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Climate anti Desertification in Southern Africa 

Tyson, P.D., Prof., Dir. of the Climatology Group, University of 
Witwatersrand, 1 J an Smuts Ave., Johannesburg 2001, Rep. of s ·outh Africa 

Abstract: Short-term changes in the general circu.lation of the atmosphere, which may lead 
to prolonged periods of drought, are catalysts for producing accelerated desertification. In 
southern Africa the northeastward thrust of desertification from the western and central 
arid and sem'i;.arid areas (the Karoo) has long been recognised, but up ti1'1970 research 
failed to demonstrate a clear-cut relationship between the process of desertification and long 
term rainfall data. The application of sophisticated analytical techniques to regional rainfall 
data showed, however , that;)spatial and temporal variations in the Southern African rainfall 
pattern have a striking degree of organization. The summer rainfall region of the northeastern 
part of the subcontinent experiences 16-20 year fluctuations, in contrast ·with 10-12 year 
fluctuations in the all-season rainfall region along the southern Cape coast. Concentrating on 
regionally averaged data for the summer rainfall region; the author used Fourier analysis to 
confirm the persistence of the quasi 20-year fluctuations since 1840. The wet spell of the late 
1970s is expected to die out by 1982 and may be followed by a dry spell running from 
1983 to 1992. Policy and management practices should be geared to prevent further 
desertification during this period. 

Introduction 

Desertification and the attendant problems of declining 
biological productivity, deterioration of the physical 
environment and increasing hazards for human settlement 
and life affect much of Africa in general and southern 
Africa in particular. The process of desertification is well 
defined as 'the impoverishment of arid, semi-arid and some 
subhumid ecosystems by the combined impact of man's 
activities and ·drought' (Dregne 1977). ·Using the three 
factors: climate, land vulnerability and pressure of human 
land use, the regional degree of world desertification has 
been assessed (UNCOD 1977*). Of the world's arid lands 
84% experience a high or very high degree of :desertifica-
tion hazard; of the semi-arid lands only 26% experience 
this degree of hazard, but nearly 70% experience a 
moderately high degree of hazard. 

The so-called march of the desert is probably as old 
settled communities and history is replete with examples of 
how aridification has led to the abandonment of settlement. 

The best recent example of desert encroachment occurred 
with the Sahelian drought between 1968 and 1974, when 
climatically and ecologically it was as if the Sahara had 
extended its limit southwards b,y 5 degrees of latitude 
(Mabbutt 1978). Such desert ·e-ncroachment is seldom 
uniform and progressive. Instead it takes place through the 
coalescence of islands. of degradation, as fragile dryland 
ecosystems are allowed to degenerate through misapplied 
technology, bad management or other human controls. 
That man is one of the main agents of desertification is 
beyond dispute (UNCOD 1977). That long-termed ·shifts 
in the climatic zones of atmospheric subsidence are 
responsible is not conclusively proved. However, short-term 
changes in the general circulation of the atmosphere that 
produce prolonged periods of drought are almost always 

. the catalysts for producing accelecated desertification. 
; ,_;United Nations Conference on Desertification, .Nairobi, 29 Aug.-

9 Sept., 1977. 
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Fig 2 Degree of desertification 
hazard for southern Africa (after 
UNCOND 1977) 1005 
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Desertificatiqn map for Southern Africa prepared for UNCOD. Desertification is here defined 
as 'the intensification or extension of desert conditions; it is a process leading to reduced 
biological activity, with consequent reduction in plant biomass, in the land's carrying capacity 
for livestock, in crop yields and human well-being.' Legend: W, surfaces subject to sand 
movement; R, stony or rocky surfaces subject to aerial stripping by deflation or sheet wash; V, 
alluvial or residual surfaces subject to stripping of topsoil and accelerated runoff, gully erosion 
on slopes and/or sheet erosion or deposition on flat lands: S, surfaces subject to salinization or 
alkalinization; H, subject to human pressure; A, subject to animal pressure. 

in 1970 that the pronounced degree of temporal . and 
spatial organization of South African rainfall was first 
pointed'put (Tyson 1970, 1971 ). The fallacy of the notion 
of unifor'm progressive desiccation has been pointed out 
(Tyson et al. 1975) and shown to ·be untenable in regional-
ly-aggregated data (Dyer 1976a). Using a variety of 
different analytical techniques ranging from simple sorting 
and averaging to sophisticated spectral and principal com-
ponents analyses, the regional nature and oscillatory 
character of rainfall changes over the period of meteoro-
logical record have been firmly established (Tyson et al. 
1975; Dyer 1975, 1976a; Tyson and Dyer 1975; Tyson 
1978; Tyson 1980); estimates of future conditions have 
been attempted (Dyer and Tyson 1977, Tyson and Dyer 
1978} and I inks with the general circulation have been 
sought (Dyer 1976b, Dyer and Tyson 1978; Tyson 1981). 

By m·apping the variance with different 
peaks in rainfall variance spectra, a striking degree of spatial 
dependence a,nd correlation between regions of influence 
of specifLc oscillations and climatic regions is evidenced 
(Tyson et al. 1975}. Thus a quasi 20-year fluctuation has 

··-· 
its most pronounced expression in the summer rainfall 
region of South Africa, Swaziland, Lesotho, Botswana and 
Namibia. By contrast a 1 0-12-year fluctuation is confined 
almost entirely to the all-season rainfall belt of the southern 
Cape coast of South Africa. A 3-4-year fluctuation is 
ubiquitous, whereas a quasi-biennial oscillation shows its 
most pronounced expression in the central Cape (Fig 3}. 
The quasi 20-year fluctuation is the . predominant one 
throughout the sub-continent except in the southern Cape 
where it accounts for slightly less variance than the 10-12-
year oscillation. 

Taking the region in which the quasi 20-year oscillation 
is most pronounced and submitting regionally--averaged data 
for 62 stations in north-eastern South Africa to a 5-term 
binomial filter and then Fourier analysis, it is possible to 
define the extended wet and dry periods and extend them 
back in time to the start of meteorological records, viz. 
1841. By takin_g averages over the suggested wet and dry 
periods it is possible to assess the extent to which the q:..Jasi 
20-year oscillation has persisted in time and manifested 
itself in space (Fig 4). 
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I 
. •! " 

6 

Seasonal rain 11 0 1 2-mon th wav e (sum m er max .J 

::> ·n1011 1t1 wavl: IW!Il ler 1 

ltJ n - m onlh wav e (cquino c·l,al llHl>- J . 

0 6 rn onlh sl..i 

r ' . , 

Early records are few and sometimes of doubtful 
reliability; only from 1910 onwards has it proved possible 

. to work with a number of stations exceeding 150. Not-
withstanding there is some evidence to suggest that the 
quasi 20-year oscillation was prevalent in the data from the 
1840s onwards. Backward extrapolation suggests that 
1844-52 should have been dry . The only station recording 
during that period showed a mean deviation of -9 %. The 
period 1853-61 should have been wet; the three stations 
rxcording in that period all show positive deviations. All 
six for the period, 1862-70 recorded the expected 
below-normal rainfall. Alternating wet and dry spells 
continued up to 1905, with the period 1888-96 being the 
wettest complete spe.ll on record. The regular rhythm of 
change faltered just after the turn of the century. Thus 
1906-15 instead of being wet continued to experience 
below-normal rainfall over large areas. However, the rhythm 
was immediately re-established and has continued uninter-
ruptedly from 1906 to the present. Since the turn of the 
century, over the summer rainfall region of north-eastern 
South Africa (i.e . north of approximately 29°S), the most 
consistently dry spell has been that of 1944-53 when the 
regionally-averaged rainfall for ·every year was below 
normal. The .driest spell on average was that of 1963-72. 
The lowest space niean regional rainfall was recorded in 
1945; the highest in 1943. The most persistently wet 
spell has been the present one with five consecutive years 
with above-normal rainfall. In general, the dry spells have 
been more persistently dry the wet spells have been 
wet. In addition, the dry spells have had a greater areal 
extent and homqgeneity than the wet. With each successive 
wet spell since the turn of the century the areal extent of 
the excess-rain areas has increased. Departures for the latest 
incomplete wet spell are much higher than those of the 
1888-96 wet period. 

Individual rainfall spectra show the quasi 20-year peak 
clearly, as spectra for Warmbaths in the Transvaal, Dundee 
in Natal, Bloemfontein in the Orange Free State, Graaff· 

.Reinet in the Cape Province and others in South Africa 
illustrate (Fig 5}. All the quasi 20-year peaks illustrated 
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Fig 3 Core areas of seasonal rainfall 

··{··.'·, regimes and regions of predominant 
oscillations (after Tyson et al. 19 7 5) 
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are significant at least at the 5 % level. In the spectrum of 
regionally-averaged data for the summer rainfall region as 
defined in Fig 3, the quasi 20-year fluctuation is present 
at 18 years and significant at the 1 % ·level (Fig 6). Other 
important peaks in the regional spectrum are that at about 
3.5 years (significant at < 5 %) and that of the biennial 
oscillation at 2.3 years (significant at< 5 %). 

Using the 62-station, regionally-averaged data for 
1910-67 and the Fourier model mentioned previously 
(Tyson and Dyer 1978), it proved possible to estimate 
the run of wet years the north-eastern summer rainfall 
region experienced after 1972 (Fig 7). Reference to Fig 4 
reveals the extent to which the sub-continent as a whole 
experienced the wet spell. The model suggests that the run 
of wet years may continue with diminishing annual totals 
unti.l about 1982. Thereafter, providing the pattern of 
events since · .1906 continues to repeat itself, it is quite 
likely that a dry spell may succeed from about 1983 to about 
1992. Wherea,s the model appears able to estimate the 
duration of the wet and dry spells, it is unable to predict 
amplitudes. Since it is predicated on the use of filtered 
data it is unable to estimate annual rainfall totals; it will 
only suggest a broad pattern. In the past random forcing 
has ensured that on average 2 to 3 years in any 9 or 10 
of a spell have been wet in a dry spell or vice versa. In the 
future the same may apply. Notwithstanding the crude 
estimates, and though they only refer to a region and never 
to an individual locality, they may have implications for 
desertification. In the absence of any physio-mathematical 
models of the general circulation of the atmosphere that 
will give better results, the estimates given here need to be 
given attention. Certainly the possibility that the mid-
to may experience droughts in runs of dry 
years cannot be ignored. 

Implications for Desertification 

Even if they do not ultimately lead. to large scale desertifica-
tion, droughts have enormous effects on natio,nal 

1
economies in southern Africa. In 1969, a year when the 
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Fig 4 Mean percentage rainfall deviations during alternating wet and dry spells over 5 Africa from 1844 onwards . Raw data have been used 
and deviations have been taken from entire-ser(es means except for pre-1880 conditions when the means of Hutchins (1889) were used. lso- ,;. 

· pleths have been included when two or more stations showed deviations of like sign. The percentages of single isolated stations in zone of 
unlike sign from 1880o-nwards are : 1888-96 nil; 1897-05 5 %; 1906-15 5 %; 1926-34 3 %; 1935-43 2 %; 19.44-53 8 %; 1954-62 6 %; 
1963- 72 4 %; 19 73 - 77 3 %. Over Botswana and Namibia interpolation prior to 1935. may be uncertain owing to paucity of data. The same 
applies everywhere before 1906. For the period 1906:-15, 1910-15 data had to suffice for some stati_ons north of about latitude 29° 5 

regional average rainfall was slightly below normal during 
the 1963-72 dry spell, South Africasuffered an estimated 
R 116 . million loss in agricultural production due to 
weather alone _ (Theron et al. 1973). Of this loss 57% was 
due to drought-related c·auses. The next single most 
important contributor to the total weather-induced loss 
was hail damage (9 %). In 1970 50,000 ha of farm land 
(1•3 %) in Lesotho suffered complete crop failure (Lesotho 
1970). Drought accounted for 78% of the losses (Wilken 
1978). 

During extended dry periods livestock and land may 
suffer g,.jevously. In the 1960s drought in Botswana cattle 
numbers dropped from about 1.35 r;nillion in the pre-

drought conditions of 1960 to about 0.9 million in the 
dry years of 1964-67. With the drought the carrying 
capacity of the land dropped steadily, overstocking 
increased and land deterioration progressed rapidly. Cattle 
died by 'the tens of thousands. Today, after a succession 
of wet years and good veld re'covery, 3.5 million cattle are 
back on the land in Botswana. Unless careful forethought 
is exercised and sound animal husbandry practices imple-
mented, the potential for a of the 1960s disaster 
is high the eighties of the possible droughts materialise. 

The pressure of increasing population and the con-
comitant need for increasing production of food crops 
often leads to the expansion of cultivated areas during good 

·[! ,. 
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Fig 5 Rainfall spectra for some 
stations in South Africa . Raw 
stationary data have been used and 
analysis has been according to the 
method of Jenkinson (1976). Signi-
ficant levels for significant peaks are 
included 
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rainfall 'years into areas not completely suited to supporting 
such activities. With declining rainfall or drought the 
ensuing ecological imbalance rnay result in the collapse of 
dry-farmjng systems and the acceleration of conditions 
leading to land degradation and ultimately desertification, 

lt has been shown that south of about 18°S the areas 
vulnerable to desertification occur in the central and 
western parts of the sub-continent (Fig 2). The eastern 
boundary of the zone of vulnerability has been included 
on the maps showing the alternating wet and dry periods 
during the nineteenth and twentieth centuries {Fig 4). lt 
is clear how the desertification-prone areas of South Africa 
have experienced alternating extended wet and dry periods 
since at least 1880. Given the regularity of the climate-
induced impetus towards desertification and the bad farm 
management reported so frequently for . the first half of 
this century and latter half of the last, it is not surprising 
that Karoo encroachment has occurred over the last ten 
decades or more. That, if given the chance, the recovery 
of threatened or even severely damaged ecosystems is 
possible once climate amet.iorates, h4s been frequently 

· sho'r'tn, as for example in the case of the dust-bowl areas 
of Oklahoma after the 1930s (Hare 1977). lt is crucial that 
the land must be allowed to recover. In South Africa this 
has not always happened and after each successive dry 
period veld recovery has been insufficient to reverse the 
long-term trend towards desertification in parts of 

the countr¥. Present practices of veld reclamation, soil 
conservation and farm management have, however, 
improved the situation since mid-century. For instance 
hydrologists report a reduction in run-off of up to 60% in 
the Karob since the fifties (Alexander 1978). Whether the 
advance of Karoid vegetation into the grasslands of the 
north and east has been checked as a result remains to 
be seen. 

Conclusion 

Desertificatiori occurs for a variety of reasons . Whereas man 
is most commonly the main cause of the process; drought 
is usually the catalytic triggering mechanism. Periods of 
drought in areas of land vulnerability and desertification 
hazard are thus times when great care must be exercised in 
,order to halt and reverse environmental degradation. Over 
southern Africa the possibility that the eighties may be 
drier than nprmal and that drought conditions may prevail 
over large ar-eas is one that it would be wise not to ignore, 
notwithstanding the crude nature of the estimates of future 
Climatic conditions. · 
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Fig 6 Spectra of space mean rain-
fall series for 62 stations in •the sum-
mer rainfalf· region (as defined in 
Fig 2) . In each case the spectrum in 

· the range 2- 7 years has been · en-
larged. Significant peaks are indicated 
in the spectrum of raw data. Filtering 
has been effected using a 5-term 
binomial filter 

Fig 7 The smoothed summer rain-
fall area regional averaged series for 
1.910-67 (cross-hatched) and the 
fitted curve extrapolated to 1977 
using the model of Tyson and Dyer 
( 1978). The comparison between 
predicted and observed rainfall for 
the period 1968 - 77 is shown (dotted 
shading) .- In the lower part of the 
figure an estimate of possible future 
regional rainfall averages is sug-
gested (based on extrapolation of the 
1910-.-77 model) 
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