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ERRATA
The following typographical errors have been noteq:-

Page xix
ENERGY. Paragraph 3, Line 4. Should read ...which is currently responsible for 39% of
Namibia’s electricity consumption,

Page 30
Table 4.1. Row 7, Column 2. Should read ....Increased electricity demand (mainly air
conditioning and other coolants).

Page 71
Footnote 6. Line 3. . man-induced changes to the Walyis Bay lagoon (Section 9.3.1) are
believed to be . . .

Page 145
Box 1 1.1.Paragraph 4, Line 1. Should read ....The capital cost of supplying 20 000
households .. .

Footnote 5. Should read 90% of Namibia’s 20 000 rural households not connected to
the grid .. ..




“There is evidence that the global
y economy is outgrowing the earth’s ecosystems.

' We see this in the collapse of fisheries, in Jalling water
tables on every continent, in rivers running dry and
Jailing to reach the sea. We need to do two things in
order to create a sustainable future: stabilise the
population and stabilise the climate.”

Worldwatch Institute,Washington D.C. (1997)
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EXTENDED SUMMARY

INTRODUCTION

Since the onset of the industrial revolution, raised concentrations of atmospheric
greenhouse gases (mainly carbon dioxide, methane and nitrous oxide), resulting from the
burning of fossil fuels and other human activities, have begun to cause a discernible
increase in the earth’s average surface temperature. In turn, this has triggered an increase
in average global sea-level and is believed to have initiated certain large scale, long term
changes to global climate, including increases in sea surface temperatures and changes in
rainfall, flood and drought regimes. Collectively, these changes are referred to as global
warming, the enhanced greenhouse effect or climate change.

Namibia, as a developing country located in an arid region where drought and high
climatic variability is endemic, and where great demands are placed upon natural
resources, is considered to be particularly sensitive to the effects of climate change.
Vulnerability to global warming is a measure of the country’s capacity to cope with the
expected impacts and will largely be determined by the population growth rate, future
economic growth rate, natural resource base status, rates of land conversion/degradation,
domestic and regional stability and national policies and practices. By offering an
overview of these interactive factors, this document identifies Namibia’s most climate
sensitive sectors. Furthermore, it aims to create awareness concerning national
vulnerability to climate change and lay a foundation for future in-depth multisectoral
impact studies.

CURRENT CLIMATE

Namibia experiences precipitation from only the edges of the southern African rain-
bearing systems. As a result, the country’s climate is characterised by aridity and
variability with 92% of the land area defined as hyper-arid, arid or semi-arid. During the
last 5-10 million years desert conditions along the country’s naturally arid coastline have
been enhanced by the presence of the cold Benguela current. Along the coastal belt,
precipitation from advective fog exceeds precipitation from rainfall and plays an
important role in the ecological functioning of the Namib Desert. Rainfall variability
within the region is closely associated with anomalies in sea surface temperature resulting
from the El Nifio/Southern Oscillation phenomenon and other causes. Droughts are
common and below average rainfall often occurs for periods longer than 2 years.

Namibia’s predominantly southerly and south-westerly coastal wind regime has a
profound effect on the marine ecosystem and generally results in cool temperatures at the
coast. On average, maximum temperatures across the country vary between 3 °C and 40
°C. The hottest time along the coastal belt is often during autumn or winter when easterly
winds may occur for short periods. On average, minimum temperatures across the
country vary from 2 ° C to 10 ° C but may reach as low as —10 ° C at some inland
localities. Namibia’s interior plateau is characterised by an extremely high evaporation
rate that exceeds average rainfall.

Vil



FUTURE CLIMATE

Our estimation of future climate changes resulting from the enhanced greenhouse effect
must take into account the fact that large scale, naturally induced changes to global
climate have occurred in the past, and will occur again in the future.

Based on the IPCC IS92a Greenhouse Gas Emissions Scenario, which offers a mid-
range estimate of future greenhouse gas emissions and assumes only a modest degree of
policy intervention to mitigate them, climate models estimate that the mean annual global
surface temperature will increase by 1.5 - 4.5 °C by 2100 (compared with 1990).
Increased temperatures are expected to be greatest at the poles, the northern hemisphere
is expected to warm more than the southern hemisphere, winter warming is likely to be
greater than summer warming and diurnal minimum temperatures are hypothesised to
increase more than maximum temperatures. Changes in spatial and temporal patterns of
precipitation are also expected, but the exact nature of these changes is difficult to
determine. ENSO conditions are likely to intensify and naturally dry areas in southern
Africa are expected to become drier during El Nifio events.

Of the many interactive atmospheric/oceanic effects and feedback responses that are
anticipated as a result of global warming, a rise in sea-level and enhanced sea surface
temperatures will be the most discernible. The 1S92a greenhouse gas scenario estimates a
sea-level rise of between 23— 96 cm by 2100. Sea surface temperatures are expected to
rise with an increase in air temperature, but neither to the same degree nor as rapidly.

Although it is not possible to predict with any degree of certainty the exact timing,
magnitude and nature of expected climate changes under the effects of global warming,
recently developed scenarios suggest that, in addition to becoming increasingly hotter,
most of the SADC region is likely to become drier and will experience shorter, less
reliable rainy seasons during forthcoming decades. Based on a regional study conducted
by Hulme ef al, one climate change scenario for the SADC region (Hulme’s ‘core’
scenario) suggests average warming of approximately 1.7 °C, decreased rainfall of
between 2.5-7.5%., increased rainfall variability of between 5 and 15% and increases in
potential evapotranspiration of between 4 and 16% for most of Namibia by the 2050s
decade.

Some environmentalists maintain that southern Africa is already experiencing the
consequences of an enhanced greenhouse effect - average temperatures in the region have
risen by 0.5 ° C during the past century and the 1986-1995 decade has been the warmest
and driest since 1900. Furthermore, El Nifio events appear to be more frequent and
intense, often heralding periods of drought. Mean temperatures for Windhoek during the
last five decades have displayed an average increase of 0.023 ° C/annum and, since the
1970s, Namibia’s volumetric rainfall has steadily declined.

Although it is not possible to prove that these drier and hotter conditions are a result of
global warming, it is quite clear that decision-makers must begin to plan in the face of
considerable climatic uncertainty. Thus, there is a strong need for Namibia's
meteorological services to improve existing databases and to become increasingly
proactive regarding the distribution of relevant climatic information. The potential for
understanding world-wide weather teleconnections such as the global consequences of

vill



ENSO events is improving constantly and much can be learnt from national responses to
these events.

Although the broadbrush regional scenarios used in this document provide a valuable
backdrop for this preliminary study, national in-depth climate change impact studies will
require the generation of future climate scenarios that are specific to Namibia. Work in
this field has begun and it is important that it continues.

SOCIO-ECONOMIC SCENARIOS

Namibia supports an expanding, youthful population and displays rapid rates of urban
growth. The economy relies heavily on natural resources and agriculture remains the
principle source of employment and livelihood for the majority of the population.
Scarcity of water and episodic drought limit economic development and the economy is
neither sufficiently diverse nor flexible enough to cushion it against the fluctuating
international and environmental conditions that affect the mining, marine fishery and
agricultural sectors.

As part of its colonial legacy, Namibia has a highly' dualistic economy and the top 1%
earners are estimated to have a total annual income that exceeds the total income of the
bottom 50%. In 1994, approximately 60 % of the population were classified as either
poor or severely poor. Unemployment and underemployment is high and few formal sector
jobs are found in the heavily populated northern regions of the country.

Fishing and fish processing are expected to display strong growth in the immediate future
but this will depend on the recovery of fish stocks and conducive environmental
conditions. Tourism is expected to continue to grow and the development of the Kudu
gas field and the proposed new hydroelectric power scheme on the Kunene river will
result in substantial increases in future electricity output. Although not likely to show any
dramatic growth by 2000, it is hoped that manufacturing will flourish in decades to come,
thus providing off-farm employment opportunities and creating a more diverse economy.
The impact of HIV/AIDS on population growth rates is uncertain but it is likely that the
epidemic will place tremendous strain on Namibia’s future economy, due mainly to
increased demands on health and social services and illness/mortalities amongst the
economically active sector of society.

SOCIO-ECONOMIC IMPACTS OF CLIMATE CHANGE

Increased urbanisation, increased health care and water supply costs, disease epidemics,
and a reduction in food security, exports, employment and tourism potential, are all
possible socio-economic consequences of global warming, The most vulnerable sectors
of society are considered to be the urban poor residing in rapidly growing, inadequately
serviced informal areas, and rural communities dependent on subsistence farming for
their livelihoods.

Since independence there has been a commendable improvement in policies and
programmes that aim to achieve sustainable natural resource management in Namibia. In
addition, an IIASA project on Population and Sustainable Development in Namibia will
help to guide future national and regional economic planning and will provide valuable
information for future climate change studies. However, improved conditions in informal



urban areas and concerted efforts to reduce population growth rates, poverty, the spread
of HIV/AIDS, and advance economic flexibility and growth, are essential to mitigate the
effects of climate change and help to ensure that Namibia is able to pursue costly
adaptation measures.

VULNERABLE SECTORS

WATER RESOURCES

Rainfall in Namibia is sparse and displays a high degree of temporal and spatial
variability. This leads to a corresponding high variability in runoff, soil moisture and
stream flow. Because of high evaporation rates, only 2% of the rain that falls is available
as runoff and only 1% is available to recharge groundwater. This scarcity of water limits
the development of virtually all sectors in Namibia.

Until recently, water supply was heavily subsidised and the government focussed on

trying to provide enough water to meet demand. This approach has encouraged the

wasteful use of water, led to misguided agricultural policies and the establishment of

inappropriate irrigation schemes. If demand continues to grow at current rates of 3.5%

per annum, then water consumption will double every 20 years and by 2015 Namibia

will no longer be self-sufficient in water. Major constraints, which currently challenge

national and regional water resources, irrespective of climate change, may be

summarised as follows: -

o Escalating financial costs of supplying adequate water to agriculture (mainly crop
irrigation), industry, commerce and an expanding, urbanising population;

e Increasing concentrations of pollution which threaten the quality of diminishing water
supplies;

e Increasing water scarcity and competition with neighbouring countries for available
water; and

e Environmental damage resulting from the unsustainable removal of water from
underground aquifers. In particular, damage to riparian vegetation and wetland
ecosystems which provide essential ecological services including water purification,
streamflow regulation and the recycling of aquatic nutrients.

In order to cope with increasing national water demand, it has become essential to
enforce stricter water management policies together with investigating the possibility of
developing new water sources. Attempts to ensure full cost pricing for water resources
are likely to reduce future demand in sectors that display a very low economic return on
water input (irrigated crop farming and domestic use) but not with others (mining, fish
processing, and tourism ) that generate relatively high returns.

By the 2050s the water resources sector is likely to be affected by increased temperatures,
a decrease in precipitation in most areas, altered runoff (reduced by 10-40% for most of
the country) and increased runoff variability as a result of climate change. More extreme
flood events during years of good rain are also likely. Reduced water quality and
availability will severely exacerbate all current constraints that challenge the water
resources sector and will ultimately result in increased threats to public health, increased
variability in hydropower output and reduced production from some industries. A



reduction in rainfall will result in exponentially less runoff and a reduction in dam yield
that will be also be subjected to an increase in evaporation. Current constraints that
threaten the fresh water fisheries sector will be perturbed. Collectively these impacts will
severely threaten Namibia’s socio-economic and environmental integrity.

Recent changes in water management policy, particularly those relating to more realistic
water pricing and efforts to co-ordinate planning and management at a regional level,
will have considerable net benefits for the water resource sector. Nevertheless, the likely
costs and effects of climate change still need to be considered by water managers and
factored into all future macroeconomic planning processes. Thus, a quantitative
assessment of the biophysical and socio-economic impacts of global warming on
Namibia’s water resources should form the focal point of future climate change impact
studies.

MARINE RESOURCES

Namibia’s marine ecosystem is characterised by intense upwellings, which are dependent
on prevailing southwesterly winds and the northward flowing Benguela current.
Although species diversity of the Benguela ecosystem is low, the ecosystem’s cold,
nutrient rich upwelled waters support large quantities of plankton, which in turn sustain
vast populations of commercially exploitable fish and other marine organisms.

Reds tides, sulphur eruptions, deep water anoxia and episodic warm water events or
Benguela Nifios, are extreme natural events that periodically impact upon Namibia’s
marine environment. These unpredictable phenomena are largely triggered by climatic
factors (particularly changes to the prevailing south-westerly wind regime) and are
capable of having a dramatic effect on fish stocks. In addition to the natural climatic
variability that drive these changes, threats to the production of Namibia’s marine
fisheries sector include the over exploitation of stocks and increasing inshore pollution.

In the early 1990’s, favorable environmental conditions, the establishment of an
exclusive economic zone (EEZ) and the setting of conservative total allowable catches
(TAC’s) have helped fish stocks to recover after decades of overexploitation. There is a
growing trend in global fish consumption and, despite the unpredictable variability
displayed by Namibia’s marine environment, there is national optimism regarding future
earnings from this sector.

Of the many interlinked atmospheric and oceanic changes that will affect marine
environments as a result of global warming, only an increase in sea surface temperature
(SST) and a rise in sea-level are predicted with any degree of confidence. Increased SST
alone will be capable of shifting wind and pressure regimes, altering the ocean’s primary
production and impacting on the distribution and population dynamics of many marine
species. However, researchers can only hypothesize how the interactive winds, ocean
currents and upwelling processes that fuel the Benguela’s high productivity may change
under altered climatic conditions,

Initially, climate change may not create new problems for Namibia’s marine fisheries

sector as much as it exacerbates existing ones. Thus, the environmental conditions that
prevail during the occurrence of Benguela Nifios and other anomalous events may
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become more prevalent in the short to medium term. After about 2050 however,
permanent changes to the Benguela upwelling could result, with many fish species
migrating out of Namibian waters, to be replaced by more diverse assemblages adapted to
warmer conditions. Although biodiversity is likely to be enhanced under these
circumstances, the production of the Benguela will ultimately diminish. If this extreme
scenario does develop, it will have a severely detrimental effect on Namibia’s marine
fisheries sector.

It is hypothesized with medium confidence that climate change conditions will not cause
significant changes t0 global marine fisheries production as a whole. Rather, there will be
a shift in economic winners and losers in accordance with the expected geographical
displacement of fish stocks.

Marine species most sensitive to climate change include those that have been heavily
exploited. Thus, in order to help mitigate future vulnerability, it is essential to ensure that
current local, regional and global policies provide for stock recovery and enforce
sustainable fishing practices. At a local level, policies that favor fish processing over
larger catches and programs that encourage the improvement of existing models for
forecasting marine environmental changes associated with the Benguela current
ecosystem are strongly recommended.

AGRICULTURE

Despite considerable climatic constraints, 85% of Namibia’s land surface is used for
agricultural purposes. More than 90% of this land is utilised for livestock farming as a
lack of precipitation restricts crop farming to limited areas in the north of the country.
Approximately 48% of the actual Namibian labour force is employed by the agricultural
sector, with an estimated 70 % of the population dependent either directly or indirectly on
agriculture for its livelihood.

The colonial era created two agricultural sub-sectors - communal and commercial.
Agricultural incomes for subsistence farmers on communal land are low and variable and
are dependant on rainfed crops (mainly millet) and livestock which supply families with
many non-marketed products and services including draught power, milk, hides and
manure. Commercial farms are large and mainly oriented towards meat production for
local and export markets.

Extended periods of drought impact heavily on Namibia’s agricultural sector and the
tenuous food security of the rural poor. During the 1990s livestock losses were
predominantly due to the effects of drought. In recent years, commercial livestock
farmers have moved increasingly towards mixed game/livestock farming and many have
embarked upon wildlife based tourism enterprises. This trend in stock diversification has
helped to maintain biodiversity and creates a valuable buffer against the effects of
drought.

Poor soil, low and variable rainfall and high temperatures strongly limit the potential for
sustainable agricultural practices and Namibian rangelands are vulnerable to land
degradation. The causes of land degradation result from several interlinked climatic,
social and political factors, which combine to threaten commercial agricultural output and
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the livelihoods of rural communities. Thus, although regular drought and natural climate
changes are capable of causing undesirable shifts in vegetation cover that predispose
rangelands to soil erosion and bush encroachment, these effects are exacerbated by
unsuitable agricultural practices, inappropriate policies and increasing population
pressure.

Over the next 20 years, economic growth rates for the agricultural sector are not expected
to rise much above 5% per annum. Determining the ultimate effects of climate change on
these projections is hampered by many uncertainties. These include the future effects and
extent of land degradation, the quantification of future rainfall variability, the actual
response of plants (crops and rangeland grasses) to the combined effects of increased
concentrations of CO, and elevated temperatures, the consequences of improved
cultivation practices and altered social, economic and political circumstances.
Nevertheless, assessments within the SADC region which have focussed on projected
changes in potential yields of maize, as well as broad-brush investigations into some
climate change effects on rangelands and livestock health, suggest the following possible
consequences of global warming: -

e Geographical shifts in the areas suited to crop growth are highly probable. Based on
the influence of increased CO, and temperature alone, Namibia’s maize triangle and
Caprivi region could experience an increase in maize yields of up to 5% under
Hulme's ‘core’ climate change scenario. However, if rainfall is reduced and becomes
more variable, fewer areas will be suitable for cultivation.

e The growing season of maize is likely to shift to an earlier date and, as a result of
increased temperatures, shorter growing seasons and reduced yield quality are likely.
Altered prevalence of weeds and crop pests are also expected. A decline in surface
water availability will be accompanied by fewer opportunities to develop irrigation
schemes.

e Reductions in forage quality and palatability are likely to occur because of
increasing carbon to nitrogen ratios, particularly on Namibian rangelands where low
nutritional value is already a problem.

e Ifa general trend towards increased aridification occurs in Namibia, desert expansion
in semi-arid regions will reduce livestock carrying capacity. Changes in vegetation
cover will significantly increase rates of soil erosion, particularly in the absence of
sustainable rangeland management practices.

e Increased incidence of drought will have detrimental effects on livestock morbidity
and mortality. Livestock plant poisonings are an important cause of mortality
throughout Namibia and appear to increase after prolonged dry spells. Altered
geographical ranges of vector born diseases are expected. Under a general
aridification scenario reduced risk of some livestock diseases could be accompanied
by an increase in viability for livestock in the north eastern parts of the country.

Ultimately a future climatic regime that is hotter, drier and more variable will have severe
consequences for local and regional food supply, land use options, production
profitability, poverty, employment potential and economic sector competitiveness. As
marginal conditions have prevailed in Namibia for several decades, the overall impacts of
climate change under a general aridification scenario are likely to be less detrimental for
the local commercial farming sector than in other parts of SADC. However, impacts on
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household food security amongst subsistence farming communities could be dramatic.
Consequently, studies on the vulnerability of subsistence crops in Namibia should form
the focal point of future investigations into climate change impacts on the country’s food
security. In addition, Namibia’s increasing dependency on food imports means that
climate change impacts on the agricultural sector should be considered within a regional
context.

Mitigating some of the expected effects of climate change on the agricultural sector
requires sustainable and diversified economic development. Future irrigation schemes
must be kept in perspective with Namibia’s hydrological reality and water and
agricultural policy must be integrated. Furthermore, in order to enhance the
responsiveness and adaptation of the agricultural sector to forecasts of production
variations and food crises, improvements in monitoring and communication capabilities
are essential.

BIODIVERSITY AND ECOSYSTEMS

Ecosystems that support a rich biological diversity and variety of trophic pathways
display greater resilience to disease, pestilence and extreme environmental conditions. In
addition to directly enhancing rural livelihoods and providing the Namibian economy
with valuable resources, natural ecosystems and ecological processes recycle nutrients,
facilitate ground water recharge and stabilise the soil. Thus, the maintenance of
biodiversity and natural habitats is essential to human survival.

Namibia supports many unique habitats and accompanying plant and animal assemblages
within the country’s three major terrestrial biomes viz. hyper-arid desert, which covers
16% of the total land area; arid to semi-arid savanna, which covers the central and north
central plateau, comprising roughly 64 % of the land area; and dry sub-humid woodland
which occurs in the wetter northeast. The higher wildlife biomass and species richness in
the latter area is attributed to the presence of large, perennial tropical river systems.
Species richness in almost all of the marine habitats is relatively low but, due to the
nutrient rich upwelled waters that characterise the Benguela ecosystem, Namibia’s cold
ocean supports one of the highest concentrations of sea life found anywhere in the world.

Determining the current status of Namibia’s biota is difficult as only a small number
(possibly as few as 20%) of local species have been described to date and, with the
exception of most terrestrial vertebrate groups, there are still considerable gaps in
knowledge regarding the taxonomy and biogeography of most taxa.

Many practices currently threaten the maintenance of local and regional biodiversity.
These include the destruction of habitats (due mainly to land degradation and land
clearing), a lack of pollution control, overexploitation of certain species, inadequate
conservation measures outside protected areas, illegal trade and hunting and the invasion
of alien species. Furthermore, national parks and reserves do not adequately protect
Namibia’s biodiversity. Virtually all wetlands, and their accompanying fauna and flora,
although identified as the country’s most threatened resources, are severely
underprotected, as are many centers of floral and vertebrate endemism. In addition,
Namibia has no proclaimed marine reserves.
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In spite of this, many positive efforts to help secure Namibia’s future environmental
health have been made. Moves to improve pollution control have begun and profitable
wildlife based enterprises on commercial farmland have increased the amount of land
allocated to wild populations. The formation of communal conservancies, through the
CBNRM program, aims to distribute the benefits from sustainable wildlife use in
communal areas to the local communities involved. Thus, the economic value of wildlife
is expected to increase over the next 10 — 15 years and, consequently, some wildlife
habitats and populations will continue to benefit.

Climate directly determines the nature and functioning of ecosystems. Although biomal
shifts and a loss of terrestrial species are expected to occur in response to the higher
temperatures that will accompany global warming, it is currently not possible to
determine exact changes in trophic interactions within ecosystems nor shifts in their net
primary production. This is due to many uncertainties, including the future effects of land
degradation, the actual responses of plants to increased temperatures and concentrations
of CO, and the degree and manner in which precipitation patterns will change.

Nevertheless, based on “what if” scenarios, it can be hypothesised that:-

e The species most at risk under altered climatic conditions are likely to be those that
are geographically localised, genetically impoverished, poor dispersers, slow
reproducers or currently at the edge of their optimal tolerance levels.

e Under scenarios of increased aridification (elevated temperatures and declining
rainfall) semi-arid areas in Namibia are likely to become arid and dry sub-tropical
areas could shift to semi-arid conditions. Rates of land degradation are likely to
increase under this scenario.

e Fast growing weeds and bush encroachment species, which commonly yield less
timber, provide lower quality foliage for domestic and wild animals and supply
poorer quality habitats are expected to benefit from global warming.

o Insects with their rapid life cycles and high fecundity are also likely to track changes
in climate extremely effectively. As a result, increased bio-invasions of pests and
disease carrying vectors are predicted.

e Based on increased temperatures and altered habitats, certain ungulate species could
decline in Namibia’s arid highlands.

e Permanent damage to Namibia’s natural wetlands is likely to occur if the region
becomes more arid under climate change conditions.

¢ The possibility of fewer fog days along the coast will threaten the survival of many
unique, endemic plant and animal species that are well adapted to current conditions
within the fog belt. Furthermore, increased temperatures, accompanied by reduced
winter rainfall will threaten the rare succulent flora that characterises the Sperrgebiet.

In response to the many potential interactive effects of global warming on Namibia’s

marine environment, including increased SST and sea-level rise, the following possible

outcomes can be hypothesised:-

e A reduction in the shore zone in a seaward direction and changes in tidal ranges;

e Increased sandy beach erosion and altered sedimentation of coastal lagoons;

e Sedentary species, which are restricted geographically by the limiting effects of
temperature, will be most vulnerable to local extinction. The new, more tropical
species assemblages that appear in Namibian waters are likely to display a higher
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