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Cilaoter One: Introduction_&.. Backgromid 

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 Carbon dioxide is one of the main greenhouse gases, 

and it has been increasing rapidly since the beginning of the Industrial 

Revolution (Figure 1 1), and most 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 1999). 

1UOO 

C02 and CH4 ConcentraHons 
P~ 9t, Present ~nd Futur" 

IPee 2000 
See";,ri,," 

to,2100AD 

1100 

Today * * 360 

VOSlok Ie" Core 
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ka 8P 

30a 8' , 
240 li: 

F';lure 1 1 el@)ges in greenllOUse gases CO, and CH. as rocorded in tne Vostok ice core 

extra~ated to present d3y values and comp3rBd v.i!h the range ollPCC scoo3noslor tne year 

2100 (A:verson 91 w,. 2001) 
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________ __________ Chapter One: Introductioo & Bilckground 

Fossil fuel combuslioo in the late 1980s was estimated at emitting 5.4 billion 

lonnes of carbon into the atmosphere annually (Huntley et al., 1989). Since the 

pre-industrial era, the atmospheric concentrations of greenhouse gases have 

increased due to human activities, reaching their highest levels on record in the 

1990's (Gilay et ai, 2002), and most are predicted to continue increasing. 

Climate is an important component of the Earth's environment and climatic 

fluctuations have a strong impact OIl many aspects of the earth system 

Including, for example, sea !evel, water supplies soil, vegetation, agriculture 

and energy use (Houghton et aI., 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 et ai" 2003), Climate 

change is becoming more and more a concern of the present as we move 

closer to experiencing the climate change scenarios projected by the 

Intergovernmental Panel 011 Climate C/lange (HoughtOll et a/.. 1996) Already 

the rate of global warming is greater than at any other time in the last few 

thOlisand years (WMO, 2004) This general warming is expected to continue 

and thus have an Impact on all areas of society (CCSP, 2003)_ It is predicted 

that as this forecasted warming Increases regiooally in intensity and 

persistence It will 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 around the world: from record 

temperatures in Europe, to abnormally high numbers of tornadoes in the USA, 

and especially heavy rains from tropical cyclones in Sri Lanka_ These extreme 

events occurred across the world (Showstaek, 2oo3a) and scientists hinted at 

these weather events possibly being precursors of climate changes to come, 
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_~ __ Chapter Two, Ana't!ical Techniques 

representation by the climate models used. Thus a verification of the 

GeM for the study area. al least for the large-scale climate variables of 

interest, is necessary before considering downscaled output This was 

conducted in section 3 3 for this study 

• The assumption that the relationship between the large-scale climate 

variables and the regional/local variables remains valid for periods 

outside the fitting period. This is important 10 check for future climate 

projections. as there are no observed data to compare to, thus making 

verification of future climate output impossible A possible solution is to 

validate the downscaling model with observational data stemming from 

periods well separated from the fitting period, i.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 

southern African region (Hewilson and Crane, in press). 

• The large-scale climate variable set needs to sufficiently incorporate the 

future climate change 'signal for the region. This assumption increases 

the confidence in the choice 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 should not lie outside the range of the down scaled model. If this 

does occur, then technically the downscaled model is invalid. 

Preliminary explorations 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 atmospheric moisture in the 

tropics (Hewitson, 2004) Using this assumption, the ECHAM4 model 

can be safely used for this study, keeping in mind that it tends to slightly 

over simulate precipitation over the southern African subcontinerlt 

(Hewitson and Crane, in press). 
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__________________ -'c~'"'"pter Two, Ar18lyti9'JT~_chniaues 

2.4.2 Oata and models' description 

Hewilson and Crane (in press) have developed the downscaled GeM 

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. Dcwnscaled da~a and rTlO(teJsqesCf.llliQ!L<)s per HewilsOll and Crane (submittedl 

Daily mean atmosphefic fields were coostrucled from 6-houriy NCEP reallarysis data for 1979 to 

2002_ The NCEP and GeM data were then re<;Jridded to a common 3'0 by 3' grid lor 

comparisons sake Too variables LJsed Included LJ and v wind vedors, temperature, specific 

humidity and rela\rve humid ity, representing iI common se; that reflects the primary circulatbn 

and water vapour attributes 'Surface' and '!OOhPa levels were examined, 50 as to establish a 

correlatioo between variables and levels !11 the atmosphere 'Surface' IS particular~ examined 

as t plays a signil",ant role in characterisll1g the atmospheric state in" region where orograph", 

lorcn g IS dominant 100 precipitation data used came Irom a high resokltiOll 0.25" gridded 

dataset lor South Africa, originally clerived 110m SOurce statOn observations 01 around 3.000 

stations (described by HewilSOll and Crane, 2(05). 

Sell Organising Maps (SCMs) were then produced lor eoch 3' by :r grid cell "nd " uniQLJe set 01 

possible synoptic states derived A syr><>ptica l y controlled precipitation plObability density 

function (PDF) is then cre"ted lor e"ch preclprtatlOn grid point. from;he 0 25" grkJ 

Too cIownscaling then standilrdises the GeM data USing the same procedure as 10" NCEP, 

mentioned above For fLJture climate, this standardisation process uses means and standard 

deviations 01 the ";mLJI,,tion datil lor present day Glimate, thus preserJing any changes in the 

future Irom the present cia! me"ns and stilndilrd deviations. These data are then mapped to the 

SOM, so that there is a SOM to describe the synoptic states associated with the domall1. afld 

thus the dai~ atmospheric states of the GeM control and tutLJre clmate simulation data map 

C. same set of observed synoptic state_' _________________ C_O_"_,_ .. _.~ 
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Chiloter I wo' Analytical I echrliques 

Box 2.1 cont... LJownscaled data and rnQ.@.deocriolion ~s per Hewitson ,md Crime 

{ :;.u b rJI i \ted 1 

l)ownscaling the precipitatPn dilta tr.;,n resulted in a generation 01 rainfall events of the correct 

magnitude for South Africa. Once the ramfall value was extracted. the daily data lor too length 

of the record being used wa, generated and repeated 100 times. This created a monthly time 

series that reflected tre median and mean reSIJ:;.r1ses within a stochastic enveboe Furtl\ef 

deli3~s are available in Hewitson and Crane (in pressj 

Two main lacls are notable immediately trom the downscalOO results lor SctJth AlrK;il Ilrstry tmt 

the downSCi3~ng proVideS regional detail that is consistent with the actual spat~1 gradie<1ts over 

the region, and secondly thilt the pattern of agreement of (Xlsitive and negative chilnges are 

remarkabry CDnsistent across the three GCMs (liewitson and Crane, in press) This endorsed 

the confidence to use the downscaling lor the regional study 01 tile Swartiand 

I he oownscaled oLJIout from Ihese same three GCMs are analysed with respect to too 

Swarltand. i.e. that Irom CSIRO Mk7 ECHAM4 5 and HadAM3. F[lur variables [If procipilalion 

were analysed a, GCM tenweralure simulations are accurate lor this parkutar regional study 

and no other downscaling data were available II is necessary to nole here that HadAM3 was 

used instead 01 HadCM3 ag it i~ a h;gl1er resolution atmospheric model however still driven "Y 

sea suriace temperatures from HadCM3 

The variables examined from the downscaled output included monthly values 

of median total precipitation (mm), median rain days greater than 20 OOmm; 

median dry spell duration: and median 90th 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 respeclto present vs. future climate change 

2.4.3 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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Chapter Two Analytical Technigues 

subtracting the control for each model The months were grouped in seasons 

for ease of comparison, Le. DFJ (summer), MAM (autumn), JJA (winter) and 

SON (spring). A three-element moving time average was then applied to the 

anomalies to gain a beller understanding of the seasonal change. The 

binomial center weighted smoother was the moving average technique used. 

This basically includes taking the anomaly of one month and adding half the 

anomaly for the months either side, then divfding this total by two, Applying this 

technique helps to reduce the extreme peaks in the data, thereby decreasing 

the chance of artificial results being presented. 

The SRES A2 scenarios were examined for ECHAM4, HadAM3, and CSIRO, 

and then the SRES 82 scenario was also examined for CSIRO The 

downscaling of GC'-1s In southern Africa is an OIlgoing project and It is planned 

that more precipitation scenarios and possibly even temperature will be 

examined In the fLture. This would include examining different scenarios to 

gain a possible 'envelope of climate change". It is necessary to note here that 

with these future down scaled regional climate change output, the pallern or 

direction of change is what IS examined, not the magnitude. This is because 

the magnitude is partly dependent OIl global CO2 emissions and future global 

actions in this regard, which cannot be accurately predicted These results are 

presented in Chapter Five 

2.5 Swarlfand climate and soils 

Land degradatiOil is widely recognised as a global problem and is often 

referred to as desertification in arid semi-arid and dry sub-humid zones 

(Gisladollir and Stocking, 2005) of which the Swartland is classified as semi­

arid (Chapter Three). It is primarily through changes in rainfall pallerns and in 

biomass productio'l that climate change may effect land degradation 

(Gisladottir and Stocking, 2005). A sUlVey of the potential impact of future 

climate change in South Africa cOilcludes that the currently most 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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:::hilpler Thrw Study Aleil The Swartland. 

oong mOisture to the l egion The dimatlc variability of these ,ntense drought 

periods followed by intense wet periods, which can occur on a montnly to 

yearly basis, is what characterises Mediterranean-type reg IOns around the 

world (Conacher and Sala, 1993) 
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Another distinctive feature of Mediterranean regions is their location on a 

coastal plaill being backed by mountains (Dietrich et ai"~ 2004). The cold 

ocean current washing the shores of the Western Cape is the Benguela 

Currellt. comlllg jirectly from the Southem Ocean Mountains 11"1 

Mediterranean-type climatic regions are usually formed through folding 

geological processes, as is the case in the Westem Cape, aoo have marine 

origins Thus white limestorles, dolomites, and karstic landscapes feature 

prominently, with the occasional granitic outcrop also presellt ill the lalldscape 

The Westem Cape region is floristically and geomorphologically diverse, due to 

the geological and climatic heterogelleity of the region The southwestem 

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 

Fjgure 3.2: The Mediterranean regions at the workJ (after Conacher ard Sala, 1998) 
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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) It is primarily 

an agr!cultural region producing winter wheat, oats, barley and also containing 

vineyards, with less than 5% natural vegetation remaining (Dietrich et a/" 

2004) It is this low percentage of remaining natural vegetation that gives it a 

distinct vulnerability with respect to land use and climatic conditions as natural 

vegetation would be beller able to adapt to climate change than an 

agriculturally modified landscape 

The majority of agricultural land in South Africa falls mto the summer ramfall 

region and largely consists of maize, sugar-cane and a small proportion of 

wheat, with only a small percentage of agricultural land falling into the WInter 

rainfall region. It is this imbalance of agricultural land distribution between 

summer vs. winter rainfall regions that arguably has contributed 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, 1995) 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. Soil 

eroSion, 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 (TalOot 1961), This is particularly 

evident in the more arid regions of the southwestern Cape and notably in the 

Swartland, as Tal Oat identified in his 1947 report Thus a more comprehensive 

study into the geology of the area and past agricultural history is examined 

follOWing the next section on the current climate of the Swartland 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Chapter Three Study Area The Swartland 

3.2 Current climate of the Swart/and 

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 

experiences an average of 250·400mm of rainfall per annum, and temperatures 

range between 8°C and 4FG. Table 3.1 shows the climate statistics for 

Moorreesburg, wh'ch is in the heart of the Swartland at 33 15°5 and 1a.67°E, 

to give an idea of local cOllditions 

Figure 3.3 The "f'>~'-"tural districts of the Western Cape of South Af,a., shov.ing the 

Swartland·., the southwest as the study reg~n (_an der Merw~, 2003) 

Winter in the Swartland rarely sees very low night temperatures, with mean 

daily minima varying from about 4"G to g"G (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, 

199B) Winter days are warm with average daily maxima of over 15°C along 

the coast and over 18"C inland being typical (Tyson et a/., 2002). On notably 

warm days, shade temperatures 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 barley, and vegetables such as potatoes, cabbage, peas and turnips to 

continue growth even in mid-winter (Tatbot, 1947) 

Table 3. 1: AllCrage climate statistics lor Moorreesburg, located at 33.15'8 18.6rE at a height 

of around 280m atxIV9 mean sea level, for trw period 1!l70-1 99!l. Shaded cells denote 

maximum and millimum temperatures and maximum precipitation -the latter occurring in 

winler 

Temperature (0 C) Prec ipitation I 
Average Average Average 

Highest I 
Mont h Highest Lowest Monthly , 

Daily Da~y Monthly 
, 

Recorded Recorded R(a,;,%~" 
, 

Maximum Minimum (mm) 

January " '" " 
, 

" " 
, February " " " 

, 
" " 

I 

March " '" " , " '" , 
I Apr il " " " , 

" '" 
Mo, " " , , 

" '" i 
June '" , " , , 

"' '" 
July n " e 0 " '" 

August " " , , ;, m 

September " " e , 
" "" 

October " " " 
, 

" " 
November " " " , 

" '" 
December " " " " H 0; 

Year " " " 0 "" '" 

The winters of the southwestern Cape are generally moist, with the area having 

its rainfall restricted by the mountain ranges of the Cape fokl 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 into the southwestern Cape (Preston­

Whyte and Tyson, 1993) This provides the winter rainfall and produces the 
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Mediterranean-type cl imate The rainfall in the Swartland is closely linked to 

altitude; with rainfall increasing with increased height above sea level. In 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 (Morel, 1998)_ These rainfall figures make the Swartland 

clearly well suited to growing winter grains, such as wheal and barley 

(Elsenburg, 1991}_ 

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, 1998) The 

occasional more humid day interupting the marked aridity is brought OIl 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 

daily maxima varying around 24-32"C. Further inland temperatures have 

occasionally 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 is high. 

The force of the wind can sometimes damage crops. and vines often suffer 

from desiccating or 'scorching' effects (Talbot, 1947). 

Wind erosion and soil drifting are common on cultivated and cleared areas of 

light soils. Little rain falls between October 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, 

1947), ie: plants with well developed rooting systems such as vines. and crops 

under irrigation. 

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. In autumn when the first 

winter rains begin to replenish the soil moisture after the arid summer, thus 

promoting a secondary maximum of vegetative activity. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Chapter 'I hree: Study Area: 'I he Swartland 

The rainfall is mainly cyclonic in origm, 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 15th _30t!· May for wheat (Agenbach pers comm, 2003)_ 

Should the autumn 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 continue into October. can 

impair the quality of the grain (Talbot 1947), thus the timing of the rain events 

is also a critical component. 

Recurrent droughts are part of the climatic pattern in arid regions of the world, 

and South Africa is no exception (Rouault and Richard, 2003). The variable 

rainfall conditions of the Swartland make grain production and especially wheat 

production a hazardOUS branch of farming, where stock-raising would appear to 

be the most economic form of land use (Neethling, 1941) Political pressures 

have created an agricultural region more inclined to crop farming, where wheal. 

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 will have on the 

Swartland_ 

This particular study area is important due to 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 atmospheric circulation and hence 

rainfall systems in the region, with resultant climatic change (Mulock-Houwer, 

2001)_ At the same time, should the atmospheric circulation patterns 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 Swart/and 

Geomorphologically, the Swartland is a region of mainly gentle relief where 

erosion has truncated the highly folded Malmesbury Formation (Figure 3.4), 

forming a surface 0" moderate slopes with locally almost level areas Steeper 

slopes and occasional lowbluffs along river courses are also a feature. The 

undulating lowland is occasionally interrupted by broad granitic masses and 

sleep-sided outcrops of Table Mountain Sandstone (Kasteelberg and 

Piketberg), 

~­

• , 

r'-
I 
I 

~ ~ "' .. 
~ [," s. , ~ 
c.,: • j ,.,,, ",., 
I~ .~ ,-. ,,,., 
1-~1 I .",,,,.,,..,,, 
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F-gure 3.4 GeoI<>gy of the Swartland, 'Mth the ~tudy area be ing primarily defined by the 

pre~p.rce of Marnesbury Formation shales 
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The Malmesbury Formation consists of sedimentary and meta-sedimentary 

rocks, which are combined to form the Malmesbury Group shales in the 

Western Cape Province (Tankard eta!., 1982' SACS, 1980) The Malmesbury 

Group is mainly of marine origin, with sediments being laid down in 

Precambrian seas, forming the bedrock that underlies the brown loamy soil of 

the Swartland (Talbot, 1971). These sediments have been subject to folding, 

upliflment and erosion 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 magnesium, calcium, potassium and 

sodium (Deacon et a/., 1992). 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 

undulating hills makes for prime agricultural land 

The Malmesbury group is estimated at around 600-950 million years old 

(Tankard el aI., 1982). This group is then divided into three separate areas, 

divided by two zones of dislocation, (a) the south-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 Formation forming the geosynclinal setting The rocks of the 

Plketberg Formation closely resemble those of the Franschoek Formation, with 

evidence of fok:ling and faulting and a presence of granite (Morel, 1998). A 

Piketberg-Weilington fault zone runs in a northeasterly direction through the 

Swartland Folding and faulting are found extensively in this region, as it 

common in all Mediterranean regions of the world (Conacher and Sala, 1998). 

The Swartland landscape is smooth, except for the more resistant hills and 

mountams made up of marine sediments Downfaulled oulliers of the 
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Klipheuwel Formation and the Table Mountain Series form low hills or 

prominent ridges, sudl as the Kasteelberg (Morel. 1998) Outcrops of 

Klipheuwel Formation also occur between Piketberg-Porterville and Riebeeck 

Kasteel This lies on steeply dipping Malmesbury shale, and is overlain by the 

basal beds of the Table Moontain Group. None of the Malmesbury strata is 

particular1y resistant to erosion and therefore resulted in the gently rounded 

landforms alld gentle slopes characteristic of the Swartland (Figure 3 5). 

Figure 3.5: The gently &loping, undulating tOp<Jgrap/1~ eha rocterishc 01 the Swartland 

Gully erosion has been shown in the past to be a force capable of drastically 

altering the landsca::Je of the Swartland (Muller. 1999: Morel, 1998: Taiba!. 

1942). The relief of the Swartland with its undulating landscape IS extremely 

susceptible to water erosiOll, and therefore increased impacts from gully 

eroslOll The next section deals with soils of the Swartland and their general 

susceptibility to erosion. 

3.4 Soils of the Swart/and 

Soils derived from different parent materials, react differently to soil erosion, 

vegetation and desOlrtification, Acidic igneous parent materials produce 

shallow soils with high erodibility risk and high desertification risk (Kosmas and 
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yield are plotted in betweerl_ Urlfortunately the historical records are 

incomplete, one of the main reasons being that as the Department of 

Agriculture changed its staff, so their methods style and cOrltent of the reports 

also changed 
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Figure 3.6 Swartland climali;; corxtilions ~otted with wh.,al yield from historical go, ernrnent 

r..cords (see text lor classil",.a!lon of favourable/unfavourab le) 

From the historical records of wheat yields, the Swartland is the main wheat 

producing region in the Western Cape Province of South Africa, with Ruerls in 

the Overberg (east of Cape Towrl) being the other signi ficant region. The Free 

State Province also produces wheat, but experiences a summer rairlfall 

climate, thus their wheat cultivars are dlffererlt, as are their yields produced_ 

The Swartland has been producing wheat historically for longest out of all the 

regions, but more intensely with the discovery of gold and diamonds in the 

interior of South Africa during the late 1800s, thus irlcreasing the demand 

(Newton and Knight 2005). In the Swartland, yields of wheat have more than 

doubled per hectare between 1955 and 1987 (Dept of Agric_ 1994) as shown 
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In Figure 3.7 and tabulated in Appendix E Although the wheal subsidies of the 

past have now been withdrawn, there remains a tax of R196 00 per tonne on 

imported wheai' encouraging local farmers to maintain their wheat crops as a 

viable source of income even with impending climate change . 

... f 

-I 

-

• L..-.-.. 
.~ , , ! , ! , ! ! , ! , , , 

~ e • , 
F>;jure 3. /' Total wheat prodoced in the Swartland from 1%0-' 983, measured in 1 DOOt units 

3.7.2 Climate effects on Swart/and wheat 

One main pomt that stands out from the data and literature reviews of climate in 

the Swartland is that in terms of farming and growth of crops, the Swartland 

does not experience true winter temperatures, i.e.: present temperatures are 

not a limiting factor for crop growth in the Swartland Crop growth begins at 

around 5°C where a mean daily temper~ture of 6"C would be one degree-day 

above the critical temperature (George et aI., 1988), of which the daily average 

minimum temperatures experienced in the Swartland fall around 6-rC (see 

Table31) 

, SQ,th "'In""" (:",t"", • • 1d E<ciso Too{( T""~. , http-!!www.""9ttDW.zo!!arjf(!lQ!l001~ , """",,,,,0 2<10 
Ju ne 2OO~ 

• 
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Future climate change shows temperatures to be increasing in the Swartland 

(see Chapter Fow). 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 conditions to the Swartland, that if rainfall 

decreases by 20%, wheat yield would increase slightly for a FG warming but 

decrease for warming greater than FG (Augustin 2002). This is because 

higher temperatures increase the speed of crop development, thus reducing 

grain yields. 

3.7.3 Case study of Boshor farm 

The Boshoffarm (33"21.01'$ 18"48.72'E) was chosen for a case study as it is 

in the heart of the Swar1land being just outside Malmesbury at an elevation of 

301m above sea level, Appendix F contains monthly rainfall from January 

1966 to May 2005 on the Boshof 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 into a particular interval of total rainfall received for the 

months of May to September -"Swartland winter", The average rainfall over 

this 38-year period for the Boshof 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, 1997, 2003 and 2004, These years not only 

coincided with rainfall on the lower end of the spectrum, but also experienced 

enhanced dry spells during the winter rainfall period. 1978 was, from the 

perspective of agricultural productivity, the worst dimatic 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 al1d AU9USt. 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 Gomm). The total wheat yield 
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for the Swartland in 1978 was around 49% less than the average for the 19708 

(Figure 3.7), 

16 M 

14 

12 

10 

6 

6 

4 

2 

0 
0 

" ~ 
a 

38yrs of May to Sept Boshofrainfall (mm) 

• , 

0 2 0 

~ " 
8 ~ 8 ~ 

" " , , 
~ ~ - -.e, 0 " a " a 

~ N N 0 0 " rainfall (mm) 

, --

" , 
~ 

" " 

F;gure 3.8: Years grou~ed into 50mm inter\l~ls of rainfall receivsd aile' the ,,,corded 38 ye~rs 

an ths Boshol farm near Malmesbury in the Swartland. This identities the most commoo rarlg8 

of ralnf~1I e~perience<l 

3.8 In summary 

There is a large amount of e\lidence to support the theory thaI farmers in the 

Swartland are moving over from wheat to grape farming (Dietrich et aI., 2004), 

and this is thought to be initiated since the lifting of trade sanctions in 1992 

(Fairbanks et aI., 2004). There is concern as to whether further expansion of 

the wine industry, which would benefit the economy through increased foreign 

exchange (Fairbanks el al. 2004), would be sustainable when considering 

climate change and the encroachment on the little remaining natural 

vegetation. 

Wheat cultivars ar(;' 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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Figure 4.1 Climate models simulate many inte rconnected events that drive the Earth's climate 

These indude changes in the atmosphere, oceans. sea ice and impacts of forests am rivers on 

the overall system (CCSM, 2(04) 

There is however, general consensus thai the increasing atmospheric 

concentrations of greenhouse gases are causing an increase in global 

temperatures and in climate variability, with many models predicting more 

extreme climatic events occurring in the future (IPee, 2001c) These climatic 

changes are liKely to impact all aspects of the climate system, and beyond, 

A prime example of the projected changes that could occur as a result of 

increased greenhouse gas forcing is 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 soil, and 

changes in surface properties (e.g., albedo)" (IPCC, 2001c, pg15) Some 

ecosystems respond to the effects of climate change rapidly, while others do so 
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more slowly, thus it 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 climate change 

Climate change projections come in the form of General Climate Models 

(GeMs) and Regional Climate Models (RCMs)_ At this stage RCMs are still in 

their infancy as far as simulaUons of regional climate in southern Africa go, with 

current studies being carried out in the interior of the subcontinent where 

summer rainfall conditions predominate (Zhao e/ aI., 2005: Jury et a/., 2004; 

Engelbrecht et aI., 2002; Jury, 2002) 

For the Swartland, as a winter rainfall region of southern Africa, a combination 

of six GeMs are used here to examine the envelope of projected future climate 

change Initially the GeMs are validated against station data, both archived 

from historical records and NCEP data to establish their credibility for the study 

region. As menlloned in Chapter Two, NCEP data are reanalysis data 

generated from forecast charts that are public domain and created by a global 

medium range forecast model in the USA (Kalnay et al., 1996). 

The methods used in this chapter, as well as constraints and caveats of using 

GCMs for regional climate studies have been descnbed In detail in Chapter 

Two. The next section examines the results from the six GCMs for the 

Swartland. 

4,2 GeMs validation for the Swart/and 

The following are the results of the model bias and model validation analyses of 

the GCM data for the Swartland: 

4.2.1 Temperature 

All six models showed a very close agreement with NCEP, when examining 

temperature The average temperatures clearly depicted the summer-winter 
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seasonality (Figure 4.2), while the minimum and maximum temperatures 

conformed to the same special pattern as NCEP, with similar values (Figure 

43)_ Temperature extremes were noted as being well depicted with all the 

models being within I-15°C of NCEP throughout the year, both when 

examining the average temperatures (Figure 4_2) and the minima and maxima 

(Figure 4_3) 

~ O-.~~.' .0.... ___ "ooc., ___ m._ ___ "",",,,,,. 
-~. 

i ! 

, -_.- - - - - -

Figure 4.2: Swartlalld average temperatures. simulated by the six models in the study and 

compared \0 NCEP as observed These vakJes have been adjusted for modet b'las as 

described in the text 

- 0. •• 

___ ... ". _ M ",' _ _ c",,«, - 0 '-

''''~~ .".- - _ . """"", --­'''''_ __m._ _ .. """""" _ _ • 
_ _ M'~""M 

-. - -
Figure 4.3 Swaritand min'm um (dashed line) alld maxinum (soLd lim,) temparatures, 

simulated b~ the six models in the study ar>d compared to NCEP as observed These values 

have been adjusted lor m::>del bias as deserv ed i~ the text 
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The conclusion for temperature is that all six GCMs seem to simulate monthly 

temperature well for the study region, when compared to NCEP as observed. 

They all manage to simulate the correct seasonal changes, as well as the 

maximum and minimum extremes. 

4.2.2 Precipitation 

The six models seemed to diverge in their patterns of average precipitation 

simulations for the Swartland region, when compared to NCEP. CSIRO, 

ECHAM4, HADCM3 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 

summer-winter rainfall seasonality well, with lower rainfall In summer than in 

the simulated winter months (Figure 4.4) ECHAM4 seemed to be the most 

closely related overall to NCEP, showing a more defined summer dry period, 

with greater rainfall in the winter months . 

. f----~__/''<c_-
,,1------

I 
"f---= 

" ,,, - •• , . ." 

Figure 4.4: Swartiand average precipitatict1, simulated by the six models in the stLXIy and 

compared to NCEP as obsBr\led. These values have been adjusted I(}( mod,,] bias as 

described in the text. (note: NCARCSM and NCARPCM are Qverlain for easy of comparison 

only and are rIO! exclLJdBd from the stl/dy at this stage) 
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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 

peaks in the year, being around February/March and then again in July/August. 

The only reasonably appropriate connections with NCEP are the spnng and 

early summer months of September to December 

When examining precipitation minima and maxima, the model minima's are 

linearly clustered between 20-45mm precipitation per month (Figure 4.5). 

NCEP is much less than this. and shows a clear summer-winter relationship, 

with a slight increase in the winter months. Once again the models 

overestimate 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. 

-", "I 

. · ,c;.,'." - """"",, -. -"""""'" - '''''''''' 
-. - CCCY" -:: :-=:_~~_ ... ""-"'c",,, - ""-",c,,," 

,. f------L" c· .· Me""",,, 

! , ~" ----c/-cf--""'-

_.---- . ... . . o ~_: ._. " .= .. ~. -'---:c~_ 
.... . .., Y ... * P' g., J~, 

... 
. ... ... ....... . 

Figure 4.5 Swartlar.d minimum (da~h ed linei arid maximum (soM line) precip<tation. simul.3ted 

by the six models in the stm y and ca-npared to NCEP as observed. These values have been 

adjusted tor model bias as described in the text 

Thus, in conclusion for modelled present day precipitation, it is seen that the 

CSIRO, ECHAM4, HAOCM3 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 

NCEP's simulation of the monthly precipitation maximum 

4.2.3 Wind Speed 

NCARCSM did not have wind speed data available at the time of this study, so 

has been excluded from the wind speed evaluation. All the other 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 minimum and maximum extremes. particularly relating to wind speed 

(Figure 4 6) They do however manage to identify the general increase in wind 

speed in the summer and winter months, with the associated slight decreases 

during spring and autumn months of Apr~/May and AugusUSeptember 

respectively (Figure 47) 

• 

,. 

-

_1-_ -_ - ""EO 

""""". ... .... O(;~" 

- - OCCM. -- CCeMA 

~~--=-

--_. , 

~ .: .. , 
_.' - :~ -. '- '- '- " . ' .. __ . __ .. ". _, - ' -.. , .. -., . . :-'--

t----~~~-~ - -- --
"c-'_ "'--------I 

o~,:::_. _. _ ---'- '" 

_ , 1-1 ---:-~ 
Jo, ,... M" . , ' . .' -

Figure 4,6: Swartland mlnimll/T1 (dashed lIrle) and maximum ( solid line) average wind speed, 

simulated by five mooels", the study and compared to NCEP as present day These values 

have been adjusted ror model bias as described 'Il the tex!. 
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Figure 4 7: Swartland 3yerage wind speed, simulate{] ~ the six models in the study stld 

compared to NCEP as obselVed These values have been adjusted for model blSs SS 

described in the text. (r>OIe NCARCSM 8xd",jed a~ "" tile"" wa~ 00 data available at this 

stage) 

4.3 GeMs present climate results 

The raw GeMs are too coarse to compare directly 10 NCEP (as obseP/ed) 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 Euclidean 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, lNOuld be inappropriate for use in this 

study due to their poor representation of the present day climate for the region 



Univ
ers

ity
 of

  C
ap

e T
ow

n

_~apter Four _ Climate Modelling 

when considering other variables, in particular precipitallon (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. 

Table 4.2: The results from the cluster analyses for average monthly climatology model output. 

Single Linkage clustering identifies outliers and Ward'~ Method identiftf!5 cohesIve groups 

Variable Scenario Model Cohesive model groups 

and time outliers , 
! HAOCM3I~CCMAi-·· --- ------

Temperature " HADCM3 CSiROIECHAM41 

i present NCARCSM NCARPCM , 
Precipitation " NCARCSM CSIROICCCMN NCARCSMI 

present '"' HADCM3IECHAM4 NCARPCM 

NCARPCM 

Wind Speed " NCARPCM CSIROIHADCMJ ECHAM41CCCMA 

present 

Therefore the study will continue from this point only examining the model 

output from the CSIRO. ECHAM4. HAOCM3 and CCCMA GCMs. aU of which 

are automatically adjusted for model bias so that they are better representative 

of the study region_ 

4.4 GeMs future climate projections 

Initially temperature precipitation and wind speed variables for GGM 

simulations forced by the SRES A2 and 62 scenarios were examined to 

establish the window of change over the Swartland for future climatic impacts 

on the region The A2 scenario from the IPCG-DDe represents a more 

extreme case, while the 82 scenario 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 Swartland shows that every month 

and for each mooel, there is an agreement that average monthly temperatures 

will be higher than those experienced presently {Figure 4.8}. When comparing 

the A2 vs 82 scenarios for each individual model. the A2 scenarios silow 

higher temperatures than those of the B2 scenario. The CCCMA A2 scenario 

shows the highest summer temperatures, being almost 5°C higher in February 

Ihan NCEP. In the winter months; CSIRO A2 and ECHAM A2 temperatures 

are around 2.5"C warmer than NCEP 

" 

. 

. -

_IWJ(O~,"' 

i -- c""" '" ·1 --- I~' ''' _ m 

" •• 

Fig ure 4.8: Swartland A2 (dashed line) artd B2 (solid lirte) average l uture temperatUr€S 

s;mulated by the lour inOOels in the study and compared to NCEP as present day These 

valU€s have been adjusted lor model bias as described in the text 

I 

Future precipitation changes look possibly 10 simulate more rainfall during the 

summer months, with less wmter rainfall occurring. These results are reflected 

In all the GeMs, however the region still remains a winter rainfall regioo, with 

the majority of precipitation for the year occurring during the winter mooths 
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(Figure 4.9). CSIRO and CCCMA reflect the greatest increases in summer 

rainfall, at around 15-20mm per month 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 period in June As NCEP is well 

within the range of changes between the A2 and B2 scenarios, the signal from 

the models is not strong enough to be mOfe precise as to expect increasing Of 

decreasing precipitation. One needs to remember that natural variation is 

always a factor, and where the models cannot clearly identify a positive or 

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

- - - "'"""'" '" . - . ccr ..... '" 

" , 

,. •• " . - ., ." -
can become mOfe refined. 

Figure 4.9: Swartland A2 (d~shed Hne) ~rId B2 (solid lirle) average future precipitation 

simulated by the lour mOOels in the study and compared to NCEP as present day These 

values nave t>een adjusted for model bias as described in the text 

Future average wind speed modelled from both the A2 and B2 scenarios 

reflects a general decrease during the summer months, with a possible 

increase during the winter months (Figure 4 10). 
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Figure 4.10 $wartlam A2 (dashed line) 3/1d 82 (solid liI1e) average future wind speed, 

simUlated by the lour mwels in the stlldy and compared to NCEP as present day These 

vaill€S have been adjusted far model bias as described in the text 

The models simulating the A2 and B2 future climate changes were also 

clustered LlSlng 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 techniques 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 technique clearly showed an envelope of change is existent in 

the Swartland region as there were clear "outliers" and groups for both 

temperature and precipitation. However one needs to remember the 

constraints and caveats behind such a modelling approach to a regiooal 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 aid to understanding the smaller scale dynamics of regional climate change 

Table 4.3: The res~lts fram the cluster analyses for average monthly climatology model output 

Singia Linkage cll)Stering identifies "utilers and Ward's Mt!thod KJentiHes cohesIve groups 

Variable Scenario Model i Cohesive model groups 

and time outliers ! , , 
" -

Temperature: A:2future CCCMA CSIROIECHAM4 HADCM3ICCCMA 

I B2 future HADCM3 CSIROICCCMA ECHAM4 
, 

Precipitation A2 fut...-e ECHAM4 i CSIROICCCMN I ECHAM4 

HADCM3 

B2 future ECHAM4 CSIROICCCMN ECHAM4 

HADCM3 
-----

Wind Speed A:2 future " CSIROIHADCM3 ECHAM41CCCMA 

: B2 future " CSIROIHADCM3 ECHAM4ICCCMA 
-
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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) 

, 

I: 
• 

I ' 

•• 
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• 

I~ 

, 
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• 

Figure 5.1- Aoornaly 01 total Sl)mmer precip~ation lor parts of the Western Cape Province, WIth the 

Swartland outlined in the bock. These show good agreement between models that little change in future 

precipitatioo is likely to OCCur Over the 5ummer mooths, where red refiects decreases and blue reflects 

increased rainfall 
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1900 

1700 

1600 

1400 

34,8S 

FiglKe 5.2: An elevation map of the Swartland (bbck\ and SlKrounding areas, shows mountains to the east 

of the study area Gal>!.ing the resultant orograph;cal~ induced precipitation changes to the region 
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Figure 5.3: Anomaly of total autumn prec~itation for parts of the Western Cape PmvirlGe. with the Swartland 

outHne<1 ;.-, the blocl<. These show good agreement between models that the autumn season will refiect 

dryir>g in the luture. where red rellects decreases and ~ue refiects increased rainfall 
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Figure 5.4 ArlOIY1aly of total winter preci pitation for parts of the Western Cape ProvlI1ce, with the Swart1and 

oLJtlined in the blOCk. These show good agreement between ~Is that the winter rainfall wi" continue in 

the Westem Cape, howe_er possibly over a shorter>ed tim': period. where red refiects decreases and blue 

refiects increased ramfall 
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Figure 5.b: Anomaly of total precopitatoo for the sprng months for parts of the Western Cape Province, with 

the Swartland outlined in the ~OGk. These show goc<J agreement between the models that a drying will 

follow the winter ra!nlall possib~ shortening tI1e winter rainfall season, where red refiects decreased alld 

b k.Je reflects increased rainfall 
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Chapter Five: Regional Cfimate Modelling 

5.2.2 Dry spell duration 

Dry spell duration was examined to gain an idea of the months that would experience 

increased periods of drying in the future, DJF showed very little 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 spell durabon decreases in the winter 

months (Figure 5.6), but increases in the autumn (Figure 5.7) and spring (Figure 5.8). 

This hints again at a shortened winter rainfall season. 

CSIRO A2 vs. 82 scenario for dry spell duration shows less change for the 82 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 82 scenario shows more 

intense spring drying in the future than the CSIRO A2 scenario, CSIRO 82 also reflects 

possibly more moisture during summer when compared to CSIRO A2 scenario; however 

the Swartland would stili receive the majority of its rainfall over the winter months 

5.2.3 Number of rain days> 20,OOmm 

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 during 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 52). The CSIRO A2 'Is. 82 scenarios for number of rain 

days greater than 20.0Omm show rather insignificant changes between future and present 

Simulations 
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Figure 5.6: Anomal~ of diy spell duration for the winter months for parts of the Western Cape Province. with 

the Swartlartd outli/led in the block. These st>ow good 8~reemoot between models that the winter season 
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F'<l~re 5$ Anotn;lly of dry spell duration for the spring months for part~ 01 the Western Cape Provirtee, v.ith 

the Swartland outlined in the biock rhese show good agreement between models tIlat a drying wililallow 

the winter rainfall. helping to possibly shortening too winter rainfall ~eaSQn, where red renects drying and 

blue reflects more rrcisl conditions 
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Figure 59. Anomaly of dry spel dl/fatlOn lor autumn for parts of the Western Cape Province, with the 

Swartiand outlined in the bkx:k. The CSIRO A:2 vs. B2 refiects le5s future change;,., the B2 scenario, where 

red reflects drying and blue reflects mOre moi5t conditions 
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Figure 5 10: ArIOITlaiy 01 dry spefl duration for the "Pring months lor parts 01 the Western Cap~ Prol'lnce, 

with the Swartland ou~ined in the block These CSIRO A2 vs 82 s.cerlarios shOW' good agreement that a 

drying will foliow the winter rainfall season, where red relk:lcts drying and blu~ r~n~cts mor~ moist condibons_ 
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Figure 5.11 Anomaly of the number of ram days greater than 20.00mm for the s,.-ing months for parts of the 

Western Cape Provir.:e. with the Swartland outl;"ed in the block. All tI1 B models reflect a defon ite decrease 

in heav ier rainfall immediately after tMe winter rainfall events, where red reffects decreased and blue reflects 

;"creased heavier rainfall event~. 
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heavier rainfall e.ents in winter, where red reflects decreased and blue reflects ;"creased heavier rainfall 

everlts 



Univ
ers

ity
 of

  C
ap

e T
ow

n

~~ _____ ,C""",,,~,,, en".'" ,e~egiollal Cli~~te Modellin9 

5.2.4 9d~ percentile 

The 90th percent~e of precipitation change for the Swartland was examined to determine 

the range of heavier rainfalL! greater drought in the future, from the size of the tail of the 

distribution All the models Simulated, including the CSIRO B2 scenario, agree with the 

results from the number of rain days greater than 20.00mm (section 5.2.3) and that of the 

dry spell duration (section 5.2.2) These show that there is a definite decrease in the 

precipitation prior to and following the winter rainfall season 

5.3 Summary of regionally downscaled results 

Precipitation was examined in the context of regional downscaling, as results from GeMs 

are not well represented on a regional scale The main features emerging from an 

examination of the foor variables of total precipitation; dry spell duration; number of rain 

days greater than 20.00mm; and the goth 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 

season, This drying may possibly result in the winter rainfall season becoming much 

shorter. 

Future precipitation patterns also seem to indicate increased orographic rainfall occurring 

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 obseNed, It is necessary to note here that research shows ECHAM4 to 

simulate wetter conditions over the subcontinent of southern Africa (Hewitson and Crane 

in press) 
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Chapter Six SwartJand Climate & SoH!; into the Future 

along with the decrease in future precipitation if current agricultural practices 

being conducted are maintained. This is thought to be highly unlikely WIth the 

presence of duplex, highly erodible soils and increasing heavier rainfall events 

in many parts of the Swartland. Further examination with the characteristics of 

the Swartland and historical soil erosion reputation in mind, has resulted in the 

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

6.3.3 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 to erode away the soil. This 

possibly stems from the model being originally 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 some parts, 

accompanied by a shorter rainfall season and more dry spells of longer 

duration (Chapter Five). These climatiC factors would result in Increased soil 

erosion 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 period of time. Any ",creases in overland flow 

as a result of increased dry spell duration would also lead to increased 

sediment transport, producing greater erosion upslope and greater deposition 

at sites further downslope (Kirkby et aI., 1998), as is seen in Figure 6.4 
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Figure 6.4: A typical slope bei r>g farmed in l he Swartland shows lhe difficuilies the a rea 

experierxes wilh soij erosion, even with erosion conlr~s in place 

In order to apply 5LEM5A to the 5wartland, the downscaled precipitation 

variables examined in Chapter Five need to be re-considered These include 

not only total precipitation, as addressed by 5LEM5A, but also mean number of 

ram days greater than 20mm and mean dry spell duration_ The Iong-tenn 30-

year average of the mean of these two variables was examined for the 

5wartland as a region (between 32°5 and 34"5 and 18"E and 195"E)_ It was 

noted that for the average number of rain days greater than 20mm there was 

litlle future change predicted over the entire region_ There was however a 

significant difference in dry spell duration for the regioo as a whole when 

examining f uture climate change (see Table 6.4) 

Table 6.4 Long-term 30 year lime av~ra!}e mean of dry spell duration t~ke n from lhe 

regionalJy downsca/eod climal~ data 
o· .~~~~~ 

f change 
--- --

Model Present Future Ratio 0 
-

ECHAM4 4.18187 623249 149 
. 

HADAM 3.51649 ~ 5.31189 1_51 
.. 

CStRO_A2 3.34007 4.34561 "" ~IRO-B2 3.34806 - I 3.13675 0.94 
-

1J6 
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The ratio of change between the future and present results of mean annual dry 

spell duration (Table 6.4) were then factored by the annual future precipitation 

as was originally input into the model (see Table 22). This resulted in an 

increase in the estimate of "annual precipitation" as was the original variable 

required In the model. 

Future climate change projects that precipitation will occur in roughly the same 

quantity, but over a shorter period of time (Chapter Five). When considering 

the increase in dry spell duration over this same period. these two factors 

equate to an increase in precipitation per unit lime, when examined over the 

winter rainfall season. If this increase per unit time were taken into account 

evenly across the year, there would be a net IIlcrease in precipitatlOll and 

therefore a definite increase in the erosion impact on the landscape, These 

results called factor "A" (Table 6_5) were then used to determine the rainfall 

energy {EAl from SLEMSA once agam (Chapter Two), being more 

representative of the possible future dimatic conditions 

Table 6H Mean annual precipitation as calculated from historlcal stati<xl data, and 

regionally downscaled data for too Swartland (latitUde 32"-34 oS and i<xIgitude 18"_19,5°E), Wlth 

future precipitation adjusted for dry spell duratioo (A) 
~ , ~ ~ , Present day (mmlyr) A (mmlyr) I 
-

Historicat station data , 461_5033 , , , 
~ ~ 

. ~ 

ECHAM4 , 333_886 468,407 , 
--,- - -

HADAM , 332.499 453,889 , 
-~ 

. ~. 

CStRO-A2 , 3W185 351 105 

CStRO-B2 I 319197 250>175 , 
~ ~ - - ,-

Once SLEMSA was re-examined with the adjustments made for rainfall energy, 

the results found became quite different Table 6_6 shows the mean annual soil 

loss as re-calculated using the new factor "N representing the future 

predpitation multiplied by the ratio of change between the dry spell duration of 

future vs. present. Table 6_7 then shows the anomalY of the future (adjusted 

for factor A) vs the present to gam an idea what effect future climate change 

will have OIl soil loss in the Swartland, also graphically represented in Figure 

65. 
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Taole 6.6 Mean annual ooillo"", Z (b'halyr) as calclriated from SLEMSA for the 

various downscale<! fduro ciimaiB precipitation scenarios, adjusted 1m increased dry spell 

duration (A) 
-- ---

Emergence time after start of rainy season 

--- -
I Yield (Uha) -1 month , 1 month 2 months 3 monlh~-

" 120024 '20024 , '680336 2.880576 60012 

I ___ L __ 
ECHAM4 '" 

, 0.840168 0.840168 0.960192 2.040408 4.80096 , 
- - ,. - - - - - - -

50 0720144 0720144 0600'2 , 0840168 2 750552 
, 

" 1.0002 Hl002 1.40028 2.40048 5.001 

HADAM 2.0 0.70014 o 70014 0.sa016 1.70034 4.0008 , 
, - -eo 0600'2 0.600'2 05001 0.70014 2.30046 

--, 

" 0.5001 0.5001 , 0.70014 1.20024 2.5005 

'------- i - _ .. _-_ .. _-- - , 
CSIRO-A , '.0 0.35007 0.35007 OAoo08 

I 
085017 2.0004 

eo 0.30006 , 0.30006 , 0.25005 
, 

0.35007 , , 15023 

- -- ----

'.0 0 0 0 , 0 0 , 
--

CSIRO-8 , 2.0 0 0 0 0 0 
- -

eo 
I 

0 0 0 , 
----

The results from Table 6.7 show that all the SRES A2 emissioo scenarios 

predict an increase in soH erosion in the Swartland under future climate change 

scenarios. These scenarios reflected increase dry spell duration during the 

winter ramfall season, increased temperatures and a shortened winter rainfall 

period but with roughly the same overall amount of precipitatioo By adjusting 

SLEMSA to approximate these future precipitation scenarios which are 

reflected from downscaling the mode5, there is a clear indicatioo 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 CSIRO SRES 82 emissiOO scenarios for future climate 

-

--

') 
I 
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Chapter Six Swartland Climate & Soils into the Future 

change. This is possibly due to the small changes in soil loss predicted 

generally and that the B2 emission scenarios produce less extreme climate 

changes for this particular region than originally thought. 

'r----- -----------
_ ECf-IO.M4 

., month J I7Ionths 

Ernerger>Ce time .ne r .tort of rainy """")0 

Figure 6.5. Mean annu~ sO<l loss {t/halyr) as cak;l.lIsted from SlEMSA under future climate 

pre~ipitatiol) scensrios, adjusted lor increased dry spelt dl)fation (A). Diamonds represent a 

yield 011 t/ha, and squares and circles 2 t/ha arid 6 t/ha respectively 

As mentioned previously with the initial SLEMSA results, an increased yield 

(Uha) 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 erosion therefore takes place with the 

lowest yield and the latest emergence time after the start of the rainy season 

SLEMSA when modified to more realistically reflect the impact of future climate 

change by incorporating dry spell duration, 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 
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Tsble 6.7: Ar10msly of mesn snnuat soilless, Z Itlhalyr) as calculated from SLEMSA for the 

var>O<lS downocaled {"lure vs. present-day ~iprlalion scenarios, adjusted fer increased dry 

spell dLKatioo (A) 

- - - - , 
, Emergence time after start of rainy season 

Yield -

(t/ha) 
-/ month , 1 month 2 mont/Is 3 months 

" 
0_80016 0.80016 1 120224 1920384 40008 

, 
ECHAM4 ',0 0560112 0.560112 0_540128 1.360272 3.20004 

0,0 0.480096 0.480096 0.40008 0_550112 1.840368 

- --- -

" 0_60012 0.60012 0_840168 1.440268 3_0006 , 

-
2.4-0048' HADAM " 0.420034 0.420084 0.480096 I 1_020204 , 

, , 
- ----

6,0 0_360072 I 0.360072 0.30006 0420084 1_380276 
, , , - - --- - - ---

020004 
, 

0.20004 0280056 0480096 

, --- -- - - ----
CSIRO_A2 " 0140028 0140028 o 160032 0.340068 080016 

0,0 0.120024 0.120024 o 10002 o 140028 0.460092 

" ·0.30006 -030006 -0.420084 -0.720144 -, ;om 

CSIRO-62 ,,0 -0210042 -0210042 -0240048 .0510102 -120024 

-------- --------- - -_._ .. _----

00 -0.180036 -0.180036 -0_ 15003 -0.210042 -0.690138 

--- -_._-- ------ _._-_._-- -_ .. _---

The results from the modified SLEMSA are therefore plausible and conform to 

logic as applied to the particular 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 occJrring over a shorter period of time, will certainly increase the 

chances of soil erosion in the futUre; even where parts of tfle region are 

possibly not currently experiencing soil erosion due to sufficient management 

techniques. Hence it is advisable for farmers to be prepared to adjust their 

farming practices with the projected changing climate. 
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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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Food crisis 
looms for SA 

• 

"" • 

.. 
• 

.. 

• 

- -­.- . -.-.,- --.­
.',,", , .... 

• • • 

•• 

• 

.. -, , .. 
, 
• 

-.~:'::::: !'':., -• 
~ . -
.- . 

• 

• • -­" --... 
• • 

••• 

• 
" -.-. . -. 
• --.. • 

• 
• • 

• 

•• 

• -. ' , . --, 

• Rai~ JITIJXl1t 
tariili; on wheat, 
mmze" farmers 
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Council beats target'), but residents must save more water - mayor 

'rHE City bas ~~c~ed"d l!~ Own 
..-al.r sad"ll: u.nte13 for [ .... p,ut 
• oll!h allhou,,:, T~ld .. nc~ .,ull 
"J.!,"e to come l<J tbe S-rty. 

A I a pr~s.< (onfer."ce ve.ter­
DS Ma~"{J" NO,.,~1rldl.a M(ehto. 
'.anlrod bt- bee vft1c1al. saId it "a, 

Province on 
noodalert 

• KAl!E!"I ~ 

PARTS of the provinr.e 
have been put on high 
alert for rno~ fLuh flood· 
lug today and lomorrnw 
aftcr three people died 
k100ilng in similar condJ· 
lion~ In the K<ll'Ilman.<: 

.:: 

River gorge J:'l'1':ently, 
Water in the river 

m,;e (rom ankle t£> thigh 
depth in less than fh'e 
minutes and washed a 
party Mflve 0\-1'1:' three 
waterfalls and dOYoll lile 
river. Two survived. 

Th" Cape To\I!t) .... -eatil· 
cr bureau yes~rday issu· 
ed flood warning5 to Ihe 
South West Cape, Kam· 
aqualand, ~OCSlllan s· 
i3ntt the Raroo, Over· 
ber!l:and G"rdcn Route 

Rlan Smii of the 
.... ·eatheroffiQlat the air, 
port SlIld fbah flood, 
wer~ Cllused when 'lSmm 
ofr ... !n or more fell with 
In an hoW-oJ-mo, 

r".", ~ , 

e._ntiallhat the m~_~c of .:tv, 
i~2 ""arer- ""~< tlrou~ht homo, 

Mcmhr Qfthe MnYl,rlll Cum· 
"'Illee fv~ l'rad i n~ Service •. 
<';"leem Mo".er. salt! e<>uncll 
department. had "",· .. 15.1'!t. more 
aWl tile taI2~!I.-d >0%, 

"''he sbOlTII~"rY .. atl'r 1n Capo 
Town 11.'011'1 'lOp r",n"rro •. If".., 

l""k .. ( ~l~b.al \t .• rm in" tren~s, 
thlll~S will ~ '" OrM before (hoy 
~e, hclt~r" she Sl!l~, artdin~ 111 .. ( 
wno;er 11<11" ""Iution~ ,-w. \o)yo -, . 

One of III"", would be otIu~a· 
Ijoll. will'! the dly cmb..,-kjn~ on a 
c.lDlp"i$l'lIO d,an~ Iha OUllook <.if ,-

- --
":".' '---- _~_ .. I Jo\ ... ,~,= ~. r..... lJ 

Study predicts huge 
temperature rises 
... "W. ......... "'--_ ...... ..... ------,-'''''''''''''"'' _ ........ .. ~'" ... , .. _.' ... .,.,~,-~ ... -._-_ .. ", 
' ............... ... _ ........ 
= _K_,,_ - ... """~~­........... ,--"' .. -",,,,',-.... _--n..,..m ........... ,_ • -_ ...... --..,; -- .. - ......... -"- ... .... , ... ~ .... "" ...... -..... '--, ... -,,~ ... -.. ,-... ' ... ' ' .. .. --."'_ ..... .. 

"" ..... ..-....... lD----......... --~ ..--........... ,-... _._' ....... ". , ..... ,."" .. ..,.",,; , .. ~ ...... -..... _, .... -... _--....... '""-" ...... .... --.. _ .. _" ..... -
-.--~ ... -
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Adaptor 
die, 

CAf'[.TL,w 

PROVINCE FACES rno~T FLOOCiS .... _""' ....... " . _ . "",-

Warmer weather 
will threaten fruit 
trade in the Cape 
~--

.....,--' .~­<I'K'" ,_~ .. ... H_""_.~'·· ... 
w~,~,_." '"', Z'."'u 

--~" ... -... '_ ... .,._ .. _0-"',,."" ....... ~ ... "', 
,,"" ~M_""_~ " ... _,-, ......... -"._,---",.... ..... .-_ .. 
,-. ""'""~"" '" -< "",._ .. ...-.. , ... ... ~."".('''''' ...... -._ ..... .., ,,, .----­_","nw .. __ _ .. -.... -" ... __ . _ ..... M .. ..... __ ... - , 

• .... m .. '_ ...... _ ... ~---. --,.-.... -.­_~ __ •. _.C -_ . ..,. ...... _ •.• 
... --... -.- .. ~ .. ........ _."' ... -_ .. -.-...... ,_,h .. ~ ..... ,,,_ .. -
--"'---~ .... .-'-"..-, ... 

~=gu area fan;::~~:g:orRll.7mfl~~~~:;;Z~~\' 
,_ .... -_ ... ................. _ ... _.. --_ ... -.... , .. ".-- ,od ,,,,_,., .. ... .-.. D.... .. ... _ ...... ~ .,.. 

..... ,r<>- ."""'t ... .... ",t.. ..".,." . m .... -', .. - . "AI ' --.... "" w'.lo.o I "' __ '- _ ."'''''_'' <10<_ .... ....... , ......... """ "' ... ___ , __ ........ .. - ... _-... --~- ... -- _ ..... _. ,,, .... - .......... _--_.... ..... .... _...,. ......... , ...... _ .... ... ' ... _ ............ _ ...... _.. __ ..... d.."._, . _ _ n,_"'_-' _' "".,,,,'-<, .. 'ooi 'adl.",, 
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8 TH[ SUNDAY I~EPEN[lNJ 
fEBRUARY 13 2005 

111E Sl,\ll \\ "l1"",I'''''DK'V1' 
SOUTH .u.::.', OUAUTY SUNDAY Not .... Ai 51 

Saving Earth 
requires more 
than hot air 

E 
}'C~ \180:4 10 glau: Ol""r wh~n tali< turlled 10 
clmuot" ch:uIlII&- ~o, an}' more. 'oIo<>rIdwarIe thocro' 
-.no a """"nl: """"gn">I>U of thlll d.mpr III 
llfl- on £arth 

It ;" becaulS IIlIl &\J;IIa !ll~t ""M" h .... bc<'n warning 
about fur ~a ~I"! 1Il.C,,"""1ngly therefor all to soc. The 
starllest ey,d<-netl Is the mdllni c!acicn al~l .hrlnkU\K 
I>'lar!lx CIO!J"I. J..es~ spcc\lic "iI.'I15 l'ncl"d~ n.1n3 .Wt1lgc 
u.npft,"tur"" Md chani\ng "",atbf!" pattern>- lrllb. piIIl 
thcso u~ III be _Il~ ttilmISSCd !rom ,.,"'''' QuaMUI., 
""ing JIIU'I1Yf tbe &ilr1h', aa<><>kI cyclical chaD&A IN! 
pcopl~ ~nerall~ ....... \.10k",. th_ wamtns »In' III.".. 
.ocr:iOUIig. Wllh Ib~ n:aJ"tlablc l:XI%p'ion or , ... ) fluAb 
..tm;'III'nh'lIl., fIIovcrnmenlll.awl illlJl'lrl"'" InllLlutI<'III 
!be...,rId ,_r.co: ~,, __ of oomlDOf'l puI"P(II8 

agalMt pnd oees causu. climate cIIangw5 !lat """ .. QOf 

th"",. C,.· yelU'S b:o<.* 
'Ibc moll IIgn~t!om<\rnarlc m tlu. ~ wW 

"" wodnc8d ... · .. oomml!nro fa"'" of !be KyotO I'rutQQal 
The product of !nt~l'l).lti<mal negol;"!io!)' ~llIi b!Ido to 
1982. It &et! In pLocc " lIyswm whcrdJy sill',..torl"'.~ In • 
scn'~ contractu.lly bound 10 limit th" human faelorl 
causlnlt climate chang"_ 

Wh~1 a cLllirace. then, that the United Stale>, .. 1M 
rno.t p;>W.rfIll natIOn.. hu d><,..., not 10 be PGrtY 1<, IMI 
viI&! lnit""VIl Whatevet' ~ ..,aoruillla. lor I nallOll""" 
~tducd to ... thr leackrof tit..: -n.J jj remams ID'k>'>t pro 
cullar posltlCm to tit., 00 a In~raIly borniD£ global w,0le. 

In Europe. by <.:on/rut .:ill n~t>Oll~ run', ~_"" tit .. 
treal)l. And /loW .. d Br" .. lI>.'S 1'ons Blair (lUI rl at 1.011 
_nth ... world £.coo"",it; Fnrur.I in Ilarios,"1 &IlPJII)l'I tIJC: 
~ Pr<>\OOOI Ot~ .... ill DO{ :llItI !hoW pos.itioo. i<t WIder, 
.I00<I Hut buf.UlIM Ind Uw 1I:k>baI ~ 1lC<.'(\ to kJJOW 
thl' II not an 18su~ Ill/It iSI)-,ing m ..... ." My clNr vielil( fur 
wh;d It \I WW"th. Is that the <i<;bak ",ill be how md 00 what ,,_. _I. It '" .....-.f'rnnte<!, not whcthoc_" 

N lOr Soolb AInca. "" rD&('u,Sl!,J ..... 'I"! .. e moor ImU .. 
bled drlmMtlC ~itluItlOD the: ~ I.aaed behU\d Few" ~ .. hi!" 
Thill bat: ~_ As marbd putt.:ulari) WOlU" t..>Sl;.,g 
of tba _ -...t s...II: on SIMI- hI! Do 10000000m~ we 

~ ""'"""" an important lnl"o£'l3llan11 ""'10: 111 rhi$ftdd. 
Ul tho- okml .. (ic ti'ont the """",rnmen, wI)'&r prod\JCl'<:\ 
• IIratoeJ .>CUllwut on dlm"'c dwIp. It las 11100 """"" 
\ntrod uc!n l i ... p .. rt .... ' envlt<tum.lltal leg,isl.tt;oll, 
!ncludlnc an a!M;uNiry I&w tl\llt.J.!fl>I, to I'IldUCfl ..... u­

IIc>.IM i--'" ~ ... Io""lS. 
Thc'OC mOlll'ting activities a' the int.rnationll1 and 

Ilationa! .....".nmaJll~ ano..-w-.n .. UlWDltciJ; how­
_ .. c-nl)o\ .u>p III ~ lIDilan. Tn maV >lIIl' 
difl~"'ncc 81 all to this global ~I will nt<IlIiro _pta­
MoS to O)IU" ilfflEtyle Iha! are h;onl 1(1 vn,.m~ In filet, 11 is 
Aid that ~ "'" <10. "'" COU\:wt clwJp tIIt'_ 
pber-= h"II1DII and ibccomequent o:Il~ ..... anvs 
u-Iy illlppc:nq as 8. nsu:t <If thII QlrboD dlod<lc our 
raadtlncs howe....,.. docadft ~ I"'ml""1 Into tIJC: Air: 

Still, ,,,...,, Is m ud> """ .. indl¥~hllls and as 8. s<>cWy 
cart do 1<> hdp a~"rt a longer-term and e~"" bIgger 
catast:ropbe ilr """ wortd. We ell! ,tar! b)' l~ac:In"8 our­
IIClVN lID<! our children as much a&poBE;,bl" about Ih~ ""115-

II tU1d oII'cctl! of climate clIOllI!'~' W~ cal( U"" our vot'" filld 
(lDIt$Un1(T money to bokler politk;.tll aud buslnevo action_ 
WI;: can comurnre researt'h .(I(] In>'ll5tlUent In aJt.,.n~ttv.o 
CDtrpctt .....:I belt.,.. tecl>nologb, 

'l'l>c !hi"", "'"can do a, iDdIvlIIU410 tn4Y &>I>Ill P\II1J\ but 
put lIO&etIW "'"' "global .cak tit r.y cwltllllw a ~:n m,C2f1! 
cootrlbuh,m. We could, for InSttollC8, ~iJ1 lIilnllr"Sh 
... ter and t:/Ktricity """'" spmiIlib' ani! hUt 0\.Ir W3Sll! 

lhopo:;allll<ftiDW:il'OOllliy E.-,n ~wn"", ~ of pI""ilnII I 
iIJI IS'djpnOOb trvcwcid Iu:b. It w'JJ pIa). irs stUa.il pan In 
~ hIonnfuI-. I\Ild the pulliic (;.t~ demonsmu­
ed In '''is _,.. may .'us! hdp til e:o.pt>ee thOle .rt!<'<ly 
,ksll'O)'CI'i (If !hi: WOJrlrl' ........... rt'ng r"resl. Ind (I/hcr 
natun11\311Wm fur tho ocl~h <:reatur9IIlh~r lin, 



Univ
ers

ity
 of

  C
ap

e T
ow

n

[);'<.. .H- '" ,-,' ,~,./""'" ,~II~I,Er , ' ._ "' __ -_ ---~ ' ........ ..... ~ ... "'_ .. "'."~ ". '-', 

On the brink of disaster 
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Fynbos project 
• amls to save our 

national flower 

'" r ,Laon U.rshall 
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ClEAN'N~ UP ~q COULD BACKPRE 

I 

Climate change may I: 
turn Kalahari dunes I 

, 

• 

into shifting sand Ii - .. -..... ... " " ....... ........, ... 
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Peninsula carbon emissions 
up despite aim to cut them 
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CAPE TIMES 'RJDAY, J,O,NlJAAY 9, ><l()oI * 

40% FACE EXTINCTION BY 2050 

Cape proteas 
under threat 
fromglobal 
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Koue Bokkeveld's harvest of despair 

.~,-" .. " " •... -".- - .,,' " .. ,~"""­
,'''''".~ .. .'..,".", 
~"_M_ 

"-.. '._" "" -,~­
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Use water sparingly, minister urges parched SA 

PRETORIA: South Africans should be 
using ,vater sparingl)- as overall 
l'~ser\'es h8ve not ~mproved, despite 
good rains in some pllts ot the Gauntr\', 
says i\I1nister of Water Affairs ilnd 
Forestry Buyelwa S<lnjlc~_ 

Some areas seemed green a))d (:rop~ 
were growing-. but flese did not reflect 
tlletrue picturH. which was "serious" 

Dam lovels ill Gautenij". Limpopo, 

KwaZulu-Xatal and Mpllmaianga had 
increabe<i on average by only 1 ' .• . "'hile 
those in the Free State remajned vIr tu­
ally unchanged. III the E,stern Cape, 
dam levels had risen by 3" • . 

"South AtTica is water-s("~1rce . _ and 
all wa i.er users should exercise di sci­
pline _ Farmers ami othe, mrge II-ater 
uSerS should review their conunitmcnts 
and uoc> ,yater with utmost :are.'· - Sapa 

----------CAPE T~ I,\,CDNFSDA Y, JAI~l.ARY 19. 2005 
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Namaqualand fanners 
give up as drought bites 
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APPENDIX B: 

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

Method identifies cotlesive groups. 
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Average SRES A2 emiSSIOn SCellaflO control temperalure clusters with NCEP 
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Average SRES A2 emission scenario control temperature clusters 
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Average SRES A2 emission scenano future temperature dusters 

0000<I ""-I ---
---~I ~ 

o .. .. .. .. .. .. 

---

.. .. 

,-""" ..... .... -
~""-' 
,~--. 

.. .. .. .. .. .. -.-
Average SRES A2 emission scenano future preciprtahon clusters: 

"'-'-"" .... 
...... ..,.~ .. 

--,--" ..... -

" . "" ......... • 

~""'" 

--·1 --. --. 

----.... ' '---.-._-

" . --
Average SRES A2 emission scenano future wlIld speed dusters 

-"""-
..,.. .... .,, -

-_ ....... -
~ .• ,.-... 
,-.. -

.. .. 

J 
• 

•• ,., ,.. I. ., " t. '.' to to •• -- I. " C, I. I. H ,. •• t. to .e --
A19 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Average SRES 82 emissKlI1 scel1ario future temperature clusters: 
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1) _ .......... lUI .... " ........ 

carried out in r..W'Cl;t.IUII..I'"1'11i1ll.i::11l 

in 

ACRU 

.., ...... '!!t1l;lL is ..... e.nn.'e.'\j'A 

to the onset 

ObjE~ can be .... 1'IICI.l2mll'l 

risk and can 

water 

res:aI\l100 ,.....r.tII ...... t'n ... riarTlAI"Iri!ll. on water resources, to 

lUltilDlaVer soil water buclaeltina and has been Oe1l1elclDEIO eSSElntl:allV 

It been structured to 

catchment or sut>ea,tcn 

I"'n".riiti,nnll: on 

its water 

practi(:8s, or 

AV"'l2nc~inn as new 
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can OfH!ra1te as SltEHI:>ec:mC or as a ..... ~""''" 

asa 

water hl2ll2nt~ 

No and 

processes as is neE!<lea. 

WIlr1001W&-Da:secJ or 
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on a hectare 

atn10s.ohl'trir: ~~PV'In Olo)(loe on 

gN'U't'\!i:l1'!1'I is 

as t"..n!:llnn,:~ 

........... :. .. Iv m~ile;:ldirlg results when 

like most nroea~l..C: 
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one 

IlflCIlmAnl"!:i: to 

Data intensive difficult to use without A person 
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a basic knc)Wilecicle 
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Orinin:::IIllv ae1lfeillDEIO in in £lnl~ID\IIre 

the 

ae"eIOIDment of ...... .., ....... ,.. that takes into account the .. n.: .... itii ......... nn""u\n .. 

It 
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in 

A 

loss and 

......... ", ...... , data demands. 

areas, not 

Mean annual 

to use. 

ae"eIC)Dlrla countries. 
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flex:lblltty and SUltaD'IlRY less CI~ilelc)DE!CI 

vSi~etaticm cover. 

AdclipUlbie to a environmental 

loss' or 

vSi~etaticln cover, 

it 

and 

an .... Iirngl' ... and soil 

and adclotCilble in the 
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Rellealsaa in the in 

the .. " ....... ,., ... and ::lInlnmlnt'M'Anl~ 1"'.I"nfllflnrlj:i; 

coll,ectE:Id over a of 

and so .............. c ........ soilless over term. 

to valic:iate the it has 

data 1'1"'1'""1'1111"11 been known to nut:'n:>c:timat". as it 

is to I"rnll"ilSII'Ifi east the 

nmlhl ... ,m!ll: when to environments 

thus if used 

an area, which 

must be CllIA,UIC:lILel, eVCIlUCII'llCU, 

does not account for the de~)()SlitiOn sediment. 

and ste!eone~;s 

erosion-control nr.:I" ... t;, .... 

Attention must be when an aPlPlicatlc)n is 

of AYI_rim ... nt:ll it is 
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indll!,YN:l!n!!::ivdIl! and method 
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1) 

.- ._-_. 
A Soil loss in previous <10 tlha 0 

10 to 20 tlha -0.5 

>20 tJha -1.0 

8 n.IUyllly ..,1 t.J ............ i tilth "" ........ .". 0 

Fine,.. .... , -0.25 '-'1 

81 Crops on large ridges (>200mm} Slope < 1% 1.5 

Di .......... "'. without ..: .... , .... l:f- 1I .... , 'UY~ Slope < 1% 1.0 

Slope 1 to 2% 0 

Slope> 2% -1.0 

82 Crops on small ridges «:luumm} Slope < 1% -1.0 

Slope 1 to 2% 0 

Slope> 2% -1.0 

C1 Annual . 1"''''''''''1:1 UIlc\<UUlI On contours 0 

Angle to contours -0.25 

~tilth 
-0.5 

-0.5 

I Zero tillage -0.5 

I fine tilth 0 

I anddisced 0 

, ..... ""' ...... and rolled 0.5 

..... , ..... ""only 1.0 

D 1: ... 11 ..... _- and leys .............. '" First 0 

... """"", ... year 1.0 

Third and more 2.0 

Good pasture 2.0 

E r ... ""III"" crops and YI ..... ,"', ... ., ........ "" .............. r.l .. -0.5 

fibl UII..IUII:i weed control 0 

Mulch soil cover 2.0 

F II I.ye ....... lands Sands and lcams -0.5 

3.0 
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1 

lexrure of ... 

Sands I .............. Clays 

.. Kalahari sand 4.0 

Lithosol Lithosol 2.0 2.5 4.0 

Vertisol Basic rocks 5.0 
... ,. 4.5 i:M:N1l1lt:1I~ 

Basic rocks 3.5 4.0 

Ultra basic 4.0 

.;J1CU1I111C'111.l:) 3.5 

,",g •• ",,,,.,,,IIO:O.:ll 3.5 4]) 

Granites 

Fersiallitic Basic rocks 5.5 6.0 

Ultra basic 6.0 

.;JlCUlIlIlC'n~ 4.5 4.5 

l::ir-ClIIIL~ 4.0 4.5 
A liCIt 3.5 4.0 "\1 IC'I I 

_. _. _II ClIIILI,"" l::iranILIC'l:» 4.5 5.0 

U~ lllVIO:OI I amu,"" Basic rocks 7.0 

.;J1CU1lI 1IC'IIL.:lI 5.5 

Granites 5.5 6.5 1[5 

.;x:; I 1\,Il:»LVI 1IC'.:lI 5.0 6.0 

Sadie .;JI.I Ullyl' sadie 1.0 1.5 1.5 

.......... "'1 1.0 1.5 2.0 
-I: .,. _"" 

""" ................. 1 It: 
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1 was 

same ..... IIII'IJ"l"!:II'I'I ..... 

Yield _ •• _ ....... _ time after start of rainy season 

-1 mth 0 1 mth 2mth 3mth 

Cotton 1.0 62 55 41 24 9 

2.5 84 75 66 32 13 

4.5 95 84 63 36 14 
r hay 1.5 54 62 67 55 35 

2.5 65 76 81 67 43 
r silage 2.0 26 29 32 29 20 

49 34 

10.0 61 70 83 69 48 

Ground nuts ~~ 

1.5 64 73 62 41 20 

3.0 71 

Maize 2.0 24 29 28 21 12 

6.0 43 52 51 37 21 

10.0 55 68 66 48 27 

Rice 1.5 54 66 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 

2.0 47 49 43 30 15 

6.0 81 84 73 52 26 
"', 0.8 34 38 36 27 14 --.1---"" 

1.5 51 57 54 
I I 

2.5 69 77 73 

4.0 80 90 85 62 32 

Surmuwc,;oI 0.1 5 8 11 9 5 

0.4 11 19 24 21 12 

1.3 28 50 62 55 30 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 -1 



Univ
ers

ity
 of

  C
ap

e T
ow

n



Univ
ers

ity
 of

  C
ap

e T
ow

n

APPENDIX F: 

Monthly rainfall at Boshof farm in Malmesbury, Swartland, from January 1966 -

May 2005. 

A,7 
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Boshoff monthly rainfall statistics (mm) with May to September being the 

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

orange indicates bad farming years. No data was available for 1983. 

I YEAR JAN FEB MAR _ APR 

AJ8 
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APPENDIX G: 

Downscaled climate change anomalies of the variables of the regional!y 

down scaled monthly precipitation examined in Chapter Five They include the 

following: 

1 ) CSIRO-A2 total precipitation djf and mam 

2) CSIRO-A2 total precipitation jja and son 

3) CSIRO-B2 total precipitation djf and mam 

4) CSIRO-B2 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 

8) HADAM total precipitation jja and son 

9) CSIRO-A2 raindays > 2000mm djf and mam 

10}CSIRO-A2 raindays > 20_00mm jja and son 

11}CSIRO-B2 raindays > 20.0Omm dJf and mam 

12)CSIRO-B2 ramdays > 20.00mm jja and son 

13)ECHAM raindays > 20 OOmm djfand mam 

14}ECHAM raindays > 20_00mm jja and son 

15}HADAM raindays > 20.00mm djf and mam 

16}HADAM raindays > 20_00mm jja and son 

17)CSIRO-A2 dry spell duration djf and mam 

18}CSIRO-A2 dry spell duration jja and son 

19}CSIRO-B2 dry spell duration djf and mam 

20}CSIRO-B2 dry spell duration jja and son 

21 }ECHAM 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 spell duration jja and SOIl 

25}CSIRO-A2 90'~ percentile djf and mam 

A39 
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26jCSIRO-A2 901
" percentile jJa and son 

27)CSIRO-B2 90~\ percentile djf and mam 

28)CSIRO-S2 90-" percentlle]a and son 

29jECHAM 90" percenule djf and mam 

30)ECHAM 9O' ~ percenlWe va and son 

31)HADAM 90'" percentile djf and mam 

32)HADAM 90'~ percenl,1e jja and son 

A40 
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