.886 468 407 |
HADAM ~ *; 332 499 453 B89
CSIRD-AZ ; 319185 351 105
CSIRO-B2 i 39197 260.975

Once SLEMSA was re-examined with the adjustments made for rainfall energy,
the resuits found became quite different. Table 6.6 shows the mean annuai soil
ioss as re-calculated using the new factor "A" representing the future
precipitation multiplied by the ratio of change between the dry spell duration of
future vs. present. Table 6.7 then shows the anomaiy of the future (adjusted
for factor A) vs the present to gain an idea what effect future climate change
will have on sqil loss in the Swartland, also graphically represented in Figure
6.5
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Taple 5.6: Mean annual 20il loss, Z (thalyr) as calculated from SLEMSA, for the

various downscaled future climate precipitation scenarios, adjusted for increased dry spell

duration (A).

Emergence time after start of rainy season

Yield (tha) ~ 7 monih o 1 monif T months | 3months |
16 - 120024 120024 | 1880336 | 2880676 | 60012
ECHAN4 20 l 0840168 | 0840188 0960192 2 440408 480096
6.0 0720144 070144 080012 T 0.840168 1 2760882
1.0 1.0002 1.0002 140028 240048 5.00%
HADAM 2.0 070014 0.70014 0.800718 170034 4.0008
8.0 ' peoon2 geog12 | 0501 0.70014 230046
1.0 0.5001 U.5ﬁ01_"|“_D'.'?"tm'iii"' 1.20024 2.5008
CSIRG-AZ | 20 | ‘035007 0.38007 ; o.40008 | 085017 2.0004
6.0 0.30006 0.30006 025005 ;  0.35007 118023
10 0 0 0 o 0
CSIRO-B2 20 ! 0 0 0 0 i
£.0 0 a 0 0 0

The results from Table 6.7 show that all the SRES A2 emission scenarios
predict an increase in soil erosion in the Swartland under future climate change
scenarios.  {hese scenarios reflected increase dry spell duration during the
winter rainfall season, increased temperatures and a shortened winter rainfall
period but with roughly the same overall amount of precipitation. By adjusting
SLEMSA o approximate these future precipitation scenarios which are
reflected from downscaling the models, there is a clear indication that current
farming practises will not be sustainable in the future: soil erosion is likely to

increase as the climate changes.

An interesting result was that there is no difference in annual soil losses

predicted by the CSIRQ SRES B2 emission scenanos for future climate
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change. This is possibly due to the small changes in soil loss predicted
generally and that the BZ emission scenarios produce less extreme climate

changes for this particular region than ariginally thought,
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Meaan annual s9il less (Whalyr)

=1 month 1] 1 month 2 months 3 months

Emergenca time after start of rainy season

Figure €5 Mean annual scil loss {Yhalyr) as calculated from SLEMSA under futtre climate
precipitation scenarios, adjusted for increased dry spell duration (A). Diamonds represent a
vield of 1 tha, and squares and circles 2 tha and § tha respectively.

As mentioned previously with the initial SLEMSA results, an increased yieid
(ttha) equates to less soil being lost to soil erosion. The emergence time of the
crop after the start of the rainy season, shows that the later the crop emerges
after the rainy season starts, the less vegetation there is available to prevent
the soil from erosion. The greatest ercsion therefore takes place with the
lowest yield and the latest emergence time after the start of the rainy season.
SLEMSA, when maodified to more realistically reflect the impact of future climate
change by incorporating dry speil ducation, also shows that when the crops
emerge prior to the rainy season, the soil erosion is the same as if they

emerged at the start of the rainy season.

(A
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Table 6.7: Anomaly of mean annual soil loss, Z (tfhafyr) as calculated from SLEMSA for the
vanous downscaled ffure ve, present-day precipdalion scenanos, adjusted for increased dry
spell duration (A).

Emergence time after start of rainy season

i Yield [ ) )
! (tha) -1 month ] 1 month 2 monlits 3 months
1.0 0.80016 080016 | 1120224 | 1.920384 | 40008
ECHAMA4 2.0 0560112 | 0580112 | 0640128 | 1.360272 3.20064

60 | D480096 | 04BO0SE 0.40008 | D.560112 1 840368

1.0 0.60012 DEONZ | D.840168 | 1440288 | 3.0006

HADAM 2.0 0420084 | 0420084 | 0.480096 | 1.020204 | 240048

60 | 0360072 | 0380072 ° 030006 ' 0420084  1.380276

|
wpd:

1.0 020004 ' 020004 | 0280056 0430096 1.0002

. CSIRO-A2 ' 20 0140028 0140028 | 0.150032 | 0.340068 . 080016

. 60 | 020024 . 0120024 | 010002 | 0140028 | 0450092
A
1.0 30006 | -0.30006 | -0.420084 | -0.720144 | -1.5003

C5IR0-B2 2.0 210042 | 0240042 | -0 240048 | -D510102 | -1.20004

6.0 -0.180026 | -0.180035 -0.15003 -0.210042 | -0.580138

The results from the modified SLEMSA are therefore plausible and conform to
logic as applied to the paricular characteristics of the study area and the
projected future climate change. Increasing overall temperatures will result in
reduced available soil moisture due to evaporation. This, combined with
increased dry spell events over the region and with the same amount of
precipitation occurnng over a shorter period of time, will certainly increase the
chances of =oil erosion in the future, even where pars of the region are
possibly not currently experiencing soill erosion due to sufficient manageament
techniques. Hence it is advisable for farmers to be prepared to adjust their

farming practices with the projected changing climate.
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Climate change research is a continuing, evolving field that is constantly being
updated and modified to achieve better, more accurate results. Chapter Seven
then concludes this study with a summary of all the results found and

suggestions towards further research.
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Chapter Seven: Summary & Conclusions

7.1 Overview

In response to the critical need to better understand our changing climate, the
aim of this study was to investigate how potential future climatic changes may
affect geomorphic processes in the Swartland. The thesis applied a focus in
particular to soil erosion and other processes related to the degradation of
agricultural land that result since the Swartland is an important part of the
agricultural sector of the South African economy.

There are just two main possible options in response to climate change and its
consequences, viz. mitigation and adaptation (Parry and Carter, 1998).
Scientists say that “...major investment is needed now to mitigate the threat” of
climate change which is a lot “more serious” than it was supposed to be just
four years ago (Jones, 2005, p563). A basic distinction is drawn between
responses {o climate change that are automatic or built-in societal responses,
and responses that require deliberate decisions, described as adaptation
strategies (Parry and Carter, 1998). In order to adapt or mitigate, it is essential
to assess what the future potentially holds concerning climate change to be
able to prepare for an adequate response.

it is accordingly essential to gain an understanding of future climate change
and what it means regionally rather than just at a generalised global scale.
Regional climate change is particularly appropriate when conducting impact
studies (Kurukulasuriya and Rosenthal, 2003; Easterling ef al., 2001). Initially,
this study considered future climate projections from Global Climate Model
output, and then examined from the perspective of regionally downscaled
projections, particularly regarding precipitation.

In order to analyse the effect of potential future climate change on soil erosion
and land degradation, an analysis of past and present soil erosion and climate
patterns was made in this thesis. These patterns were then combined using a
soil loss model in order to evaluate how the projected climate change would
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impact on the agriculturally important region of the Swartland. The soil erosion
predictions were then analysed with respect to current farming practices. The
following section presents a summary and synthesis of the results obtained
against the initial objectives, followed by a discussion of the constraints and
caveats faced in conducting this research. The chapter then concludes with

recommendations for further research.

7.2 Summary and synthesis of results

Since there is always some scientific unceriainty attached to future climate
change projections, it may be useful to express possible changes in terms of
the probability of their occurrence (Parmry and Carter, 1998). The results of this
study deal with a subset of climate change possibilities which may occur in the
Swartland, and that need to be considered when planning for future climate
change. The various possibilities that could occur are more important than
comparing the actual magnitude of change, which is reliant on different
scenarios chosen to represent climate change. Therefore the main indicator
when examining climate change is the direction of the suggested change, not
the magnitude. This section deals with a summary of the resuits presented in

the previous chapters.
7.2.1 GCM future climate projections

All six of the GCMs examined concur around the likelihood of increased future
temperature for the Swartland region. They show that, on a monthly basis,
each month will experience higher mean temperatures than are currently
experienced. The SRES A2 emission scenarios provided more extreme
predictions than those of the SRES B2 emission scenarios, revealing two
possible evolutionary paths for future temperature change over the Swartland.

Future predictions based on outputs using both the SRES A2 and B2 emission

scenarios suggest a general decrease in wind speeds during the summer
months. The winter months, however, appear to reflect a possible increase in

145



Chapter Seven: Summary & Conclusions

wind speeds for both scenarios. This increased wind speed during winter could
affect soil erosion if rainfall occurred later in the season than nomal, or
decreases in precipitation occurred in conjunction with increased wind speed,
as the fields would be bare with the farmers having planted their crops at the
start of the winter season. Certainly the Sandveld, to the west of the
Swartland, is susceptible to wind erosion (Talbot, 1947) and this may inciude
the western, or more coastal, parts of the Swartland where soils are

distinctively sandier.

Future precipitation changes from the SRES A2 emission scenarios are shown
to simulate more rainfall during the summer months than is currently
experienced. On the other hand, winter rainfall is seen to decline in relation to
current values, although the region should still receive its dominantly winter
rainfall pattern, as reflected by all the GCMs. Outputs of the SRES B2
emission scenarios indicate a decrease in monthly precipitation for the entire
year. This placed NCEP as the observed data, well within the envelope of
change between the A2 and B2 scenarios, thus needing a more accurate future
precipitation signal, as discussed in Chapfer Four.

The projected future climate change signal is expected to reflect a range of
change above or below the observed climate signal. It is an important result
that the observed precipitation falls within the range of predicted GCM
precipitation changes from the SRES A2 and B2 emission scenarios. This
result therefore does not confidently claim a future increase or decrease in
precipitation and therefore it becomes necessary to explore more refined
regional precipitation outputs instead. The refining in this case took the place
of the regional downscaled scenarios for projected future precipitation over the
Swartland.

7.2.2 Regionally downscaled future climate projections
It was decided to focus on precipitation as the only variable examined using the

regional downscaling method, since the GCMs currently reflect temperature
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acceptably well over the Swartland, with all models being within a range of 3°C.
Precipitation changes are much moré localised and at a finer spatial scale than
temperature changes and therefore need to be examined at a higher resolution.
The regional downscaling proved to be much more appropriate to the regional
study, reproducing observed precipitation patterns well over the area; for

instance orographic rainfall features could even be identified.

The resolution of the downscaled precipitation models was much higher over
the study region and revealed a greater inter-model consensus and replication
of the control climate than the raw GCM outputs. This was particularly evident
from the presence of a distinct north-south gradient in precipitation identified
within the study region from the downscaled precipitation. Orographic
influences on precipitation were simulated to the east of the study area from the
downscaled precipitation, as further justification for greater accuracy of the
downscaled results. These features were not evident from the raw GCM data
where the entire study area fell into one grid cell. The ability to simulate these
local features provides confidence that the regional downscaled scenarios are
much better than the GCM scenarios for precipitation in this particular regional

study.

The most marked changes in monthly and, particularly seasonal precipitation
from the regionally downscaled scenarios are reflected in the autumn (MAM)
and spring (SON) months. These seasons tend to show overall decreased
precipitation totals, as well as increased dry spell durations and a decrease in
heavier rainfall events for the region. Winter (JJA) reflects slight increases in
future total precipitation, linked with a decrease in dry spell duration, thus the
rainfall season in the Swartland is predicted to get shorter and possibly more
intense in future for both SRES A2 and B2 scenarios.

The SRES B2 emission scenarios from CSIRO suggests more intense drying in
spring, with relatively small changes in the frequency of heavier rainfali events
(i.e.: greater than 20mm) when compared to CSIRO’'s SRES A2 emission
scenario for dry spell duration and precipitation greater than 20mm
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respectively. This increase in dry spell events, with little change in total
precipitation in spring, suggests an intensified drying period leading into the dry
summer season. Since climate changes of this sort can have serious
repercussions for agricultural productivity in the Swartland, their implications

were examined with respect to soil erosion.
7.2.3 Future climate projections and soils

SLEMSA (Soil Loss EstiMator for Southern Africa) when utilised with regionally
downscaled model outputs proved to be overly simplistic as a predictor of the
future soil erosion situation in the Swartland. The initial result obtained
indicated that future decreased precipitation meant reduced soil erosion
susceptibility for the region. But given the complexity of climate change,
particularly in relation to precipitation, where increased dry spell duration and
frequency coupled with more extreme individual precipitation events could
accelerate soil erosion, SLEMSAs initial findings needed to be questioned.
SLEMSA was thus modified in order to attain a more appropriate judgment of
future climate change impacts in this region, where soil erosion could increase
if rainfall was less but distributed differently with respect to timing. The
adjustment considered the projections of increased future temperatures in the
region, coupled with an increase in dry spell duration, and a shortened winter

rainfall season.

SLEMSA considers the physical systems of crop, climate, soil and topography.
These systems are integrated to make up three main submodels: crop ratio (C);
soil loss from bare soil (K); and a topographic ratio (X) (Figure 2.1). The
climate system combines with the soil system to produce the K submodel.
Rainfall energy is compared to soil erodibility to establish a value for K which is
applied to the main model to gain an understanding of soil loss from cropland.
This is the key part of the model that required adjustment to become more
representative of conditions in the Swartland. Merely using rainfall energy
(correlated simply with rainfall amount) as the main climate input to the model
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misses the point that that dry spell duration combined with rainfall energy has a
significant impact on the soil erodibility of the region.

The modified SLEMSA was then examined in conjunction with CSIRO,
ECHAM4 and HadAM SRES A2 emission scenarios, as well as the CSIRO
SRES B2 emission scenario to project future soil erosion. The modelled resuits
were all in agreement and demonstrated that decreased precipitation, coupled
with the climatic adjustments mentioned above, would lead to increased soil
erosion if farming continued using the current practices and methods being
employed. This resolution of the modified SLEMSA is only a very basic
assumption and further research would need to be conducted to employ the
use of SLEMSA in this region with greater accuracy. However there is
reasonable credibility behind results using a modified SLEMSA and the method
is therefore worth consideration by farmers and other affected parties in the
region when planning for the future.

7.3 Constraints and caveals

The more significant constraints and caveats found in this study are concemed
with two main areas, that of GCMs and their application to regional studies, and
SLEMSA and its application to a particular region other than where it was
designed. The following section further explores these issues and provides
suggestions as to how they may be overcome:

7.3.1 Climate modelling

The changing climate, and the particular vulnerability and dependence of South
African society to the variable nature of the climate system, make it imperative
that suitable tools are available for process-based research on the climate
system. For the most part this implies the need for computationally intensive
climate modelling. The primary constraint in this regard within southern Africa
has been limited computing resources, and too few model-literate researchers
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(Hewitson, 2001b). Many international funding organisations, i.e.: START":
USAID?; IRI®; DEFRA* WWF®, currently support climate change research, and
modelling in Africa, which may help rectify the problem of a lack of skilled
modellers and assist in furthering climate change impact studies over time.

GCMs have been shown to capture large-scale features accurately, but have
difficulty capturing smaller scale features. GCMs also cannot take into account
all the processes effective in the climate system, as modelling then becomes
too computationally intensive. For example, processes such as plant
physiology, ocean processes, land-use changes, and biospheric responses to
climate change add complexity not normally accounted for in generally
available GCM simulations (Meams ef al., 2003, Gitay et al., 2002; Hewitson,
2001b).

Simulation of precipitation by GCMs is a major limitation when assessing
climate scenarios on a regional scale from raw GCM output. In order to
compensate for the low resolution of GCMs on a regional basis, this study
examines a method for downscaling GCM output. The downscaled regional
precipitation seems most satisfactory for the study region when compared to
the raw GCM output. This was proven by the regionally downscaled
precipitation being able to accurately identify localised features which were not
evident from the GCM output.

Regional downscaling is seen to form an effective means of interpreting the
local and regional consequences of large-scale processes at work in the
climate system. Downscaling particularly assists with providing a mechanism
for assessing changes in regional climate at scales more beneficial to society
than those provided by GCMs. However, further validation studies of the
control scenarios need to be made before any type of magnitfude of change can
be examined regarding future climate change. There is confidence in this

! Giobal Changs System for Analysis, Research and Training (hitp:/fwww.start.ong)

2 {4.8. Agency for intemational Development (hitp:/www. usaid.gov)

? international Research Institute for Climate Prediction (hitp:/in.columbia.edu/)

4 U.K. Department for Environment, Food and Rural Affairs (hitp:/Awww. defra.gov.uk)

® World Wikdlife Fund for nature (htip://www panda.org/about_wwifwhat_we_do/climate_changefindex.cfm)
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technique for credible regional application as far as direction of change is
concemned (Hewitson and Crane, in press) and within the limits of the skill
shown by the GCM.

7.3.2 SLEMSA

The soil loss estimator for southern Africa (SLEMSA) proved from the literature
to be the most suitable soil erosion model to apply to this particular regional
study. However it was applied in its simplest form and as with previous studies
using the model, some modifications needed to be made in order to apply it
directly to the Swartland.

With a thorough understanding of the workings of the model, however, there is
reason to believe that reasonable and appropriate modifications can be made
to SLEMSA to accurately predict soil loss in the Swartland under changed
rainfall conditions. Many other studies in southern Africa have successfully
modified SLEMSA to enable it to be more applicable to the relevant study
region in which it is applied (lgwe et al., 1999; Mughogho, 1998; Hudson,
1987). Thus it is with a fair degree of confidence that the modifications done to
SLEMSA for use in the Swartland are defensible in terms of the understanding
of the physical processes underpinning the change, and have therefore
produced constructive results.

As SLEMSA is a relatively simple model, it cannot take into account all the
complex interactions involved in the soil erosion process (Elwell, 1981). For
example, gully erosion is hardly incorporated into soil erosion modeis (Jetten ef
al., 1999) and often erosion is considered to occur equally across the whole
landscape (Evans and Brazier, 2005). Hence SLEMSA is used here merely as
a guide and indicator of possible future soil erosion scenarios. The results
shown from SLEMSA in this study are basic and need to be accepted in that
light, as it would be necessary to conduct field trials and calculations relating to
particular sites within the Swartiand in order to further validate the use of a
modified SLEMSA for the region. Researchers involved in erosion modelling
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have generally found that results need to incorporate field-based assessments
to better aid soil erosion predictions (Jetten, ef al., 1999; Gobin et al., 2004).
This is beyond the scope of this PhD thesis.

However the conclusions drawn relating to soil erosion and the projected
climate changes modelied in the study, all comprehensively concur on the point
that soil erosion is likely to increase with future climate change, particularly
where farmers remain using their current farming practices.

in order to fully understand soil erosion and its impacts on an agriculturally
important area such as the Swartland, policy makers need to have good quality
information on which to base their decisions (Evans and Brazier, 2005). An
area already affected by erosion, or affected in the recent past as the
Swartland has been, can be a key indicator for future soil erosion (Jones et al.,
2004). Hence the reason the Swartland was chosen for such a study.

Adaptations will certainly be possible to reverse this projected scenario by
applying further soil conservation techniques or other forms of land use
management. Applying conservation techniques to combat soil erosion has
major global benefits, being beneficial to conservation of biodiversity; control of
climate change impacts; as well as the prevention of land degradation all being
achieved simultaneously (Gisladottir and Stocking, 2005).

7.4 Recommendations and future research in this area

Other types of farming, such as stock and game farming, are relatively more
adaptable to climate change than crop farming (Hattingh, 1990). One option for
crop farmers, which needs further research into its viability, is genetically
modifying crops to cope with projected climate changes and then the correct
crop cultivar planted at the start of the season for a successful yield. This
includes being forewarned as to what the climate holds in the future for the
farming region, so that the correct cultivar choices can be made. Currently
many debates exist as to the moral grounds of genetically modifying crops and
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their resultant nutritional value (Mills, 2005; Williams, 2005; Gaskell, 2004,
Vogel, 2004). Hence much research is necessary into the field of climate
change impacts directly on various existing crop cultivars, at least until the
genetically modified crops are at acceptable standards, in order to prepare for

farming under a future climate.

There is also scope for further research into the potential for future climate
changes affecting soil erosion. Future climate projections are much in their
infancy as far as regional studies go, particularly in southern Africa. There is
scope for further regional climate change research and its projected impacts.
Giles’ (2005) research on aerosols shows simulations of Earth’'s climate at
2050 to suggest that “...negative effects of increasing ozone will cutweigh any
possible benefits triggered by warming” (Giles, 2005, p7), this is if farmers fail
to consider methods of adaptation to deal with the changing environmental
conditions. Urban pollutants are expected to increase levels of near-surface
ozone by at least 256%, causing crop yields to drop by up to 10% around the
year 2050 (Giles, 2005).

Farmers face not only a changing climate, but must also examine the impacts
of these projected changes on their environment against rapidly changing
socio-economic and political backgrounds. In this study a crudely modified
SLEMSA shows that soil erosion is likely to increase under all the simulated
scenarios of projected climate change. In order to completely verify this resulit,
field trials would be best conducted at a number of sites within the Swartland to
examine the full impacts of climate on soil erosion. As the region is primarily
dry-land irrigation farming, soil erosion, and water availability, storage and use
are critical components of farming management practices.

The key to improving water-use efficiency is to implement strategies to store
rainfall and to reduce the wasteful pathways, chiefly soil evaporation (Sadras
and Angus, 2005). Climate change is a concern for farmers and hence the
importance of studies pertaining to water-use efficiency (Hart and Ashton,
2004). Some more recent research has identified that reduced row spacing
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between crops, early vigour and a sufficient supply of nutrients can favour rapid
groundcover growth and reduce soil evaporation (Sadras and Angus, 2005).
Sowing as early as possible following the first rainfall also contributes to greater
water-use efficiency; however this would need to be explored in more detail in
conjunction with the climate change projections, e.g. increased dry spell
duration within the rainfall season could prove detrimental if crops are planted
too soon. Improved wheat varieties suitable to dry environments can also help
to increase water-use efficiency (Sadras and Angus, 2005), which would be a
possible adaptation for the Swartland.

Where climate change is concerned, government policy responses should
include maintaining a vigorous agricultural research community able to identify
emerging problems in time to develop adaptive solutions. Flexibility in
approach is a key rather than attempting to maintain the current geographical
distribution of agricultural practices through subsidies when the climate
becomes unsuitable (DEAT, 1998). Thus scientists and researchers within the
climate change sphere need to interact with end users and conduct more
studies relating to impacts of the projected climate changes, in order to assist

decision makers.

Further research must also deal with mitigation options when dealing with
climate change. These could include promoting, through education,
demonstration and the removal of entry-cost barriers: decreasing of the
stocking rate and promoting a more productive herd composition in order to
reduce methane emissions; reduced-tillage crop agricuiture can save energy
while building up soil carbon and reducing soil erosion (DEAT, 1998).

it is necessary for society to be forewarned in order to prepare for the future
challenges of climate change. Soil erosion has been shown from three
different climate models to increase under future climate change in the
Swartland, and this will have gross impacts in a region that is largely a crop
farming community. Thus it is necessary to take this initial study forward to
examine the agricultural responses available to farmers and explore further
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adaptation strategies that could be implemented over time in order to equip the
farmer and other end users for the future.
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Appendix A. Recent newspaper clippings concerning climate change in southern Africa.
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Britain begs
US to limit
greenhouse
gas emissions
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THE ¢ity has exceeded its own
=ater suving targels for Lho past
month although residents s1ill
Treve to came Lo the pacty,

Al pressconference yestor-
iy, Mayor Nomaindia Mfeketo.

Council beats targets, but residents must save more water — mayor
lupk al glubal warming trends, L

essertial that the messapge of sav-
ing water was brought home,
Member of the Mavoral Com-
miltee for Trading Servires,
Saleem Mowzer, said council
departments had saved 53% ., mors

than the targeted 0%,
“The shorta ge of water in Capo

Town won't stop tomorrow, ifwe

things will get worse before they
get better, " she safd, adding that
longer tetin soludons needed Lo he
lockedd at. J'f

Ome of these would be educa-
tion, with the city embarking un &
campaign to change the outlook of

nsels.

Zanked by her official, said it was
Provinceon | N 1
flood alert
KAREN BREYTENBACH | |
PARTS of the provinne
have been put on high L
alert for more flash flond-

ing today and tomorrow
after three people died
Kkioofing in similar condl-
tions in the Kaaimans
River gorge recently, e Vi =i
Water in the river D e g | M onn Sunday Times 13
rose from ankle to thigh 7l i E . —
depth in less than five S : .
minules and washed a tm( : pI'e CtS h‘u ge
party of five over three ‘a) ) S
waterfalis and down the te - tu A
river, Two survived. LC mpera Ir'ec rises
The Cape Town weath-
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Warmer weather
will threaten fruit
trade in the Cape

FROVINGE FACES DROUGHT FLOOLUS
g Cape TIMES
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Montagu area farmers still waiting for R11,7m flood relief payout
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Saving Earth
requires more
than hot air

yes used to glaze over when talk turned fo
climate chunge. Not any more Worldwide thers
REEMSE i mndnﬁrrmgmuﬂﬂnfﬁlndwm
1ifes ony Earth,

It is becsuse the signa that some have been wnrnmg 1 :ntrudw-tn i

about for decades nee increasingly there for all to sce, The

starkest evidency is the melting glaciers and ShrIMKIE  house gas' s

pelar fec caps. Less specibo signs inclade rising average
temperatures and changing weather patterns. In the past

As for Sonth Africa, so engrssed were we in our trou-
hladdmnuﬂr:sﬂuauﬂnlhat lagged

have hmemmnf&tmtﬂ:mtw vnrhc in tb.inﬂdd.
U th dmaaueﬁ'mt, the government tast year produced
1 dummﬂntﬂn&hnamwﬂmﬂmbwn

I8 Mnmmﬂeﬁmmm“rmz Ullimately how-

those used to be easily dismissed from some quartcrs as ;mﬁmmmﬂﬂwmmmmm

being part of the Barth's age-old cyclical changes. But
mﬂnmﬂﬂhmhkmsmmmmmgmm
scrinuﬁg w.ith the regrettsble excﬂpuﬂnnf the |

ﬂ:awuﬂdumrmahnﬂhgam:imngn

The most llgutﬁmnz landmark in will
be Wednesday's coming into force o ﬁ.mm Protoeol.
The product of international ne inns going back to
1992, il sets in plico 5 8ystem 7 sighatories arc in g

senge contractually bound Lo timit the human factors
ransing climale change.

What a disgrace, then, that ihe United States, as the
most pownrfil nation, has chesen not o be party to this
vital mitlative Whatever its reasoning, for a nation cob-
sidercd to be the leader of the warld it remains a most pes
culiar position to take on a fiterally burning global issge.

diffurence af all to this global thresl will require adapta-

/tioms to our lifestyle thatare hard to imagine In fact, it is

said that whatever we do, we cannot change the afmos-
alrrady bappening as a resull of the csrbolt diexide our
machincs have over decades besn pumping into the aie

Still, there is much we as indivifluals and as a sociely
can do to help avert a longer-term and even bigger
catastrophe for our world. We can starl by teaching our-
sclves and pur children as much as possible about the cuus-
e and gffccts of climate change. We can use our votes and
consnmer money to bolster political and business action.
Wi gan cneourage regearch snd investment (n alternative
energics and feiter techpologics,

The things we can do as individuals may ssem puny; but
put together on & global seale they coulil make asignificant
contribulion. We could, for instance, start using bresh

in Earope, by contrast, all nations have signed the | disposal more infelligently Even the simple act of planting

treaty And how well Britain's Tony Blair put it at last
menth's World Ecopomic Forum in Davoes: 1 support the
Eyoto Protocol. Others will ot and thst position is under
stood. But busingss and the global economy need 1o know
thig ig not an issue that is guing awsy by clear view; for
what it is worth, is that the dobate will be how and on what
i onnla it e pomfronited, not whethee™ -

. natural

an indigenous tree could help; it will play its small part in

- Absorbing hurmiul gases. And the public care demonstrat-
- ed Inmswn;rma“nsthdp to expose those greedy |

of the world's remamihg forests and other
for the selfish creaturss theoy ure

destro

H
R e

X

, water and electriciiy more sparingly and treat our waste |

R —



W!Mﬂﬂﬂh*mwﬁm'ﬁﬂﬂ KNEES mt'l'hm A EIORY JMUARY 5 5

1= ’ lrﬁ
1.!913 HIHIH :Il. : oo $ Y
‘ﬂm &
qm. mm m'ﬂhiﬂ. mﬁnﬂwmﬂﬁuﬁ ;g i g 13 vgsd Wi e mﬂwmm

Wumw by fhoos wﬂ'rw bl oy e s as
w-% mﬂp : . ‘“Eam ik u-l-iril F’%rﬂhﬁ -rrﬁm--"
L i Al 12
3 “Ta W
: 'dﬂ“ ﬁ'ff..mmﬂ- Fmt ey m; i
b ) J‘n:-

AlD



THE S1.ACA: INGEPENTT -
FLUPLEAAY 13 7005

Fynbos

project

aims to save our
national flower

Grassrodts invoivenent in uobecng data
Yz biger & aonp, wikey Loon Marshall

"..-;“iu‘l.’-"'.i".## '1’11":":.‘3“
snder wmm

Friim =
wuhit i In
haehi a'Jj

st

oot cuin ikl

bt Mﬂmﬂa%ﬁ:ﬂlir i
: ’ﬂ:mrﬂn?h\

e Ervi,
HM Epurand widiiisess

o o S
ipchoayuer, Lt e-illan LA
oo ur 1..||'Hmm. wrimth, duns

i :mﬂr

it iz Bt by

W‘mrhﬂlﬂmtﬁ*
IfIlT.UT‘h i

mqlnfmqwﬂ-—p_

riqrmr i BREn e ekl
hmrl-.rd
M wegEmm.

LJ..:.-.-_-H-\-

ek m*-

hin::m aml e inmﬂ Lo

uHm'l.llw].r I'II.'H
I,Q;M il o EAEL
Di.ﬁ tlata-gahnr g, Ay """‘"
i fe e peig Jm'll‘nl Tl TR
g el Iy ineciramard l.l.'lﬂ
stendirle o ey nl el v
'Il:ljmh-qhul- gl =F
Julbres -nn:t: L gt lun i 1T
m-u m-lum

o m.ﬂ—uﬁm Hhhivl. Lo
o il (et el e

wriicl for Tmutt (JEirE Mapeed
e S ]

i iy 20
:&ﬂlu-qndnhu-lﬂ
5" Thé EVWLIEEN A

e wimiel Do wpeand e
ezt it s e seie A WA

RS B T L

B
B il s FEE e g The
SHER oy =

T T
e | e S R S T
ml-_ e e

i TV aE

824 Lnuns o P e e me

« CAPE TIMES

Thet wciantivty dusemblid
| Enowlidy: abeid rho mlers
Ayreien inm of ilingn. wngh as

- mitlglunanid s

All

phenom=nan | kel S fol.
lamed i the miern dumafishis
I s b and wes)

"Qur Temuicy srypes: that
ivrgfiaide are Lk gk 20 be rearn-
witterl (the sand wili bicome sig-
nifiintty exposed and woveras
n AU o SPst-pEmrury
i,

'J.hhnb.nr-p:rparmcusﬁ-m
art0aels - Atk lerm far ol
s16L parHoulates Gum imigkc
ol dizzhargs. casd tralMe: and
ﬁmm_pumhgrm

Aorrsale hlock the sunlight,
hedplng fu provent Bartn's ame
Y Mo Tt they slsa
have = big ofock an sioud agd
rauER peierme. L ofthe hig
L s s mhord i opens whey
s aoidriba” Seieid s remved.
By il bl ion st

(mrman2nd British scien-
. befl by Mieimeat Androsy of
15 Miax Mansk Mfasdizvtc for
[hermisry in WMaing, Germay.

ewlianars Chat a% acrgsols ars
elisarusis . Eirih's mesin ginhal

o

i
!
i
r
T
T
F
]
t

eampeEradars conld rige Y oone
han §°C by 5190, A riseof this |
wagninde 1 In the dodadey |

]
4
“Soch o degres of clrmass | ¥
chiage It a8 foy oninde the | F
ThEES comered biv iy ixgericnor &
and sctlanlilic pederitandieg | |
s, s canm st with sy el
derre pred el the SonssguPtoss
fnrthe Earth ey slew "

The Ogin sven ewbenils tha
o pan b G 4S eRbomal i sug
Eeebed 10000 by Wi bap 1IN mzi
anlille aulharily ol glabal
mbaniing. b laligovisenznem.
Al Cyenid e £ Lasaber Chinmgr,

Iy it Jamdmaelt et the o
pane] gntd Dhe plineys fempe - | b
FILOw Ws TR s QAT DL R
i iny prmacted By oil, gas nrd i
aonl, stored up beat froig the | B

LI

R

This ot tmares ranged fromy | o
14T o b WG ppeurdingto car- |
Imirt il w i Tl § P v nged
Crrumr st b part e milliow,. 14
These Bom s with B0 uerlain | b
2 milton betve mdiatrial e | e
A1 AoV S0 pATIE oy,

The grencer the Incowies, the | R

|

levels thiat weoulf rose 1V o b
oSNNI



S —

nxiij iﬂal] i

mﬁ“ ] zziﬁ 'ﬁiﬂzﬂﬁi
ff £
Eiﬁﬁ

1,5

it H B ‘lg
%Eﬂ‘ﬂhu 1t ﬁul‘j :
% pysiTigd
; zsé:; ;

i

i

=
Ii i;ir 112 : [’

q_m..,.

1i }fﬁigigl

L
T ;l i '
iilg ﬁ.&’ﬁj

. -ﬁ.
‘
{ERL
I.-r.- i‘r
|

mﬂi
ars

]

o ennii]
'sa‘lii‘! s__ i

AGRICTUPE

2]

exodi; of Zimbahwe mbaccn farmers |

e

light up from

"Hl'u'
e

WEGHEIbAT. | SBRUALY 3 Hyigs

i
]

; ﬂ ; aapegan 5,“
ﬂi%gﬁigé ‘1. Eék
Ei{j %H - E; fligi H!EE ;

. F i s_" 3y sHEl e, 1

i i s ___agg!jﬁiiii

’-ﬁ%?fizé - P} i

: . _.;;!u -§f
Pabra] _ Huls»ii fil

‘[—I‘\Iei chbhours

.,Irilht

= | TR
7 wﬂlnthlnﬂ- Hanks sl
HE 0 InBuuth Alcles was nob seeing

ahle development was birought

Peninsula carbon emissions
up despite aim to cut them

on tothe Internativcal ueenda,
only now in i1 coming on to
CARPON smissions, the major  boardruom agendas. They talk
grcenhouse a8 canzing climate about sustaimahlo development
clangs, have incressed in the  glibly, hat i1 k& ot well under-
Cape PaninAuln by 30% inthe  stood.”
Muogt of the: distussion in the
financial and other meidia was
about financial capital, GDF and
srowth. 1t was undersiood thas
Burnan capdinl was needed fur
ecunamic growth, bul husiness
falled o widerstand that finan-
ciftl and buman capilsl was
totully dupsndent on notaral
TESTITES.

"“They are faillng to assign

st 10 yosum.

Yut tho global aim was to
Lurva perhocod carbon emisslons
e 60%5 by W0,

Jonachan Hanks, of the 84
Cemitre on Climare Changs, said
at the Western Cape Sustzinahle
Tevelopment Crndorence yogter
day that {here was a lnck of
understanding ateut the prob-
lem of plimate chanps. and a
Inck of incenfives to tackie the

O af Ches major reasons was
that Sourth Africa provided
cheap slectricity from the bum-
ingofeoal, xnd sxterilised the
cost 50 fhe envirgrament and to
sttty of hirning fussl] fuod,

"wunadtosm;tmrhlﬂn
q e eloctrielty

wapt factoring in

what it l‘.s mf,- t0 omr aatural
rmmnumm,r Weall
¢t 2ones. What we
rethink of how

I{ the Wastern Cape Were 10
developan Inteprated snergy
sfratesy, 1Ewas aszential to set
Tong-tarm goals anid targots e
carbon smissivas, A& had besn
rearwe im il Blagherlards,

1t was also critical to intor-
nalise the cost of spergy Eodec
ey, amed v elbming te inconsis.
feneias in pobicies.

Hanks zaid g problem wus
that many mun relued
on jncowe rom eleotricity
chirges. When business and
industry reduced thalr slectrivl
Iv comts throigh snerpy saving.,
muieipalities radsed their glee
trivty taris in response.

There was therefors no
incEniive to ot enany s

Hesuid the financia) sector

T rizioy o Dpportimities which
climates chanie prasonsd,
“Fifteen vears after sustain-
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40% FACE EXTINCTION BY 2060

from global
warming

Crwvoryrant Wiitsr

CLIMATE change Canscd nial:
Ty b the Tngrmimg of coad aod oll
will have a maszive impacl an
the Westerns Daps, whers hofier
EMREratires Are eXpected m
wlpe auc between il Y and 405
of prodes apecies b s

Clobal warming will slac
hava e aipnificant impact o
"Western Cape apriculnire, lead
g to a reduction in produc-
tob, employment and econom-
Iowelferu,

Theye stbering facts are
gFiven ina report 18 the journal
Hature this week wn the mnst
compreheneiye analysin tn date
of the effaces of climate clhirnpe
it 1e01d plants and anirnals.

Im the Fergest tollaboration
yel inazsessing Lhe problem,
selantlss [rom eight countrise
striciled 81K tesrlons rich in bmdi-
NETEITE, TRpEEtnE 0% of e
plenat’s iand area, and fuand
chek batween 15% and 87 4% af
their aperies could become
aakinct by 2060,

Thw For nper Mational Park,
[or inslaaee, could 1ose Upto
B0 ot Tty wperiee.

Lead anthor Cheis Thomuss, 8
coftsurvation biolopist al the
Univecsiny of Leeds, soud: I the
prnfections can beextrapol nred
glebally, nur analvars supEeAt
wall over a millivn epecies poald
b thrtatemd with extimetion B4
o vesualbaf chlima ke chang:™

This monnt vlimabe chadpe
wits THe Bigzmst New cxtinction
threet,

Gy Mfgley, of the MNoonal
Balanical Instituie, whe con-
iribatod o the yesearch, sald
yeslerday there had beep a
steady increase In e peires
in the Western Cape In 1he past
20 eara

“We peam tobe at theleading
edge of climate change hers and
thiag"s worrying,

"lmate change i gne of the
most fandementsl problems vat
faced in modern ageiety. It will
rake the hest miods on the plea-
et b Al wilby the pratil=m.™

Midgtey s31d hotter rarpers-
tures would affect the Western

utures bo drop low enouzh 1o
winter to ensure thet they
herime properly dormaot. Thie
Iy pedusiiry to nidate ropur
kut !‘.:fl'l.'ldﬂ[‘:ﬂﬂ'_l'l 117 EEYR SEn) 19T
"If chiasr dom't g0 in kg derm-
ancy progerty, the froit qualty
i=a mess,” Mideleyasid
Researchera from the Oni-

wversicy of Btellenbesch and he

Ualversity of Prefnria have
found thar ths Westarn Cupe's
AgTicuktural economy wolld be
purticliady susoegtible to the
loweer radntidl That Wil aceom:
paEny chtie changs

Lemay vainfall wonld Tead to
“reduced producer snd cwn-
sumer dehnomic watlare son
lower hovols of [arm-ssotor

EXTREME WEATHER IN 2003 A RESULT
F GREENHGU E GAS BUILD-UP

C'.l"raﬂs cigrigg il Wi it bRwser SU1D 4155 07 Seut AT profage beween nowann |

2051] and fale & negalive impdct oo Western Cape agricutiure.

[October [M
Fame fivia Higrkicane

Wietfrees chastroy
| 00 BOC hooares
on‘aIqurnmn furesd J B

" [ JulyfAugust

Recond heawbaee kills 21 000 .
i pecole and sparks wildf s

I findia
i Heshwave kils
] [.1 I i

' anmrleehru:r{.r' ]
; : Drought in |
. southesn Ausiale J !
| Fluodieg in E 1 mt—%| i
- i N7 T [ September i
.‘}msih-%- 1 ¥ Etapa : Haahvave 6 |
i | Eritrla (| "ESteT _
| June A Dl -!'.us.rall?a_”.
P Pl T ‘a\\?{ A
Wangzusly [ Southern B 't;\ Western F. L |
|m:|CoInrrbﬂI E"‘i'-‘-a LMnca ; b - An :
——, poilef] Floading —
: _Aprli.lrhlu}.r e L—’ : &
| | Arpeniira “ High r-;n",:leral 'resfnruw;rr" @ High maintaiteads .- s‘mmgil
, 3 et B B
| Sowres: Liniied Natlons REUTERS =5

employment”, de study saye,
eedlimy: thet the * reduotion o eto-
oramie welBre 1a expectad to dis-
TPropurticmatedy affset the poor™.
The study und that the arid
wesleri ropions af Bouth Afrive
were part iedarly vulnerable to
axdnetiona by climate chasge,
while the Koiger Matinnal Park
curtibd 1osa at b B0% O Tt specien.
The Westorn Cape floral
Klrmndorm was i 1o more than

4 0} species, more than 6% of
which were endemic. Moat
would ot be able toaurviva
throllghout the areas inwhich
theey prew, Blideley said.

"Theae macies have Originst-
e ainel persizied heye for many
rtillbons ol years Fheir poten-
tial loss ta devastating for the
cumptex ecoaystems that have
syilved hegs ™

T e duee Ehe impact of oli-

mate changs, the wold woald |
have tn changs mow i techinele- |
gierather than thnse based on
the burming of fresil Giela

"An jrmediate Awitch tn
teohmelogias that geoduee Liltie
or A0 fPeeTho nsu gasae, GOt
Lkt WLk BT dpet 1y reanosral of
carhon dinstde From the atmoa-
pheve, cpold save amillion or
mure specisp from et notior,™
Thomas said.
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Use water sparingly, minister urges parched SA

FPRETORIA: South Afvicansshould be  EwaZulu-Natal and Mpumalanga hail
using water sparingly as overall incressed on Sverage by only 1%, while
reseryves have nol improved, despite  those o the Free State rernained virtu
gaod rains in some parts of the country,  ally unchanged. In the Eastern Cape,
says Minister of Water Affairs and dam levels had risen by 3%.
Forestry Buvelwa Sanjfea. “South Africa is water-ecarce ... and
Some areas seamed creen and crops  all waler users should exercise ch 2iri-
ware gruwing, but these did not reflect  pline ... Farmers aid other large vwater
tlhe true picture, which was “serious”™ wsers should review their commitiments
Dam levels in (Gauteng Limpopa,  and use wafer with utimost zare."” - Sapa

CAPE TTMES \WEDNESDAY, JANUARY 19, 2005
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Namaquatand farmers
give up as drought bites
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APPENDIX B:

Tree-clustering results for GCM data, where Single Linkages identifies outliers and Ward's

Method identifies cohesive groups.
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Average SRES A2 emission scenario control temperature clusters with NCEP:
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Average SRES A2 emission scenario control temperature clusters:
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Average SRES A2 emission scenaric future temperature clusters:
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APPENDIX C:

Some commonly recognised soil erosion models were examined for use in the
Swartland region. They are compared here under the following headings:

1) Description

2) Appropriate Use

3) Scope

4) Key Output

5) Key Input

6) Ease of Use

7) Training Required

8) Computer Requirements

9) Cost

10)Summary for the Swartland

A list of references, which pertain directly to the contents of this appendix,
appears at the end and is also included in the main reference list. The models
compared are listed alphabetically:

1) ACRU

2) APSIM

3) EPIC

4) SLEMSA

5) USLE

6) WEPP



1) ACRU Agricultural Catchments Research Unit) for the Swartland
Description. The ACRU model has its origins in a catchment evapotranspiration based
study camied out in KwaZulu-Natal in the early 1870s. The agrohydrological component of
ACRU first came to the fore during research on an agrohydrological and agroclimatological
atlas for KwaZulu-Natal. ACRU is a multipurpose model that integrates water budgeting and
runoff components of the terrestrial hydrological systemn with risk analysis, and can be applied
in crop vield modelling, irigation water demand/supply, climate change, land use and
management impacts, and resolving confiicting demands on water resources, o list a few. The
ACRU model uses a daily multiplayer soil water budgeting and has been developed essentially
into a versatile total evaporation model. it has therefore been structured to be highly sensitive
to climate and land usefcover changes on the soil water and runoff regimes, and its water
budget is responsive to supplementary watering by irrigation, to changes in tillage practices, or
to the onset and degree of plant stress. ACRU was designed for easy expansion as new
objects can be created and linked info the existing structure without major revision.
Appropriate Use: ACRU can be used at the catchment or subcatchment level to study
impact of climate change and enhanced CO; conditions on crop vield and water balances.
Scope: ACRU can operate as site-specific or as a lumped small catchments model.
However, for large catchments or in areas of complex land uses and soils, ACRU can operate
as a distributed celitype model.

Key Output Crop Yield and water balances (including irrigation needs, runoff, etc.) for
different climate change scenarios.

Key Input Weather data: maximum and minimum temperatures, rainfall. Catchment:
location, area, configuration, altitude. Other data: land cover, soil properties (texture, depth).
Ease of Use: For trained hydrologists and agronomists.

Training Required: No formal training, but advanced knowledge of plant and soil
processes as well as hydrology is needed.

Computer Requirements. Windows-based or Unix-based PC.

Cost. not available.
Summary for the Swartland. Hydrological model, not a soil erosion model. X
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2) APSIM (Agricultural Production Systems siMulator) for the Swartiand

Description. APSIM is a modelling framework with the ability to integrate models derived in
fragmented research efforts. This enables research from one discipline or domain to be
transported to the benefit of some other discipline or domain. it also facilitales comparison of
models or submodels on a common platform. This functionality uses a “plug-in-puli-out”
approach to APSIM design. The user can configure a model by choosing a set of submodels
from a suite of crop, soil, and ulility modules. Any lpgical combination of modules can be
simply specified by the user “plugging in” required modules and “pulling out” any modules no
longer required. s crop simulation models share the same modules for the simulation of the
soll, waler, and nitrogen balances. APSIM can simulate more than 20 crops and forests, and
its outputs can be used for spatial studies by linking with geographic information systems (GIS).
Appropriate Use. The APSIM environment is an effective tool for analysing whole-farm
systems, including crop and pasture sequences and rotations, and for considering strategic and
tactical planning. APSIM allows users to improve understanding of the impact of climate, soil
tvpes, and management on crop and pasture production. It is a powerful tool for exploring
agronomic adaptations such as changes in planting dates, cullivar types, ferilizerfirrigation
management, elc.

Scope: Site-specific but can be extrapolated to national and regional levels using GIS.

Key Output Changes in crop and pasture yields, yield components, soil erosion losses, for
different climate change scenarios. ‘
Key Input. Soil properties, daily climate data, cultivar characteristics, and agronomic
management.

Ease of Use:. For trained agronomists as it requires advanced knowledge of plant growth
and soil processes. Programming knowledge of FORTRAN 77 is required.

Training Required: APSIM training takes approximately one week to acquire minimum
skilis to conduct simple simulations.

Computer Requirements. Windows-based PC Pentium.

Cost Not identified, restricted for approved collaborators through Agricultural Production
Systermns Research Unit (APSRU) in Australia.

Summary for the Swartland: Advanced agronomic knowiedge required as well as

fraining to use the model. X
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3) EPIC (Erosion Productivity Impact Calculator) for the Swartland

Description. EPIC is an IBM, Macintosh, or Sun based generalised crop model that
simulates daily crop growth on a hectare scale. Like most process plant growth modeis, it
predicts plant biomass by simulating carbon fixation by photosynthesis, maintenance
respiration and growth respiration. Several different crops may be grown in rotation within one
model execution. It uses the concept of light-use efficiency as a function of photosynthetically
available radiation (PAR) to predict biomass. EPIC has been modified to simulate the direct
effects of atmospheric carbon dioxide on piant growth and water use. Crop management s
explicitly incorporated into the model.

Appropriate Use: This approach is useful for evaluating a limited number of agronomic
adaptations to climate change, such as changes in planting dales, modifying rotations (ie
swilching cultivars and crop species), changing imigation practices, and changing tillage
operations. The parameter files are extremely sensitive to local conditions and EPIC can give
grossly misleading results when relying on default settings as it is being tailored to different
locations and cropping systems.

Scope: All locations; agricuttural; site-specific.

Key Oufput Response of crop yields; yield components; and imigation requirements to
climate change adaptations.

Key Input. Quantitative data on climate, soils, and crop management.

Ease of Use. Data intensive and difficult to use without sufficient qualifications. A person
frained in general crop systems science with moderate programming skilis should be able to
use EPIC refiably with 3-4 days of intensive training.

Training Required: Requires technical modelling skills and a basic knowledge of
agronomic principles.

Computer Requirements: 1BM-compatible PC 486 with 4k of RAM and 80MB.

Cost Model freely available.

Summary for the Swartland. Technically complex and data intensive. X
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4) SLEMSA (Soil Loss EstiMator for Southern Africa) for the Swartiand

Description: Originally developed in the late 1960s in Zimbabwe to provide estimates of
annual soll losses through sheet erosion on arable lands. SLEMSA has a framework for the
development of local soil loss modeis that takes into account the specific conditions of major'
agro-ecological zones, their soils and environments. [t proves reasonable accuracy with the
ability to extrapolate fo unmeasured conditions and fo the complex farming systems of a
developing country.

Appropriate Use. A rapid method for mapping ground layer vegetation cover. Estimate
gross field rates of soil loss and sediment yields. Adaptable to a number of environmental
conditions with modest data demands.

Scope: Plot-sized farming areas, not good for large generalisations.

Key Output. Estimated soil loss, as the ‘field rate of soil loss’ or ‘gross erosion’.

Key Input Mean annual rainfall, soil erodibility, vegetation cover, slope steepness, slope
length.

Ease of Use: Easy to use. Its simplicity and cheapness with reasonable accuracy makes it
ideal in developing countries. ‘it has the advantages of reasonable accuracy, simplicity,
flexibility and suitability for less developed countries with a limited amount of data” (Lu and
Stocking, 1984).

Training Required: No basic training required, just an understanding of climate and soil
parameters.

Computer Requirements: Windows-based PC.

Cost Inexpensive.

Summary for the Swartland. Simple, cheap and easily adaptable in the southemn
African region. 4
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5) USLE (Universal Soil Loss Equation) for the Swartiand
Description: Released in the early 1960s USLE was originally developed for croplands in

the eastern USA. [t is an index-based, empirically derived model that aliows one o estimate
the average annual soil loss for a given region under natural and anthropogenic conditions.
The USLE was originally derived from experimental data collected over a period of 20 years
and so calculates soil loss over the long term.

Appropriate Use: Modellers need to validate the model prior to use, thus it has the
disadvantage of being data demanding. Has been known to overestimate soil loss as it
neglects the process of deposition.

Scope. At a field scale, the USLE is strictly valid only to cropland east of the Rocky
Mountains in the United States. USLE has shown problems when apolied to environments for
which it was not originally designed, thus results need independent verification if used
elsewhere.

Key Output. Soil loss from an area, simply as the product of empirical coefficients, which
must be accurately evaluated. This soil loss has sometimes been referred to as “soil
movement” (Clark, 1996) as the USLE does not account for the deposition of sediment.

Key Input. Rainfall erosivity, soil erodibility, slope length and steepness, land-use type,
erosion-control practice factor.

Ease of Use: Attention must be paid to the reliability of the results when an application is
made outside the range of experimental and calibrated conditions. Thus, it is easy to use, but
requires validation within new areas of application.

Training Required. No basic training required, just an understanding of climate and soil
parameters.

Computer Requirements. Windows PC. Data downloads as Excel or Text files.

Cost. Free downloads, other costs not identified.

Summary for the Swartland: USLE experienced difficulty of estimating and interpreting
vegetation cover. X
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6) WEPP (Water Erosion Prediction Project) for the Swartland

Description. A continuous simulation model, being physically process-based and therefore
able to predict soil loss and deposition. These are done using a spatially and temporally
distributed approach of soil loss and deposition for a wide range of time periods and spatial
scales. Three different versions exist: the Hilislope version computes erosion along a single
siope profile, while the Watershed version can be used to assess soil loss at the catchment
scale. The Grid version divides a walershed info square grid cells, aliowing sasier linkages
with GIS. WEPP takes into account climate, hydrology, waler balance, plant growth, soil
composition and consolidation.

Appropriate Use. Used for conservation planning. Not appropriate for areas with gullies
and perennial streams.

Scope: Field-sized areas or conservation units.

Key Output. WEPP models net soil loss and deposition over a wide range of spatial and
temporal scales. Other outputs include detalled soil, plant, water balance, crop vield, winter
and rangeland values.

Key Input The data files needed for input consist of climate, slope, soil, and
cropping/management data. The Climate data is read from CLIGEN or BCDG (Amore ef al.,
2004), while other key values comprise infiltration, runoff, erosion rate.

Ease of Use:. Large data requirements when compared to the simple response functions of
many other erosion modes (USLE and SLEMSA). These large quantities of data can be
simplified through GIS technology.

Training Required: Training recommended in hillslope applications and hilislope
interface.

Computer Requirements. Windows-based IBM PC with Geographic User Interface,
possibly also ArcView GIS application software if simplifying the data.

Cost. Free downloads make this an inexpensive and rapid method for evaluating soil
conservation options, but data intensive.

Summary for the Swartiand: Data demanding when compared with other models. X
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APPENDIX D:

SLEMSA calculation tables:
1) Correction factors for soil management techniques
2) Soil erodibility factors
3) Values of rainfall energy interception proportion
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1) Correction factors for soil management techniques (Elwell, 1980). The
factors are to be added algebraically to the soil erodibility factor, F, to
determine the equation Fr, = F, + correction factor.

Practice Factor
A | Soil loss in previous year <10 tha 0
10 to 20 t/ha -0.5
>20 t/ha -1.0
B | Ridging practices Normal tilth 0
Fine powdery -0.25
81 | Crops on large ridges (>200mm) Siope < 1% 1.5
Ridges without tie-ridges Slope < 1% 1.0
Slope 1 to 2% 0
Slope > 2% -1.0
B2 | Crops on small ridges (<200mm) Siope < 1% -1.0
Siope 110 2% 0
Slope > 2% -1.0
C1 | Annual crops planting direction On contours 0
Angle to contours -0.25
Atright angle 0.5
C2 | Tillage technigues Fine powdery tith -0.5
Zero tillage -0.5
Disced fine tilth 0
Ripped and disced 0
Plowed and rolled 0.5
Plowed only 1.0
D | Fallows and leys First year 0
Second year 1.0
Third year and more 2.0
Good pasture 2.0
E | Perennial crops and orchards Mechanical cultivation 0.5
Herbicide weed control 0
Muich soil cover 2.0
F | lrrigated lands Sands and loams -0.5
Good pastures 3.0
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2) Soil erodibility factors, Fy, for various soil types (Elwell, 1980).

Texture of topsoil
Soil group Soil family
Sands Loams Clays

Regosol Kalahari sand 4.0

Lithosol Lithosol 20 25 4.0

Vertisol Basic rocks 5.0
Sediments 4.5

Siaflitic Basic rocks 35 4.0
Ultra basic 4.0
Sediments 35
Sandstones 35 4.0
Granites

Fersiallitic Basic rocks 85 6.0
Ultra basic 6.0
Sediments 4.5 45
Granites 4.0 45
Arenacecus 35 40

Paraferraliitic | Granites 4.5 5.0

Orthoferraliitic | Basic rocks 7.0
Sedimenis 55
Granites 55 6.5 6.5
Sandstones 5.0 6.0

Sodic Strongly sodic 1.0 15 1.5
Weakly 1.0 1.5 20
sodic/saline
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3) The values of rainfall energy interception proportion, i%, for various crops
and emergence times before (-) or after the start of the rainy season (Eiwell,
19880). As wheat was not one of the crops presented below, sorghum was
taken as representative as it is also grown in the Swartland and has shown
similar yields under the same climatic conditions as winter wheat.

Crop Yieid Emergence time after start of rainy season
(t'ha) -1 mth 0 1 mth 2 mth 3 mth
Cotton 1.0 62 55 41 24 9
25 84 75 56 32 13
4.5 a5 84 63 36 14
Cowpeas hay 1.5 B 62 67 55 35
2.5 65 76 81 67 43
Cowpeas silage 2.0 26 29 32 29 20
6.0 43 50 B 49 34
10.0 61 70 83 69 48
Ground nuts 0.8 50 57 49 32 16
1.5 64 73 62 41 20
3.0 71 80 69 45 22
Maize 2.0 24 29 28 21 12
6.0 43 52 51 37 21
10.0 58 68 66 48 27
Rice 1.5 54 56 53 40 24
2.5 69 72 67 51 31
4.5 84 88 82 62 37
Sorghum 1.0 39 40 35 25 12
20 47 49 43 30 15
6.0 81 84 73 52 26
Soybeans 0.8 34 38 38 27 14
1.8 51 57 54 39 20
25 69 77 73 53 28
4.0 80 80 85 62 32
Sunfiowers 0.1 5 8 11 ] 5
04 11 19 24 21 12
1.3 28 50 62 585 30
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APPENDIX E:

Table of historical wheat yields for the Swartland for 1947 — 1987.
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Wheat yield in the Swartland from government historical records.

Date Millions of bags Aroa (ha) Yield {t/ha)
produced
1847 0.616703
1848 0.685225
1849 0.625268
1850 1.4 0.625268
1951 1.4 0.693791
1952 1.4 0.6937¢1
19583 1.4 0.719487
1954 1.4 0.685225
1955 1.5 160.6585716 0.9336857
1956 1.4 155.6444458 0.890488
1987 1.7 173.2824802 0.981057
1958 1.6 150.570086 1.062628
1959 1.8 171.3466514 1.050502
1860 1.5 154.8007852 0.868931
1961 2.4 1798850855 1.167347
1962 1.6 168.5631474 0.805789
1963 2 178.4041747 1.12108
1964 28 184.1147233 1.412163
1965 1.7 175.4510899 0.868831
1966 1.8 169.4835659 1.12108
1967 2.5 179.8970048 1.388012
1968 2.7 195.8518236 1.377889
1969 1.8 185.1387574 0.864212
1970 3 213.121008 1.407651
1971 2.5 203.9534334 1.22877
1972 2.8 216.36844133 1.284113
1873 2.9 214.937568 1.349229
1974 25 174.6019984 1.444027
1975 3 164.7396919 1.576305
1676 2.2 170.7888737 1.300727
1977 2 174.5415879 1.146403
1978 0.8 117.7449971 0.655875
1979 24 171.8572522 1.380083
1980 2.7 181.7110857 1.506859
1981 3.1 169.0136642 1.843064
1982 34 184.4934 1.770312
1983 36 216.355588 1.683229
19684 1.77913
1985 1.708684
1986 1.720526
1987 2.188087
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APPENDIX F:

Monthiy rainfall at Boshof farm in Malmesbury, Swartland, from January 1966 —
May 2005,



Boshoff monthly rainfall statistics {(mm) with May to September being the

dominant rainfall period for the region. Blue indicates good farming years, and

orange indicales bad farming years. No data was availabig for 18963.

| May-
I . | yriy | Sept
YEAR JAN | FEB | MAR APR MAY | JUN JUL | AUG | SEP | OCT NOV : DEC | total | total
2 8
1973 0 gl 25 5| 34 13[121| 65| 48| 15 0 38| 365 282
1974 a gL 7l @l 2 Rel el 37| 85| 52 0| 1| 718! 658
1975 | 14| 1 3| 45| 102 58| 89| 48 4| 22| 24 0| 300 281
1976 0 0! 18| 72| 28 11| 38 29[ 34 0] 88| 49| 457 231
1877 | 25[ 19 ol 57 131, 105|110 46| 40| 23] 13 0| 5721 435
1978 0 I T T 7| 47| 11| 10| 18 173| 102
1979 ' 0| 29 o] 22| pB4| 44| 30 58| 2y 43 Ay
1980 0 0 0! 32| 60| 65| 24 s2| 23 10| 122. 0| 388 274
1981 247 0: 18! 22| 11| 58| 83 82| 73; 12| 10 0o 3931 307
1982 3. 3| 81 59! 48| 73| 94| 47 7, 88’ 0, 0| 478 P68
1984 g 0| 80. 14 18] 36 39| 29! 88| 47 0, 35| 474| 310
1985 | 14| 10| T8y 57 26| 71 72| 54! 35 9 3; 0| 428| 258
_— 0| 17| 14| 33| &5 5¢| 89 32| @ o 0] 317 | 281
1988 0 ¢l 13] 3] 121 60| 51 66 31 6 0 383 | 220
1988 | 6| 14! sa| 52| 47 37| 64| 84| 47| 47 0 0 4531 279
1990 Bl 20 ol 105| 87 79| 8Bl 20| 17 g 0. 413! 268
W | 7| 6 __ 3| 29>40, 40| 35" 11| e2l ay| ‘g @] 312, p2E
0 2 - 2 0 245
1994 0 0 g 0] 312| 262
985 0 o 16 9. 24| 70 B4 s5| 12| 42 0. 77| 38| 225
1996 g 47| ™2 3| 45 wp. 7r| 69| B8 37 30 13 [EESEREEEEE
1937 8 0 0| 3| 51| 98] e s 4 B 27 6| 301 | 218
1883 O a o T S e ) I 01 340 | 288
1999 0 0 0] 31| 41! 39| 52| 60| 88 0 8 0 38| 780
2006 | © 0 g 6| 22. 37| 61| s3| B2 3| 34 0 #7235
2000 | 14| 15 o] 27 &3 37|2061 110 85| 44| 32| O
0 . : a7 A2t
2004 B 0. 11| 45 8: 80| 40 64| 23 75 0 G| 352] 215
2005 0 0 | ol 72| 74 : N
Ave & | i | = T 391 | 276
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APPENDIX G:

Downsecaled climate change anomalies of the variables of the regionally

downscaled monthly precipitation examined in Chapler Five. They include the

following:

1} CSIRO-A2 total precipitation djf and mam
2) CSIRO-AZ total precipitation jja and son
3) CSIRO-B2 total precipitation djf and mam
4) CSIRO-B2Z total precipitation jja and son
5) ECHAM total precipitation djf and mam
6) ECHAM total precipitation jja and son

7} HADAM total precipitation djf and mam
&) HADAM total precipitation jja and san

9) CSIRO-AZ raindays = 20.00mm djf and mam
10}CSIRC-A2 raindays = 20.00mm jja and san
11}CSIRO-B2 raindays = 20.00mm djf and mam
12)CSIRO-B2 raindays = 20.00mm jja and son
13)ECHAM raindays > 20.00mm djf and mam
14)JECHAM raindays > 20.00mm jja and son
18}HADAM raindays > 20 00mm djf and mam
16HADAM raindays > 20.00mm jja and son

17)CSIRO-A2 dry spell duration dif and mam
18)CSIRO-AZ dry spell duration jja and son
18}CSIRO-B2 dry spelt duration djf and mam
20)CSIRO-B2 dry spell duration jja and son
21ECHAM dry spell duration djf and mam
22)ECHAM dry spell duration jja and son
23)HADAM dry spell duration djf and mam
24 HADAM dry spefl duration jja and son

25)CSIRO-A2 90" percentile djf and mam
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26)CSIRO-A2 90" percentile jja and son
27YCSIRO-B2 90" percentile dif and mam
28)CSIRO-E2 80" percentile jja and son
29)ECHAM 90" percentile djf and mam
30)ECHAM 90" percentile jja and son
31)HADAM 80" percentile djf and mam
32)HADAM 80" percentile jja and son
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