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Cattle's rearing in Botswana is undertaken in two sectors: the communal and commercial. The
communal sector is exclusively free range and therefore depends on biomass production. This makes
the systems highly susceptible to drought. One strategy that has been devised by farmers to adapt to
drought has been to overstock. However, this strategy may not be the best adaptation strategy as it
leads to overgrazing and quick depletion of scarce biomass during the drought years. Climate change
may increase the vulnerability of the communal cattle sector in the country mostly through changes
and variability of rainfall. In the article, we determine the reliability of the rainfall in the Khurutshe area,
Botswana. Vulnerability of the cattle sector to system severe failure is also determined. Lastly, the
effects of climate change on return period of drought are investigated. Results indicate that the
reliability index of rainfall in the Kgatleng District is 0.5. The vulnerability index of the cattle is estimated
at 8000 per year. Lastly, using SimCLIM computer mode| climate change will shorten the return period
of mild drought from 2 years to 1.6 years by 2050. These findings have serious implications on the
recovery period of the cattle to withstand the next drought period.
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INTRODUCTION

Botswana has a loeng history of cattle rearing with the
livestock sector acting as the backbone of the economy
prior to the discovery of diamonds at Jwansng and Orapa
(EIDPA, 2005; Harvey and Lawis, 1995). Although cattle
reanng's contribution to GMP has slipped below 5%, it is
still important at a microeconomic (BIDPA, 2005). Many
rural households dependant upon it as a source of in-
come and employment. Over time, those rearing cattle
have adapted to recument and sometimes severe
drought. Drought is further influenced by phenomenon
such as the B Nino southern oscillations. Drought can
fluctuate in intensity from mild te harsh droughts. et
regardless of the intensity drought can have a significant

effect on cattle production and hence mral welfare and
food security. To enhance resilience cattle rearers often
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have as many catile as possible so that with drought a
percentage can survive. Howsever, this has failed as the
high stocking rates exacerbate the impact of drought and
leads to heavy losses (G50, 2000).

Greenhouse gas-induce climate change may alter two
important features of drought in Botswana. Firstly, the
return period of drought may be shortened. Secondly, the
magnitude and intensity of drought may increase (IPCC,
2001b: Meadows, 2006). [t is already evident that climate
change will lead to a decline in precipitation in southern
Africa thereby affecting drought (Hulme, 19968; IPCC,
2001, 2007; Mukheibir and Sparks, 2003; UNPE, 2005).
Thus, climatz change poises a serious threat to food se-
curity especially for small-scale agriculiuralists that lack
aconomic resilience owing to a lack of aternative sources
of income and a dependence on cattle,

In this article we attempt to determing a vulnerability in-
dex to drought for Botswana's traditional cattle; an esti-
mate of the caftle sector's exposure to drought tempo



Table1. Comparative parformanca of the commercial and
traditional cattle sactors

Commercial Traditional
Annual calving ratos T 50,
Annual off take rate 17% 8%
Annual mortalty 5% 1%

Sourge : G50 (2000)

rally; and, to determine the potential impact of climate
change on the return period and magnitude of drought by
2050 for the Kgatleng District of Botswana.

METHODOLOGY AND DATA COLLECTION

In order to achiave the objectives of this paper, intarviows wara
conducted on farmers focusing on farmers’ sowrces of incoma, off-
takes rates, purchases of supplementary feads, and daily cattle
intaks rates in the communal sactor. Data was collectad on a total
of 34 farmars which wara randomly selected. Data was also collec-
ted on cattle numbers from 1880 - 2005 from secondary sowrcas.
Easaline climate data (1960 - 1990) was obtainad from Dapartmeant
of Metorology and this was usad to construct climate scanarios for
year 2050. A SimCLIM software programme i usad to ganarata
climata sconarics with inputs from HadCM3 and CSIRO mk2 and
the SRES amission scanarios, Vulnerability inds, raturn parniods of
drought and exposure of catth to drowght are estimated basad on
thase data.

The rural pepulation and cattle managament

Cattla’s grazing i the dominant land use in Botswana as oppose to
ather land wsas such as crop production, contributing about 80% in
agricultural GDP (BIDPA, 2005). 52.73% of the land in Botswana is
usad for grazing (Centre for Applied Research, 2005). According to
MzDonald (2000) this situation owes itself to perodic and sevare
droughts that privileges livestock over arable farming as crops ara
highly vulnarable to droughts. Thare ara two systems for raising
cattle in Botswana commercial and communaltraditional. The tradi-
tional sactor is practisad on the tribal land wharaas the commercial
antarprises are situated on froahold land. As the name implies, the
commercial sector is a production systam designed to maximisa
profits. Howewer, ninaty-sowan parcent of the nation's cattle popu-
lation i raised on communal land and therafora is reared undar the
traditional systom (G50, 2000). In the traditional sactor housaholds
ara notconcarnad with profits. Rather vestock are reared:

+ A3 a ‘bank’ and for payment of school fass. Given as dowry
(tokan of appreciation to the brdegroom at waddings).As a form of
draught powar, howaver, this is declining as a majority of farmars
are now using tractors and on rare occasions donkays. Inaddition,
tha numbar of howsaholds that plowgh has daclined with changes in
rainfall amount and pattrns. As a sign of prastiga.  For slawsghter at
waddings and othar caremonial adtivities.

« Oecasionally for cash sale to buy food and essantials, Comparad
to the commearcial sactor, the traditional sactor is inefficiant with low
offtake rates, high mortalty and low calving raks. Table 1 com-
paras the parformance of the two sactors. A majority of roral dwal-
lers are dependant on the lvestock sector for their housahold
incomea whera altarnatie and formal economic activities are scant.
Howaver, the cattle aconomy ganerates considarable informal aco-

aconomic activity and is thowght to employ directly and indiractly up

to 50% of the rural population (BIDPA, 2005).

The number of cattle in Botswana has risen from 1 million in
1920 reaching a peak of 3 million in 1975 and then stabilises and
fluctuates around 2.2 million by the 2000. The factors responsible
for this increase include adagquate rain, new torehole drilling tach-
nology and govarnment incantives that ancouraged investment in
the cattle industry (Durraipgah and Perkins, 1999; Fidzane, 1904,
Harvay and Lewis, 1848}, In addition, the eradication of tha tsatsa
fiy in the country’s northwast and incraasad government axpendi-
tura on vatarinary senvices raducad death rates and fosterad growth
in cattle numbars. Howawver, the most important factor was borahole
devalopmeant which greatly expanded access to groundwatar.
Boraholes enablad farmers to keep larger herds of cattle and for
ranching to expand into the hitherto inhospitable Kgalagadi District.

Traditional cattle's rearing is based around frea-ranging and
tharafora depands on abovaground ret primary production (ANPF.
There is vary low supplemantary feading (BIDPA, 2005; Contro for
Appliad Basearch, 2005). Ganerally the only cost incurrad is for
extraction of water (diasal for the pump and maintananca of the
borahole) and labour (herdars) associated with looking afier the
cattle. Traditional cattle management is charactansad by high
stocking rates which commonly excesd recommended carrying
capacity (G50, 2000). Thus, in the traditional sactor managameant is
lacking in tarms of controlling stocking rates. In the traditional sactor
cattle frequently roam free (not fenced) and are typicaly only
kraaled during the govarnmeant imposad vaccination period. I is
recognisad that the high stocking rates adoptad by the traditional
cattle sector are considared by them to ba an adaptation strategy
against drought. Many cattle are considerad insurance against
drought such that when drought occurs the probability of all cattle
baing lostis rematea,

Impacts of drought to cattle sector

Drowght in Botswana is recurrent yet highly wariabla in intensity
(G50, 2000; Ehalotra, 1985; 1987). In Botswana drought i dafinad
as annuwal precipitation faling below long-tarm mean rainfall
(Tsheko, 2003). Howevar, Burgess (2005 defines drought and its
impacts on the livestock sector as annual rainfall is 40 lkess than the
long tarm mean. Whan the Burgass defintion & applied it doas mot
catagorisa the 19283 drought as a livestock drought yat the impacts
of the Tsheko-defined drought of 1923 on livestock sactor ware
significant (G50, 2000, Cantre for Applied Rassarch, 2005). We
considor drought to basically maan that a deficiancy in rainfall, at
ary particular poind in time, results in failure of biomass for cattla,
Bhalotra (1985} on the other hand dafinas drowght as a maagre and
highly variable rainfall, both in time and space, combinad with high
evapotranspiration rates. On the othar hand IPCC (2001) dofinas
drought as persistent balow-averaga rainfall.

Thera can ba two distinct impacts of drowght on the cattle sactor
that are depandant on the magnitude of the drought. Firstly, mild
drought resulks in cattle losing weight and this afiects revanue and
housahold income. Secondly, harsh droughts results in cattle pe-
rishing from a lack of faad. Ragardless of a drought’s savarity sub-
sistence farmers who derive other flow banefits from cattle such as
milking and draught power suffer important losses. More recently
tha droughts of 1983 axtonding to 1987, 1002 and 2003 droughts
had devastating impacts on cattle (G350, 2000; BIDPA, 2005;
Masgika, 2008). Figure 1 depicts the influance of drought on cattle
numbars in Kgatleng district.

The traditional sector is more exposad to the impacts of drought
for the following reasons: Firstly, thare ara high stocking ratas in the
communal area as offtake rakes aro low. Thus, during a drought
yaar an already overgrazad forage/biomass is quickly dapletad
through trampling and further consumgtion. This increasas the
saverity and prolongs the drought period. Secondly, thera is limitad
capacity for supplementary faading in the traditional sactorin com-
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Figure 1. Cattle numbears in the Kgatleng District (1979 -

comparison with the commercial sector. This discropancy in capa-
city & owing to annual sales in the tradiional sactor that are extra-
maly low thus effactivaly aliminating their capacity to purchase sup-
plemantary feading.

Vulnerability of the traditional cattle system to drought

Vulnerability is the significance of failure (Hashimoto ot al., 19832).
IPCC (2007) dafinas vulnarability to climate changa as “the propen-
sity of human and ecological systems to suffer harm and their avility
to respond to strosses imposed as a result of climate change
offacts™. That is, it doals with the axtant or, the magnituda of the
likmly impacts to the systom if failure does occur. In order to
maasure a system’s vulnerability to drought, it is imperative that the
systam’'s reliability be assessed. Reliabilty of the (cattle grazing)
system is defined by Hashimoto ot al. (1982) as being a function of
how oftan the system fails. As the traditional sector is dapendant on
annual rainfall, it makes sanse o determing the raliability of rainfall.
We assume that rainfall is random and denoted by ¥: and tis time
and is discrete. According to Hashimoto ot al (1982) rainfall events
can ba divided into two sets: sucoess (5) and failura (F). Tharafora,
the reliability of a system is measurad by the protability of the

@ =Prob[X, = 5]

Using the climatic baseline period (19850 - 1900), for the Khunishe
area in Kgatleng District the probability of the rainfall being a
sucoess i 0.5 based on the mean rainfall of 377 mm per year. The
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astimatad reliability for the study area is in agreement with othar's
findings (Tsheke, 2003). This probability measwes the chance
whan rainfall in any year is above a long-term maan. Vulnarability is
astimated basad on the reliability of the syskem. To assess this, a
sat of fallure events is further divided inte two sets, failure and sa-
varg failura, 5. Vulnerability is commenly affiliated with severa fai-
lure (Hashimoto at al., 1982). System vulnerability is thus estimatad
from sevara failure as follows (Hashimaoto et al, 1982)

V=255
EF
Whara,

v is the vulna rability index
3;is the indicator of severity in the set of failura variables
& is the probability of severa outcome from a set of failure

The probability of a severe outcome from the failure subsat the
during baseling pariod is 0.2 This is basad on the numbear of failures
only. On average, a severe failure of the system resultad in a kss
of close to 30% of the total cattle population, that s approximately
40 000 cattle lost when severe failure oocurs. Thus, in any year a
vulrerability index is estimated at 8000 cattla.

Adaptation strategy as a measure of vulnerability

Vulnarability of the cattle grazing sysiem to drought is a combina-
tion of various socioaconomic and physical attributes such as the
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Figure 2. Vulnarability of the sactor to impacts.

drought menitaring systams. The monitaring sy stam detarmines the
praparedress of a housshold to drought. The socioaconomic
vanables detarmine the exiont of adaptation to drought. Schroter
and ATEAM Consortium (2004} depict vulnarability of sactors or
systams to failure as in Figura 2.

Exposure and sansitivity of the system to a failure is a function of
management while adaptive capacity is a detarminant of income.
Cattle management deals with the stocking rates and the
depandancy on rangeland biomass for feed. Thus, these ftwo
factors define the exposura of the traditional sector to severa
failura. As noted, the traditional sector is charactarised by high
stocking rates. This exposas the cattke to failure. Responses to
drought wamings are also slow and this exposes the cattle system.
Somea of the factors that influenca slow responses to drought are
the following: due to the public nature of the communal grazing
lands, farmers faar that as soon as thoy sall their stock, someona
willincraasa their stocking rates and tharefore take up their grazing
space, This argument is linkad to the free-niding and tragady of the
commons thaory (Vink and Kaisser, 1997, Boonzaiar et al., 1990).
Sacondly, most of the farmears in the Kgatlang District espacially in
tha east and southaast part of the distrit are small farmears and
tharefora they cannot furthar reduce their catte numbers due to
oxisting low numbears. Othar factors includa lost weight during the
pra-drought period and the low prces cattle will attain on the
market. Lastly, many rush to sell and tharafora the supply exceads
demand leading to further reductions in prices. Moreovar, the
markat cannot absord the number of cattle that farmears are wishing
to sall. It has bean anguad that low prices for cattle ara one of the
disincentives for farmers to sell (G50, 2000). Thus, high stocking
rates persists through droughts.

Thasa factors increasa exposure of the cattle sactor to drowght in
Kgatleng District. The problem is exacerbatad by the cattle sactor's
depandance on rainfall biomass production. All of the 34 farmers
inkrviewad in the Kgatleng District indicate that they do nat buy
supplemantary faad for their cattle, even during drought years. 10
farmers indicate that thay occasional buy salt licks for the cattle as it
is affordable. Obviously, as farmers’ income depandant on saks of
cattle, it means that farmears’ Ivelinood are depandant on rangeland
productivity. Household income determines the ability of the farmers
to purchase supplementary feed espacially hay and bona meal to
compansate for the dacling in grass productivity.

Approximately 7.5 kg of forage would be required each day given
that a cow's average consumption is approximataly 2.5% of its
avarage body weight (300 kg). During severa droughts this i the
amount that a farmer would nead to supply each stock unit par day
to maintain production. Basad on the cost of hay and howsahold

income which is assumad to be a function of offtake rates, Figure 3
dapicts the cost of supplementary feed and the farmers’ ability to
pay on a monthly basis. The difference batwaan the cost of ked
and the housahold income is the measures of the exposure of the
cattle sactor to drought.

High supplemeantary foad costs combinad with the low income
[from low offtake rates) leads to adaptive manage mant that is totally
depandant on rangeland biomass. At presant it is aconomical for
subsistenca farmars to practise low-cost farming even though it is
highly wulnerable to drought. The management system of not
undartaking any adaptation measure may not bo wnuseal. Hashi-
mata at al., (1982) argue that it is important to realisa that afforts to
maximisa system efficiancy and reliability can actually increase a
system’s vulnarability to costl failure, should failure occur. That is,
if much resources are allocated in reducing the systam's wulne-
ralility to a failure, tha costs (total cost incumad inreducing vulnera-
bility and costs incumed during and after) can be too high compared
to if the systam fails with fewear resources amployed (Figurs 3).

Climate scenarios and drought for the swdy ansa

Climaty scanarios for the study area ware generated using the
SimCLIM software (Warrick ot a., 2005). SimCLIM software uses
the global circulation models as inputs and SBES emission scona-
nios to ganerate local climata sconarnios. In this stedy, HadChM3 and
CSIRO Mk2 GCMs ware usad to devalop climat scanarios for the
study aroa. In addition, the A1B, AIFT and A1T SRES omission
soananios were salected. Table 2 depicts the parcantage change
batwaen the baseline data (1980 - 1990) and 2050 for tamperatura
basad on GCM results with different emission sconarios.

Table 3 shows the perceantage change for rainfall betwean
basaline and 2050, overall the annual avarage changa in pracipi-
tation is a declire of betwean 3 to 9%, Under the CSIRO Mkz2 GCM
and A1FT emission scanario by 2050 avarage annual pracipitation
could be raduced from the currant (1980 - 1980} average of 377
mm year” to 337 mm year’, an decline of 11% (Table 3).

By 2050, the fraguency of drought occumanca could incraasa.
For instanca, for the basaling, the return paricd of drought was two
yaars and, by 2050 the return period could be betwean 1.6 and
1.75 years depending on the GCMs used and SRES emission sce-
nanos as shown in Table 4. Ancthar amarging issue is the fact that
tha intensity of drought could also be alterad, as mild drowghts that
ware expenenced during the baseline could become severs in
futura. Drowght intansity can be estimated by the differance
batwaon annual recorded procipitation and the long-tarm averaga,
a5 pracipitation could dacline with climate change, it means that the
intensity of drought could comcomittantly incroasa with climate
change (Table 3.

Implications of shifts in droughts for the cattle sactor of the
Kgatleng district

Climate change will challonge the livestodk sector which supports a
majority of Botswana's rural population. For the cattle sactor to
survive potential alterations in drought fraquancy and magnituda,
offective range manageament will be neadad in unison with clear
policies from governmant. As seen, by 2050, the raturn period of
drought coukd be shorter than the bassline ratern period (1960 -
1980}, Thus, the frequancy of drought will increase. In addition, the
magnitude of drought may also increase owing to a dacling in futura
praciptation coinciding with increased in evapotranspiration as a
result of higher temperatures. The exposure of the caltle sector to
drought means the rural population is highly vulnerable to drought
and ralaked climat changa. As drought ara cyclical inthe country,
tha 1983787 and 1990 type drowghts may in future ba magnified by
climate change.
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Figure 3. Ralationship batwaan cost of supplementary faading and housahold incoma.
Table 2. Temperature increase in *C by 2050
Months| CSIRO Mk2 A1T| CSIRO Mk2 A1B | CSIRO Mk2 A1FT | HadCM3 A1B [Had CM3 A1FT Had CM3 A1T
1 1.31 1.08 1.%3 1.48 1.50 1.73
2 110 0.92 1.16 1.50 1.92 1.78
3 1.08 0.90 115 1.51 1.83 1.84
4 1.08 0.90 115 21 270 2.54
5 1.35 1.12 1.43 2M 3.48 3.28
6 1.58 1.32 1.63 2.42 310 2.90
7 2.00 1.65 212 232 297 2.45
g 171 1.41 1.81 21 270 2.52
9 1.22 1147 1.4% 1.98 2.54 2.40
10 1.54 1.30 1.68 1.74 223 210
11 1.38 1.15 1.47 1.66 EAR 2.00
12 1.42 1.18 1.50 1.66 213 2N

As rural household income is intricataly linked to cattle sales, i
maans that drought could thraatan the income of rural communitios.
By tha yaar 2050, the raturn pariod of drought could be shorter and
those that do occur could be mor intanse. The frequency of
drought has sanous implications for post-drought recovary of th
cattle population. Ovar the yoars, cattle populations have recoverad
im poth numbers and weight in praparation for subsaquent drowghts.

Howewvar, with potentially shortar return pariods, the cattle seclor
may hava littha time or no time to recovar as was ovidant in the
drought of 19821987, Dua to the recumanca of the 1982 - 1387
droughts, livestock did not recover from the pravious drought. In
fact, it & durng these droughts ewvents, where, the national herd
was heavily impacted. Thus, it is possible that in future, farmers’
income will decline pracipiously owing to lower prices for lean cat-



Table 3. Pracipitation scanario for 2050,

GCM Emission scenario | Average %change | Max % Change | Min %change
AR -347 2.14 -5.09
HadC M3 AIFT -4.00 2.66 -10.50
AT -3.86 2.50 -10.00
AR -7.53 0.50 -5.09
CSIRD Mk2 AIFT -3.50 0.58 -11.00
AT -9.09 0.58 -14.40

Table 4. Extrame avent analysis for drought.

GCM Emission Scenario| Beturn perod

Basaling 1900 2.00
AE 175

HadCM3 AFT 175
AT 175

AE 1.66

CSIRO Mk2 AFT 1.66
AdT 1.66

cattle. Sacondly and, more seriously, the losses from drought in
terms of cattle perishing may be devastating. For farmers with small
herds, the frequency of drowght may put tham out of businass. The
shortar raturn pariod may be too short for the animal to have gained
waight and be strong to resist the next drought as noted by Mati at
al. (200€) in Kanya.

Petantial mitigation and adaptation measures against climate
change impacts

As demanstratad in this paper, haavy reliance on ANPP increasas
vulnarability of traditional livestodk sector to climatic variability
particularly drought. Obwviously, reducing raliance on ANPP i an
adaptation measura to mitigate the impacts of drought and climate
change to cattle sactor. This can be dona through changing the
cumant livestock production regime from traditional to commercial
production practisas. As indicated, farmers’ incomes are low be-
causa of low offtake rates. Through commercialisation of tha sactor,
farmars will ba able to afford buying livestock feads during drought
yoars, Howevar, for commercialisation to take place thore is a nood
to imiprove the markat structures for livestock in the country. Linked
to the commearcialisation of the lwestock i improvements in the
oarly warming systms for drowght, this measure can reduce the
impact of drowght by warming farmers to sall early and buy fead for
the remaining livestock. Diversification or mixture of small stocks
(goats and sheep) i one of the possible and most attractive adap-
tation measuras against drought. 1t has baan found that goats do
betir than cattle dering dry seasons and drought (Lebbie and
Kagwini, 1998). Lastly, farmars should be ancouragaed to stock-pile
crop residues during normal and above normal rainy yoars and use
for supplementary feding during drowght years.

Conclusions

Botswana's cattle sector is highly exposed to drought as

was evident in the 19831987 and 1990 when famers
incurred heavy losses. There are varous factors that
make cattle farming highly vulnerable: the sector is totally
dependent on rangeland biomass which in turn is detar-
mined by annual rainfall. Secondly, stocking rates are
high leading to overgrazing. Thus, during drought, al-
ready limited forage is guickly depleted leading to pro-
longed period of drought-stress than would have been
the case with lower stocking rates. Lastly, farmers’ in-
comes are generally too low to enable them to afford
supplementary feed during drought. The adaptation cost-
income ratio to estimate shows that the cattle sector of
the Kgatleng District is highly exposed to drought and
future vulnerability is likely to increase. Very few famers
have adapted to drought other than to keep stocking
rates high so that the probability of at least some cattle
surviving the drought increases. This drought manage-
ment strategy actually increases the negative effects of
drought. Climate scenarios for the Khurutshe arsa indi-
cate that by 2050, there could be an incrzase in tempe-
rature of as much as 2°C and a decline in rainfall by as
much as 11%, the daclines differ considerably depending
on the seasons. In addition, the return period of drought
may be shorening by 2050 from two years to 1.6 years
by 2050. These changes will have a profeund impact of
the livestock sector. Firstly, it is possible that a shorter
return period is too short for cattle to recover and with-
stand another drought. Secondly, droughts may in-tensify
due to a decling in raintall. The overall impact on the rural
population will be leaner cattle fetching lower prices thus
raducing houszhold incomes. Moreover, houszholds may
also experience heavy losses in terms of cattle that
perish. Climate change seriously threatens

future food security (and economic sustainability for sub-
sistence farmers) in rural Botswana through its influence
on drought.
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