

























































































1.8.2 The Walker Circulation and the Southern Oscillation (SO)
No consideration of southern African weather can ignore the effects of El Nifio. The Walker

Circulation and SO are two atmospheric conditions that have major impacts upon the climate of
southern Africa and their effects will be described. The Walker circulation is the name given to
a series of linked atmospheric cells between South America, Africa and Indonesia that have an
important influence on the atmosphere in the southern hemisphere. The cells respond to
changes in the temperature of the surface waters across the east and west Pacific Ocean and
major pressure oscillations in the atmosphere become established as a result. This oscillation
between the Pacific and Indian Oceans is called the SO and is observed by measuring the
pressure differences between Tahiti and Darwin. When the difference is ‘positive’, the SO is in
a ‘high phase’ (La Niﬁa}, and this means that over Indonesia sea surface temperatures (SST)
are high and the pressure falls, while over the eastern Pacific SST are low and the pressure

rises.

During the ‘low phase’ (El Nifio) of the SO, SST over the eastern Pacific increase, reversing the
pressure gradient between that region and Indonesia. The surface pressure over Indonesia is
now comparatively higher than over the eastern Pacific and the Walker Circulation weakens in
strength and may even reverse. This is accompanied by weakening westerlies and a
movement of the South Pacific cloud-band convergence zone eastwards, bringing arid

conditions to the western Pacific and rain in the eastern Pacific.

What is important for Africa though, is that contemporaneous changes in the cell positions also
occur over the Indian and Atlantic Oceans. Over Africa, the ‘normal’ high phase zone of
convergence and uprising over eastern Africa moves eastwards offshore, bringing below-
normal rainfall conditions and drought to Africa. The differences are shown schematically in
Figure 1.11. El Nifio events (sometimes referred to as El Nifio-Southern Oscillation or ENSO
events) move the cloud band convergence zone offshore over the Indian Ocean and with it the
highest rainfalls. However, the link between the SO and southern Africa’s rainfall is not always
clear and only explains 25% of the rainfall decrease (Preston-Whyte and Tyson, 2000).
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Figure 1.11: Schematic representation of the anomalous Walker Circulation over
Africa.

| The situation in the upper diagram occurs during the high phase of
the SO and results in above-normal rainfall over southern Africa,
while the lower diagram occurs during the low phase and resuits in
below-normal rainfall in southern Africa. Light lines indicate surface
flow while heavy lines denote upper tropospheric conditions.

Source: Preston-Whyte and Tyson, 2000,

From 1890 to 1990 there have been eight approximately nine-year periods of generally wet,
above average rainfall years, followed by periods of dry, below-average rainfall years (Preston-
Whyte and Tyson, 2000). For example, wet spells have occurred over southern Botswana,
South Africa, Namibia and Zimbabwe during the period from 1971/72 to 1980/81 with a
corresponding drier period between 1962/63 and 1970/71. These periods have affected most
of southern Africa though not always in the same place or to the same extent. The wet periods
are linked to the atmospheric conditions in the part of the Walker Circulation cell positioned over
Africa. During the wet cycle, the ascending limb of the African Walker celi, that contains the

18



area of maximum tropical heat release and cloud band formation, is situated over tropical

central Africa. Whereas during the dry cycle, this limb moves eastwards offshore

replaced by a dry descending fimb over tropical Africa (Figure 1.12).
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Figure 1.12: Model of the anomalous meridonal circulations over southern Africa

during spells of years of predominantly wet or dry conditions.

Also s_hcwn are the relative positions of the upper-tropospheric
Atiar}trc wave, preferred zones for cloud formation, the surface
manifestations of the South Atlantic Anticyclone and the location of

storm tracks.

Source: Preston-Whyte and Tyson, 2000.
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1.8.3 Climate change implications for Botswana
During the period 1980 to 1996, the Southern African Development Community (SADC) region

experienced four major droughts; during 1982-83, 1987-88, 1991-92 and 1994-95. The first
and latter two were severe droughts on a regional scale while the one in 1991-92 was the worst
in the region’s living memory (Ncube, et al., 1999). All of these were associated with the ENSO
phenomenon in the Pacific Ocean. Figure 1.13 shows the percentage departure from normal
rainfall in arable areas in Botswana (from October to April) between 1920/21 and 1980/81, El
Nifio years are shown in white. Current scientific knowledge suggests that the region will
become more prone to low rainfall conditions. Periods of drought are going to become more
frequent and greater in magnitude, with the climate becoming drier and warmer as we enter the
new millennium (Ncube, ef al., 1999).
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Figure 1.13: Percentage departure from normal rainfall in arable areas from
1920/21 to 1980/81 (October - April). White bars are El-Nifio years. -

Bource: Bhalotra, 1987

Botswana rainfall has varied greatly since the late 1960s as Figure 1.14 illustrates. Data prior
to 1959 are very meagre but droughts appear to have occurred during 1969/70, 1972/73,
1978/79 and 1981/82 through to 1986/87. The drought in the early 1960s took the country by
surprise, peaking after five years in 1965 (Bhalotra, 1987).

Seasonal rainfall during the course of the rainy season between October and April is variable,
for example, over Gaborone between 1925-80 (Figure 1.15). Rainfall usually peaks at pentad
17"-21%* December followed by a striking dip that extends through to the 6-10" January. This
decline is due to the decreasing frequency with which westerly troughs affect Botswana due to
the more southerly latitude they take with the advance of the summer season. The increase in
rainfall in mid-January is due to tropical influences from the ITCZ and Zaire Air Boundary (ZAB)
that descend upon the region from the north, peaking at pentad 26/30" January in Gaborone.
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The third peak in rainfall occurs between the 2-6™ March and is the result of westerly troughs
again extending further northward and interacting with tropical systems that are still over central
Zambia; causing these systems to advance temporarily southward (Bhalotra, 1987).
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Figure 1.14: The departure from normal rainfall in Botswana rainfall from 1969/70
to 1984/85 (mean of 34 stations)

Source: Bhalotra, 1987.
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Figure 1.15: Mean pentad rainfall in Gaborone between 1925-80 (mm).
Source: Bhalotra, 1987.

There is much worldwide debate, concern and uncertainty about climatic changes in light of
greenhouse warming and its possible impact upon southern Africa and Botswana. Predictions
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of regional increases in temperature between 0.8-1.7°C depending on the location have been
suggested (Dalal-Clayton, 1997 and Hulme, 1996). Rainfall, however, appears harder to
predict. Estimates suggest that it will fall between 6-13% by 2030 while others suggest an
increase between 7-14%. Southern Africa has experienced a temperature increase of 0.5°C
since the 18" century (a pattern similar to global changes) (Dalal-Clayton, 1997). The warmest
years this century have occurred since 1980 and the warmest and driest decade was between
1985-94. The World Wildlife Fund (WWF) predict a further warming of 1.7°C by the 2050s
(Dalal-Clayton, 1997). '

Three patterns of possible climate changes have been proposed. However, the wide range of
possible outcomes is typical of the current generation of climate models, and narrowing this
range in order to predict regional rainfall changes is still some years away (Hulme, 1996). The
three scenarios are (Hulme, 1996):
e A ‘core’ scenario that envisages a modest drying over much of the region together
with changes in variability and an increase in temperature.
o A ‘wel scenario where most of the region gets wetter and warmer.
e A ‘dry’ scenario in which rainfall decreases over the region by up to 20%, and
temperatures increase.

In the ‘core’ scenario, a rise in the mean surface air temperature of 2°C, particularly during the
dry season, would occur over the southern Africa interior upland plateau that encompasses
Botswana, eastern Namibia and Angola, and western Zimbabwe and Zambia. The rate of
warming between 1961-90 and the 2050s, about 0.2°C per decade, is four times what the
region has experienced on average during the last century. Small increases in the average
annual diurnal temperature range would occur, though this would decrease by a few tenths of a
degree Celsius during the peak wet season (December fo February) (Hulme, 1996).

The ‘wet’ scenario forecasts annual rainfall increases of up to 20% or more over the interior
upland plateau, with the maximum increases over eastern northern Botswana, Angola and
Zambia. Under the ‘dry’ scenario most of the region experiences a drying with annual rainfall
decreases by 10% or more over Zimbabwe and surrounding areas.

1.9 Economic and social dimensions

Botswana boasts one of Africa’s highest levels of economic growth with an average growth rate
estimated at 6.9% in 1998, this nevertheless represents a decrease from an average of 13%
between 1966-1991 (Ahmed, et al., 1989). The drop is largely the result of a slow down in the
diamond market in which Botswana holds the world’s second highest supplier position from
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mines such as Orapa and Jwaneng. The decrease in the demand for diamonds caused an
acceleration in the Botswana Government’'s commitment to encourage new industries and this
led to a policy called ‘Sustainable Economic Diversification’ that gained the focus of the Eighth
National Development Plan (NDP) from 1997-2002 (Ahmed, et al., 1999). Much progress has
since been made in further developing the motor vehicle industry, manufacturing, livestock and
tourism industries. A higher emphasis is also being placed on regional trade and economic co-
operation where both SADC, and the Economic Council for Africa (ECA) based in Addis Ababa
in Ethiopia, are leading the way into new approaches to development. The Mid- Term Review
of NDP8 is currently ongoing to determine whether implementation of the plan is on course, or
whether some adjustmént action is required in addition to determining the focus areas for NDP9
that will run from 2003 to 2009 (Ahmed, et al., 1999). Indications suggest that HIV and AIDS,
poverty eradication, ;gender equity and information technology are likely to form the

government’s focus at the start of the new century.

One consequence of this development has been a significant increase in the level of effective
demand for goods and services. Sustainable agriculture has for many years formed the
backbone of rural communities but many people suddenly began to experience a transition.
They have realized that agriculture can no longer provide for them an acceptable form of
employment and that the standard of living it provides is not as high as they would like. Before
the sudden diamond prosperity, sustainable agriculture was acceptable as one of the few
available livelihood mechanisms for the majority of the population, but the expanding country’s
wealth and infrastructure base opened up for many people easier and more lucrative forms of
employment (Ahmed, ef al, 1999). This development created a rapid wave of rural-urban
migration and urban growth as the urban population figures from the UNDP’s Human

Development Report in Table 1.3 illustrate:

Year Total Population Urban Population (as = Annual population

{millions) % of total) growth rate (%)
1975 0.8 12.0 | 3.3(1975-1997)
1997 1.5 66.1 1.4 (1897-2015)
2015 2.0 88.7 -

Table 1.3:  Population statistics in Botswana from 1975 to 1997 and projected to
2015

Source: UNDP, 1989
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1.10 The agricultural sector

Farming in Botswana comprises both modern and traditional agricultural practices (Ndege,
2000). Modern practices constitute 10% and include sprinkler irrigation farming, micro-jet, drip
irrigation and gravity irrigation through furrows, basins and border strips. Traditional farming
makes up the remaining 90% and consists entirely of rainfed agriculture. Botswana’s
predominant soil type is the sandy loam, but clayey soils are also found at Pandamatenga and
rocky soils in the country's hilly areas. There are approximately three million cattle in Botswana
that are reared both for economic and social reasons. They are traditionally reared in
communal farms but in estates for more modern agriculture. Botswana’'s small stock comprises
2.1 million goats, sheep and pigs, while other reared livestock include donkeys, horses,
ostriches and camels. Vegetable crops grown include potatoes, sweet potatoes, carrots and
beetroots. Cereal crops comprise maize, sorghum and millet, while cash crops consist of
sunflowers, groundnuts and cotton (Taylor, 1997).

A similar scenario is, and has already, developed in Botswana today. Many Batswana are
viewing the easier availability of food, particularly that imported from within SADC but also
further afield, as an adequate and relatively easier alternative to that of developing the country’s
domestic agriculture or participating in sustainable agriculture. With foreign agricultural
commodities being imported relatively easily info Botswana, this either depresses or stabilizes
the rate of price increases in the home-grown food market, which in turn reduces the wage
earnings for those employed in the agricultural sector (Allan, ef al., 1973). Simultaneously, the
wages being earned in urban areas are rising in relation to the income generated in rural

villages and lands areas.

Economic development in Europe, the United States and Japan was borne out of technological
innovation and increased productivity in agriculture (Allan, et al., 1973). The pursuit of wealth
and success usually brings with it a sudden increase in the demand for food and materialistic
possessions, The expanding urban population and higher disposable income among
Batswana, and neighbouring South Africans now living in Botswana, increased this demand.
Under normal conditions, such demand for goods and produce would trigger a strong
resurgence in the agricultural domain. However, as a result of the climate, previous years of
drought and the resulting despondency in farming, coupled with the low state of agricultural
technology, such a comeback has not occurred.

Another reason could be the higher profits on investment in the trade and service sector of the
economy (Allan, et al.,, 1973). One of the consequences of droughts in Botswana; 1968-70,
1974-75, 1979-80, 1981-87, 1990-91 and 1991-92 (Thormpson, 1993) has been that the risk of
repeated drought has undermined livelihoods and possibly squeezed people out of farming.
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1.11 Presenting HIV/AIDS

Droughts are not the only risks that communities are confronting in Botswana. HIV/AIDS is fast
becoming one of the greatest social crises to affect not only Botswana but also the whole of
southern Africa. Ilts effects and extent are far reaching. HIV/AIDS is not constrained to a
particular racial group or livelihood status, but has the potential to impact people in every social
class and in every form of employment from agriculture to economics.

“The HIV/AIDS epidemic in Botswana is the deadliest emergency and the biggest

social and economic crisis facing the country ioday. After three decades of
sustained economic growth, HIV is threatening to wipe out hard won gains in social
development, ‘including improvements in child health, nutrition and education”
(UNICEF, 1999).

Impact on agriculture and water resources
The impact of AIDS on agriculture has been studied extensively in Tanzania where it has had

adverse effects such as the loss of labour supply and remittance income (Boninger and Stover,
1999). The loss of workers particularly affects the periods of planting and harvesting, and
significantly reduces the size of the harvest. This causes farmers to switch to less labour-
intensive crops, and often from export crops to food crops, in turn affecting the country’s export
earnings (Bollinger and Stover, 19889). In Botswana, many households rely on subsistence
agriculture, so the impact of HIV/AIDS will be felt severely with a decrease in labour supply and

production.

On a household level, the death of an adult represents a lost input to the household’s
productive activity. This has the result of pushing more and more people closer to the poverty
line. In Botswana, this is set fo increase as 48% of the population is under the age of 18, and
most deaths from AIDS occurs in the sexually active age groups (Bollinger and Stover, 1999).

One of the effects of the epidemic on society will be lower food production, increasing people's
risks to malnutrition, both to infected people and their associated non-infected family members
{Goma, 1999). Poor nutrition is one of the factors that contribute to a shortening of an AIDS
patient's life. The issues of food productivity, however, are complex and are certainly not the
only contributing factors to lowering people's tolerance to iliness. The recognition and
addressing of HIV and AIDS in agriculture will set a precedent for development campaigns.

HIV and tuberculosis (TB) unexpectedly attack the human immune system producing a silent
impact on a community, including productive subsistence farming communities who are the
main producers of agricultural goods (Goma, 1998). AIDS weakens a person’'s activity and
prevents them from leading a normal life thus leading to a reduction in the agricultural
workforce. Households and communities may consequently have to abandon their agricultural
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lifestyle, inviting poverty in if many people are affected. People may also experience disruption
of the family unit, isolation from society and financial burdens as they search for treatments.
The AIDS crisis is, and will continue to, directly impact the heart of people’s food security, the
labour force, community life and sustainable development. In order to reduce the effects, it is
essential that mitigation skills be incorporated into sustainable development projects to reduce
the effects of the virus in Africa (Goma, 1999).

The loss of even a small number of highly trained engireers could place entire water systems
and large quantities of investment at risk. Such people are required for the constant
maintenance and development of wells, dams and water pipelines. They are also, however,
particularly susceptible to HIV because of the need to spend long periods away from their
families, increasing the likelihood of multiple sexual partners. The same is true for people who
operate transport services, such as truck drivers and train crews. The government faces the
dilema of improving transport, as an essential component of national development, while
protecting the health of the workers and their families.

Impact on macroeconomics
AIDS has the potential to severely impact the Botswana economy because it is different from

other diseases in that it strikes the most productive age group. There are two major economic
effects. There will be reduction in the size of the labour pool and labour supply from among the
county's young adult population that will affect the overall economic output, particularly if it
includes the economic elite. Moreover, costs will increase. The direct costs of AIDS include
capital for funeral expenses and medical care and drugs, whereas indirect costs include lost
working hours due to iliness, higher recruitment and training costs to replace workers, and
caring for orphans. |If these costs are borne out of people’s savings, then their decline in
investment could significantly reduce economic growth, see Figure 7.2 (Bollinger and Stover,
1999).

AIDS, it is forecast, will reduce economic growth by an average of 1% per year (Barnett, 1999).
Estimates of the macroeconomic impact of AIDS is difficult to assess as it involves assumptions
about how AIDS affects savings and investment rates, as well as whether it will affect the
better-educated employees more than others. The impact may be small, especialh; if there is
an unlimiting supply of labour and worker benefits are small (Bollinger and Stover, 1999). The
macroeconomic impact of HIV/AIDS in Botswana may not be substantial, at least not at first.
This is also because labour-intensive economic sectors such as agriculture and certain
industrial sectors, do not contribute to GDP as much as the mining sector does (Botswana
produced one-third of the diamonds mined in the world during 1998 (Barnett, 1999)), which is
not labour-intensive (Bollinger and Stover, 1999). Table 1.2 showed that agriculture comprises
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25.69% (in 1991) of the economically active labour force compared to the mining and quarrying
industries that employ 3.50%.

AIDS also brings implications for income distribution and government budgets. Factors that
require consideration include a reduction in the number of available workers and productivity as
less experienced workers replace those currently at work. The population growth rate was
3.4% per year in 1987 (Moremi, 1987). It has been estimated that AIDS will reduce the current
population growth rate in Botswana from 2% to 1% per year and consequently the current 20%
unemployment rate will also fall because of the lower population growth rate (Barnett, 1999).

The result can be higher domestic production costs as the shortage of workers leads to higher
wages, as people fbecome more valuable. Higher production costs can lead to a loss. of
company competitiveness and, internationally, a loss of foreign exchange earnings. As a result
of greater health care costs and a loss of worker income, the decrease in private savings and
government revenues may mean that less capital is available for employment creation in the
formal sector, which is particularly capital intensive. As a result, some workers may be pushed
from their high paying jobs in the formal sector to lower paying jobs in the informal sector.

HIV/AIDS prevalence in Botswana
There are three main reasons for the high rate of HIV/AIDS prevalence. First, denial about the

existence of AIDS is widespread. Second, there has been little change in people’s sexual
behaviour, and Third, the high rate of sexual activity among young people (UNICEF, 1999). In
major urban areas, more than 30% of all pregnant adolescent women are infected with HIV.

Botswana has one of the highest regional adult (15-49 years) prevalences of HIV infection in
southern Africa, standing at almost 25% (Zawaira, 1999) (note a figure for South Africa was not
given), see Figure 1.16. Awareness and commitment to fighting the AIDS crisis has been
prevalent in Botswana since the first AIDS case was diagnosed in Gaborone in 1886 (Moffat,
1999, pers com.). However, Government commitment to education, unemployment and AIDS
has not brought the commensurate results. Education programmes have included billboards
around the country showing slogans such as ‘The ABC of living: Abstinence, Be faithful,
Condomise,’ and these have helped to educate the population but not stem the rising tide of

infections.
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Figure 1.16: Estimated adult (15-49 years) HIV prevalence in most affected
southern African countries (%)

Source: Zawaira, WHO Annual Report, 1997

The Batswana have shown a delayed acceptance of AIDS as a national emergency and this
has seriously hindered the impact of the Government's response (Ahmed, et al., 1998). The
issue of HIV and AIDS is a critical component of Botswana's poverty eradication programme. A
Botswana Government Tripartite Review (TPR) of tne AIDS programme was completed in June
1999 and was attended by the Permanent Secretary. The evaluation acknowledged that:

“The commitment of Government, which is increasingly present to treat AIDS as a
national emergency with enormous socio-economic consequences requiring the
direct involvement of a broad range of Ministries, has not been effectively transiated
into impact at programme level” (Ahmed, et al., 1999, p.5).
The majority of Batswana have not accepted AIDS as an issue they can impact through
changing their behaviour (Moffat, 1999, pers com.). Some of the continued scepticism has
been blamed on a lack of reliable, up-to-date information. Botswana has known that an AIDS
crisis was coming to the country since 1986 when rates were less than 1%, and even then “this
represented a ‘voice calling in the desert' (from John 3 vs.4) for recognition and immediate

action” (Moffat, 1999, pers com.).

Increase in orphans
During the year 2000, it was predicted that AIDS would be responsible for 64% of deaths of

children under five years old in Botswana that year (UNICEF, 1999). A similar forecast was
made by the Ministry of Health which predicted that the number of AIDS orphans under the age
of 15 in Botswana would be 65,000 by the end of that year (Barnett, 1999}. The rate at which
children were orphaned quadrupled between 1994 and 1997; in 1997 around 4% of all
Botswana’s children under 15 had been orphaned because of AIDS (UNICEF, 1999).
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By the end of 1992, extended members of the family, including those who had themselves been
orphaned, were caring for 95% of these orphans. It is not clear, however, whether this coping
pattern will continue given the increased number of AIDS orphans (Bollinger and Stover, 1999).
A National Orphan Programme was established in April 1999 to respond to the needs of
orphaned children. It is run by the Ministry of Health (through the National AIDS Control
Programme), the Social Welfare Division of the Ministry of Local Government Lands & Housing
(MLGL&H), as well as NGOs, Community Based Organisations (CBOs) and the private sector.
The NGOs and CBOs who have taken the lead in supporting foster families include the
Botswana Christian Council, the Botswana Christian AIDS Intervention Programme, Tirisanyo

Catholic Mission and’ Childline Botswana.

The programme is fesponsible for co-ordinating the registration of orphan data through a
national database, identifying and addressing the needs of foster children and parents, training
community volunteers in basic childcare, providing HIV/AIDS counselling and reviewing and
developing government and child protection policies. However, the country’s high-level officials
have only recently begun to speak about the problem and make it a national priority (UNICEF,
1999). NGOs and CBOs are newly working together in the area of childcare and children’s
rights in Botswana, and the programme is a first critical step towards halting the spread of AIDS

and mitigating its impact.

Botswana has experienced a 400+% increase in the number of children being orphaned by
AIDS over the last three years (Mukwaya, 1999). Botswana also lies 6" in a compiled table of
the number of children orphaned by AIDS in Sub-Saharan African nations where 390 out of
every 10,000 under-15 year olds have lost their mother or both parents to AIDS. This
compares with Uganda with 1100, Zambia with 890, Zimbabwe with 700, Malawi with 580, Togo
with 400, Mozambique with 180, Namibia and South Africa both with 110, and Lesotho with 100
(Mukwaya, 1998). Projected percentage of under-five child mortality due to AIDS between
selected African countries for the years 2000-2005 illustrates that Botswana is expected to
have a 65% under-five child mortality compared fo the next highest countires of South Africa
and Zimbabwe with 50%, see Figure 1.17.
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Figure 1.17: Percentage of under-5 child mortality due to AIDS, projected for
2000-2005

Source: Mukwaya, 1999

The mounting number of orphans in Botswana is increasing calls for a wider fostering
enterprise where members of the extended family or community tend for the orphaned children
aided by government assistance (Moffat, 1999, pers com.). However, the host families use
much of the money given at present and little benefits the children themselves. Two ‘SO8’
villages currently exist in Botswana, one in Gaborone near Tiokweng and the other in
Francistown, but these only house between 80-100 children each. Spread of the virus could be
arrested in the new generation if they changed their behaviour and there have been campaigns
all the way along but they have failed as the knowledge has not altered habits (Moffat, 1999,
pers com.). Children who have lost their mother or both parents are society’s most vulnerable
members. Socially isolated because of the AIDS stigma, they are less likely to be immunized,
more likely to be malnourished and illiterate, and more vulnerable to abuse and exploitation
(Mukwaya, 1999).

1.12 Coping and adaptive strategies

Having illustrated the risks that the rural population in Botswana face, attention now shifts to
examine responses to such risks and hazards. For generations, many traditional farming
systems in southern Africa conserved their soil and water in arid regions, and people and
livestock moved to find water and grazing areas depending on the rains. Population pressures
and rapid political changes are breaking down many of the strategies that naturally enabled
societies to adapt to their multi-faceted changing environments, and this is resulting in human
hardship, occasional tragedy and environmental degradation. There are two different strategies
that societies appear to use that enable them to overcome stresses placed upon them. First,
coping strategies that are defined as short-term responses to an immediate and habitual
decline in access to food. Second, adaptive strategies, that signal a permanent change in the
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variety of ways that food is acquired, irrespective of the year in question (Davies, 1996).
‘Coping’ essentially means acting to survive within the particular system’s prevailing rules but
when adaptation occurs, the rule system (or the moral economy) itself changes.

The idea of cycles of food insecurity and recovery is central to the understanding of change
within food-security systems. But within these cycles, distinctions need to be made between
habitual seasonal variations and more unusual, unseasonal disruptions or shocks. While
coping strategies help analyse how food-insecure households adapt to changes over time, one
must recognize the transition from coping to adaptation. Coping strategies by themselves
cannot alone explain system change (Davies, 1996). Unlike many parts of the world, many
adaptive strategies in southern Africa remain deeply rooted in society and are of great strength
in times of hardship. The need to be aware of, understand and build upon these adaptive
strategies is, and must continue to be, a feature of initiatives across the region.

1.13 Botswana’s past response to drought

Botswana gained its independence after the height of a severe drought that gripped the country
from 1961 to 1965, and further droughts followed in 1968-70, 1974-75, 1979-80, 1981-87 and
1991-93 (Manamela, 1993). The new independence leaders had little opportunity to prepare for
the drought crises, not least because they were trying to reduce large budget deficits and
establishing their authority (Holm and Morgan, 1985). The frequency of drought has had a
major impact on the way that policy and programmes have been developed to cope with
drought, and, indeed on the country's performance as well. The challenge for Botswana's
drought effort has been to bring about more rural development with less rain, that is, to
‘drought-proof’ the economy and to reduce poverty in rural areas, apart from drought relief.
Poverty renders a large proportion of the country’s population vulnerable to the adverse impact
of drought, and recurrent droughts further entrench poverty (Manamela, 1993).

Drought affects the rural economy in two principal ways. First, it reduces income for many rural
households who are dependent on income from rain-based activities, such as arable production
and wage employment in agriculture. Second, drought erodes rural productive assets such as
livestock and other assets that are liquidated in order to replace lost incomes (Manamela,
1997). Food production is not only a source of food supply, it is also a major source of income
and livelihood for many people in southern Africa. As a result, any decrease in the food output
per head also tends to be associated with a reduction in the overall income. Botswana
experienced a decline in food production per head over the decade 1974 to 1984 of 44%,
compared with Zimbabwe at -23%, Zambia at -24%, and Mozambique at -30% (Dreze and
Sen, 1989). The extent to which this decline affects the country’s population though, is
determined by whether there is an expansion of alternative incomes usable to acquire food
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from other sources, such as through imports from abroad. If the country fares well despite the
decrease in food production, it is also because agriculture is not a primary source of income
and entitlement (Dreze and Sen, 1989).

Economic growth in Botswana has followed a very uneven pattern and has not been spread
equally across the population. Much of the growth since the 1970s was initiated by the
expansion of diamond mining, but which is a productive sector with little direct relevance to the
rural population. The 1970s saw increasing rural unemployment and falling rural incomes,
declining in real terms at the rate of 5% per year during the period 1974-81 (Dreze and Sen,
1989). The year 1981-82 marked the start of a severe drought that lasted through until 1986-
87. This would have seen an even larger decline if it were not for the mitigating effect of direct
public support measures such as an entitlement protection system that was exemplary in its
scope and integration (Dreze and Sen, 1989).

The entitlement approach to drought management considers the ability of people to command
food through formal means in society. They include production possibilities, trade opportunities,
entitlements handed out from the state, and other means of acquiring food. There can also be
own-labour entitiements where a person owns his own labour power for the purposes of trade
and production, and inheritance or transfer entitlements that people give him (Sen, 1981). A
person’s ability to have food at his command, or indeed, any commodity, depends on the
entitlement relations that govern the possession and use in that society. It depends on what he
owns, what exchange possibilities are offered to him, what he is given free, and what is also
taken away from him (Sen, 1981). The entitlement protection system established in Botswana
during the drought of 1982-87 involved three areas of action. First, the restoration of adequate
food availability, Second, the large-scale provision of cash wages, for example, through cash-
for-work schemes, and Third, direct food distribution to selected groups (Dreze and Sen, 1989).

The famine relief offered during the 1979-80 drought was an example of the ‘strategy of direct
delivery’, that is, the transportation and distribution of food. The operation was logistically
difficult though a considerable improvement occurred after the transportation was
subcontracted to private truckers (Dreze and Sen, 1989). While the 1982-87 drought was far
more severe and prolonged than that during 1979-80, the distress it caused to the population
was comparatively small despite the large disruption to the rural economy. This demonstrates
the effectiveness of the drought relief programme that was put into operation.

In 1981 the total national income from agriculture was Pula 121 million. As a result of the
drought, by 1983, the loss of livestock and crops was almost Pula 34 million, almost one-third of
the income produced by agriculture (Holm and Morgan, 1985). During the same year, the
government stopped the construction of all new housing in Gaborone in order to conserve
water in the capital, resulting in overcrowding, inflation in real-estate prices, and unemployment
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in the building industry. During the 1980s the government's relief programme had four
elements that helped to protect the poor against the effects of drought (Holm and Morgan,
1985):

e An effective system of food distribution. Almost 60% of the rural population had been fed
on a regular basis by 1984, in contrast to only 25% during the droughts of the 1960s.
Feeding programmes were stepped up in schools and health centres dropped their criteria
for medical selection and fed all pre-school children, pregnant and lactating women, and
tuberculosis patients.

¢ An increased employment scheme to provide short-term supplementary income. Adults
were paid at a }ate of Pula 2 per day during 1984-85 for their involvement in labour
intensive public projects that used traditional skills. For example, stamping sorghum grain
into flour for school needs, and improving local infrastructure. These labour-based projects
provided several million Pula each year in added rural income.

e Water was supplied through local councils whenever sources of domestic water failed, and
a rural drilling programme for small settlements was also speeded up.

e Agricultural projects were initiated to increase recovery from the drought. These included a
free basic seed package, low-cost draught power to those with few or no animals, stock
feed sold at highly subsidized prices, and cash grants given to farmers to clear and prepare
arable land.

As a result of these relief efforts and implementation of the above programmes, the 1985-86
period, for example, saw 384,000 people in vulnerable groups of the rural population reached
with supplementary feeding from a total foodstuffs supply of 53,000 tonnes. Food was also
provided to 18,000 Remote Area Dwellers (RAD) and 222,000 primary school children received
supplementary food to take home during school vacations (Moremi, 1987).

During the 1980s, Botswana's relief programme was directed at replacing lost incomes. The
average annual wage during this period was between Pula35-250 per household, depending
upon the variation in demand by region (Moremi, 1987). One line of argument followed that the
reliance of rural employment in Botswana on uncertain rainfall, together with the pre-existing
high levels of rural under-employment and unemployment and low levels of rural income,
helped to aggravate the 1980s droughts (Hay, 1988). These factors enhanced the vulnerability
of the population, increasing their susceptibility to reduced rainfall. Vulnerability is at least
partly expressed by income instability, and this was why income stability was a major objective
of drought relief as well as rural development strategies. Uncertain rural employment creates
conditions for rural people to become vulnerable to rain failure (Hay, 1988). Resultantly, one of
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the main lessons that Botswana offered other drought-stricken countries was an employment
and income famine management theory. This aimed to replace lost sources of income (though
not explicitly permanently) and offer short-term employment for those temporarily out of work
(Hay, 1988).

The Ministry of Finance and Development Planning, through its Rural Development Co-
ordination Division, is responsible for co-ordinating drought-related activities, which include the
early warning of drought and the implementation of relief activities. Other ministries that play a
part include the Ministry of Agriculture, the Ministry of Health and the MLGL&H (Manamela,
1993).

During the 1992 drought, the Food Resources Department of the MLGL&H had a much-
reduced role in supplying food compared with previous years. This was the result of a
government decision, following the droughts of the 1980s, to reduce the level of food hand-outs
and to instead concentrate on trying to create income-earning opportunities through a
programme of labour-based public works (Manamela, 1993). There was also an attempt to
further link drought relief to regular development programmes by ensuring that ministries were
continuously developing projects that were amenable to labour-based approaches. So should
drought occur again, they could accelerate the implementation of these projects with the aim of
creating additional income-earning opportunities for rural areas.

The 1992 drought came just three years after the long drought of 1981-87 and resulted in a
poor crop performance from farmers in Pandamatenga, the country’s commercial breadbasket
region. Only 12,676ha were planted, which constituted 70% of the farms baseline area of
17,500ha (Manamela, 1893). The impact further included between 5-30% mortality in cattle
countrywide; cattle being the main determinant of wealth for the rural household. During this
period, the number of people involved in agriculture dramatically declined. In 1981 the number
of people employed in non-cash family agriculture was 143,805, and this had decreased to
76,085 people in non-cash employment in family business and farms by 1991 according to the
1991 population census (Manamela, 1993). The impact of drought on agricuitural production in
Botswana was strong during the early 1990s, particularly during the drought years of 1890/91
and 1991/92, see Table 1.4. (*The normal level of agricultural production is assumed to be the
four year average for the most recent non-drought years, 1987/88 to 1990/91, approximately
44,000 million tonnes).
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Year Output (million tonnes) Output as % of normal®

1087/88 78,900 175%
1988/89 48,900 108%
1989/90 27,000 60%
1990/91 24,900 | 55%
1991/92 5000 1%
1992/03 34,800 77%
1993/94 ' 39,900 88%
1994/95 9600 21%

Table 1.4:  The impact of drought on crop production —total production estimates
in the communal sub-sector between 1987/88 and 1994/95.

Source: Manamela, 1997

With crop production during 1991/92 down to 11% of normal levels, as Table 1.4 shows, the
government responded to the cereal shortage by releasing 20,000 million tonnes of sorghum
and maize into commercial stocks from the Strategic Grain Reserve (Manamela, 1997). The
World Food Programme has been working in co-operation with Botswana since 1977, and they
helped establish the country’s Strategic Grain Reserve in recognition of, and response to, the
recurring drought problem. This became a very important part of the overall drought
contingency planning effort (Moremi, 1987). The release of this sorghum and maize then
enabled the private market to re-establish itself during and after the drought (Manamela, 1997).

The Labour-based Rural Public Works Programme (LBRPW) was also upgraded during the
1991/92 drought and this was a major avenue for employment creation and providing relief.
Between June 1992 and June 1993 more than 3000 projects costing approximately Pula 267
million were started creating between 90,000 and 100,000 jobs (compared with 1987/88 when
Pula 13.1 million was spent creating 61,000 jobs) (Manamela, 1993). A labour-based relief
programme that operated during the 1982-87 drought ‘replaced’ almost one-third of all rural
incomes lost from crop failures between 1983 and 1985, that is, about three million person-days
of employment to 74,000 labourers (Dreze and Sen, 1989). The productive value of these
works constitutes a considerable contribution towards national investment.

The actual ground implementation of the labour-based projects lay with the District Councils,
who have limited technical and managerial capacity to supervise the programmes (Manamela,
1997). As a result, the range of projects initiated have been limited to infrastructural
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development, at the expense of more directly relevant drought mitigation projects such as water
harvesting, soil conservation, land reclamation and veld fire control. The labour-based cash- or
food-for-work schemes could dissuade young men from migrating and thus reinforce local
capacity for environmental rehabilitation, but they could also increase dependence on donor
support (Critchley, et al., 1992). Food-for-work schemes can also be a discentive to building
water harvesting systems as some farmers may not continue to build or maintain them without
food aid. Food distributions in years with good harvests can also have similar effects. There
could be a policy to diversify incentives such as_having, fertilizer-for-work, tools-for-work or
community infrastructure-for-work. However, villagers may not automatically accept these
alternatives, particularly after food- or cash-for-work schemes have been introduced (Critchley,
et al., 1992).

During the 1994/95 drought, emergency relief was provided in the form of food aid, water and
sanitation, and transport with logistical support. The cost of these operations totalled over
US$25 million. A breakdown of these costs is shown in Table 1.5.

Requirement Observations Cost (US$)

Targeted food aid | Almost 0.5 million people in need of 9,950,000
food relief

 Water & sanitation | Urgent need for water bowsers

Need to urgently interconnect supplies
and to rehabilitate boreholes
4,975,410
Urgent need for water quality
monitoring and training on water
purification

Transport & Increased demands for internal
logistical support | transport and logistics support for the
feeding and labour-based programmes

Urgent need to create employment for 10,978,200
at least 35,000 people

TOTAL 25,903,610

Table 1.5:  The emergency requirements of the 1994/95 drought in Botswana

Source: Manamela, 1997

Botswana's remarkable record of reducing risk to drought has been called “Africa’s best kept
secret” by Eicher, a leading expert on Africa (Dreze and Sen, 1989). Ilts past success in
drought management can be atiributable to many factors. Botswana has immediate access to
South Africa’s highly developed foreign trade and domestic transport system for securing food
and other supplies for the relief efforl. Many households can also obtain an income, for
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example, from Batswana working in South African mines; work that persists throughout the
years of drought. Some people are also involved in local trading, small-scale industries or are
employed by the Botswana government. Drought relief has been made easier through the
concentration of the population into large villages that ranged in size from 5000 to 35,000
inhabitants in the 18980s. The opening of major diamond mines in Orapa and Jwaneng, meant
that the government has been able to finance a substantial portion of the relief programme on
its own without relying totally on international support (Holm and Morgan, 1985).

The government knows that Botswana is a drought-prone country and been able to plan
accordingly. 1t has also come to view drought relief as a very effective means of reinforcing its
rural support (Holm and Morgan, 1985). Drought relief has also been an object of rival
promises and actions on behalf of competing political parties. Drought management is
intimately the result of accountability of the ruling party to the electorate, the active opposition
parties, the vigilance of the press, and the strong demands for public support for affected
peoples (Dreze and Sen, 1989).

During the 1980s, western democracies were eager to supply food to Botswana to help
reinforce the political stability of one of the few functioning liberal democracies in southern
Africa. For example, in 1984, aimost one-fifth of its total cereal consumption came from foreign
donors (Holm and Morgan, 1985). Other reasons for Botswana’s success include a national
drought prevention strategy, a Presidential commitment that has prompted the quick release of
resources, a competent civil service and an effective earning warning system (Hay, 1988). This
early warning system will now be considered.

1.14 Famine early warning systems

Much of the literature on reducing risk to drought impact has focused on formal systems of
early warning of famine threats. The advantages of instituting an early warning of drought are
very beneficial, but they are not a crucial requirement of an effective anti-drought strategy
(Dreze and Sen, 1989). Countries such as Botswana and Zimbabwe have had remarkable
success in the past in preventing negative drought impacts as a result of timely public action
and not necessarily because they have made much use of formal early warning systems (EWS)
(Dreze and Sen, 1989).

Botswana's relief-development strategy placed disaster preparedness high on the political
agenda. Systems that provide advance warning of crop failure and income collapse are
important, though the lack of this information was not a limiting constraint to the relief response
that occurred in Africa during the 1980s (Hay, 1989).
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In addition to indigenous or ftraditional adaptive strategies, many external agencies have
developed warning systems to anticipate periods of acute food insecurity. This has included
the evolution of early warning systems that are particularly focused on preparing for famines
and droughts, and famine EWS will now be considered. These are concerned with predicting
the failure of food systems, in order that any intervention carried out can be in a timely manner
to mitigate the effects of a system failure and so safeguard food supplies. A ‘rough and ready’
national balance can be calculated using population estimates and per capifa needs by
monitoring key indicators of pending system failure (typically staple food production, national
stocks, import availability) (Davies, 1996).

Most EWS have evolved beyond this to also monitor ‘upstream input determinants of
production’ such as rainfall, and ‘downstream outcome indicators of the effects of the national
(im)balance on sub-national supply and demand’ such as market prices for food and the
nutritional status of under-fives (Davies, 1996). Early models of EWS are top-down and famine
orientated rather than focused on access to food as the key determinant of food security.
Conventional scientific EWS are concerned with short time frames (maximum of a year); with
symmetry, between supply and demand, deficits and food aid; and with the data they have,
rather than what they do not know (Davies, 1986).

In contrast, however, more recent EWS are increasingly concerned with the distribution aspects
of food insecurity, which now comes under the term of ‘vulnerability mapping’. In practice
though, most EWS cannot identify vulnerable groups within food-insecure areas with any
precision. Coping strategies can explain how poor households deal with food stress and these
could be incorporated in EWS, particularly local-level food monitoring systems. These
strategies would then help to indicate what appropriate and sustainable interventions would
mitigate the crisis. The following list suggests local early-warning indicators that need to be

assessed (Davis, 1996):

o Chronic and transitory food shortages, essential in order to interpret indicators of
stress and help people overcome them. For example, does a particular pattern of
migration signify a normal or abnormal activity?

¢ The degree of insecurity. For example, if the harvest fails, are there sufficient fallback
options to meet needs?

e Appropriate response measures. For example, do people need food to eat or help in
retaining their productive assets?

Monitoring these processes will improve famine EWS as well as guide interventions for
increasing farm productivity. Indigenous coping strategies could therefore be reinforced, in
preference to imposing external, often late, inappropriate and, above all, unsustainable
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solutions, epitomized by emergency food aid distributions. Food aid assists producers only
when they have lost the ability to feed themselves, whereas monitoring coping strategies has
the potential to identify ways of protecting and reinforcing system success and adaptation
before it collapses. If successful, such interventions would warn earlier of drought. The long-
term effects of livelihood vulnerability to food shortages that persist once the crisis is over could
be reduced. EWS could therefore simultaneously predict famine and aid its prevention (Davies,
1996).

Coping strategies employed by communities during drought can be thought of in terms of their
sequential uptake, shown in Table 1.6. The table distinguishes between insurance strategies,
which are activities, undertaken to reduce the likelihood of failure of primary production, and
coping strategies, which are employed after the sources of production have failed to meet
expected levels and producers then have to ‘cope’ until the next harvest (Davies, 1996).

Monitoring coping strategies should ideally accompany with disaster preparedness action.
Such contingency plans can be put in place prior to the onset of drought, including plans that
identify potentially viable alternative employment opportunities for people in at-risk areas. Often
such ideas are hard to put into immediate effect ‘on the day’, though many local people will be
able to effect some degree of response. In addition, consultation should occur with local people
who are vulnerable to water stress to establish what their own plans and views would be if
rainfall failure occurred. Moreover, there should be greater integration between rural
development strategies, disaster preparedness, and drought recovery strategies. Famines
result from low rural incomes and income instability, so the objectives of rural- and relief-

development are therefore the same (Hay, 1989).
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Stage Coping strategies

Stage 1 —insurance Changes in cropping and planting practices
mechanisms
Sale of small stock

Reduction of current consumption levels
Collection of wild foods

Use of inter-house transfers and loans
Increased petty commodity production

Migration in search of employment

Sale of possessions (for example, jewellery)

Stage 2 —disposal of productive | Sale of livestock (for example, oxen)

assels
Sale of agricultural tools
Sale or mortgaging of land
Credit from merchants or moneylenders
Reduction of current consumption levels
Stage 3 —destitution Distress migration

Table 1.6:  The sequential use of coping strategies
Source: Davies, 19586

Botswana'’s famine EWS was established in 1978 when an Inter-Ministerial Drought Committee
(IMDC) was set up for monitoring drought conditions. The committee was also responsible for
making relief policy recommendations to the cabinet, securing relief aid from domestic and
international sources, and monitoring the effectiveness of relief measures. At local government
level, district drought committees were encouraged to plan and co-ordinate the relief measures
(Walker, 1989).

An example of the government’s increasing concern with drought was the decision in 1978 to
develop the Nutritional Surveillance Programme that would help to determine the effects of
drought on vulnerable groups of the population (Moremi, 1987). Then in 1980 the government
adopted three indices for a drought declaration (Manamela, 1997). The first was applied when
rainfall dropped to the 1* and 2™ decile on a rainfall monitoring deficiency system. The second
criteria focused on harvest output greater than 30% below normal, while the third emphasized
declining nutritional status among children, focusing, when at least 40% of the under-five year
old children attending Child Welfare Clinics were less than 80% of their standard age weight.
Greater emphasis was placed on the first index, in tracking actual rainfall deficiencies and their
distribution during the rainy season.
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In 1984 a small Early Warning Technical Committee (EWTC) was established. This provides
monthly reports to the IMDC and suggests to them what actions should be taken, while
simultaneously monitoring the country’s strategic grain reserve. Since this time the EWTC has
received information from two separate sources (Walker, 1988). First, subjective monthly
reports from agricultural field staff on crop production, the expected harvest, the cattle situation
and grazing and water conditions. Second, meteorological data that are collected on a weekly
basis and analyzed every month by over 50 stations around the country. The meteorological
department combines this information with data on soils and crop moisture requirements to
praduce an index of the potential drought stress for the main food crops. Harvest failures for
crops such as sorghqm or maize, can therefore sometimes be predicted earlier than agricultural
staff in the field. |

Botswana also places a high emphasis on collecting and analyzing anthropometric data on the
nutritional status of the country’s children. Children in the zero-five age group are measured
and weighed each month and the data are passed on to the EWTC. In 1984, 60% of the total
number of children in this category were measured (Walker, 1989). Information on the
nutritional status can identify areas that are more prone to drought stress so the government's
response can be targetted.

During February of each year, members of the EWTC tour the country as part of a ‘drought
assessment tour’ and meet with District Drought Committees at district level to access the
current situation (Manamela, 1997). The IMDC then decides whether Botswana will face a food
shortage that year. The year’s agricultural and rainfall cycles usually make it possible to
forecast what will happen from June/July onwards. During March the IMDC, together with the
Rural Development Council (RDC), advises the cabinet on the household food situation outlook
for the rest of the year, including the need or otherwise for a declaration of drought by the 1%
April. If food scarcity is predicted, the IMDC will make a request to the cabinet for funds, and
the cabinet may then also decide to make a formal crisis declaration and appeal to the
international community for help (Walker, 1989). Intervention in the form of cash-for-work
schemes and food handouts is controlled and targeted by the nutritional survey data. The
programme is orientated towards reacting to a symptom of distress rather than addressing the

underlying causes.

The following government departments are responsible for co-ordinating drought-related
activities (Manamela, 1997):
e The Ministry of Finance and Development Planning through it's Rural Development
Co-ordination Division, is responsible for drought monitoring, resource mobilization,
and overseeing the actual implementation of relief activities.
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e The Ministry of Local Government, Lands and Housing, primarily through District
Councils, is responsible for the implementation of relief programmes on the ground.

e The Ministry of Agriculture is responsible for implementing the agricultural assistance
packages and some agriculture-related, labour-based projects.

+ The Ministry of Mineral Resources and Water Affairs is responsible for human water
supply, including water-related, labour-based projects.

o The Ministry of Works, Transport and Co'mmuhications, through its Central Transport
Organization, provide transport to the various government agencies.

During 1997, non-routine early warning information was received concerning the phenomenon
of El Nino. There was at first some uncertainty about how to interpret the information in
absence of a regional (southern African) consenus position, and then whether or not to issue a
public statement before the existing EWTC structure could process the ground information
(Manamela, 1997). This example illustrated how confusion over non-routine information like El
Nino could potentially result in an undue delay in responding to an emerging drought crisis.

Botswana’s past responses to drought together with its famine EWS, have concentrated
on reducing the impact of drought through schemes such as food-for-work and aid
handouts. Rainwater harvesting, which has been developing seriously in the country over
the last 25 years, offers a mitigating component to lowering the effects of drought. Itis a
potentially viable technology that would lower communities’ vulnerability to drought, and
bring income-generating mechanisms and food security to rural areas. Rainwaler
harvesting, it can be argued, can be incorporated into, and should be incorporated more,
into a rural development strategy that is also a relief development strategy. A definition of
rainwater harvesting and history of its practice in Botswana is presented in the next
chapter.
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Chapter 2

Rainwater Harvesting as a Drought
Mitigation Strategy in Botswana

2.1 Introduction to rainwater harvesting

In this chapter an oyérview of rainwater harvesting practices in an agricultural and domestic
context is given. The potential for further development of rainwater harvesting within Sub-
Saharan African countries is also argued. A brief history of rainwater harvesting is given

followed by a detailed examination of organizations involved in Botswana.

2.1.1 Rainwater harvesting as a drought mitigation strategy

“We should look upon water with the eye of a Bedouin; cherish it like a treasure,
remembering that even to have it in limited quantities is a privilege which is not
given to all” (Ardito Desio, cited in Allan et al., 19783, 34).

“Everyone should hear about rainwater harvesting, promoting it in every village.

The current situation is like the gospel, ‘many are called, but few are chosen”

(Opelo, 1999, pers com.).

Drought is very difficult to define. Four different types of drought; meteorological, agricultural,
hydroiogical and social drought have been identified:

o Meteorological drought is a ‘reduction in rainfall supply compared with a specified
average condition over some specified period.’ In an African context this period is
normally a year or more (Benson and Clay, 1994).

s Agricultural drought is defined as a reduction in moisture availability below the
optimum level required by a crop during different stages of its growth cycle and
resulting in impaired growth and reduced yields. It should also be noted that other
factors also influence crop yields, such as reduced fertilizer inputs, a lack of weeding,
pest and crop diseases, a lack of labour at critical periods in the growth cycle, and
unattractive producer prices and market conditions (Benson and Clay, 1994).

e Hydrological droughts result from the impact of a reduction in precipitation on surface
or sub-surface water and may, therefore, lag behind periods of agricultural or
meteorological drought.

e Social drought relates to the impact of drought on human activities, but this depends
upon the characteristics of a particular agro-ecological zone or the economy.
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From an economic perspective, ‘agricultural drought’ results in large reductions in agricultural
production and employment, reduced export eamnings, and the widespread loss of assets and
other losses associated with declines in rural income. Meteorological drought may bring about
hydrological conditions that directly impact non-agricultural activities such as hydroelectric
power generation and human water supply (Benson and Clay, 1994). The presence of armed
conflict in several African countries has greatly exacerbated the effects of drought and has

been responsible for turning drought into famine.

Good development practice needs to be balanced with the country’s political goals because in
general it is accepted that community-based approaches are the only mechanisms that produce
lasting sustainable development. There is also an enormous demand for the basic services of
water and sanitation fo be provided for under-privileged people who expect rapid delivery and
their needs to be met. Traditionally, drought mitigation strategies have been defined in terms of
improving food security at the national and household level. Strategies often also relate to
larger-scale investments in water resources but there has been little attention given to
mitigating economic impacts, for example, through drought insurance policies (Benson and
Clay, 1994).

Academics, practitioners and policy makers are continually searching for low-cost techniques of
water supply and management. Techniques that build on traditional knowledge and have a
good chance of being replicated on a large scale are particularly beneficial. The focus in rural
development has shifted over recent years towards human resource management and
development, self-help and farmer initiation and participation. Rainwater harvesting, it is
argued, fits —and should fit more —into these integrated approaches. It therefore has the

potential to be a form of drought insurance policy.

Most governments would prefer to invest in large-scale infrastructure projects both for water
supply and irrigation even though they are expensive to develop and maintain. For example,
Botswana's Pula 1.4 billion North-South Carrier Water Project that carries water from reservoirs
near Francistown, 350km south using pipelines and pump stations to Gaborone, Molepolole
and their surrounding settlements (Mateke, Mbakile and Opelo, 1999). The need to find
alternative resources ideally suited to community’s needs has become imperative and the
protection of existing water resources is crucial because water is scarce and tapping new
supplies is becoming increasingly expensive.

During drought, additional burdens are placed upon women. A study of the 1992 drought in
Malawi, Zambia and Zimbabwe by Save the Children Fund, found that when their usual
watering sources dried up, women spent up to seven hours per day fetching water. They
sometimes left home at around 2am and returned mid-morning. More time was also spent
searching for wild foods and attempting to earn money to finance increased purchases of
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maize-meal. The drought also increased the number of female-headed households, which
were already numbered one-third of the total, as the men left to seek work elsewhere.
Consequently, women comprised the majority of workers on ‘food for work’ projects, and would
often go without food to ensure that their children received enough (Eldridge, 1998).

2.1.2 Definition of rainwater harvesting
Rainwater harvesting is one strategy to address issues of water scarcity. A commonly used

definition of rainwater harvesting is, ‘the collection of runoff for productive use’. Rainwater
harvesting is an umbrella term for a whole range of methods for concentrating, storing and
collecting surface runbff water in different mediums, for domestic and/or agricultural use, see
Figure 2.1. The domestic use mainly refers to the collection of drinking water for the household
and for livestock whi‘le the production use mainly refers to the cultivation of crops, trees and
fodder.

Roof catchment
and tank

Drought
tolerant

B —— b plants
ES
/ / f Grey water use
YR

Water harvesting

Runoff
gardening

Figure 2.1:  Runoff gardening techniques used in rural Africa
Source: Gould, 1989

2.1.3 Rainwater harvesting for domestic purposes
The most common water harvesting technique found in eastern and southemn Africa are roof

water tanks built with concrete or bricks. Simple techniques of storing runoff in reservoirs
developed from old traditional and indigenous practices. The most commonly found methods
for agriculture are within field runoff systems (runoff harvesting) for in-situ conservation, using
for example, fanya juu, contour ridges and pot holing. Water can also be harvested from
channel flow (floodwater harvesting). Less prevalent systems include small dams that capture

external catchment water for irrigation purposes.

Many domestic rainwater harvesting techniques are spontaneously carried out in Botswana
without government or NGO involvement. For example, in the village of Kumakwane (10km
west of Gabane, see Map 1, Appendix E), roof catchments, buckets, drums and small dams are
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used. Moreover, in Metsimotlhabe (70km north-west of Gaborone, just before Molepolole, see
maps 1 and 2, Appendix E) a rock catchment feeds water into a small pond and catchments
channel runoff into buckets (Ndege, 2000).

2.1.4 Rainwater harvesting for agricultural purposes
“Food needs to be grown where the people are and the high costs of transport and

storage have to be avoided, and that will exclude expensive pipelines.”

(Nilsson’, 1993, 54)
Water harvesting was originally developed in the arid Negev Desert three to four thousand
years ago where farmers shaped hill slopes and surfaces to channel rainfall from large
catchment areas onto their fields (Harrison, 1987). Today, water harvesting in Africa is more
likely to take the form of micro-catchments where rainfall is concentrated into small basins or
depressions where crops and trees can be grown. This is particularly effective on soils with an
impermeable surface crust where the amount of runoff from catchment areas is increased.

A small farmer or horticulturist must have water security to grow a minimum amount of crops so
that he or she can maintain his/her business through periods of low rainfall until the rains
resume. Crops require approximately 1m® of water per 1m? of land per year, which
corresponds to 1000mm of rainfall (Nilsson', 1993). This figure is based upon year-round
production and it represents the average water need for many different crops. A farmer,
therefore, would like to be assured of some degree of ‘security water’ before he/she undertakes
o plant crops.

By combining rainwater harvesting with erosion-preventive, tree planting, Botswana could be
vegetated at the same time as obtaining enough water for horticulture, dryland farming and
small industries. Water must also be prevented from running away, as it can take large
quantities of the soil with it (Nilsson?, 1993). The greatest potential for rainwater harvesting lies
in the agricultural sector where available technologies have been developed successfully but
not properly utilized. The promotion, therefore, of practices at a rural community and
household level is of exireme importance and requires careful thought and follow-up.
Rainwater harvesting techniques often have multi-purpose uses within farming systems. In
semi-arid regions of Kenya, for example, the diversion of runoff from roads into ditches might at
first sight only offer a limited advantage through increased soil moisture retention around the
diversié:n ditch. But often this concentration of sub-surface water produces a substantial local
recharge of groundwater and so allows for the construction of shallow wells on the land.

The cheapest way to store water for agricultural purposes is as moisture in the soil. Providing
wheat, for example, with a larger soil volume from which to absorb moisture will help carry it
through periods of drought. One of the first steps in increasing soil volume, therefore, is to
reduce the number of plants, as this increases the drought-resilience of the crop in any given
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field and creates a ‘uniform plant stand’ (Nilsson', 1993). To further reduce farming costs and
supply plants with more secure water, the permanent strip method can be introduced. This
involves the deep ripping of permanent strips 50cm wide and 50cm deep, using a single shank
ripper. The strips are 2m apart and the surface graded to encourage runoff to drain towards
the strips where moisture can be stored in the locsened or ripped soil. To increase the yield
and reliability of the harvest, planting approximately 12,000 maize plants per hectare is
recommended (Nilsson', 1993). However, it is the volume of the wetted soil in the strips, which

is the key to successful permanent strip cultivation.

One variation to the permanent strip method is the ‘wavy pan variation’. For example, in a very
heavy soil where the depth of cultivation is 50mm deep in the middle of the strips, this can be
deepened to 100mm close to the edge in order to take advantage of a subsurface pan for water
harvesting to the strip. Shallow soils and shallowly ploughed soils may contain water in excess
of their field capacity for several days after rains. In this soil environment, the roots of plants
may turn brown and diseased, and be attacked by pathogens that operate in saturated or
slowly drained soils. This lack of oxygen is a common cause of plant disorders and poor plant
growth. Whereas the excess water poisons roots by reducing nitrate to nitrite, and producing

free manganese ions from oxidized manganese.

Initiating crop growth before weeds become a major problem is one of the basic goals of
farming in Botswana. Using supplementary irrigation, this can be achieved by feeding
previously harvested water into the permanent strips to initiate early crops growth. One single
application of water to a given area planted with seeds in September or early October would
bring the crops into the rainy season in most years (Nilsson', 1993). Even salty water can be
used in water harvesting schemes as some crops can still grow well, for example, spinach,

redbeets, fodder beals, tomatoes and melons.

Storing water in the soil reduces the amount of evaporation, making it available to trees and
crops. This is cheap and effective, and ensures the use of local resources for local use.
Cultivation along contours is also immensely beneficial, as well as contour bunding, vegetative
bunding, gully plugging, building mircocatchments with crescent bunding, and building up a rich
organic soil with a good storage capacity (Keve, 1997). The importance of water conservation
similarly needs to be stressed, as this is a natural follow-on after the water has been harvested.
To help the soil absorb and store water, common measures include practising multi-cropping,
using mulches, watering at night (during the morning in winter), and making watering heavy and
less frequent. Also, using methods of drip and pot irrigation, drought-resilient crops and trees,
and using composts, farm wastes or other biodegradable materials all help to absorb and store
water (Keve, 1997).

47



More rainfall is harnessed using zero-tillage as a conservation practice (Oldreive, 1993). How
the soil is tilled affects the amount of rainfall that will infiltrate and a large amount of water and
soil is lost through full tillage that immediately results in poorer crops. The benefits of zero-
tillage with a mulch cover include cushioning the impact of raindrops that simultaneously
reduces surface sealing, reducing lateral water movement that minimizes soil erosion and
improves infiltration, and reduces evaporation. The practice also moderates temperature
extremes for the plants, encourages soil fauna activity, reduces surface crusting and
compaction and develops a better root system closer to the surface, facilitates a more efficient
fertilizer use and also allows for a more efficient oxygen exchange with the roots (Oldreive,
1993). Mulching and minimum tillage reduces the proportion of rainfall lost in runoff by as much
as 85%, increasing the level of water infiltration and reducing soil erosion (Harrison, 1987).

One very effective technique similar to agroforesty is that of ‘alley cropping’, where food crops
are grown between pruned hedgerows of fast-growing, nitrogen-fixing trees (Harrison, 1987).
The leaves are used as muich and also act as a tree fertilizer, improving soil structure and
increasing crop yields. This principle is seen in the agroforestry trial plot where indigenous
trees are incorporated into the sorghum-growing microcatchments and bunds. The trees used
in alley cropping must be carefully selected to have deep roots so that they do not compete with
food crops for water and nutrients. Useful attributes include quick growth after pruning, mulch
from their leaves, and firewood or stakes from their stems. The leguminous trees fix their own
nitrogen, providing protein rich leaves for livestock and nitrogen-rich organic matter for the soil.

In alley cropping, the trees are pruned just before the rainy season to a height of between 25cm
to 2m, so that they do not shade the growing crops. The larger stems are used as firewood or
for stakes, while the leaves are spread on the soil as muich. Although the tree stems may take
up 5-10% of the available land, there is usually no loss of crop output, as the fertilizer-
properties of the leguminous leaves substantially increase the yields (Harrison, 1987).‘ The
muich also surpresses weed growth, reducing the labour required to look after the field area.
Trees such as Leucaena grow well in areas with an average rainfall of 600mm per year, though
Sesbania can tolerate as little as 350mm per year, also withstanding acid soils, waterlogging
and flooding (Harrison, 1987).

Rainwater harvesting practices should, preferably, be cheap and simple, and show reasonable
benefits in the short-term to rural homes, villages and schools. They should be small in scale
and flexible, known locally and be viable for adoption into the local farming system. As with a
piece of agricultural technology, if a specific rainwater harvesting project does not fit into the
overall farming system, it will not be adopted. Factors such as climate, rainfall, available natural
resources, available labour and capital, off-farm labour opportunities, and household
preferences and priorities, are among many of the elements that decide whether or not a
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‘system fit' is reached. Rainwater harvesting by whatever technology and at household level is
therefore of exireme importance, either as the sole source of water or to enhance the existing

water supply systems so people’s basic needs can be met.

Commitment is required for on-going activities and long-term water development plans that
seek to make local livelihoods more resilient and sustainable. Examples of such activities
include those of engineers who drill boreholes to the appropriate depth to ensure that water
continues to be supplied during times of water stress. However, communities should also
become involved in gardening and water harvesting activities that provide food and water
during times of well being, and this will increase their capacity to survive, their resilience, and
their ability to sustain themselves through periods of drought.

Many types of agricultural activity using rainwater harvesting are carried out in Botswana
without government or NGO involvement. For example, rainwater is used for livestock watering
in the villages of Goodhope (~10km south of Lobatse), Nswazwi and Makaleng (north-west of
Francistown, on the road to Nata), and Mosu (north-east of Orapa, near Boteti). Additionally,
crop production and livestock watering can be seen in Kumakwane, Metsimotlhabe and
Manyana, south-west of Mmankgodi (see Map 1, Appendix E) (Ndege, 2000).

2.2 Tapping into the potential of rainwater harvesting

“I remember particularly at one of the discussion meetings when | asked about
traditional pesticides. There was one farmer whose tomatoes were never aftacked
by red spider mite. But he could not tell everyone what he was using. He was
probably afraid of being laughed at or even being accused of not using ‘modern
methods”™ (Murwira, n.d., p. 33)

“The government doesn't look at the poor people’s views. It thinks that when one is

poor in money one is poor in mind. But it is the poor people that know the most

about rainfall” (Scoones, 1996, p.160).
In order to utilize the untapped potential of rainwater, through ‘an increased use and/or
adoption of small scale, flexible, site-specific rainwater harvesting practices, through
participatory approaches’ (Van Veenhuizen, 1999), the policy and institutional environment in
most Sub-Saharan African countries will require some change. Both government and privately
supported institutions need to mobilize existing local institutions and motivate them to adopt and
participate in water harvesting techniques. In order to pursue this goal, activities need to be
planned to raise awareness of water harvesting and how these are and can be integrated with

soil conservation and irrigation.

African countries will need to use water more efficiently in agriculture. This ranges from
traditional water harvesting and moisture control practices to modern irrigation systems. These
practices have the potential to increase food security in southern Africa. Figure 2.2 illustrates
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the capacity for cereal production using rain-fed and irrigated practices in Sub-Saharan Africa
and the contribution that rainwater harvesting can make to a region’s food security. In the
chart, the effects of using High Yield Varieties (HYV) of crops in conjunction with irrigation
schemes are compared with rainfed crops (Sharma, et al., 1996). (Food security, however,

can also be affected by many risk factors such as war and economics).
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Figure 2.2: Comparison of yield-productivity for rainfed and irrigated crops

Source: Sharma, et al., 1996
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Irrigation schemes combined with HYV and high inputs from, for example, the use of improved
technology and agricultural services, offer the most productive solution to improving food
security, (Figure 2.2). However, the contribution to cereal production that rainfed crop varieties
make is large enough to be a powerful supplementary source of food. Food security means not
only availability but also stability and access to food.

Rainfed production needs to be addressed in conjunction with problems of high variability from
inadequate water control, uncertain incomes, and the scarcity of off-farm employment. Once
established, however, agricultural productivity can provide a base for growth, income and
employment in economically disadvantaged rural areas, which would in turn help to mitigate
urban migration (Sharma, et al., 1996). Investment for research into appropriate agricultural
methods, training of local users, and developing programmes and products has been small
when compared to infrastructure investment. Research investment is essential though, for
increasing productivity and the ecological sustainability of rainfed crops.

2.3 Botswana’s modern emergency drought responses

“In southern Africa’s emergent democracies, drought mitigation is underpinned by

and contributes to the process of responsible governance. In this context, drought

is viewed as an expected threat to national economic security, and accompanied by

a commitment to avert preventable hardship and financial loss, both of which

compromise development opportunities” (Holloway, 1999).
Since the early 1980s, Botswana has regularly imported about 90% of its cereal needs. During
the drought of 1992 the cereal crop was only 27% (15,000 metric tons) of the long-term
average production of 55,000 metric tons, which was still low compared to the country’s cereal
consumption requirements of about 200,000 metric tons (Thompson, 1993). More than
100,000 people were seriously affected by the drought, particularly those who lived in smaller
settlements and remote areas. By November 1992, the government had spent Pula 107 million
(US$54 million) of its domestic resources on emergency drought relief. In December 1992,
60% of the population had access to potable water, but only 20% of those in settlements with
less than 500 people. Drought relief and rehabilitation cost 14-18% of the total government
development expenditure during the drought of 1984-87. While evaluating that drought, one
senior government official said that it “had become unaffordable” (Thompson, 1993).

Botswana’s 1991 Sixth National Development Plan (NDP VI) reviewed the state of vulnerability
to drought, and attributed the recent reduction in vulnerability to:

“Overall economic progress made since independence” and in particular, to the fact
that “the country can now afford exitra food imports, and the Government has
administrative capacity to organize their distribution, using the improved road
network that has been developed over the past *8 years (National Development
Plan VI, 1985-91, p.21, para.1.76: Manamela, 1997)
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At the national planning level, factors such as economic performance, institutional capacity and
the state the country’s infrastructure, are therefore seen as important for the reduction of long-
term vulnerability to drought. Action on these fronts forms the basis of the Botswana’s drought
mitigation. In the 1997 NDP Vi, the government established a new drought mitigation strategy:

“The diversification of the rural economy, the expansion of non-farm employment

opportunities in rural areas, and improvements in agricultural efficiency, especially

for smallholders, wiil reduce the vulnerability of the rural areas to drought.” (National

Development Plan VI, 1991-97, p.89, para.4.97. Manamela, 1997)
The economic diversification of rural areas is promoted as one of the government's main
strategies in drought mitigation. A particular emphasis has been placed on improving the
security of supply for water, food and pasture (Manamela, 1997). The socio-economic
resilience to drought has increased over recent years through the relative efficiency of the
domestic market with its serving infrastructure, and the well-dispersed food retail outlets that
are found even in the remotest villages. However, of particular concern is the strengthening of
household level vulnerability and involving the community in the monitoring of drought

conditions that would improve local leve!l preparedness.

Reducing the long-term vulnerability to drought will remain a central issue in Botswana policy
debates, despite having arguably one of the best disaster response systems in the world.
Botswana is much further ahead of its neighbours in integrating drought mitigation into its
overall, long-term development plans. Programmes that regularly address poverty reduction,
such as labour intensive public works projects, inputs to small farmers and water initiatives,
offer the best insurance against increasing vulnerability to extreme weather events. Poverty is
the root cause of vulnerability to drought in Botswana which makes poverty reduction one of the
key development policy objectives (Manamela, 1993).

2.4 A brief history of rainwater harvesting in Botswana

At the moment there is no government policy in Botswana that specifically addresses rainwater
harvesting (Ndege, 2000). However, various rainwater harvesting initiatives have taken place.
Historical evidence for the use of RWCS is scarce but some rainwater tanks were used
throughout the colonial period in Botswana. Traditionally though, people have collected the
rainwater that ran off the eaves of their thatched rondavel roofs in pots and small containers
and this practice to varying extents still continues today (Taylor, 1997). There has, however,
been a considerable amount of interest in the use of RWCS over the last 25 years.

In 1976, Pelegano Village Industries (PVI) at Gabane village, 20km west of Gaborone and
established by Taylor, built a rock catchment system on a large granite slab comprising low
catchment walls 20-25cm high to catch runoff, a sedimentation chamber to remove solids and a
38m® underground storage tank. The runoff was used for watering the vegetable gardens of
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two families at a time when there was no piped water to Gabane village. The holding tank was
never more than half full and the grey, soapy kitchen water was reused for banana and paw
paw trees. Very few other villagers had granite outcrops in their yards, but the system was tried
successfully elsewhere, in the villages of Oodi (for a weaving factory) and Thamaga. In 1977,
PV! built a water collection microcatchment and a 33m® underground igloo reservoir to store
drinking water for a local poultry farm. However, a water reticulation system was installed in the
village soon afterwards, so the scheme was not copied either (Taylor, 1987).

Many of Botswana’s older buildings were built with rainwater tanks such as Primary Schools in
Nata during the 1940s and many of the Botswana Housing Corporation (BHC) high cost houses
built during the 1960s had corrugated iron tanks (Gould and Jay, 1993). The first documented
project in 1969, later supported by the Intermediate Technology Development Group (ITDG)
and Oxfam, involved collecting surface runoff in ground tanks at 12 primary schools in eastern
Botswana and using the water for irrigating vegetable gardens. This project provided the
impetus for the development of similar schemes through the MoA's ALDEP initiative in the
1970s and 1980s (Cullis and Pacey, 1986).

Between 1979-91, ALDEP provided subsidies to small farmers enabling them to purchase sub-
surface ferrocement ground tanks, see Figure 2.3. More than 700 of these were built and most
used traditional threshing floors or compacted surfaces as catchment aprons. They were
originally designed to provide water for draught animals in the lands areas to facilitate early
ploughing when the rainy season started. However, people also used the water for domestic
purposes including drinking. The water, however, was unsuitable for drinking because of
contamination and a high bacteria content from the excrement of animals and small children.

A new ALDEP roof catchment system was thus designed and developed and this was the 7m?
polyethylene surface tank connected to a 40m? iron roof catchment system. It became
available in 1991 and more than 200 of these have been installed since (Gould and Jay, 1993),
see Figure 2.4. Providing the roof catchment is kept clean and the surface tank has a cover
and tap, the water is generally suitable for drinking.

Farmers in Botswana who owned less than 40 cattle could apply for an ALDEP roof and tank
system and they received an 85% subsidy from the government for it which cost a total of Pula
2500 each. However, some farmers still found the remaining 15%, or Pula 800 (the cost of a
calf}, prohibitive to their participation in the scheme, which therefore remained under-subscribed
(Gould and Jay, 1993). The 40m? roof catchment supplying a tank between 7-10m® in size,
was found, during a 1994-95 field survey, to be too small to supply the needs of an average
family's requirements (Gould, 1997). The average daily consumption was 107 litres, and the
RWCS could only provide for between one-third to half of the required demand.
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Figure 2.3: The original ALDEP ground catchment system design using a
traditional threshing floor as the catchment apron

Source: Gould, 1999
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Figure 2.4: The upgraded ALDEP rainwater catchment system design
Source: Gould, 1999

Approximately half of the 800 primary schools in Botswana have had rainwater tanks built of
corrugated iron, but since these have an average life expectancy of only five years, many of
them are now either leaking or disused. The average school has a roof surface area of
1300m?, and yet an average of only two tanks totalling 12m? were built for each, capturing at

best only one-tenth of the available rainwater (Gould and Jay, 1993).

After the upgraded ALDEP rainwater catchment system design, the next variation proposed
involved a combined roof and ground catchment system (Gould, 1997), see Figure 2.5. The
40m? roof would be equipped with a 5m® surface tank and a 15m® sub-surface tank, which itself
would also be fed from a 100+m? ground catchment apron comprising cement or treated earth.
This combination offered the opportunity to collect between 20,000 and 50,000 litres of water
per year (between 55 and 135 litres per day), in the driest and wettest areas of the country
respectively (Gould, 1997). The higher quality water in the surface tank would be used for
drinking and cooking while the ground water tank would be used for washing, cleaning and

watering stock.
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Figure 2.5: The ALDEP combined roof and ground catchment system
Source: Gould, 1999

During the 1980s, ferrocement water tank technology was tried and over 100 tanks were built in
rural schools and clinics (Chishimba, et al., 1993). However, only just over half of those later
inspected (26 out of an inspected 46) were still structurally sound and watertight. The others
had either never been filled or were badly leaking at the joint between the wall and the basal
slab, the most vulnerable part of the tank as a result of stress concentrations (Chishimba, et al.,
1993). Since 1994 the Botswana Technology Centre (BTC) has been experimenting with
improved ferrocement technology based on a design originally from Kenya, and a pilot training

project has also been established.

Today, corrugated iron roof catchment tanks remain a common sight at primary schools in
villages throughout Botswana. Surveys conducted by the BTC revealed that about half of the
800-plus primary schools in the country possess corrugated iron tanks (Gould, 1996).
However, since they have an average life expectancy of only five years, many schools have
leaking tanks. Despite the average roof size of a primary school in Botswana being 1300m?,
the average total tank storage volume is only 12m?® per school, compared with a potential mean

annual roof runoff of 495m? (with an annual rainfall of 220mm) (Gould, 1996).

Another interesting rainwater harvesting technique developed was by the Rural Industries
Innovation Centre (RIIC) at Zutshwa. This small, remote bushman (basarwa) settlement lies
65km south-west of Hukuntsi in the Kgalagadi District, and 600km west of Gaborone. The
people in this RAD settlement lack access to locally available water, a feature that
characterizes most RAD villages. Zutshwa contains around 250 people whose water is

collected off the side of a salt pan that is used as a catchment surface.
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A series of three 68m® brick, sub-surface tanks were constructed (5.8m diameter by 3.1m high)
to collect the runoff and provide a water source for the people and their livestock (Petersen,
1983). Once the first tank is full, water spills over into the second and then the third tank. The
system was working well after construction in June 1992, though there was a problem of high
turbidity due to the presence of very fine clay particles which were suspended in the runoff,
giving the water a milky appearance {Gould, 1898). The water is pumped by an operator from
one of the water-containing tanks using a suction mounted on a specialized donkey cart. The
operator then makes three to four trips o the village centre 2km away, to deliver around five
litres per person per day (Petersen, 1993).

The catchment apron was found to be between 60-80% effective in collecting water during
rainfalls between 21% December 1992 and 28" January 1993. Interestingly, during one intense
rainstorm on 30" January 1993, where 21mm fell in 45 minutes, the catchment was not durable
enough to withstand the high rainfall impact. Blocks from the apron were swept away in some
places causing the loss of an estimated 50% of the available water. Nevertheless, 88m® was
collected during the storm, over one-third of the total storage capacity. The system should
collect over 200m® per year, with over 450m°® being needed to supply each person with five
litres per day (Petersen, 1983). This illustrates the potential quantity of water that the pan can
catch as a part solution to Zutshwa’s water requirements

Three interesting observations were made in 1994 regarding the Zutshwa rainwater catchment
scheme. First, a modern pipeline was constructed to the village from a borehole 10km away,
where a reverse osmosis system was installed to remove dissolved solids, the year after the
rainwater catchment system was installed in Zutshwa. After installment, however, the system
had twice temporarily broken down within the following couple of years, leading the people to
rely exclusively on rainwater (Gould, 1997). Second, despite the presence of the new piped
system, the people still highly valued the rainwater system, with the collection of rainwater off all
modern roofed buildings in the village being ubiquitous (Mateke, ef al., 1999). Last, the
villagers still use the water despite its high turbidity (Matexe, et al., 1999).

The MoA is keen to replicate this rainwater technology elsewhere in the Kgalagadi, such as at
Tshane, but so far it has met with only limited success due to the implementation of
inappropriate designs (Mateke, et al., 1999). Projects such as this require careful monitoring
and evaluation so those lessons for future rainwater harvesting schemes are correctly
advocated to the people and implemented. At Zuishwa, however, rainwater harvesting is the
most practical technological solution to ensure its long-term sustainable development.

The MoA's soil conservation unit has attempted to introduce the use of demi-lune
microcatchments for plant production through some field trials at the villages of Mogobane in
the south-east of Botswana and at Masunga in the north-east. Ordinary farmers, however, have
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not adopted the practices and cite excessive labour requirements and pests such as pigeons
eating the early maturing crops as inhibiting factors.

The development of rainwater harvesting initiatives for plant and tree production in Botswana
was initiated in 1981 when F. W. Taylor established Veld Products Research & Development
(VPR&D). This is an NGO involved in the sustainable utilization and management of veld
products and natural resources for environmental and economic development. VPRED is
located in Gabane village and the 50-acre site boasts research sites and nursery facilities. In
the mid-1980s, a trial orchard of exotic deciduous fruit trees was established including apricot,
almond and peach trees and demi-lune microcatchments to coilect surface runoff. Despite the
trees growing well, there was insufficient residual moisture present at budbreak (3-4 months
after the rainy season) so the flowers either aborted or produced very small fruit (Taylor, 1997).
This knowledge was subsequently built upon when in 1990 research and planting trials were
carried out to domesticate indigenous fruit trees of economic importance using both macro- and
microcatchments. Indigenous frees included for example, Morula (Sclerocarya birrea subsp.
caffra), Morulta (Strychnos spinosa), Mogorogorowane (Strychnos cocculoides), Mmilo
(Vanguaria infausta) and Morojwa (Azanza garckeana). The end of 1997 had established some
23 planting frials, each involving several hundred trees.

In 1994 a Morula trial was established to compare its growth in plain microcatchments and in
stone-lined microcatchments, though no definitive results are available yet. During the rainy
season in 1995/96, VPR&D established an agroforestry trial that comprised indigenous fruit

trees intercropped with traditional crops, such as cowpea and watermelon.

New innovations and approaches to RWCS are desperately required in Botswana where the
rapidly growing population is increasing the pressure on limited water resources and 10% of the
population still lacks adequate and safe water supplies. The potential for rainwater harvesting
has yet to be fully realized despite that potential, for example, being clearly demonstrated in
several other countries. For example, intermediate water technologies have been practised for
thousands of years in the Negev Desert in Israel which receives as little as 100mm of annual
rainfall. Other examples include Thailand where over 12 million ferrocement roof tanks have
been built since 1985 and many roof, ground and rock catchments are also common over much
of semi-arid Kenya (Taylor, 1997).

A 155m°® galvanized steel tank with a plastic inner lining was built on the VPR&D site on the
edge of a granite hill in 1996. After negotiating land rights, the tank, which will purely be used
as a storage facility, will be connected to the mains supply from Gaborone Dam and other local
dams in late 1999 early 2000. Water will be pumped up into the tank from which it can then
gravity flow down to the houses and buildings on the NGO site.
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ALDEP Phase Il was introduced with the aim of assisting small farmers to increase and improve
crop production by providing them with technological packages, according to Mr Mmofswa,
ALDEP Co-ordinator (Toto, 1998). ALDEP’s current emphasis is on technology transfer,
strengthening extension services, fraining, and encouraging previous beneficiaries to efficiently
and effectively utilize the packages they received during phase | of ALDEP. Phase Il involves
providing farmers with silos, threshing machines, animal draught power, fencing materials,
water tanks, chuffcuters, fodder seed, fertilizers, animal drawn implements (ploughs, harrows,
donkey cart planters and cultivators). Under this scheme, female-headed households are
required to pay 10%, and male-headed households 15%, of the total cost of the package they
require (Toto, 1998). -

Another NGO, Thusano Lefatsheng (TL) is similarly involved in agroforestry research in
Botswana. It is studying plant genetic composition, growth patterns and yields of various exotic
and indigenous fruit trees, for example, the Morama bean (Tylosema esculenta) (Taylor, 1994).

2.5 Applications in Botswana

The BTC and VPR&D are now focused upon to describe each organization and its initiative.

2.5.1 The Botswana Technology Centre (BTC)
Botswana largely depends on expensive underground water development (about 90%) and is

exposed to periods of drought marked by severe shortages of water when boreholes dry up
(Opelo, 1998). In response to this, the MLGL&H, together with the MoA and the BTC, are co-
ordinating efforts to try to alleviate the current water crisis. They investigated the possibility of
using ferrocement tank technology in rainwater harvesting at primary schools and lands in the
Southern District. Only areas within a radius of 80km around Kanye were chosen at first for
easy observation. The BTC sub-contracted RIIC, based in Kanye, to train the builders and the
construct the tanks. The project is known as the Ferrocement Tank Development Project —
Phase |l State 11, since it followed other previous projects that had similar objectives.

The project was established as a pilot project for a water conservation initiative. It is also
meant to help provide water at arable lands through ALDEP as well as a water supply
augmentation scheme at various primary schools around Kanye.

The BTC's objectives of the ferrocement water tank project were (Opelo, J. 1998):
o To introduce a durable, reliable and cost effective rainwater tank design suitable for
widespread use throughout the country. ‘
« To run an intensive training course in ferrocement tank construction to teach trainers

and builders from brigades, technical officers from councils, and contractors.
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e To draw up standards and introduce a graded system of certification to ensure the
tank builders meet minimum levels of workmanship and competence.
e To produce a design manual and draw up design criteria to assist in effective and

consistent construction methods.

For the BTC, the project was divided into two phases. Phase | consisted of a feasibility study
that examined what tanks might be suitable, what capacity was required, what the conditions of
the villages were, and a literature review of the technology currently in use in other southern
and east African countries. Phase |l then comprised the training and construction of the
ferrocement tanks, chosen as a result of their durable qualities. Phase Il is presently still in
operation. If the project is well received by the Botswana Government, then Phase Il will take
effect: piloting the tanks into households on a district and countrywide scale (Opelo, 1999).

A total of eight tanks were built between 1996 and 97 instead of the initially estimated 16 tanks
as a result of the low turnout of trainees. The training was designed to build on the theoretical
background that the trainees had already and expose them to the practicalities of building the
tanks. This part of the project was carried out by RIIC where a total of 11 trainees, with varying
degrees of qualification, formed two groups, with each group additionally being backed up by
two casual labourers who assisted during the construction of the tanks.

The trainees came from the Botswana Government and parastal and private sectors for the
project. The participating organizations included South East District Council, the Botswana
Defense Force (BDF), Kweneng District Council, Tswelelopele Brigades, Madiba Brigades,
Moramosi Construction and the MoA. The training programme, which commenced on the 2™
July 1996, covered a period of 24 weeks with the first four weeks being theoretical and the next
19 weeks practical, with a one week evaluation course held at the end on 12" December 1996.
Both the contractor (RIIC) and the consultant (BTC) gave lectures in theoretical training with
additional participation from The University of Botswana {UB), Department of Environmental
Science. RIIC took 70% of the project’s work in the training of the artisans and construction of
the tanks, while the BTC took the remaining 30% of the work on a consultancy and technical
basis (Opelo, 1999). It is also intended that trainees write an examination after the course is
completed, and then awarded certificates as a means of verification and course completion.

Funding for all the tanks in the pilot project came from the Botswana Government through the
MLGL&H, the MoA, the Ministry‘ of Finance and Development Planning (MFDP) and the United
Nations Children’s Fund (UNICEF). Funding for the entire programme totaled 529,340.92 pula
(Opelo, 1999). It was the role of the government through the MLGL&H and the MoA to identify
people and schools who required either a supplementary or primary source of water. This was
carried out through the agricultural EOs who talked to local farmers and accessed their
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willingness to become involved in the project and their requirements and needs. This was also
examined in recognition of socio-economic aspects of the villages and lands areas. It was the
role of the BTC, in light of this information, to come up with the technology to support it.

A total of 11 ferrocement tanks were built, at six primary schools in Moshupa, and two tanks in

the Moshupa Kgotla Lands and Polokwe Lands. Tanks were constructed at the following sites:

e Bakoko Primary School ¢ Lotlhakane Primary School

e Kgabophuthi Primary School o Kebonyekgotla Primary School
» Mosielele Primary School e Moshupa Kgotia Lands —1 tank
s Moshaneng Primary School ¢ Polokwe Lands —1 tank

2.5.2 Constructing a ferrocement tank
There are several problems with the materials used in the rainwater harvesting ferrocement

tanks. For example, it is perceived to be a poor reinforced concrete and a second-class
technology developed for Third World countries (Hasse, 1989). Ferrocement is a building
material similar to concrete, and is produced by applying cement mortar composed of fine
aggregate and cement onto wire reinforcement using plasterer techniques. There are as many
as four to five wire frames, each with varying mesh sizes and orientations that are
superimposed upon each other before the ferrocement is applied on either side. While of
similar durability to reinforced concrete, the ferrocement is more elastic and flexible with high
impact resistance properties. The width of the roll of mesh or mats will determine the height of
the tank wall, usually up to 1.80m high. RIIC has developed tank sizes of 11 m? 23 m® and 46

m? for use in the pilot project.

Joseph Monier produced flowerpots made of cement mortar reinforced with chicken wire and
he showed this new product first to a world exhibition held in Paris in 1867. During the First and
Second World Wars, ferrocement boats were successfully built in the UK, US, New Zealand
and Australia as builders fried to save shipbuilding materials such as steel plates and timber.
One such ship even circumnavigated the world without problems (Hasse, 1989). The building
process is highly labour intensive and while this is now considered a disadvantage in
industralized countries, it remains an appropriate technology for countries where labour costs
are low and the labour pool is large. The organization, ‘Christian Action for Development in the
Caribbean’, which has used the technology, comments that it is ideal where only a few tanks or
even just one are required, where prefabricated moulds are not considered and welded

reinforcement mesh is not available (Hasse, 1989).

2.5.3 Veld Products Research and Development (VPR&D)
VPR&D is governed by a board of directors drawn from farmers in Gabane village and senior

officials in the MoA, the Department of Agricultural Research and other NGOs. Funding and
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support for the VPR&D’s projects have been received from international donor agencies.
These include the GTZ {Germany), SNV (Netherlands), the European Union, IDRC (Canada),
the United Nation’s Food and Agriculture Organization (FAO), NORAD (Norway), DANCED
(Denmark), the Royal Netherlands Embassy, the British High Commission and the Canada
Fund for Botswana (Sunstrum, 1999, pers com.). Field activities around the country include
community-based projects as well as research work on indigenous tree planting trials and
agroforestry trial plots located throughout Botswana. VPR&D’s mission statement and goal is:

“To undertake research and development projects in partnership with rural

communities and households to improve their qualily of life through the sustainable

utilization and management of natural resources. In order to achieve this VPR&D

aims:

e To engage in innovative research

e To promote Human Resource development on the basis of equal opportunity

o To promote systems enabling communities to develop their own strategies to
successfully utilize their natural resources on a sustainable basis

e To be an international centre of excellence in the utilization and management of veld

products”

2.5.4 The Agroforestry Project
VPR&D established an agroforestry trial piot at its site in Gabane in 1995 where the growing of

indigenous fruit tree species together with traditional crops with rainwater harvesting practices
is experimented and demonstrated. The trial was established to show the potential rainwater
harvesting has to produce more stable and reliable yields in the erratic rainfall climate and poor
soils in Botswana. One of the crucial aims of the project is also to make the techniques
accessible and adaptable to local farmers (Mateke et al., 1999).

A five-year old Morula orchard (planted in 1990) formed the basis of the trial. The frees were
planted on contours 12m apart with 12m between the trees on each contour. The semi-circular
bunds were lined with stones that serve as a mulch and each tree had a microcatchment of
6m?, with the upper line of trees having a macrocatchment of between 3-400m? In 1995,
species of Morutla (Strychnos spinosa -wild orange family) and Morojwa (Azanza garckeana -
snot apple) were planted in between the Morualas, later joined by Mmilo (Vanguaria infausta,
wild medlar) and Mogorogorwane (Sirychnos cocculoides, wild monkey orange family). The
project was then presented to farmers who were encouraged to adapt it for themselves. Prizes
are given every year to innovative farmers in the Kalahari to encourage the adoption of the

viable practices.

Under the heat of the summer sun, any soil or sandveld that is left bare experiences a depletion
and killing of its microflora, so there is a great need to keep the ground cool. Consequently,
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intercropping between the indigenous trees is a common practice and sorghum and cowpeas
are the predominant crops planted. Their decayed remains later form a good mulch on the soil
during the dry season. Watermelons are also planted and their wide, shallow roots expand out
across the catchment areas. As do Morama beans (similar to soya beans), which have a 2m
spread across the ground and whose tubers can weigh up to 300kg and live for 100 years!
Traditionally, no reploughing is ever done at the lands areas if the first rains and crops fail, but

with the agroforestry method, crops can be replanted if the first crop fails.

The attraction of birds to the trees and crops is a major problem in Botswana and VPR&D have
tried various methods of scaring them away in the past. Methods include a plastic bird on a six-
foot pole elevated above the crops; temporarily effective but the birds soon return. One method
recently tried in England involves a pyramid of mirrors that creates shafts of light that
disorientate the birds as they fly in towards the crops, thus scaring them off. One pyramid can
control an area approaching two hectares but its cost, 3,000-4,000 pula, is prohibitive in
Botswana though plastic bottles filled with water have a similar effect (Taylor, 1999, pers com.).
A future design might include a pole with strings tied on it, and at the end of each string is small

mirror for the purposes of reflecting light and scaring birds away.

2.5.5 The Community Based Agroforestry Project ( CBAP)
The Community Based Agroforestry Project was started in June 1997 and the main objective is,

“to support communities in the development of appropriate low-input and sustainable
agroforestry systems that will increase food and household security for subsistence farmers in
semi-arid Botswana.” (Makete, and Taylor, 1999). VPR&D aims to use the experience that it
has gained from the agroforestry initiative and take this out into communities in Botswana. The
objective is to create an interest in agroforestry, to develop viable and appropriate methods of
rainwater harvesting, and alternatives to traditional agriculture. CBAP currently operates in
villages in the eastern Hardveld, those of Gabane, Paje, Thabala, Letcheng and Tsamaya. In
this thesis, VPR&D’s work in the first two villages, Gabane and Paje, will be analysed.

Rainwater harvesting is the term used for a wide range of methods for concentrating,
collecting and storing surface runoff for domestic and agricultural use. Through utilizing
the technology, the potential exists to lower vulnerability to drought. The projects
established by VPR&D and the BTC will be examined through a framework of lowering
vulnerability and reducing the risk to drought. Blaikie’s ‘pressure and release’ model and
‘access’ model are both used and through which the potential that rainwater harvesting
has for drought mitigation can be evaluated.
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Chapter 3

Conceptual Framework

3.1 The conceptual framework

Drought mitigation can be conceptualized within a framework using various models. Two
models of vulnerability to hazards are considered. People face risk due to a combination of
both their vulnerability and a hazard. A hazard is “an extreme event which may affect different
places singly or in combination, at different times...with varying degrees of intensity and
severity” (Blaikie, ef al., 1994, p.21). When a hazard affects a group vulnerable to that
particular hazard a disaster may result.

“A disaster occurs when a significant number of vulnerable people experience a

hazard and suffer severe damage and/or disruption of their livelihood system in

such a way that recovery is unlikely without external aid” (Blaikie, et al., 1994, p.21).
Vulnerability encompasses the capacity of a person or people group to anticipate, cope with,
resist and recover from the impact of a natural disaster (Blaikie, et al., 1994). It includes factors
that determine the degree to which people’s livelihoods are put at risk and disrupted by a
discrete natural or social event. Vulnerability can also be associated with the word capability,
the ability to protect one’s family, home and community, and to rebuild one’s livelihood after a
hazard. The most vulnerable in society are those who find it hardest to reconstruct their lives

after a disaster has struck them.

3.1.1 The ‘pressure and release’ model
Two models that help to explain vulnerability are the ‘pressure and release’ (PAR) model and

the ‘access’ model (Blaikie, ef al., 1994). The PAR model is a simple tool for illustrating how
disasters occur when vulnerable people are subjected to pressure. Their vulnerability is often
rooted, not in the severity of the disaster, but in the sociai processes and underlying factors that
may be far removed from the disaster itself but have heightened vulnerability to risk or a
hazard. The idea behind the PAR model is that a disaster is the intersection between two
opposing forces; those producing vulnerability on one side, and actual physical exposure on the
other. The ‘release’ component involves relieving the pressure and so reducing the effects of
the disaster through reducing people’s vulnerability through, for example, mitigation measures.
This model has the tendancy to separate the hazard from the conditions that create

vulnerability, making a distinction between them.

63



The impact of any hazard is related to social factors that generate a state of vulnerability.

There are three categories of vuinerability-inducing factors, as illustrated in Figure 3.1:

¢ Root causes of vulnerability
¢ Dynamic pressures, and

e Unsafe conditions

Root causes of vulnerability may be economic, demographic (affecting the allocation and
distribution of resources between people groups) and political (such as control by the police or
military). Economically' marginal people are particularly vulnerable, for example, those living in
semi-arid marginal environments or in sparsely populated lands areas. Their access to jobs
and resources is less secure and government aid during periods of hardship can sometimes

take time to reach their communities when compared to larger urban centres.

Dynamic pressures, on the other hand, translate the above effects into the vulnerability of
unsafe conditions. For example, having reduced access to resources may arise from rapid
population growth, urbanization, deforestation, epidemic diseases, foreign debts and monetary
adjustments, wars, and mining and hydropower development. People's basic health is also
important as it often determines their ability to survive disruptions to their livelihoods and their
resilience. For example, the old and the very young living in a marginal environment are more

susceptible to infections and drought through living with malnourishment or poor nutrition.

Unsafe conditions are generated when people live in insecure or dangerous places. People
may live in areas highly susceptible to crop or rainfall failure, in unsafe buildings, in

economically poor settlements or with prostitution and health risks.

These three factors are interlinked. For example, farmers displaced from their land during
colonial times (the cause) may subsequently experience reduced access to resources
(pressure) and may be now be living in a marginal environment where rainfall is erratic, low and

very variable (unsafe conditions).
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The progression of vulnerability
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Figure 3.1:  ‘Pressures’ that result in disasters: the progression of vulnerability
Source: Blaikie, ef al., 1994
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Figure 3.2 summarizes the 'release’ process as a reversal of disaster ‘pressure’. For example, the
introduction of primary health care, child immunization and community water supply and sanitation at
village level dramatically improves protection against some diseases and reduces vulnerability to
other hazards. Such mitigating actions relate to the middle of the ‘release’ model where the
mechanisms that translate root causes into unsafe conditions are reversed. Root causes, or global
pressures, can be changed, and should not be considered as permanent or inevitable. For example,
reducing debt and environmental degradation would allow for more development into rural areas,
which would eventually be translated into less vulnerability to hazards. Vulnerability analysis is
therefore important to ensure that any mitigating feature that is introduced does have the desired
impact and does not créate other forms of vulnerability (Blaikie, ef al., 1994).

NGOs and governments have an important role to play in helping to establish an enabling
environment where the progression of safety is seen within the communities with which they are
working. Vulnerable people groups that are experiencing unsafe conditions and unstable or fragile
livelihoods can, through organizations working with them, develop a more resilient and sustainable
livelihood where they are more capable of responding to shocks and stresses placed upon them. The
emphasis, however, should lie in working ‘with’ the people, rather than working ‘to’ the people

In this context, the theoretical orientation for this study views semi-arid Botswana at particular risk
from the impacts of recurrent drought. This level of risk is further exacerbated by such factors as
declining soil productivity, accelerated urban migration,, HIV/AIDS that, along with others, increase

vulnerability to drought and other shocks.
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The progression of safety
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3.1.2 The access model
The access model expands on the principles in the PAR modei and analyses how economic and

political pressures generate vulnerability. It suggests how conditions need to change in order to
reduce people’s vulnerability and therefore increase their protection against hazards and their
capability and capacity to recover (Blaikie, ef a/, 1994). Unsafe conditions may arise through
economic and political pressures that unfairly allocate assets, income and resources in society.
Hazards then change the set of resources that households rely on and alter the recovery patterns of
different people groups. Some hazards actually intensify people’s vulnerability, but may also improve
their coping strategies in the long term by encouraging them to invest more in, for example, good
building infrastructure, disease or drought-resistant crops and insurance polices. We must therefore
include nature, with all its extremes, in the working out of social processes as the two are invariably
linked. For example, given a country’s economic situation, a wealthy family may suffer greater losses
in absolute terms in a hazard, but less in relative terms as they have the ability to recover more
quickly than a poorer family. People’s access to resources therefore varies, and therefore the

potential loss and recovery rate.

Access is the ability to use resources that are directly required to secure a livelihood and can be
influenced by class, age, gender and ethnicity. Women generally have less access and less control
over income. Lower levels of access increase a person’s vulnerability and as resources are not
spread evenly, a spatial dimension is introduced. For example, it may be too expensive to travel to
collect water every day. This spatial inequality of access reflects economic and social inequalities.
To improve this situation, people may move to the towns or cities to find work and secure their
livelihoods, inducing rural to urban migration. Recovery may be subsequently impaired by no
alterations to the access {o resources within a country. Different people are also vulnerable to varying
degrees to the same hazard and some will be vulnerable to more than one hazard.

During periods of drought in Botswana, people’s level of vulnerability may be determined by their food
supplies, entittements, market behaviour, goods exchanges, or their prospects for earning enough to
buy food. Their access to resources is determined by where they are spatially located in relation to
their requirements. For example, a family with a lands area 20km from a village and with no water
cart is more disadvantaged than a family immediately outside the village and close to a standpipe.

Section 1.13 developed the concept of entitlements, and here it is carried forward into Sen’s model of
entitlement failure and food entitlement decline (FED) (Blaikie, et af., 1994). FED is the failure of
effective demand (or pull failure) which can cause famines, rather than the market failure (or response
failure). Despite people needing to buy food, they might not have the necessary cash or other
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exchangeable resources to purchase it. In this case, therefore, effective demand has failed and is
absent and so does not exert an upward pressure upon food prices. In the access model,
entitlements are conceived of as socially derived resources that can be called upon by individuals
according to the prevailing ‘rules of the society’ (Blaikie, et al., 1994). Sen’s entitlement relationships,
such as production entitlements, trade opportunities, own-labour entitlements, inheritance and transfer
entitlements, and extended entitlements (those that exist outside the legal rights of, for example,
ownership), are similar principles to those in the access model. However, Sen’s work, rather than
being a theory, is a structural approach and a structural checklist of factors that affect access.

Entitlements can either be owned by a person (Sen described this as a person’s endowment) or can
be exchanged by that person for other commodities {(called ‘exchange entitiement’) (Blaikie, et al.,
1994). The exchange entitlement depends upon the legal, political, economic and social
characteristics of the society in question and the person’s position in it (Sen, 1981). People become
more vulnerable to drought and famine if their endowment does not comprise adequate food or
resources to produce food, and/or if their capacity to exchange labour or other goods and services
cannot be translated into enough food. This can occur without a reduction in aggregate food supply
and without any breakdown of the market (Blaikie, ef al., 1994),

When a person’s entitiements change, they can suffer two things. First, they can experience a
decline of endowments, such as crop failure, livestock deaths or loss of labour power due to ill heaith.
They also face a decline in exchange entitlements, such as when food prices rise, wages fall, loss of
employment occurs, a decline in self-employed production, or the demand for their own goods and
services falls at the market (Dreze and Sen, 1989). By considering how endowments and exchange
entitlements change, a more comprehensible explanation for why drought occurs can be reached.

3.1.3 Risk reduction framework
Risk can be said to be the sum of hazard plus vulnerability (Blaikie, et al., 1994):

RISK = hazard + vuinerability (roof causes + dynamic pressures + unsafe conditions)

When risk is sufficiently high a disaster may result. In order to reduce disaster the pressure must be
relieved upon the people group that will lessen their vulnerability. The PAR model can thus be set
within the context of a risk reduction framework. Reasons for adopting a risk reduction framewaork
are:

* To set vulnerability analysis within the broader context of disaster planning and mitigation

» To link disaster mitigation into its wider contest of creating a more sustainable environment
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One of the ways of reducing pressure and vulnerability is through community-based projects and
schemes that aim to reduce poverty, increase food security and raise up the level of people’s
livelinoods. Anti-poverty programmes are designed to raise incomes or consumption, and may be in
partnership with anti-vulnerability programmes that aim to increase household security and reduce the
chances of a hazard having a serious and detrimental impact (Blaikie, ef al, 1994). Existing anti-
vulnerability and community-empowerment programmes need to be evaluated in order to develop
good working models for future development and investment. Similarly, to successfully mitigate
drought through reducing the dynamic pressures that are exerted upon people’s lives.

Water conservation witﬁ good management strategies and collection systems in both urban, but
particularly rural areas, is an essential component of mitigating the effects of drought ahead of time.
A water conservation strategy could include financial measures (such as seasonal peak pricing),
technical measures (such as curbs on inefficient water-using appliances and advice on watering) and
social measures (such as persuading people to grow indigenous frees instead of the more water-
demanding exotic varieties).

Drought increases the pressure on limited land resources and many practices may not directly cause
drought but amplify its effects. These practices include over-grazing, poor crop management,
deforestation and harmful soil and water conservation techniques (Blaikie, ef al., 1994). There is
therefore a huge need to mitigate the risks by better, sustainable agricultural land use practices, for
example, planting tree shelter-belts to lower the wind velocity and thus its erosive capability at ground
surface. The BTC and VPR&D are two such organizations that are actively researching and

promoting these strategies.

Many urban areas benefit from the construction of impressive water systems and reservoirs that are
designed to provide a predetermined minimum level of supply. With elements of over-design and
careful crisis management, many of these can perform well during fairly high magnitude droughts
{Chenje and Johnson, 1996). However, it is also the rural towns, villages and lands areas that water
providers must not neglect. Governments and NGOs nust also consider sustainable development in
rural areas. Failure to provide or offer even basic risk reduction mechanisms to rural people couid
mean the difference between the sustainability of rural livelihoods or accelerated migration to urban

settlements in search of increased job and livelihood security.

New attitudes may be called for to help decrease the dynamic pressures upon people’s lives as
investing both money and resources in rural areas and in community-based projects may go against

the normal funding priorities and may not show a conventional return on investment. Above all, there
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is a great need to establish more local initiatives in order to produce more self-reliance in communities
who depend on drought aid during periods of hydrological or agricultural drought stress.

3.2 Problem statement

Drought conditions are prevalent in Botswana and have a major impact upon people’s livelihoods.
Reducing the risk of drought and lessening people’s vulnerability to drought in villages and rural
communities is necessary in order to promote sustainable development and make livelihoods more
resilient. Rainwater harvesting presents, at least theoretically, an appropriate technology to minimize
the impact of meteorological drought in at-risk households. Despite its potential role as a useful risk
reduction strategy, the appropriateness and effectiveness of rainwater harvesting in rural Botswana

has not yet been evaluated.

The PAR model illustrates how disasters occur when vulnerable people are subjected to
pressure. A disaster is the intersection between iwo opposing forces; those producing
vulnerability on one side, and actual physical exposure on the other. The ‘release’ component
invoives relieving the pressure and so reducing the effects of the disaster through reducing
people’s vulnerability. The access model analyses how economic and poiitical pressures
generate vulnerability, suggesting how conditions need to change in order to reduce
vulnerability and increase people’s capacity to recover from a disaster. Risk is the sum of
hazard plus vulnerability, and in order to reduce risk the root causes and dynamic pressures
that contribute to vulnerability must be reduced. The next chapter presents the methodology of
how rainwater harvesting will be analyzed in order to evaluate it within a vulnerability-reduction

framework.
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CHAPTER 4

RESEARCH METHODOLOGY

4.1 Aims and objectives of the research

Rainwater harvesting has the potential to contribute to the reduction of drought-related vulnerability in
rural communities. The effectiveness that rainwater harvesting has, as a risk reduction strategy, to
lowering vulnerability in selected rural communities in Botswana is examined using three major

objectives:

1. To determine whether rainwater harvesting enhances livelihood resilience in village lands
areas and rural communities, as the result of the instaliation of ferrocement water tanks.

2. To determine the degree to which drought-related vulnerability has been reduced in the
Paje and Gabane villages due to agroforestry community-based interventions.

3. Todetermine whether rainwater harvesting and drought-resistant agricultural practices are
feasible options and should be further supported in Botswana, as a rapidly urbanizing

country.

4.2 Research methodology
To explore the risk reducing potential of existing community-based rainwater harvesting projects in
drought-prone areas of Botswana, three primary data collecting methods were used:

e Key informant inferviews

e Focus group interviews

e Direct as well as participant observation techniques.

In the following section, an outline of each research method will be given. The methodological
paradigm for this dissertation is predominantly qualitative in nature, where the data collected are
integrated and subsequently analysed. This approach was chosen based on the objectives
mentioned above and in order to establish a well-rounded, fully coherent objective view of the

Batswana livelihoods and the country’s future potentials.
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