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Executive summary

Southern Africa is already exposed to a changing climate and
its impacts, and these must be considered to ensure climate
resilient development planning. This report analyses key risks
across the Southern Africa region under six themes: (1)
agriculture and food security; (2) water resources and
water-dependent services; (3) the environment; 4)
infrastructure and settlements; (5) health; and (6) the
coastal and marine environment. These themes are not
comprehensive and there are many overlaps between them
signposted in the sections that follow.

For this report Southern Africa includes Botswana, Eswatini,
Lesotho, Madagascar, Malawi, Mozambique, Namibia,
South Africa, Zambia, Zimbabwe and the small islands in the
Indian Ocean, including Comoros, Mauritius, the Seychelles.
Climate change is one of several risks to resources, livelihoods,
economies, and ecosystems. Southern Africa is a dynamic
region, experiencing rapid population growth, urbanisation and
economic transformation, and assessments of climate risks can
only ever provide a partial picture of the role climate change
plays in shaping development outcomes. Key climate-related
risks for Southern Africa have been identified by considering
how the current climate interacts with underlying socio-
economic conditions, and how further climate change to the
2050s may exacerbate these risks. Seeing the ‘bigger picture’
where multiple risks compound, interact with one another and
drive change will remain important for those charged with
designing, monitoring, and evaluating development
programmes. Most risks identified in this report are not new for
the region, but the frequency, severity and distribution of those
risks are changing as the climate changes and economies
develop.

Food systems in Southern Africa are vulnerable to climate
change because most crops are rainfed, and farming and
pastoral livelihoods in poorer countries are subsistence-
orientated (Section 3.1). While Southern Africa as a whole is
transitioning away from agriculture as a source of income and
employment, the population remains predominantly rural (54%)
and, in poorer countries (66% rural), agricultural livelihoods still
account for most income and employment. Food systems in
Southern Africa are particularly vulnerable to climate change
because most production is rainfed, based on low productivity,
low input subsistence-orientated agriculture dominated by
climate sensitive cereal-livestock holdings. Across sub-Saharan
Africa, climate change has already decreased wheat and maize
yields by roughly 2% and 6% respectively; further increases in
temperature and water stress will continue to reduce yields and
threaten rangelands (land used for grazing) that support
pastoralists. Rangeland productively in Southern Africa is
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Southern Africa Climate

The region experiences a
diverse range of climates,
including semi-arid and desert
in the west, temperate climate
in the north and areas of high
elevation in the south, tropical
climate in the north-east and
subtropical and  oceanic
climates in the island nations.

Southern Africa’s average
annual surface temperatures
increased between 1.-1.5°C
from 1961 to 2015, faster than
the global average. Warming
and evapotranspiration will
continue to increase in the
future. Year-to-year variability
in seasonal rainfall amounts
and timings will increase, as
will the intensity of heavy
rainfall events.

There is less confidence
about how rainfall has
changed in the past though
there is high confidence that
the drier western part of the
Southern Africa region will be
drier on average by the 2050s.
In the wetter eastern part of
the region there is no clear
consensus on whether the
climate will be wetter or drier,
although there is some
evidence for a small delay to
the start of the rainy season by
mid-century in the north-east.

The region has long
coastlines with the Atlantic
and Indian Oceans. The
coastal regions bordering the
Atlantic Ocean to the west and
Indian Ocean to the east are
already exposed to rising sea
levels and increasing sea
surface temperatures, trends
that will continue. The south-
eastern coast is also exposed
to tropical cyclones, and while
their frequency may not
change, the most intense will
intensify.
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projected to decline by 37% compared with a 2000 baseline. Higher levels of atmospheric CO-
which can enhance plant growth may offset some crop losses.

Food security, a broader issue, will become more precarious because food production
and food prices will become more volatile (Section 3.1). Some households may benefit —
net sellers of food, for example — though much depends on whether rising prices compensate
for production losses. Most Southern African households will be harmed because they are net
consumers. Subsistence-orientated farmers will struggle to meet their food needs in a more
variable rainy season. The increasing numbers of urban poor, dependent on informal wage
labour to buy essentials, will suffer during times of high food prices.

Many of the impacts of climate change will be felt through the water cycle (Section 3.2).
Southern Africa's freshwater resources, providing drinking water, hydropower and many other
services, will experience growing pressure as temperatures rise, evaporation increases, river
flows become more variable and water quality declines. This makes water management more
difficult as demand-side pressures increase. With no perennial, under-developed rivers left to
exploit, reliance on relatively climate-resilient (and widespread) groundwater resources will
increase, particularly for drinking water and small-scale irrigation. Populations lacking safe
water and sanitation (26% and 54% respectively in Southern Africa, overwhelmingly poor) are
most exposed to water contamination and disease, particularly after heavy rainfall and flood
events.

Climate-related hydropower insecurity is already a key source of economic and social
risk in Southern Africa, and these risks will increase (Section 3.2). Threats to electrical
power are amplified because over 70% of hydropower generation is concentrated in a single
basin — the Zambezi - a figure expected to grow over the coming decades. Most big
infrastructure projects with a long design life have been planned for historical and poorly
characterised climate conditions, not the current or future climates. More resilient energy
systems will rely increasingly on multiple options spread across multiple grids — smart, mini,
hybrid and cross-border power pool — to mitigate climate risks. Questions remain over whether
the region’s rich gas reserves (in Botswana and Mozambique especially, including offshore)
will be developed alongside renewables as regional and global energy prices rise.

Climate change will also affect the range and composition of Southern African
ecosystems and the services they support, already under pressure from human
encroachment and degradation (Section 3.3). For example, rising temperatures, greater
aridity and the increasing risk of fire weather all affect the range and composition of forests
and the services they provide, while rising levels of CO, have contributed to the spread of
woody vegetation in savannas and grasslands. The fragmentation of forests, savannas and
grasslands may reduce the spread of fire and burned areas, though impacts of fire on people
and assets may still increase as settlements expand.

Ecosystem loss and degradation threatens food security, flood control and carbon
storage among other key services across Southern Africa (Section 3.3). Many poor rural
people depend on ecosystems for their base income and as safety nets, and income/food from
resource stocks (e.g., timber, fish) helps smooth consumption between seasons and years.
Links between climate-related ecosystem changes and poverty have not been systematically
assessed but are likely to be significant. The degradation and loss of wetlands in the region
from expected drying conditions pose risks to poorer households who depend on ‘extractive’
use, and threatens flood control, wetland flora and fauna, bird migration and carbon storage.
When wetlands dry out, they turn from carbon sinks to emission sources.

Southern Africa’s infrastructure deficit in housing, transport, communications, and
power acts as a drag on economic growth. Existing infrastructure is vulnerable to
climate extremes, particularly heatwaves, floods, and high winds (Section 3.4). Climate
risk and poverty increasingly coincide in Southern Africa’s rapidly growing informal
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settlements; over 60% of the urban population in the region’s lower income countries already
live in informal settlements and are exposed to multiple hazards, especially floods. Floods are
the leading cause of damage to transport, and while the severity of natural disasters is often
measured in terms of asset loss and damage, it is the secondary impacts on economic
activities and output that often explain a larger share of impacts as risks cascade across areas
and sectors. In the coastal city of Beira in Mozambique, high winds and floods during Tropical
Cyclone Idai in 2019 knocked out 90% of the city’s power grid. Southern Africa’s southeast
coast, where populations and economic assets are increasingly concentrated, is particularly
exposed to cyclones, storm surges and sea level rise. Electricity generation and transmission
are also affected by rising temperatures, since thermoelectric plants (coal, gas, nuclear) need
cooling water to run efficiently, and electricity transmission is less effective at higher
temperatures.

Risks to health are closely linked with rising temperatures, extreme events, and
associated increases in communicable and non-communicable disease (Section 3.5).
By 2060, a further 2.9 million people could be living in areas classified as endemic to malaria,
including new areas in northern Zambia, Mozambique and Malawi. Outbreaks of water-borne
diseases such as diarrhoea, cholera and typhoid are already common, particularly after floods
and in densely populated informal settlements. Outbreaks are likely to increase and carry
longer-term risks to health. The non-communicable disease burden is also expected to
increase, as rising temperatures and heat extremes, combined with air pollution, exacerbate
cardiovascular disease, respiratory illnesses, strokes and type-2 diabetes. People at elevated
risk of heat stress include the elderly, infants, pregnant women, those living in cramped
conditions and people working outside, especially manual labourers. Higher temperatures and
heat extremes also reduce labour productivity. Higher temperatures, heatwaves and fire can
also aid the formation of ozone and dust, exacerbating respiratory illnesses.

Southern African coastal fisheries and marine environments are threatened by
pollution and dredging (amongst other pressures), but also by climate change (Section
3.6). Marine and coastal ecosystems, including coral reefs, mangroves, sea grasses and
saltmarshes, play a vital role in supporting rich habitats for fish and other species, acting as
carbon sinks, protecting coasts, and supporting tourism. Ocean warming and acidification
(caused by rising levels of CO) and marine heatwaves may pose an existential threat to coral
reefs off the east coast of Southern Africa. Artisanal fishers are especially exposed to
productivity declines of shallow water reef systems. Globally significant coral reefs in the
Northern Mozambique Channel, and the reefs off Comoros, Mauritius, and East and South
Madagascar are under threat. Rising sea levels and sea temperatures also threaten the other
habitats and intense cyclones can devastate mangroves. Fisheries, both commercial and
artisanal, provide food, income and jobs. Commercial fishing industries of varying sizes
(capture and/or processing) are located in Namibia, South Africa, Mozambique, Madagascar
and in the Indian Ocean islands. Evidence linking climate change with changes in productivity
and movements of most fish species is minimal. However, periodic declines in tuna stocks off
the east coast, and the eastward shift in the sardine fishery off the coast of South Africa, have
been linked with ocean warming and marine heatwaves.

There will be negative impacts on the blue economy, including tourism (through
degradation of sandy beaches and coral reefs), maritime transportation and port
facilities (due to sea level rise and the impacts of storms, storm surges and cyclones)
Tourism is a particularly important sector for the small island states. In Mauritius and the
Seychelles, the sector employs roughly 20% and 40% of the workforce, respectively. Climate
change could also affect Mauritius’ role as a shipping hub long term, with Indian Ocean
shipping declining in favour of faster routes between Asia and Europe via an ice-free Arctic.
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Southern Africa has warmed by
between 1.0°C and 1.5°C from
1961 to 2015.

Temperatures in Southern Africa
will increase by at least 1.5°C by the
2050s, with increases of up to 4°C
under high emissions, compared to a
1980- 2010 baseline.

The intensity and number of very hot
days will increase in the Southern
African region.
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Large variations in the timing and
intensity of seasonal rains will continue
to be experienced over Southern
Africa. This variability will increase
through to the 2050s resulting in more
frequent wetter and drier years and a
higher risk of flood and drought events.

The intensity of heavy rainfall events
will increase in Southern Africa, even in

areas where average rainfall decreases.

The semi-arid and desert regions of
Namibia, western Botswana and South
Africa will experience a drying trend
through to the 2050s.
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Sea surface temperatures in the
Southern African region will increase
by 0.8-1.0°C on average under very
low emissions and by 1.3-1.5°C under
very high emissions by the 2050s,
compared to a 1981-2010 baseline.

Around the coast of Southern Africa,
sea levels have beenrising at a rate of
around 3 mm a year between
1993-2018. They will continue to rise,
by around 0.2m under very low
emissions and 0.3m under very high
emissions by the 2050s compared
with 1995-2015 levels.

The oceans surrounding Southern
Africa will continue to acidify, and
the frequency of marine heatwaves
will increase.

The total number of tropical cyclones
affecting Southern Africa will be
similar or fewer. However the
proportion of these which will be
intense (category 4-5) will increase.
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Country reference tables
Analysis is conducted at the regional level using nine zones. These country

summaries are intended to help direct readers towards the relevant sections within
the report by country; they are not a complete assessment of the full range of risks at

a country level.

T
Botswana country profile E— Tj() .
\ of:;) s
. . Report
Summary of climate analysis relevant to Botswana ealian
Botswana experiences a semi-arid climate in the north and east and a hot desert 2.2,
climate in the southwest. Important rivers include the Okavango in the north and | Technical
the Limpopo in the southeast. Population densities are generally low with higher | Reference
densities in the east, particularly the capital city of Gaborone. Agricultural | Document:
livelihoods are predominantly maize mixed in the semi-arid regions and pastoral in | Section D,
the sparsely populated desert regions in the southwest. Zones 1, 2
and 6.
Botswana has already experienced more than 1°C of warming between 1961 to
2015. Temperatures will continue to rise in the future resulting in an increase in the
frequency and intensity of hot extremes. Botswana experiences a rainy season
between October and April and a dry season between May and September. Trends
in average precipitation indicate an increase in the west and no significant trend in
the east in recent decades. The western part of the country will be drier on average
in the future, and there is no consensus on whether the eastern part of the country
will be wetter or drier on average, although there is some evidence for a small delay
to the start of the rainy season in this region. Flood and drought events are likely to
be more frequent and intense due to increased year-to-year rainfall variability,
increased intensity of heavy rainfall events, and increased evapotranspiration
resulting from rising temperatures.
Regional risks relevant to Botswana Repgrt
section
Risks to crop production due to changes in temperature and rainfall leading to 3.1.2
increase levels of crop disease and pests.
Risks to savannah plains associated ecology and biodiversity due to rising 3.35
temperatures and changing rainfall patterns.
Risks to water resources due to the drying trend and increased rainfall variability 3.2
leading to water stress in the Okavango River Basin.
Risks to livestock production due to increased heat stress and reduced water 3.1.3
availability.
Risks to health, including a shift in the areas at risk of malaria, communicable water- 35
borne diseases and heat-related impacts.
Risks to the Okavango delta wetland system and associated biodiversity and 3.34
ecosystem services, due to increases in temperatures and drier conditions.
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Comoros country profile 2 ;’-{_}
8

Summary of climate analysis relevant to Comoros Repc_)rt

section

The Comoros islands are a group of small islands in the West Indian Ocean. The 2.2,

Comoros Islands experience a tropical marine climate which is strongly influenced | Technical
by the surrounding ocean. Livelihoods are predominately agricultural production, | Reference
including both crops and livestock, and fishing based. Document:
Section D,
Comoros has already experienced more than 1°C of warming between 1961 to | Z0one 9
2015. Temperatures will continue to rise in the future resulting in an increase in the
frequency and intensity of hot extremes. Comoros experiences a rainy season
between November and April and a dry season between June and October, with
more rainfall in western regions. Most islands in the Western Indian Ocean will
become drier in the future, particularly from June to August. Flood and drought
events are likely to be more frequent and intense due to increased year-to-year
rainfall variability, increased intensity of heavy rainfall events, and increased
evapotranspiration resulting from rising temperatures.

Sea levels will continue to rise by 0.2-0.3m by the 2050s, exacerbating coastal
flooding. Sea surface temperatures will increase, resulting in increases in the
frequency and intensity of marine heatwaves and ocean acidification. The
proportion of intense tropical cyclones will increase with the total number remaining
similar or becoming fewer. Though it is important to note the substantial variability
in tropical cyclones making landfall with small island regions given projected
regional shifts in storm tracks.

Regional risks relevant to Comoros Repc_;rt
section

Risks to already critically endangered coral reefs, which provide important 3.6.2

ecosystem services due to warming sea temperatures and marine heatwaves.

Risks to vulnerable marine turtles due to rising temperatures and sea levels. 3.6.2

Risks to mangroves due to rising sea levels, intense cyclones, and coastal 3.6.2

inundation.

Risks to coastal artisanal fishing due to warming sea temperatures, marine 3.6.3

heatwaves and ocean acidification.

Risks to coastal and marine tourism due to sea level rise, storms and cyclones, and 3.6.4

subsequent degradation of natural resources.

Risks to crop production due to changes in temperature and rainfall leading to 3.1.2

increased levels of crop disease and pests.

Risks to livestock productions due to increased heat stress and reduced water 3.1.3
availability.

Potential risks to the quality and availability of water resources, including for 3.2
drinking water and sanitation.

Page 6 of 125

= Met Office @Dl

Hadley Centre

® Crown Copyright 2022, Met Office



Eswatini country profile :...at;.@—i

Summary of climate analysis relevant to Eswatini

Eswatini is a landlocked nation, encircled by South Africa. It experiences a Teczr.li,ical
temperate climate and is among the coolest countries in the Southern Africa region Reference
due to the high elevation. Agricultural livelihoods are predominantly perennial Document:
mixed. : :

Section D,

Eswatini has already experienced more than 1°C of warming between 1961 to | Zone 7
2015. Temperatures will continue to increase in the future resulting in an increase
in the frequency and intensity of hot extremes. Eswatini experiences a rainy season
between September and April and a dry season between May and August. There
was no significant trend in average precipitation in Lesotho in recent decades and
there is no consensus on whether the country will be wetter or drier on average in
the future. Flood and drought events are likely to be more frequent and intense due
to increased year-to-year rainfall variability, increased intensity of heavy rainfall
events, and increased evapotranspiration resulting from rising temperatures.

Regional risks relevant to Eswatini Rep(_)rt

section
Risks to crop vyields, particularly for maize, sorghum and groundnut due to 3.12
increasing temperatures.
Risks to crop yields due to changes in temperature and rainfall creating more 3.1.2
favourable conditions for pests such as fall army worm.
Risks to food security due to increased rainfall variability and droughts. 3.15
Risk of increasing water stress due to increasing temperatures and variable rainfall. 3.2
Risks to energy supply due to reliance on energy imports from South Africa leaving 34.3
it vulnerable to regional energy security dynamics.

3.5

Risks to health, including a shift in the areas at risk of malaria, communicable water-
borne diseases and heat-related impacts.
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Lesotho country profile & cg\[.\f-g;‘,j '/
\ ,/",‘;.‘

Summary of climate analysis relevant to Lesotho Repc_)rt

section
Lesotho is a landlocked nation, encircled by South Africa. Lesotho experiences a 2.2,
temperate climate and is among the coolest countries in the Southern Africa region | Technical
due to the high elevation. The country has a high population density especially to | Reference
the northwest where the capital city of Maseru is located. Lesotho’s north-eastern | Document:
boundary runs along the western edge of Maloti-Drakensberg National Park in | Section D,
South Africa. Agricultural livelihoods are predominantly highland mixed. Zone 7
Lesotho has already experienced more than 1°C of warming between 1961 to 2015.
Temperatures will continue to increase into the future resulting in an increase in the
frequency and intensity of hot extremes. Eswatini experiences a rainy season
between September and April and a dry season between May and August. There
was no significant trend in average precipitation in Lesotho in recent decades and
there is no consensus on whether the country will be wetter or drier on average in
the future. Flood and drought events are likely to be more frequent and intense due
to increased year-to-year rainfall variability, increased intensity of heavy rainfall
events, and increased evapotranspiration resulting from rising temperatures.
Regional risks relevant to Lesotho Repc_;rt

section
Risks to food security due to dependence on food imports such as cereal to meet 3.15
national food security demands.
Increasing water stress due to increasing temperatures and variable rainfall. 3.2
Risks to forests, particularly the heat and drought intolerant vegetation of the Afro- 332
temperate forests, and associated ecology and biodiversity due to increased
drought conditions.
Risks to livelihoods of rural populations reliant on rainfed agriculture due to 312
increasing rainfall variability.
Risks to health, including a shift in the areas at risk of malaria, communicable water- 3.5
borne diseases and heat-related impacts.
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Madagascar country profile %ﬁ-»w\/ﬁ“:’/" .
E 4

Summary of climate analysis relevant to Madagascar Repc_)rt
section

Madagascar experiences a mix of climates: the majority of the country experiences 2'2’.

: : . . : N Technical

a tropical climate, with some temperate climate in the east where there is higher Reference

elevation, and some semi-arid climate in the south. Madagascar’s population is of Document:

high density in the east, especially at the capital and largest city of Antananarivo. Section D'

Agricultural livelihoods are predominately coastal fishing, agropastoral, maize Zone 8 '

mixed and tree cropping.

Madagascar has already experienced more than 1°C of warming between 1961 to

2015. Temperatures will continue to increase in the future resulting in an increase

in the frequency and intensity of hot extremes. Malawi receives rainfall throughout

the year with larger amounts between October and March. There has been no

significant trend in average precipitation in recent decades and there is no

consensus on whether the country will be wetter or drier on average in the future,

although there is some evidence for a small delay to the start of the rainy season.

Flood and drought events are likely to be more frequent and intense due to

increased year-to-year rainfall variability, increased intensity of heavy rainfall

events and increased evapotranspiration resulting from rising temperatures.

Sea levels will continue to rise by 0.2-0.3m by the 2050s, exacerbating coastal

flooding. Sea surface temperatures will increase, resulting in increases in the

frequency and intensity of marine heatwaves and ocean acidification. The

proportion of intense tropical cyclones will increase with the total number remaining

similar or becoming fewer.

Regional risks relevant to Madagascar Rep(_)rt
section

Risks to critical infrastructure due to an increased frequency of cyclones and 3.4.5

subsequent flooding.

Risks to health, including a shift in the areas at risk of malaria, communicable water- 3.5

borne diseases and heat-related impacts.

Risks to coral reefs, mangroves, seagrasses, and fisheries due to sea level rise, 3.6

marine temperature and heatwaves, and ocean acidification.

Risks to livelihoods of rural populations reliant on rainfed agriculture due to | 3.1.2

increasing rainfall variability.

Increasing temperatures increases the ability of some diseases to spread, 3.5.2

particularly in densely populated informal settlements.

Risks to coastal cities due to increasing sea level. 34.1

Risks to crop yields due to changes in temperature and rainfall creating more | 3-1.2

favourable conditions for pests such as fall army worm.

Risks to the quality and availability of water resources, including irrigation and 3.2

sanitation.
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Malawi country profile mjiq( )

Summary of climate analysis relevant to Malawi Repc_)rt
section

2.2,

Malawi experiences a tropical climate and is among one of the hottest and wettest | Technical

areas in the Southern Africa region. Key rivers include the Zambezi in the south | Reference

and Lake Malawi in the northeast. The country has a high population density | Document:

especially on the southwestern side of Lake Malawi. High population hotspots | Section D,

include the capital city of Lilongwe, as well as other large towns and cities such as Zone 5

Kasungu, Mzuzu, Zomba and Blantyre. Agricultural livelihoods are mostly maize

mixed and fishing.

Malawi has already experienced more than 1°C of warming between 1961 to 2015.

Temperatures will continue to increase in the future resulting in an increase in the

frequency and intensity of hot extremes. Malawi experiences a rainy season

between October and May and a dry season between June and September. There

has been no significant trend in average precipitation in recent decades and there

is no consensus on whether the country will be wetter or drier on average in the

future, although there is some evidence for a small delay to the start of the rainy

season. Flood and drought events are likely to be more frequent and intense due

to increased year-to-year rainfall variability, increased intensity of heavy rainfall

events and increased evapotranspiration resulting from rising temperatures.

Regional risks relevant to Malawi Rep(_)rt
section

Risks to fishing communities due to increases in temperatures and thermal 3.1.4

stratification reducing the productivity of Lake Malawi.

Risks to energy security and hydropower production due to increased frequency 3.2.3

of drought conditions.

Risks to the quality and availability of water resources, including rural and urban 3.2

water supplies and sanitation.

Risks to crop production, particularly maize, sorghum and groundnut due to 3.1.2

increased temperatures, rainfall variability and droughts.

Risks to crop yields due to changes in temperature and rainfall creating more 3.1.2

favourable conditions for pests such as fall army worm.

Risks to livestock health and mortality due to increased heat stress and livestock 3.1.3

disease outbreaks.

Risks to health, including communicable water-borne diseases and heat-related 3.5

impacts, particularly in densely populated informal settlements.
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Mauritius country profile

Report
section

2.2,
Mauritius has a tropical marine climate which is strongly influenced by the | Technical

surrounding ocean. The main island of Mauritius has several population centres, | Reference
including the capital Port Louis, which are clustered in the central and north parts of | pocument:
the island on the higher elevation. The main island of Mauritius consists of a coastal | section D,
plain rising to a higher plateau, with some mountain peaks up to 1000m. Livelihoods Zone 9

are mainly tourism, coastal fishing, agriculture, and livestock.

Summary of climate analysis relevant to Mauritius

Mauritius has already experienced more than 1°C of warming between 1961 to 2015.
Temperatures will continue to increase in the future resulting in an increase in the
frequency and intensity of hot extremes. Mauritius experiences a rainy season
between November and April and a relatively dry season between June and
September. Most islands in the Western Indian Ocean will become drier in the future,
with less rainfall over parts of the Indian Ocean, particularly from June to August.
Flood and drought events are likely to be more frequent and intense due to increased
year-to-year rainfall variability, increased intensity of heavy rainfall events and
increased evapotranspiration resulting from rising temperatures.

Sea levels will continue to rise by 0.2-0.3m by the 2050s, exacerbating coastal
flooding. Sea surface temperatures will increase, resulting in increases in the
frequency and intensity of marine heatwaves and ocean acidification. The proportion
of intense tropical cyclones will increase with the total number remaining similar or
becoming fewer. Though it is important to note the substantial variability across small
island regions given projected regional shifts in storm tracks.

Regional risks relevant to Mauritius Repgrt

section
Risks to already critically endangered coral reefs, which provide important ecosystem 3.6.2
services due to warming sea temperatures and marine heatwaves.
Risks to vulnerable marine turtles due to rising temperatures and sea levels. 3.6.2
Risks to infrastructure due to an increased frequency of cyclones and coastal 3.4.5
flooding.
Risks to mangroves due to rising sea levels, intense cyclones and coastal inundation. 3.6.2
Risks to fish stocks and the fishing sector due to warming sea temperatures, marine 3.6.3
heatwaves and ocean acidification.
Risks to coastal and marine tourism due to sea level rise, storms and cyclones, and 3.6.4
subsequent degradation of natural resources.
Risks to crop production due to changes in temperature and rainfall leading to 3.1.2
increase levels of crop disease and pests.
Risks to livestock productions due to increased heat stress and reduced water 3.1.3
availability.

3.2

Potential risks to the quality and availability of water resources.
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Mozambique country profile

Summary of climate analysis relevant to Mozambique

Report
section

Mozambique experiences a tropical climate across most of the country and a semi-
arid climate in the south. Key rivers include the Zambezi which runs across the centre
of the country out to the eastern coast. The country has low population density, with
some higher population centres at cities such as Lichinga on the northeast side of
Lake Malawi, Beira on the coast, Nampula to the northeast, and Maputo and Matola
on the coast at Maputo Bay. Agricultural livelihoods are predominantly agro-pastoral,
coastal fishing and maize mixed in the south.

Mozambique has already experienced more than 1°C of warming between 1961 to
2015. Temperatures will continue to increase in the future resulting in an increase in
the frequency and intensity of hot extremes. Malawi experiences a rainy season
between October and May and a dry season between June and September, with lower
rainfall amounts in the south. There has been no significant trend in average
precipitation in recent decades and there is no consensus on whether the country will
be wetter or drier on average in the future, although there is some evidence for a small
delay to the start of the rainy season in the north. Flood and drought events are likely
to be more frequent and intense due to increased year-to-year rainfall variability,
increased intensity of heavy rainfall events and increased evapotranspiration resulting
from rising temperatures.

Sea levels will continue to rise by 0.2-0.3m by the 2050s, exacerbating coastal
flooding. Sea surface temperatures will increase, resulting in increases in the
frequency and intensity of marine heatwaves and ocean acidification. The proportion
of intense tropical cyclones will increase with the total number remaining similar or
becoming fewer.

2.2,
Technical
Reference

Document:

Section D,
Zones 5
and 6

Regional risks relevant to Mozambique

Report
section

Risks to critical infrastructure due to an increased frequency of cyclones and
subsequent flooding.

3.4.5

Risks to agricultural production, affecting both livelihoods and food security die to
extreme weather events and flooding.

3.1.2

Risks to marine turtles, coral reefs, mangroves, seagrasses, and fisheries due to
sea level rise, increasing marine temperature and heatwaves, and ocean
acidification.

3.6.2,
3.6.3

Risks to coastal communities, port facilities and offshore oil and gas mining due
to sea level rise, coastal erosion, storm surges and cyclones.

3.6.4

Risks to food security die to increased severity and/or frequency of drought.

3.1.2

Risks to health, including a shift in the areas at risk of malaria, communicable
water-borne diseases and heat-related impacts.

3.5

Risks to crop yields due to changes in temperature and rainfall creating more
favourable conditions for pests such as fall army worm.

3.1.2

Risks to the transport network due to increased frequency of flooding.

3.4.2

Risks to energy security and hydropower production due to increased frequency
of drought conditions.

3.2.3

Risks to the quality and availability of water resources, including rural and urban
water supplies and sanitation.

3.2
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Namibia country profile

Report
section
2.2,
Namibia experiences a hot desert climate across the majority of the country, | Technical
particularly the Namib desert to the west, and a semi-arid climate in the northeast. | Reference
Key rivers include the Okavango in the north and the Orange in the south. | Document:
Population densities are low with some high population centres such as the capital | Section D,
city Windhoek. Agricultural livelihoods are predominantly pastoral, with some arid | Zones 1
pastoral-oases livelihoods in the desert regions and fishing livelihoods along the and 2
coast.

Namibia has already experienced more than 1°C of warming between 1961 to
2015. Temperatures will continue to increase in the future resulting in an increase
in the frequency and intensity of hot extremes. Namibia experiences a rainy
season between October and April and a dry season during May to September
with higher rainfall amounts in the northeast. There has been an observed
increase in average precipitation in recent decades and the country is expected
to become drier on average in the future. Flood and drought events are likely to
be more frequent and intense due to increased year-to-year rainfall variability,
increased intensity of heavy rainfall events and increased evapotranspiration
resulting from rising temperatures.

Sea levels will continue to rise by 0.2-0.3m by the 2050s, exacerbating coastal

flooding. Sea surface temperatures will increase, resulting in increases in the
frequency and intensity of marine heatwaves and ocean acidification.

Summary of climate analysis relevant to Namibia

Regional risks relevant to Namibia Repgrt
section

Risks to grasslands and savannah, and associated ecology and biodiversity due 3.3.3

to increased drought conditions.

Risks to fish stocks and industrial fishing due to potential changes to the upwelling 3.6.3

Benguela Current System.

Risks to coastal port facilities due to sea level rise and storms. 3.6.4

Risks to food security due to increased severity and/or frequency of drought | 3.1.2

events.

Risks to cereal crop yields due to higher temperatures. 3.1.2

Risks to water supply due to increased water stress in the Orange River basins 3.2.3

due to the drying trend and increased rainfall variability.

Risks to livestock health and mortality due to direct heat stress. 3.1.3

Risks to food security due to the reliance on food imports from surrounding 3.1.5

countries.

Risks to health, including a shift in the areas at risk of malaria, communicable 3.5

water-borne diseases, and heat-related impacts.

Risks of climate-induced power outages. 3.2.3

Risks to the quality and availability of water resources. 3.2

Risks to the Ephemeral wetland system and associated biodiversity and 3.3.4

ecosystem services due to higher temperatures and drier conditions.
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Seychelles country profile L\wﬁ;ﬁ:’ ef’“ ‘

Report
section
2.2,
The Seychelles is a group of islands in the West Indian Ocean. The Seychelles | Technical
islands experience a tropical marine climate which is strongly influenced by the | Reference
surrounding ocean. Livelihoods are mainly tourism, coastal fishing, agriculture | Document:
and livestock. Section D,
Zone 9

Summary of climate analysis relevant to the Seychelles

The Seychelles islands have already experienced more than 1°C of warming
between 1961 to 2015. Temperatures will continue to increase in the future
resulting in an increase in the frequency and intensity of hot extremes. The
Seychelles experience rain throughout the year, particularly over higher ground,
and the wettest months are December and January. Most islands in the Western
Indian Ocean will become drier in the future, with less rainfall over parts of the
Indian Ocean, particularly from June to August. Flood and drought events are
likely to be more frequent and intense due to increased year-to-year rainfall
variability, increased intensity of heavy rainfall events and increased
evapotranspiration resulting from rising temperatures.

Sea levels will continue to rise by 0.2-0.3m by the 2050s, exacerbating coastal
flooding. Sea surface temperatures will increase, resulting in increases in the
frequency and intensity of marine heatwaves and ocean acidification. The
proportion of intense tropical cyclones will increase with the total number
remaining similar or becoming fewer. Though it is important to note the substantial
variability across small island regions given projected regional shifts in storm

tracks.

. . Report
Regional risks relevant to the Seychelles N —
Risks to the fishing sector due to warmer sea temperatures, marine heatwaves 363
and ocean acidification.

Risks to coastal and marine tourism due to sea level rise, storms and cyclones, 3.6.2

and subsequent degradation of natural resources.

Risks to already critically endangered coral reefs, which provide important 362

ecosystem services to warming sea temperatures and marine heatwaves.

Rising temperatures and sea levels impact vulnerable marine turtles which nest 4.6.2

here, affecting the species and tourism.

Risks to mangroves due to rising sea levels, intense cyclones and coastal 46.2

inundation.

Risks to vulnerable marine turtles due to rising temperatures and sea levels. 46.4
4.2

Potential risks to the quality and availability of water resources.
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South Africa country profile

Summary of climate analysis relevant to South Africa Repgrt

section
2.2,

South Africa experiences a hot desert climate in the northwest, a cool desert and | Technical

semi-arid climate in the southwest and a temperate climate in the east. Key rivers | Reference

include the Orange in the west and the Limpopo in the northeast. Population | Document:

densities are concentrated in cities such as Cape Town in the southwest, | Section D,

Johannesburg and Pretoria in the east. Agricultural livelihoods are predominantly | Zones 2, 3

perennial mixed, maize mixed, and pastoral in the more sparsely populated desert and 7

regions.

South Africa has already experienced more than 1°C of warming between 1961

to 2015. Temperatures will continue to increase in the future resulting in an

increase in the frequency and intensity of hot extremes. South Africa experiences

a rainy season between October and April in the east, and lower amounts

throughout the year in the southwest. There has been no significant trend in

average precipitation in recent decades. The western part of the country will be

drier on average in the future, and there is no consensus on whether the eastern

part of the country will be wetter or drier on average. Flood and drought events

are likely to be more frequent and intense due to increased year-to-year rainfall

variability, increased intensity of heavy rainfall events, and increased

evapotranspiration resulting from rising temperatures.

Sea levels will continue to rise by 0.2-0.3m by the 2050s. Sea surface

temperatures will increase, resulting in increases in the frequency and intensity of

marine heatwaves and ocean acidification. The proportion of intense tropical

cyclones affecting the eastern coast will increase with the total number remaining

similar or becoming fewer.

. . . Report
Regional risks relevant to South Africa N —
Risks to regional food system due to a decline in cereal production and exports. 3.1.5
Risks to livestock health and mortality due to rising heat stress. 3.1.3
Risks to crop production due to the spread of pests such as the corn leafhopper 3.1.2
as temperatures increase.

Risks to forests, particularly the heat and drought intolerant vegetation of the Afro- 3.3.2
temperate forests, and associated ecology and biodiversity due to increased

drought conditions.

Risks to the quality and availability of water resources, including rural and urban | 3.2, 3.4
water supplies, sanitation and irrigation.

Risk of climate-induced power outages. 3.2.3
Risks to charismatic marine species, coral reefs, saltmarshes, and fisheries due 3.6
to impacts from sea level, marine temperature and heatwaves, and ocean
acidification.

Risks to coastal and marine tourism. 3.64
Risks to coastal and offshore industries including shipping, oil and gas extraction. 3.64
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Zambia country profile - % )
Summary of climate analysis relevant to Zambia Repgrt
section

2.2,

Zambia experiences a temperate climate. Key rivers include the Zambezi in the | Technical
west and the northeast is part of the Congo River Basin. The country has low | Reference
population density, with the exception of some higher population centres such as | Document:
at the capital city of Lusaka. Maize mixed livelihoods dominate over most of the | Section D,
country, with agropastoral livelihoods being more dominant in the south-west. Zone 4

Zambia has already experienced more than 1°C of warming between 1961 to
2015. Temperatures will continue to increase in the future resulting in an increase
in the frequency and intensity of hot extremes. Zambia experiences a rainy season
between October and April and a dry season between May and September. There
has been no significant trend in average precipitation in recent decades and there
is no consensus on whether the country will be wetter or drier on average in the
future, although there is some evidence for a small delay to the start of the rainy
season. Flood and drought events are likely to be more frequent and intense due
to increased year-to-year rainfall variability, increased intensity of heavy rainfall
events and increased evapotranspiration resulting from rising temperatures.

Regional risks relevant to Zambia Repgrt
section
Risks to energy security due to downturns in hydropower production as a result of 3.4.3
droughts.
Risks to water supply due to an increase in frequency of urban flooding, 344
contamination of drinking water and outbreaks of water borne diseases.
Risks to the quality and availability of water resources, including rural and urban 3.2
water supplies and sanitation.
: . . 3.2.3
Risks to hydropower production and energy security.
Risks to food security due to increased severity and/or frequency of drought 3.1.2
events, extreme weather and flooding.
Risks to crop production due to changes in temperature and rainfall continuing to 312
create more favourable conditions for pests such as the fall army worm and
locusts.
Risks to livestock health and mortality due to changes in temperature and rainfall 313
impacting the risk of livestock disease outbreaks, such as East Coast fever.
Risks to health, including a shift in the areas at risk of malaria. 3.5.2
3.34

Risks to the Kafue flats wetlands and associated biodiversity and ecosystem
services due to higher temperatures and greater rainfall variability.
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Zimbabwe country profile wn, 1y
-‘.\:‘L(’?/\;r
Summary of climate analysis relevant to Zimbabwe Repgrt
section
2.2,
Zimbabwe experiences a temperate climate in the northeast and a semi-arid | Technical
climate in the southwest where. Key rivers include the Zambezi in the north and | Reference
the Limpopo in the south. Agricultural livelihoods are predominantly maize mixed | Document:
in the northeast and agro-pastoral in the southwest. Section D,
Zones 4
Zimbabwe has already experienced more than 1°C of warming between 1961 to and 6
2015. Temperatures will continue to increase in the future resulting in an increase
in the frequency and intensity of hot extremes. Zimbabwe experiences a rainy
season between October and April and a dry season between May and
September. There has been no significant trend in average precipitation in recent
decades and there is no consensus on whether the country will be wetter or drier
on average in the future, although there is some evidence for a small delay to the
start of the rainy season. Flood and drought events are likely to be more frequent
and intense due to increased year-to-year rainfall variability, increased intensity
of heavy rainfall events, and increased evapotranspiration resulting from rising
temperatures.
Regional risks relevant to Zimbabwe Rep(_)rt
section
Risks to food security and livelihoods due to vulnerability of regional food system 3.15
as well as an increase in frequency of drought events, extreme weather, and
flooding.
: . . 3.2.3
Risks to hydropower production and energy security.
Risks to the quality and availability of water resources, including rural and urban 3.2
water supplies and sanitation.
Risks to crop production due to changes in temperature and rainfall continuing to 3.1.2
create more favourable conditions for pests such as the fall army worm and
locusts.
Risks to livestock health and mortality due to rising heat stress. 313
Greater risk of fire weather resulting in increased frequency of forests fires which 3.3.2
are already a major risk in the country.
Risks to dambo wetlands and associated biodiversity and ecosystem services due 334
to higher temperatures and greater rainfall variability.
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1 Introduction

1.1 Purpose of this report

This report provides an evidence base on the Southern Africa region’s changing climate and
how these changes could impact socio-economic development across the region. The aim is
to inform development programming and policy dialogue for Southern Africa. It forms part of
a series of climate risk reports commissioned by the UK Government’s Foreign,
Commonwealth & Development Office (FCDO) which interpret climate, socio-economic and
environmental information to support FCDO regional development planning.

Southern Africa includes

Zimbabwe Zambia Malawi Mozambique Botswana, Eswatini, Lesotho,
\ Madagascar, Malawi,

‘- Seychelles Mozambique, Namibia, South

Botswana - Africa, Zambia, Zimbabwe and
{ the small islands in the Indian
Namibia -#~ :' ‘ . Mauritius Ocean, including Comoros,
‘ Mauritius and the Seychelles
Wy Madagascar (Figure 1). Key aspects of the

region also included in the

- Comoros

R— analysis, such as the topography
Lesotho  Eswatini of the region and population

Figure 1: Countries included in the Southern Africa region for this ~ densities, are alsg shown in Figure
report. 2 (second and third panels).

People per sq km Elevation (m)
<17 P 3473
18-59 - 251
60 - 130
140 - 240

I 250 - 410

I 420 - 650

\ , | 660 - 1,000
\ I 1,100 - 1,600

I 1,700 - 2,600
I 2,700 - 4,500
. >4500

Esri, GEBCO, Delorme, NaturalVue, Esri, FAD, NOAA
Figure 2: The Southern Africa region considered in this report. Top left panel: countries included in the analysis,
top right panel: topography of the region, bottom left panel: population density.
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1.2 Methodological approach

This report presents an analysis of climate risk in the Southern Africa region, combining
climate with social and economic analysis to identify key threats to production systems,
resources, economies, services and livelihoods. The report aims to guide development
planners to areas requiring attention, providing an overview of key risks and uncertainties,
bringing prominent regional risks to the fore.

Current climate has been analysed for geographical regions which share similar climate
characteristics, such as the timing of rainy seasons or similar seasonal temperature ranges.
This climate analysis is brought together with regional socio-economic information to
contextualise our knowledge of future regional climate change.

The interpretation of knowledge of future climate in this report is informed by six issues that
run through analysis of several themes:

¢ Economic growth and infrastructure, including disparities in income/wealth distribution.

e Capacity and human capital, including ways in which climate risks are shaped by
gender and differences in power, rights and opportunities.

¢ Population and demography, including rapid urbanisation and the growth of informal
settlements where climate risks are amplified.

o Livelihood systems and key crops, with a focus on more exposed (rainfed) agricultural
and pastoral systems, but also including marine and freshwater fisheries.

o Disaster risks, given recent and future projected increases in the frequency and
magnitude of extreme events such as storms, floods and droughts.

e Conflict and migration in a region where political instability and violence undermines
efforts to build resilience.

Further information regarding the data used and detailed methodology can be found in Section
A of the Technical Reference Document and on the Met Office website?.

Focus Box 1 summarises the need for considering both exposure and vulnerability to climate
hazards, and the need for an interdisciplinary approach when interpreting compound risks
associated with, or exacerbated by, climate change.

1 https://www.metoffice.gov.uk/services/government/international-development/climate-risk-reports
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Focus Box 1: Exposure, vulnerability, response and development

A climate or disaster hazard does not in itself create risk. Risk is a function of both an
individual’s or community’s exposure and vulnerability to a hazard, and also its ability to
respond (Figure 3, Begum et al., 2022). Exposure and vulnerability are separate, yet both
emerge from socio-economic contexts and are exacerbated by uneven development
dynamics such as: rapid urbanisation and demographic change, environmental degradation,
weak governance, and lack of economic opportunity. IPCC AR6 also now considers
response as an important component of risk and examines the effectiveness of adaptation
solutions, the management of risks at higher levels of warming if climate change mitigation
is unsuccessful and the benefits of mitigation and emissions reductions (Begum et al., 2022).

The components of risk (hazard, vulnerability, exposure and response) interact in complex
ways (Figure 3, Begum et al., 2022). They can compound in single or multiple directions,
cascade (e.g., with one event triggering another) and aggregate (e.g. more than one
component occurring simultaneously).

Climate vulnerability and poverty are often mutually reinforcing; a growing body of evidence
highlights the role of climate risk in persistent poverty and poverty traps (Hansen et al, 2019;
Sachs et al., 2004). This is a challenge exacerbated by the political marginalisation of many
poor and climate vulnerable people (Wisner et al., 2003).

Climate change is interwoven with development challenges across the Sustainable
Development Goals (SDGs). As factors such as economic inequality, education, gender,
nutrition and health shape the risk profile of individuals and communities, supporting
sustainable development indirectly supports their capacity for managing climate risk (Wisner
et al., 2003; Schipper and Pelling, 2006).

Hazard Q
O # EXposure
O
/
p

Figure 3: Climate risk is the product of the hazard, vulnerability and exposure to the hazard and the response to
the hazard which interact in complex ways: compounding in single or multiple directions, cas€ading“and/or
aggregating. Image adapted from IPCC AR6 Working Group 2 (Begum et al, 2022).

= Met Office @Dl

Hadley Centre

® Crown Copyright 2022, Met Office



1.3 Report Structure

The current climate already includes significant changes to which some aspects of human and
ecological systems are not well adapted. Section 2 provides an assessment of the current
climate resilience and vulnerability across the Southern Africa region, as well as a summary
of our knowledge about the current climate and its future evolution at the regional scale. This
information is brought together to present assessments of the current and future climate in the
context of the prevailing socio-economic conditions in newly identified zones defined by their
main climate characteristics. Section 3 interprets this knowledge on future climate presented
in Section 2 in terms of risks across six key themes: biodiversity, ecology and forests;
agriculture and food security; water resources and water-dependent services; infrastructure
and settlements; health; and coasts, fisheries, and the marine environment.

Country summaries have been provided in Appendix A to outline prominent climate risks for
that location within the regional context. The summaries do not provide a national level
analysis and there will be additional climate risks pertinent at a national scale that should also
be considered in a national or subnational development plan. Where relevant risks are
identified, or where national or sub-national scale risk information is required, additional
climate and socio-economic analysis would be required.

The Technical Reference Document accompanies this report to provide more detail on the
methods, data and analysis that supports the assessment presented here.
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2 Current and future climate in the Southern Africa
region

2.1 Climate resilience and vulnerability overview for the Southern Africa
region

Southern Africa has witnessed strong economic growth over the last 20 years or so, buoyed
by economic reforms and, in some countries, rising commaodity prices. However, wealth is very
unevenly distributed between and within countries and the region still experiences persistent
poverty and food insecurity. Zambia, Malawi, Mozambique, Lesotho and Madagascar all fall
into the low-income category defined by the World Bank for 2022-232, and have a combined
population of 99 million — roughly 55% of the regional total (World Bank data for 2020 — see
Technical Reference, Section E). The direct and indirect impacts of COVID-19 pushed most
countries into recession in 2020 (World Bank, 2020), and even though health impacts were
less severe than expected, the economic and social fallout has been severe. Regional
economies are now rebounding, albeit patchily, with rising food prices now threatening those
countries heavily dependent on cereal imports® — Botswana, Namibia, Eswatini, Lesotho,
Mauritius, Comoros and Seychelles (Raga and Pettinotti, 2022; Wiggins, 2022).

Climate-related shocks have also had major consequences, with floods and droughts a
recurring (and growing) risk throughout the region. In March 2019, Tropical Cyclone ldai swept
across Southern Africa causing widespread damage and a humanitarian crisis in
Mozambique, Zimbabwe and Malawi (see Section 3.4). In April 2022, flash floods and
landslides in the eastern coast provinces of KwaZulu-Natal and Eastern Cape, South Africa,
killed over 400 people and forced 40,000 people from their homes (PreventionWeb, 2022).
Droughts in 2015-16, 2018-19 and 2021-22 have caused widespread food insecurity in
Malawi, Zambia, Mozambique, Zimbabwe and Eswatini, with impacts that have rippled across
rural and urban areas (Relief Web, 2022).

The link between increasingly erratic rainfall and poverty remains a key source of vulnerability,
especially in the low/lower-middle income countries of Zambia, Malawi, Mozambique,
Zimbabwe, Lesotho and Madagascar (69% rural — World Bank data for 2020). Those engaged
in low intensity, low input rainfed farming, disconnected from markets and with few
opportunities to adapt cropping patterns or diversify, are among the most vulnerable to climate
change (Ellis, 2013; Hallegatte, 2016). For rural smallholders, the climate determines the
harvest, and the harvest determines the ability to meet most staple food needs (Derereux,
2009). Pastoral and agro-pastoral livelihoods, significant across the more arid lowlands, are
similarly climate-sensitive, as rains (and heat) affect forage and water availability, as well as
livestock health (Hallegatte, 2016).

2 Low income (<USD1085/person/year); lower-middle (USD1086-4255); upper-middle (USD 4256-
13,205); high-income (>USD 13,205). In Southern Africa, no countries fall into the high-income category
(World Bank: https://blogs.worldbank.org/opendata/new-world-bank-country-classifications-income-
level-2022-2023
3 Botswana, Lesotho, Mauritius Comoros and Seychelles all have cereal import dependency ratios of
over 75% based on a 2016-18 average. Namibia (69%) and Eswatini (67%) are also heavily dependent
on food imports (FAOSTAT, 2022 — see Technical Reference, Section E).
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Rapid urbanisation is changing the exposure and vulnerability landscape, however. The region
has the highest urbanisation rate in sub-Saharan Africa, and infrastructure provision (safe
water and sanitation, drainage, housing) typically lags behind urban expansion. In low income
Zambia, Malawi, Mozambique, Lesotho and Madagascar, over 65% of urban residents live in
poorly served informal settlements, and new migrants often have little choice but to settle in
riskier places exposed to multiple hazards (World Bank data for 2018-2020 — see Technical
Reference, Section E).
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2.2 Climate overview for the Southern Africa region

The Southern Africa region contains a diverse range of climates including semi-arid, warm
and cold desert, temperate, tropical savanna, subtropical and oceanic. Situated at the junction
of the South Atlantic, Indian and Southern Oceans, variability in sea surface temperatures
around the coastlines influences the region’s climate. Elevations above ~700m are found
across the majority of Southern Africa, excluding areas in Mozambique and along the coast.
The areas of highest elevation and coolest average annual temperatures are found in Lesotho
in the south-east, with parts of the Thaba Tseka, Mokhotlong and Butha Buthe Districts
reaching above 3000m (Figure 2). Major river basins in the region include the Zambezi,
Limpopo, Okavango and Orange.

2.2.1 Regional climate overview and observed trends
Arid climates of West Southern Africa (WSAF)

WSAF encompasses semi-arid climate in Namibia and Botswana, hot desert climate in
Namibia, Botswana and South Africa, and cold desert climate in western South Africa (see
Figure 4). Warmest average annual temperatures are found in the north in Namibia and
Botswana (between 22 — 24°C), with cooler average temperatures found in regions of high
elevation close to Namibia’'s eastern coastline (~18°C) and in eastern South Africa (~16°C).
Highest maximum temperatures, which occur during austral summer (December to February),
are found in the north of region in northwest Namibia (between 32 - 34°C). During the winter
season (June to August), average temperatures fall below 20°C in much of the region.

WSAF experiences the driest conditions of the Southern Africa region, with some areas in
Namibia and western South Africa receiving very little rainfall (less than 200mm) per year
(Figure 4). The seasonal cycle of rainfall is characterised by a wet season during summer and
a dry season during winter, with the exception of the Western Cape along the south-western
coast of South Africa, which experiences a winter rainy season (Figure 5).

Tropical and temperate climates of East Southern Africa (ESAF)

ESAF includes temperate climates in the north in Zambia and Zimbabwe, and in the south in
South Africa, Lesotho and Eswatini. Tropical climate is found in Zambia, Malawi and
Mozambique and semi-arid climate is present in central and eastern parts of the region.
Average annual temperatures are warmest in the centre of the region (see Figure 4) in
Botswana and Zambia and along the eastern coast in Malawi and Mozambique (~25°C).
Highest maximum temperatures, which occur during austral summer (December to February),
are of around 30 — 32°C are found in the centre north of Botswana and the regions of low
elevation in Mozambique. During the winter season (June to August), average temperatures
fall below 20°C in much of the region. The region’s highest elevations and coolest average
annual temperatures (12°C and lower) are found in Lesotho, with parts of the Thaba Tseka,
Mokhotlong and Butha Buthe Districts reaching above 3000m (Figure 2).

ESAF experiences greater annual average precipitation compared to WSAF, with
Mozambique and Malawi receiving more than 1500mm of rainfall per year (Figure 4). The
seasonal cycle of rainfall is characterised by a wet season during summer and a dry season
during winter (Figure 5).
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Climate of Madagascar, Mauritius, the Seychelles and the Comoros Islands

The island of Madagascar is primarily tropical savanna, with monsoon and equatorial climates
found along the eastern coast. An area of humid subtropical and warm oceanic climate occurs
in central Madagascar and a warm semi-arid climate characterises the southwest. Highest
elevations are found in the north and centre of Madagascar, with some mountainous regions
~ 2500m above sea level. Average annual temperatures are warmest on the western coast of
Madagascar, particularly in the north (~26°C) and are cooler in the mountainous regions
(~18°C). Highest maximum temperatures, which occur during austral summer (December to
February), around 32-34°C occur in the north-west low elevation regions of Madagascar.
Madagascar currently experiences 0-10 days per year exceeding 35°C on average and no
days exceeding 40°C on average. Madagascar experiences annual average rainfall totals of
more than 1500mm per year (Figure 4). The seasonal cycle of rainfall is characterised by a
wet season during summer and a dry season during winter (Figure 5).

There is little climate information published for Mauritius, the Seychelles and the Comoros
Islands. These islands consist of forests, lagoons, reefs, estuaries, mangroves and saltwater
wetlands. They experience a tropical climate with warm temperatures year-round with a dry
season from June to September and a wetter season from November to April, with October
and May as transition months (Figure 5). Annual rainfall totals in these islands are greater than
1500mm per year (Figure 4).

Observed trends in regional climate for Southern Africa

Observational records show that Southern Africa’s average annual surface temperatures
increased by between 1°C and 1.5°C from 1961 to 2015. Minimum temperatures have
increased more rapidly than maximum temperatures in inland areas. The frequency of hot
extremes has increased, and the occurrence of cold extremes has decreased (IPCC, 2021).

Across the Southern Africa region, WSAF currently experiences the greatest number of days
exceeding 35°C and 40°C on average per year. On average, 50-100 days exceed 35°C per
year, with lower values around 0-30 days occurring in the far north (north Namibia and
Botswana), far south (southwest South Africa and Cape Town) and along the west and
southwest coast (Namibia and southwest South Africa). WSAF experiences 0-4 days
exceeding 40°C per year on average, with higher occurrences of 10-12 days in south Namibia
and 2-4 days in north Namibia and west Botswana. ESAF currently experiences 30-80 days
on average per year exceeding 35°C in the central areas (south and mid-Mozambique, south
and west Zimbabwe, southernmost Malawi), with large areas seeing lower values at 0-20 days
to the north (northern Mozambique, east Zambia, mid-Zimbabwe), south (east South Africa,
Lesotho, Eswatini), and along the east and south coasts. The majority of ESAF experiences
0-2 days on average per year exceeding 40°C, and slightly higher values of 2-8 days in central
regions (southernmost Mozambique, Zimbabwe, and Malawi).

Over recent decades (1980-2015) there has been an increasing trend in precipitation
averaged over West Southern Africa, no clear trend for East Southern Africa and a drying
trend for Madagascar in the two observational datasets available in the IPCC Interactive Atlas
(IPCC, 2021). However, over a longer time period (1961-2015) available for one of these
datasets, the increasing precipitation trend in West Southern Africa is no longer statistically
significant but there is a decreasing trend over East Southern Africa. This demonstrates that
care is needed when using information on precipitation trends in Southern Africa due to its
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variable nature. Observations since the 1950s show that heavy precipitation events and the
occurrence of agricultural and ecological drought have increased (IPCC, 2021).
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Figure 4: Baseline climate for the Southern Africa region for the period 1981-2010. Maps show climatological
average values of annual mean a) total precipitation (mm/year), b) mean temperature (°C), ¢) minimum temperature
(°C) and d) maximum temperature (°C). Temperature and precipitation data come from the ERA5 and WFDES
reanalysis datasets respectively®. These maps represent the average annual values over the 30-year baseline
climate period (1981-2010).
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Figure 5: Seasonally averaged mean temperature for the Southern Africa region over the baseline period (1981-
2010) from the ERAS reanalysis (left). Seasonal total precipitation for the Southern Africa region over the baseline
period (1981-2010) from WFDES5 reanalysis* (right).

4 Temperature data are from the ERA5 reanalysis (Hersbach et al., 2020) which includes air
temperature values over the oceans. Precipitation data are from the WFDES5 reanalysis product which
has been bias corrected using observations from the GPCCv2018 full data product and includes land-
based data only (Cucchi et al., 2020).
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2.2.2 Future climate over Southern Africa

Average annual temperatures will increase across Southern Africa and rise faster than
the global average (IPCC, 2021). By the 2050s, temperature increase relative to 1981-2010
under a very high emissions scenario is expected to range from 2 - 4°C in the north and centre
of WSAF, and 1.5 — 3.5°C in South Africa, and range from 1.5-4°C in ESAF. As temperatures
increase, evaporation rates will also increase. Areas in the south-west of the region covering
South Africa and parts of Namibia and Botswana are projected to experience the greatest
increases in temperature. At 1.5°C, 2°C and 3°C global warming, average annual surface
temperature increases in Southern Africa will be higher than the global average (IPCC, 2021).
Daily minimum and maximum temperatures are projected to increase at roughly the same
magnitude as the daily mean.

The intensity and frequency of hot extremes, including heatwaves, will increase,
whereas the intensity and frequency of cold extremes will decrease (IPCC, 2021). In WSAF
the number of days with temperatures exceeding 35°C may increase up to 150-190 days per
year, with the highest values in the far north and south of Namibia and west Botswana. The
Namibian and southwest South African coasts show lower values, with the number of days
ranging from 20-50 days. Projections for days exceeding 40°C show an average increase in
the central parts of the region (southeast Namibia, northeast Namibia, west Botswana) to 25-
45 days. The rest of the region (South Africa, Namibian coast) shows lower values of 0-15
days. In ESAF, days exceeding 35°C show an average increase to 30-80 days per year for
the majority of the region with higher values ranging from 100-150 in southernmost
Mozambique, south Zimbabwe, north-eastern South Africa, and southernmost Malawi. Days
exceeding 40°C are projected to increase to 25-35 days in southern and central Mozambique,
southern Malawi and southern Zimbabwe. The rest of the region is expected to see lower
occurrences at 0-10 days (north Mozambique, northeast Zimbabwe, south-eastern South
Africa, Lesotho, Eswatini).

By the 2050s it is expected that the south-west of Southern Africa will get drier,
especially under scenarios of greater global warming (IPCC Interactive Atlas, 2021).
Projections show that the north-east of the Southern Africa region may see a small delay to
the start of the rainy season (Dunning et al., 2018). There is less confidence in projected trends
in precipitation compared to temperature and it is less clear whether the remainder of the
region will become wetter or drier on average in the future, with some areas showing a clearer
trend than others. At higher levels of global warming there is more agreement across model
projections that the region will get drier (IPCC Interactive Atlas, 2021). Areas which see a
drying trend in future, along with increasing temperatures, will experience more severe
agricultural and ecological droughts, even if global warming is stabilised in a range of 1.5 —
2°C above pre-industrial levels. There is less confidence about the projected changes in
hydrological droughts, but the risk of these increases at higher levels of warming (IPCC, 2021).
Whilst the frequency of heavy rainfall events in western South Africa is projected to decrease,
the intensity is expected to increase, increasing exposure to flash flooding (Engelbrecht et al.,
2009; Pinto et al., 2018). At the river basin scale, reductions in river flow are projected in the
south-west (Orange, Okagvango) (Hamududu and Killintveit, 2016; Trisos et al., 2022).
Reductions in river flow are projected in river basins in the east (Limpopo, Zambezi) although
there is greater uncertainty around whether these will see an increase or decrease in flow
(Hamududu and Killintveit, 2016; Trisos et al., 2022). Increases are projected in the Congo
River basin in the north of the region (Doherty et al., 2022).
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Around the Southern African coast, including Madagascar, Mauritius and the Comoros
and Seychelles Islands, average sea level has increased at a rate of around 3mm per
year between 1993-2018 (Allison et al, 2021) and will continue to rise under all greenhouse
gas emissions scenarios and globally these are committed to rise for centuries to millennia
(IPCC, 2021). By mid-century under a very high emissions scenario, a 0.3m median rise is
projected, increasing to 0.7-0.8m by the end of the century, relative to 1995-2014 levels.
Projected increases in sea level rise are lower under a very low emissions scenario (SSP1-
2.6), with a 0.2m median rise for mid-century, and a 0.4-0.5m rise by the end of the century
(IPCC Interactive Atlas, CMIP6). For small islands, storm surges and waves will exacerbate
coastal inundation and shorelines will retreat along sandy coasts of most small islands (IPCC,
2021).

The risk of coastal flooding in low-lying areas and erosion along most sandy coasts
will increase in the future as aresult of continued relative sealevel rise across the region
(IPCC Interactive Atlas). Between 1984 — 2015, the continent as a whole has experienced
net erosion and shoreline retreat. While ESAF has experienced a shoreline growth rate of
0.1m per year (IPCC, 2021) and specific locations in Oranjemund in Namibia and the south
coast of Madagascar represent some of the highest sandy beach accretion hotspots globally
(Luijendijk et al. 2018), the eastern coast of South Africa, with low coastal plains and sandy
beaches, is recognised as vulnerable to flooding and erosion caused by cyclonic weather
events and large waves (Mather and Stretch, 2012).

Sea surface temperatures will increase in the coming decades around Madagascar,
Mauritius and the Comoros and Seychelles Islands as well as the Southern African
coast. Average SSTs, which range from 22-26°C around the northern and western coasts of
Madagascar, and for Mauritius, the Comoros and Seychelles islands (OSTIA climatology®)
during austral summer. By the 2050s and under a very high emissions scenario, SSTs around
Madagascar are projected to increase by 1.4°C, by 1.3°C for Mauritius and the Comoros
Islands, and by 1.5°C for the Seychelles, relative to 1981-2010. SSTs, which are around 15°C
along the western coastline during austral summer (OSTIA climatology), around 20°C along
South Africa’s eastern coastline, and around 26°C along Mozambique’s coastline during
austral summer (OSTIA climatology), are projected to increase by 1.4°C by the 2050s, under
a very high emissions scenario, relative to 1981-2010 and to continue to increase in the
coming decades. The ocean will continue to acidify, a process which causes changes in
seawater chemistry, with negative implications for a variety of marine organisms. The
frequency of marine heatwaves (periods of extremely high ocean temperatures which
negatively impact marine ecosystems) doubled and increased in intensity along the southern
African coastline from 1982-2016. These will further increase in frequency, intensity, spatial
extent and duration for all coastal zones (IPCC, 2021).

For eastern Southern Africa and Madagascar, there is medium confidence that the
number of intense tropical cyclones (category 4-5) will increase over the 21% century,
with higher wind speeds and more intense rainfall. These projections apply to the small island
regions but are associated with substantial variability due to the projected regional shifts in
storm tracks. The overall frequency of tropical cyclones making landfall over eastern Southern
Africa and Madagascar is projected to decrease (IPCC, 2021).

5 https://ghrsst-pp.metoffice.gov.uk/ostia-website/index.html
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2.3 Climate analysis by zone
To assess the magnitude and direction of projected climate trends at a sub-regional scale the
region is divided into nine sub-regional spatial analysis zones that reflect the different climate
types, as shown in Figure 6. The projected trends in these zones are summarised in

Table 1. Further detail on the selection of zones and the zonal climate analysis is provided in
Section D of the Technical Reference Document.

[ Zone 1: Semi-arid regions of Namibia and Botswana

Il Zone 2: Hot desert regions of Namibia, Botswana and South Africa
[ Zone 3: Cooler desert regions of South Africa

- Zone 4: Temperate regions of Zambia and Zimbabwe

ﬂ. B Zone 5: Tropical regions of Mozambique and Malawi

[ Zone 6: Semi-arid regions of Botswana, Zimbabwe and Mozambique
™ Zone 7: Temperate regions of South Africa, Lesotho and Eswatini
B 7one 8: Madagascar

Zone 9: Small islands including Comoros, Seychelles and Mauritius

Figure 6: The nine spatial analysis zones across the Southern Africa region

Table 1: Summary of the zonal analysis for Southern Africa. More detail is provided in Section D of the Technical
Reference Document.

Zone _Countries Cl_Jrrent Future projections for the 2050s: headline
included climate type messages
Zone 1 North-eastern | Semi-arid climate |e Annual mean temperatures will increase.
Namibia and e Some evidence that the zone will become drier
north-western on average.
Botswana .
e Droughts likely to be longer and more frequent.
e Heavy rainfall events will become more intense.
Zone 2 North-western | Hot desert ¢ Annual mean temperatures will increase.
and southern | climate e The zone will be drier on average.
stl:?r;t-)\lNaéstern . Droughts.likely to be Ior?ger and more fr(.aquent.
Botswana and ¢ Heavy rainfall events will become more intense.
northern South e Sea levels, sea surface temperatures, marine
Africa heat waves and ocean acidity will increase.
Zone 3 South-western | Semi-arid climate |e Annual mean temperatures will increase.
South Africa e The zone will be drier on average.
¢ Droughts likely to be longer and more frequent.
¢ Heavy rainfall events will become more intense.
e Sea levels, sea surface temperatures, marine
heat waves and ocean acidity will increase.
Zone 4 Zambia and | Temperate e Annual mean temperatures will increase.
north-eastern | climate e Some evidence for a decrease in seasonal
Zimbabwe rainfall at the start of the rainy season.
e Heavy rainfall events will become more intense.
Zone5 | Malawi and | Tropical climate ¢ Annual mean temperatures will increase.
northern e Some evidence for a decrease in seasonal
Mozambique rainfall at the start of the rainy season.
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Heavy rainfall events will become more intense.
Sea levels, sea surface temperatures, marine
heat waves and ocean acidity will increase.
Tropical cyclone wind speeds and associated
heavy rainfall likely to increase.

Zone 6 | Southern Semi-arid climate Annual mean temperatures will increase.
Zimbabwe, Some evidence for a decrease in seasonal
western rainfall at the start of the rainy season.
Botswana and ] . .
southern Heavy rainfall events will become more intense.
Mozambique Sea levels, sea surface temperatures, marine

heat waves and ocean acidity will increase.
Tropical cyclone wind speeds and associated
heavy rainfall likely to increase.

Zone 7 Eastern South | Temperate Annual mean temperatures will increase.

Africa, climate Some evidence for a decrease in seasonal
Iléeszivoatzr?i and rainfall at the start of the rainy season.
Heavy rainfall events will become more intense.
Sea levels, sea surface temperatures, marine
heat waves and ocean acidity will increase.

Zone 8 Madagascar Mostly tropical Annual mean temperatures will increase.

climate with some |, Some evidence for a decrease in seasonal

temperate climate rainfall at the start of the rainy season.

in the east and . . :

some semi-arid Heavy rainfall events will become more intense

climate in the Sea levels, sea surface temperatures, marine

south heat waves and ocean acidity will increase.
Tropical cyclone wind speeds and associated
heavy rainfall likely to increase.

Zone 9 Comoros, Tropical maritime Annual mean temperatures will increase.
Seychelles climate Medium confidence for less rainfall particularly

and Mauritius

from June to August.

Sea levels, sea surface temperatures, marine
heat waves and ocean acidity will increase.
Tropical cyclone wind speeds and associated
heavy rainfall likely to increase. Future storm
track and landfall locations are uncertain.
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3 Climate risk impacts and interpretation for the Southern
Africa region

This section examines some key climate risks relevant to development themes. The themes
analysed include agriculture and food security (3.1), water resources and water-dependent
services (3.2), environment, terrestrial forests, ecosystems and biodiversity (3.3),
infrastructure and settlements (3.4), health (3.5) and coastal fisheries and the marine
environment.

3.1 Agriculture and food security

Summary of risks relevant to agriculture and food security

e Greater rainfall variability, more extremes and rising temperatures will have
broadly negative impacts on agricultural yields, output variability, prices and food
security. Pest populations may also increase, with adverse effects on output
variability and yields as well as the costs of control.

e Increasing average and extreme temperatures will increase periodic heat and
water stress for important staples such as maize and wheat, reducing yields, while
increases in heavy rainfall may damage crops, cause waterlogging and threaten
storage and processing.

e Projected increases in average temperatures and heat extremes will affect
pastoral and agropastoral systems through heat stress to animals, impacts on
pasture and fodder, water needs and access, disease vectors and livestock
mobility. Vulnerabilities will be intensified and possibilities for adaptations limited
by land use changes that restrict mobility and access to water and pasture.

e Rising water temperatures and changing seasonal flood patterns will reduce the
productivity of inland fisheries. Vulnerabilities will be intensified by other pressures
on lakes and rivers such as deforestation, agricultural and urban development,
and pollution.

3.1.1 Context

Agricultural production (including forestry and fishing) is an important source of employment
across Southern Africa, but accounts for a relatively low proportion (an average of 12% in
2020) of national GDP (World Bank, 2022). Contribution to national GDP from the agriculture
ranges from 2-3% in Botswana, Seychelles, Zambia, South Africa, and Mauritius to 8-9% in
Zimbabwe, Eswatini and Namibia, to 23-26% in Malawi, Madagascar, and Mozambique, and
37% in Comoros (World Bank 2020 data — see Technical Reference, Section E). However,
agriculture as employer or source of income means it is a significant sector impacting on
substantial numbers of people. In many countries in the region — especially Malawi (76%),
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Mozambique (70%), Zimbabwe (66%), Madagascar (64%), and Zambia (50%) — rates of
agricultural employment as a proportion of total employment in the region highlight the sector’s
importance to peoples’ livelihoods (World Bank, 2022).

Southern Africa is characterised by a diverse range of agricultural systems: agropastoral,
pastoral, and maize-mixed systems cover the largest areas of the region (see Figure 7) (Dixon
et al., 2020a). Inland fisheries in lakes and rivers also play a key role in providing food and
income, particularly for poorer households (Dixon et al., 2020a,b). Projected climatic changes
will present different types of risks across these different systems, across the region and within
individual countries.
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Figure 7: Agricultural systems in Southern Africa. Source: Dixon et al., 2020a.

3.1.2 Farming systems and livelihoods

Detrimental effects on cultivation, including important food crops, are already
occurring in Southern Africa due to increases in temperature. Agriculture in Southern
Africa is predominantly rainfed, making it vulnerable to climatic variability and change. Climate
change poses risks to farming systems and livelihoods via increasing average and maximum
temperatures, water stress and changing rainfall patterns. Climate change has already
reduced total agricultural productivity growth in Africa by 34% since 1961, more than in any
other region (Ortiz-Bobea et al., 2021). In sub-Saharan Africa, maize yields have decreased
5.8% and wheat yields 2.3%, on average, due to climate change in the period 1974-2008
(Ray et al., 2019). Rising levels of atmospheric CO, may mitigate some of these losses over
the coming decades by promoting plant growth, but there is considerable uncertainty about
the exact nature of the CO, response (Hasegawa, 2021).

Declines in areas suitable for cereal production and further reductions in cereal
productivity are likely to continue due to rising temperatures across Southern Africa
(Mapfumo et al., 2014; Adhikari et al., 2015; Stevens and Madani, 2016; Chapman et al.,
2020). Wheat and maize are particularly sensitive to rising temperatures (Adhikari et al., 2015),
and where temperatures exceed 30-35°C for long periods, maize will fare worse than more
heat-tolerant staples such as millet and sorghum (Thornton and Cramer, 2012; Adhikari et al.,
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2015; Hadebe et al., 2017). Warming and elevated CO2, may also reduce the nutritional content
of some crops. By 2050 under a high emissions scenario overall wheat yields and grain protein
content may decrease by over 15% in Southern Africa (Asseng et al., 2019).

Crop production will vary within countries as an impact of climate change. For example,
north-eastern Namibia could see a 20% reduction in cereal yields while the north-central
region could see a reduction of 50% (World Bank, 2021d). Irregular rainfall and droughts
already affect crop production and have contributed to food security crises via declining cereal
production in Zambia, Madagascar, and Eswatini, where cereal production declined by nearly
20% in 2019-2020 (USAID 2016d; World Bank 2021b; FSIN and GNAFC, 2021). The 2015 El
Nifio drought in Southern Africa severely affected maize and wheat production, contributing to
a regional cereal deficit of nearly eight million tonnes in 2015-2016 (Davis-Reddy and Vincent,
2017).

Root crops (e.g., sweet potato, cassava) may be less affected than grain crops by
temperature increases (Jarvis et al., 2012; Adhikari et al., 2015; Adjei-Nsiah et al., 2020).
However, cassava is not well-adapted to excess water, so projected increases in flooding
across Southern Africa present risks to production, and prolonged drought may result in
reduced yields (Thornton and Cramer, 2012; Adhikari et al., 2015).

Regional cash crops (e.g., tobacco, cotton, tea, sugarcane, sunflower) are also likely to
be negatively impacted by rising temperatures. Cotton can tolerate high temperatures, but
yields may decline if those temperatures are sustained over long periods (Adhikari et al.,
2015). Tea yields are expected to decline as rising temperatures reduce areas suitable for
production, especially in lowlands, driving shifts toward higher altitudes (Adhikari et al., 2015;
Davis-Reddy and Vincent, 2017). Sugarcane yields may also decline as rising temperature
reduces areas suitable for cultivation, with temperatures above 35°C detrimental to plant
growth (Adhikari et al., 2015). Sunflower production in Botswana is also likely to be negatively
affected (Trisos et al, 2022).

Growing seasons are likely to be affected by increased water stress as a result of rising
temperatures and changing rainfall patterns across Southern Africa. Higher temperatures
lead to increased evapotranspiration and reductions in soil moisture, increasing plant water
requirements and irrigation needs. Projected drier conditions in semi-arid and desert regions
of Botswana, Namibia and South Africa will increase the likelihood of longer and more frequent
droughts. Increases in year-to-year variability in rainfall in all zones will affect planting seasons
and crop development and lead to less predictable growing seasons. Decreases in seasonal
rainfall at the start of the rainy season in Zambia, Zimbabwe, Malawi, Mozambique and
Madagascar may negatively impact cultivation systems by shortening growing seasons and
increasing water requirements (USAID, 2016b; World Bank 2021b; Trisos et al., 2022).

Irrigation can help buffer rainfall variability, but its high water consumption can bring
unforeseen risks. Flood-based farming such as floodplain/flood recession agriculture in the
Zambezi River basin (Midgley et al., 2012b, 2012c) is less dependent on local rainfall
variability. However, water access will be affected by changes in river flows, lake levels and
flood dynamics linked to seasonal rainfall patterns and rainfall extremes. State projects and
large commercial schemes that divert water from rivers or tap groundwater storage can
increase and stabilise agricultural production and incomes. But they may also end up
competing for existing or planned water uses, especially when demand and supply scenarios
are based on average water availability that fails to account for variable (peak) demands, and
increasingly variable supply (Siderius et al, 2021). Hence the risk that intensive basin
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development, such as that envisaged for the Shire River in Malawi (more hydropower, more
irrigation), creates ‘stranded assets’ that will not meet performance targets under future
climate and development scenarios (Bhave et al, 2020; 2022).° Farmer-financed irrigation,
often from groundwater storage, is accelerating in some countries (e.g. Zambia, Malawi,
Zimbabwe) but remains largely unrecorded and unregulated (Wiggins and Lankford, 2019).

Soil erosion, damageto crops and crop losses will increase as aresult of more frequent
and intense rainfall events. Different crops have different levels of tolerance to waterlogging.
While some (e.g., sorghum) are resilient, others (including maize and millet) are far less
tolerant (Hadebe et al., 2017). Flooding linked to heavy rainfall or tropical cyclones already
causes widespread damage to crops in Zambia, Zimbabwe, Mozambique, and Madagascar,
contributing to reduced cereal production and food insecurity (FSIN and GNAFC, 2021). In
2020, Zimbabwe’s cereal production was nearly 13% below the five-year average due to
flooding and dry spells (FSIN and GNAFC, 2021). A 30% decline in maize harvests in Malawi
in 2014-2015 was attributed in part to late-onset rains during the growing season followed by
heavy rain and flooding (Stevens and Madani, 2016).

Crop damage and damage to agricultural infrastructure and supply chains will result
from projected increases in the intensity of tropical cyclone winds in Mozambique,
Malawi, Botswana, Zimbabwe, Madagascar, Comoros, Seychelles and Mauritius. These
hazards already impact cultivation in these regions. In 2019, Tropical Cyclone Idai led to the
flooding of at least 715,000 hectares of cultivated land in Mozambique, affecting over 430,000
farming households, and destroyed crops, seed stores, and agriculture and irrigation
infrastructure (Government of Mozambique, 2019).

Insect and plant disease driven agricultural losses may increase as rainfall patterns
change and temperatures increase. More frequent fall armyworm infestations in Eswatini,
Malawi, Zambia, Zimbabwe, and Madagascar and locust outbreaks in Zambia and Zimbabwe
already contribute to food security crises, with delayed rainfall and high temperatures enabling
pests to flourish (FSIN and GNAFC, 2021). Suitable conditions for the corn leafhopper, a
maize pest, may increase in parts of South Africa due to rising temperatures — although given
its upper thermal threshold of 30°C, other parts of the region may become less suitable
(Santana et al., 2019). In Mozambique, the fall armyworm, which can cause significant losses
to maize crops, increases in population density and infestation in the dry season (Canico et
al., 2020). Warmer temperatures may increase larval development among some pests. For
example, in Botswana larval development periods in fruit flies accelerated at 35°C
(Motswagole et al., 2019). Across sub-Saharan Africa, pests and diseases already contribute
between 10-35% of yield losses for key staples (Savary et al, 2019).

The tolerance thresholds for some agricultural pests may be exceeded by rising
temperatures. For example, temperature increases may reduce the range of the tomato red
spider mite in Southern Africa (Meynard et al., 2013). Projected increases in intense rainfall

6 Bhave et al (2022) conclude that deep uncertainty around future rainfall projections in the Lake Malawi-
Shire River system generates a wide range of outcomes, including no lake outflow and a higher
frequency of major downstream floods. However, irrigation expansion in Lake Malawi catchments would
likely increase the risk of very low lake levels and downstream risks to hydropower and irrigation.
Improved regulation of lake outflows through the upgraded barrage offers some risk mitigation but trade-
offs still emerge.
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events may also reduce pest populations by washing away eggs and larvae (Canico et al.,
2020).

Agricultural livelihoods, productivity, and vulnerabilities in Southern Africa are affected
not only by climate change but also by wider sectoral conditions. These include
inadequate infrastructure (e.g., irrigation, transport), limited extension services and
technological innovation, and low farming incomes (Hachigonta et al., 2013; Mapfumo et al.,
2014; USAID, 2016a, 2016c¢c; Davis-Reddy and Vincent, 2017; World Bank, 2021a). In
Mozambique, violent conflict has also affected agricultural production through loss of access
to agricultural land and crops due to displacement and restrictions on movement (FSIN and
GNAFC, 2021). Future risks to agricultural livelihoods will be shaped by the interaction of
climatic changes and broader political and economic factors.

3.1.3 Pastoral and agro-pastoral livelihoods

Pastoralism and livestock are important for rural economies and food security in
Southern Africa (see Figure 7 above). Livestock numbers are highest in South Africa, Malawi,
Zimbabwe, and Madagascar. In Botswana and Namibia, livestock accounts for 70-90% of all
agricultural production value, and roughly 80% of rural populations in Botswana depend on
livestock production as their main livelihood source (Syed and Gomes, 2022). Livestock also
serve an important ‘insurance’ function for farmers reliant on rainfed cultivation via sales of
livestock in cases of crop failures (Hachigonta et al., 2013; Hanke and Barkmann, 2017).

Climate change will negatively affect regional livestock sectors through impacts on
fodder availability and quality, livestock food supply chains, access to drinking water, direct
heat-induced physical stress, prevalence of livestock diseases, and livestock mobility (Assan,
2014; Mapfumo et al., 2014; de Leeuw et al., 2020; Magiri et al., 2021; Trisos et al., 2022).

Livestock health and mortality, impaired livestock reproduction and milk production,
and increases in drinking water needs will result from heat stress caused by rising
temperatures (Thornton and Cramer, 2012; Sejian et al., 2021). The strongest warming is
projected for eastern Namibia, Botswana, and Mozambique where pastoral and agropastoral
livelihoods are prominent. In Namibia, climatic changes could lead to a 15-35% decline in
livestock carrying capacity in north-central areas and cattle numbers could drop by over 50%
by 2080 (World Bank, 2021d). European breeds of cattle are favoured in Namibia due to their
higher market value but are not as resistant to high temperatures (World Bank,
2021d). Changes in breed types may be required to adapt, with implications for market share.
Although goats are better able to cope with heat stress, animal health and reproduction are
likely to be reduced as temperatures increase (Thornton and Cramer, 2012; Mapfumo et al.,
2014; Sejian et al., 2021).

Livestock feed crops and availability of pasture and drinking water will be negatively
affected through rising temperatures, combined with increases in year-to-year rainfall
variability — and increasing risks of drought in Namibia, Botswana and South Africa.
Negative impacts on fodder availability arising from reductions in rangeland net primary
productivity (NPP)” are projected in most modelling studies. Under 2.4°C global warming
(RCP8.5), NPP is projected to decline by 37% in Southern Africa by 2050 compared to a 2000
baseline (Boone et al, 2018).

7”NPP is a measure of biomass production per unit area over time.
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The risk of livestock disease outbreaks may also increase with rainfall and temperature
changes. Increased temperature and rainfall changes already contribute to the expanding
range of tick species that carry livestock diseases in Southern Africa (Trisos et al., 2022).
Livestock diseases present significant economic risks. In Zambia and Malawi, the annual cost
of East Coast fever, a disease affecting cattle, has been estimated at USD 48.8 and USD 2.6
million, respectively (Bouley and Plante, 2014). At the same time, temperature and rainfall
changes may result in declining habitats for some disease vectors, such as brown ear ticks
(which cause East Coast fever) in areas such as south-eastern Zimbabwe and southern
Mozambique (Mapfumo et al., 2014).

Losses of feed crops and stores, and displacement and death of livestock will result
from increases in the intensity of heavy rainfall events and flooding. In 2019, Tropical
Cyclone Idai led to the death of tens of thousands of poultry and livestock and destroyed
pasture and feed as well as livestock infrastructure (Government of Mozambique, 2019).
Extreme rainfall affects forage yield, perhaps more than any other changes to average annual
precipitation (de Leeuw et al., 2020), and may also negatively affect the quality of water
sources (e.g., through runoff).

Pastoralists already face political and economic obstacles that restrict their mobility
and access to water and pasture, and limit possibilities for adaptations to climatic
changes. These include changes in land tenure, enclosure and fragmentation of formerly
open land (including for agricultural and conservation purposes), and limited access to
veterinary services (Chakoma, 2012; Mapfumo et al., 2014; Cumming et al., 2015). These
also limit possibilities for adaptations to climatic changes, including through access to new
pasture or water sources. Policies and development interventions have also tended to favour
crop-based agriculture and sedentary livestock production at the expense of pastoral
livelihoods and mobility rights (Boffa et al., 2020; de Leeuw et al., 2020). However, rising
temperatures and effects on pasture and water resources may also put sedentary livestock
raising at risk.

3.1.4 Freshwater fisheries

Inland fisheries provide an important food and livelihood source in Southern Africa. In
2020, inland fisheries and aquaculture production reached over 17,000 tonnes in Madagascar,
over 34,000 tonnes in Zimbabwe, over 100,000 tonnes in Mozambique, over 152,000 tonnes
in Zambia, and over 180,000 tonnes in Malawi (FAO, 2021). In Malawi, small-scale inland
fisheries account for more than 90% of national fish supplies and 60-70% of animal protein
consumption (Midgley et al., 2012a; Simmance et al., 2021). Freshwater catches are
underreported and may be up to 65% higher than official figures (Fluet-Chouinard et al., 2018).
Inland fisheries include floodplain-based systems and lake-based systems (Hamerlynck et al.,
2020). Lake-based fisheries include Lake Mweru in Zambia, Lake Malawi and Lake Chilwa in
Malawi, and Lake Kariba between Zambia and Zimbabwe. Floodplain fisheries include the
Okavango River and Okavango Delta, and the Zambezi River and its tributaries.

Fish populations will be negatively impacted by an increase in the temperature of
freshwater bodies. This may adversely impact Southern African fish stocks through direct
negative impacts on growth, metabolism, reproduction, health, and mortality, as well as
changes in migration patterns (Muringai et al., 2022a,b). Higher water temperatures also
reduce oxygen content and vertical mixing of the water column, negatively affecting aquatic
biodiversity, habitats, and water quality and in turn fish health and stocks (Mapfumo et al.,
2014; Muringai et al., 2022b). Effects of thermal stratification are more pronounced in deep

Page 38 of 106

= Met Office @Dl

Hadley Centre

® Crown Copyright 2022, Met Office



lakes such as Lake Malawi (Ogutu-Ohwayo et al., 2016; Muringai et al., 2022b). In Lake
Kariba, increasing temperatures and evaporation, decreased rainfall, and changing water
levels have already contributed to declining fish catches (Ndebele-Murisa et al., 2011). Higher
water temperatures may also lead to a decline in plankton, an important fish food source
(Mapfumo et al., 2014; Muringai et al., 2022b). In Lake Malawi and Lake Kariba, rising
temperatures have already been linked to declining phytoplankton productivity (Magadza,
2011; Ndebele-Murisa et al., 2012), although warming temperatures may also contribute to
increased phytoplankton productivity (Marshall, 2017).

Loss of suitable habitats and disruption of fisheries will occur through reduced
inundation of seasonally flooded wetlands from higher temperatures and
evapotranspiration. Drying conditions and more frequent/intense droughts may contribute to
declining lake levels and reduced river flows and runoff across Southern Africa (including in
major river systems such as the Zambezi), and in turn to reduced biodiversity and fish
productivity (Simmance et al., 2021; Mapfumo et al., 2014; Muringai et al., 2022b). Rising
surface temperatures and evapotranspiration and changing surface inflows have already
reduced fish catches in Zimbabwe’s Lake Chivero (Utete et al., 2018). Changing flood patterns
in wetlands such as the Okavango Delta may affect fisheries through impacts on fish food
sources (i.e., microcrustaceans) (Siziba et al., 2011, 2013). Changes in seasonal flood
patterns and intensity could contribute to declines in wetland productivity.

River and lake systems will face increased risks of flooding, erosion, sediment input
and pollution due to increased heavy rainfall events. Erosion of riverbanks and shorelines
from heavy rainfall, and resultant sediment deposits can contribute to shallower waters, in turn
affecting water temperatures. Floods also cause damage to fishing equipment and
infrastructure, loss of fishing days, and danger to life (Muringai et al., 2022b).

Risks to inland fisheries associated with climatic change will interact with and be
intensified by the impacts of other human activities. Changes in lake and river systems in
Southern Africa are being driven by deforestation and land clearance for agricultural
expansion and settlement, resulting in soil erosion and siltation, and agricultural and urban
pollution (Palamuleni et al., 2011; Utete et al., 2018; Chemura et al., 2020; Pullanikkatil et al.,
2020; Makwinja et al., 2021a, 2021b, 2021c; Nkwanda et al., 2021; Sibanda and Ahmed, 2021;
Simmance et al., 2021). Fish stocks are also impacted by fisheries intensification and
overexploitation (Weyl et al., 2010; Bell et al., 2012; Marshall, 2012; Tweddle et al., 2015). For
example, changes to fishing livelihoods in the Okavango Delta are determined by a
combination of flooding variability, fishing regulations, and social relations tied to gender and
ethnicity, rather than climate change alone (Shinn and Hall-Reinhard, 2019).

3.1.5 Food security

Links between climate change and broader food security are more difficult to predict
because pathways are complex. Food security® is shaped by access to and uptake of food,
not just production and availability. Nonetheless, most studies to date have focused on output
and output variability only (Trisos et al, 2022). Food security may be threatened by a

8 Food security exists when all people, at all times, have physical and economic access to sufficient,
safe and nutritious food that meets their dietary needs and food preferences for an active and healthy
life (World Food Summit, 1996). For further information on the four dimensions of food security flagged
here (availability, access, utilisation and stability), see:
https://www.worldbank.org/en/topic/agriculture/brief/food-security-update/what-is-food-security
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combination of (1) declining output and availability; (2) lower access due to declining
household incomes and price variability; (3) changing uptake/utilisation of food within the body
affected by (for example) disease; and (4) lower stability as a result of more variable output,
prices, and incomes. Untangling the climate signal across each of these four areas is difficult,
but a growing body of evidence indicates that yield losses are likely to translate into higher
agricultural prices and much greater output and price volatility. These impacts will, in turn,
affect the purchasing power and real income of households (Hallegatte et al, 2016).

In 2019, more than half of the populations of Botswana, Namibia, Zambia, Zimbabwe,
Malawi, Mozambique, Eswatini, and Lesotho (ranging from 50% in Lesotho to 82% in
Malawi) faced moderate or severe levels of food insecurity driven by a combination of
weather extremes, pests and disease, economic-income shocks and conflict and
insecurity (FAOSTAT, 2022). In Eswatini, Lesotho, Madagascar, Malawi, Mozambique,
Namibia, Zambia, and Zimbabwe, 30 to 50% of assessed populations experienced crisis-level
food insecurity or worse in 2020 (FSIN and GNAFC, 2021). Across Southern Africa, food
security crises are driven by a combination of weather extremes (e.g., drought, heavy rains,
floods), agricultural pests and diseases, and economic-income shocks (linked to COVID-19
restrictions, border closures, and rising food prices), as well as conflict and insecurity in
Mozambique (FSIN and GNAFC, 2021).

The impacts of production and price volatility on poverty will depend on how vulnerable
households make a living. Net sellers of food and those dependent on agricultural wages
may benefit, though much depends on the interplay between prices, output and incomes. Net
consumers of food will be harmed, while those who depend on agricultural wages and profits
are likely to experience mixed impacts. Poorer consumers — the growing numbers of
households living in informal urban settlements and subsistence-orientated® farmers who
struggle to feed themselves from own production — will be worst affected (Hallegatte, 2016).
Poorer urban households typically spend 40% or more of their incomes on food (Wiggins,
2022).

Changes in food production, consumption and security will be shaped by climate
change, increasing urbanisation and import reliance. These include shifts away from
agricultural livelihoods and increased consumption of processed and imported foods — trends
already observable in Southern Africa (Tschirley et al., 2014; Boffa et al., 2020; WFP, 2021).
Some countries in the region are highly reliant on food imports. In 2016-2018, cereal import
dependency ratios (ratio of imported vs domestically produced food supplies) reached nearly
70% in Eswatini and Namibia, 75% in Lesotho, 81% in Comoros, 84% in Botswana, 95% in
Mauritius and 100% in Seychelles (FAOSTAT, 2022 — see Section E of the Technical
Reference Document). In the short term, rising global food prices may undermine economic
performance and affect those on low incomes, though major regional producers (notably South
Africa) may step up production to meet demand.*°

9 Smallholders who depend on a single rainy season for most of their staple food needs and practise
low input, low output agriculture. Their farming is subsistence-orientated, but they are not ‘subsistence’
farmers because they rely on diversified sources of income and because they struggle to achieve self-
sufficiency in most years (Devereux, 2009; Ellis, 2013).

10 Rising commodity prices generally, including imported wheat, maize and fertilisers, will tend to raise
domestic prices in the countries that import them, potentially affecting poorer consumers. For some
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Links between climate-induced ecosystem change, food security and poverty have not
been systematically assessed but are likely to be important. Poorer rural households are
more likely to depend on foraging and wild foods to meet food and income needs, smoothing
consumption between season and years. For example, harvesting of edible non-timber forest
products (e.g., fruits) is a coping mechanism among poorer farmers in response to climatic
shocks in Zimbabwe (Woittiez et al., 2013). Incomes from resource stocks that grow
continuously over years (e.g. timber and fish) also play a key ‘buffering’ role as they are less
sensitive to weather fluctuations than those that depend on annual cycles, like crops (Naidoo
et al, 2013; Hallegatte, 2016). Although the safety net function of ecosystems is well-known,
few studies have looked at links between climate-induced ecosystem change and poverty.

farmers, higher prices may present an opportunity if local consumers switch from increasingly expensive
imported wheat to locally grown staples. Higher fertiliser prices could see farmers use less, affecting
production, though many poorer farmers in sub-Saharan Africa use little or no mineral fertiliser (Wiggins,
2020).
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3.2 Water resources and water-dependent services

Summary of risks relevant to water and water-dependent services

e Rising temperatures, declining rainfall in the south-west and greater rainfall
variability will increase periodic water scarcity and flooding, with areas
experiencing wet and dry extremes at different times. This makes water
management more difficult.

e Reliance on groundwater as a source of climate-resilient drinking water may
increase as river flows become more variable. Large numbers of people still do
not have access to safe water and sanitation, increasing their exposure to climate
hazards.

e Rising temperatures and more frequent and intense rainfall events will have
negative impacts on water quality, increasing pollution and sediment loads, and
increasing threats to health in rural and urban areas.

e Greater rainfall variability and drought will further disrupt hydropower generation,
with periods of low rainfall and river flow potentially affecting multiple countries with
concurrent reductions in electricity production.

3.2.1 Context

Southern Africa’s freshwater resources are distributed very unevenly between areas and over
time. High intra-annual and multi-annual rainfall variability results in many areas experiencing
large variations year-on-year, much greater than in the more temperate climate of Central
Africa (Conway et al, 2009; Foster and Garmendia, 2010; Conway et al, 2017). Variability and
uncertainty in rainfall make water management adaptation more difficult (Damania et al, 2017;
Caretta et al, 2022). Together with relatively low runoff, it also explains why there are few
perennial rivers, and the importance of groundwater in meeting dispersed rural demand
(Taylor et al, 2013; MacDonald et al, 2021).

With the exception of South Africa, all countries in Southern Africa fall within the low or no
‘water stress’ categories used for monitoring SDG 6.4.2'%, highlighting low (overall) water use
on average relative to availability. South Africa falls within the ‘medium stress’ category,
withdrawing roughly 64% of its renewable water/year (see Section E of the Technical
Reference Document for data and definitions). These are averages, however, and do not
account for peaks and troughs over time linked to seasonality, increasingly frequent droughts
and floods, and the presence of basin ‘hot spots’ where rivers have been intensively developed
for urban, industrial and agricultural users. Hydropower is another major user, though its
consumptive water use is limited.!?

11 Water stress: water withdrawals as a percentage of available (renewable) water. FAO (2018) data.
12 Good water accounting makes a distinction between water withdrawals, consumption and return
flows. Although evaporation from hydropower lakes/reservoirs can be significant, most stored water is
returned to the basin downstream of dams and turbines. The biggest consumptive use of water, in terms
of water ‘lost’ to evapotranspiration, is typically agriculture (Perry, 2011).
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Low per capita water withdrawals reflect limited investment in water development, surface
storage and distribution for key economic and social sectors (ADB, 2016). This is mainly
because the big water-withdrawing sectors, particularly irrigation, remain under-developed
(ADB, 2016; Calow et al, 2018). For example, although water control is vital for agriculture,
providing insurance against rainfall variability, only around 5% of the region’s cultivated land
is irrigated, mostly in Madagascar and South Africa (FAO, 2018).

In the sections below, we look at risks across three areas: water resources and water quality;
rural water supply and sanitation; and electricity generation from hydropower. Urban water
supply and sanitation, and risks to other types of power, are addressed under Infrastructure
and Settlements (3.4).

3.2.2 Water resources — availability and quality

Water resources in Southern Africa will be negatively affected by changes to the
hydrological cycle in the form of amplified rainfall variability, greater fluctuations in
lake levels and river flows, and more severe droughts and floods. Across the region risks
are expected to increase with every degree of global warming (Caretta et al, 2022). In river
basins that are already water-stressed, such as the Limpopo, Zambezi, Orange and
Okavango, greater flow variability will increase allocation tensions between different uses and
users. The Limpopo Basin, in particular, is already notable for having both high economic
productivity and strong ENSO associations. The basin, shared between South Africa,
Botswana, Mozambique and Zimbabwe, includes major urban centres, irrigation schemes,
industry and mining operations competing for shared flows (Conway et al, 2015).13

Overall surface water availability in river basins may be reduced by rising temperatures
and higher rates of evapotranspiration. Annual rainfall totals will continue to decline in
south-west of South Africa and western Namibia through to the 2050s (see Section 2), further
reducing water availability in this region. However, much will also depend on catchment
conditions, particularly land use and vegetation cover.

Water management will be more difficult as a result of greater variability in rainfall
(including more frequent and severe floods and droughts) and through contamination
of water supplies during flood events. Greater variability and scarcity in surface water
systems will increase dependence on groundwater for urban and rural supply (Calow et al,
2018; Cuthbert et al, 2019; Foster et al, 2020). Making better use of water storage, from
surface impoundments and especially groundwater aquifers, will become more critical for
supply security. Groundwater stored in aquifers (see below) offers sustainable, decentralised
and cost-effective solutions for climate change adaptation, at the scale of specific cities, their
hinterland catchments and across rural areas (Foster et al, 2020).1* At the same time, ‘hidden’
transfers of water that occur through regional and international food trade will likely grow in

13 Including the cities of Pretoria, Johannesburg, Gaborone, Francistown Bulawayo. Irrigation still

accounts for over 50% of basin withdrawals (Conway et al, 2015).

14 The smaller island states of Seychelles, Comoros and Mauritius also depend on groundwater to

varying degrees. The Seychelles relies mainly on surface water, supplemented by groundwater and

desalination to meet dry season shortfalls. The islands of the Comoros rely on a mix of rainwater

harvesting, surface water and groundwater. Groundwater is the main source of water in Mauritius.
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importance — balancing out annual and interannual fluctuations in food and water availability
(Conway et al, 2015).%°

Groundwater resources are more resilient than surface water resources, and periodic
recharge from heavy rainfall events may compensate for reductions in average rainfall
(Caretta et al, 2022; Trisos et al, 2022; Scanlon et al, 2022). Although the region’s groundwater
resources remain poorly characterised, a growing body of studies*® highlight their significance
in terms of spatial extent (compared with isolated rivers and lakes) and storage, with
groundwater providing climate-resilient water supply at relatively low cost for millions of
dispersed rural residents (Calow et al, 2018; Cobbing, 2020; MacDonald et al, 2021). In
particular, the storage groundwater aquifers provide makes groundwater less sensitive to
annual and multiannual rainfall variability. Moreover, even under the drying conditions
projected for the south-west of Southern Africa, intense rainfall events can still produce
substantial (episodic) groundwater recharge, challenging the model-driven consensus that
drying climates will decrease water resources in most dry subtropical regions (Taylor et al,
2013; Cuthbert et al, 2019; MacDonald et al, 2021; Scanlon et al, 2022). That said, more
research is still needed to understand exactly how much water can be sustainably withdrawn
from storage as the climate changes.

Freshwater ecosystems and water quality will be negatively impacted by a combination
of changes in streamflow (varying from future increases and future decreases) and
rising temperatures (Cisneros et al, 2014; Caretta et al, 2022; Nijhawan and Howard, 2022).
Higher water temperatures encourage algal blooms and increase risks from cyanotoxins and
natural organic matter in water sources that pose health risks. Intense rainfall and flood events
can also increase the load of fertilisers, human/animal wastes and particulates in water bodies,
including in (better protected) groundwater systems. Periods of low streamflows, meanwhile,
reduce the capacity of rivers to dilute, attenuate and remove pollution and sediment.
Reductions in raw water quality pose serious risks to drinking water quality, even for
conventional treatment in urban utilities (Howard et al, 2016; Calow et al, 2018). Although
regional data are not available, we know that utilities across sub-Saharan Africa are struggling
to meet demand, with access to (treated) piped water on premises declining from roughly 40%
in 2000 to 33% in 2015 (van den Berg and Danilenko, 2017). Very few utilities provide
wastewater services (van den Berg and Danilenko, 2017).

3.2.3 Rural water supply and sanitation

Secure water, sanitation and hygiene (WASH) provides a crucial buffer against climate
variability. This is because access to safe water and sanitation reduces people’s dependence
on more climate-vulnerable, unprotected systems and practices, frees up time (particularly for
woman and girls) for more productive activities, and plays a key role in improving long-term
health and nutrition (Cumming and Cairncross, 2016; Howard et al, 2016; Calow et al, 2018).

Countries and areas with limited sanitation and safe water are most exposed to climate
risks. An initial assessment of climate risk therefore needs to consider how countries and

15 Trade of agricultural products corresponds to significant transfers of embedded water resources, or
‘virtual’ water trade (Allan, 1993). Water resources embedded in the regional food exports of South
Africa and Zambia account for most (current) intraregional flows, mostly to Zimbabwe. However, the
region as a whole is a net importer of virtual water (Conway et al, 2015).
16 Including those using Gravity Recovery and Climate Experiment (GRACE) satellite data to assess
spatiotemporal variability in water storage, and those drawing on (limited) ground-based monitoring.
See Scanlon et al (2022) for the most recent review of the evidence.
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regions perform in terms of extending and sustaining services. There are significant
differences across Southern Africa regarding access to at least basic services including
drinking water, sanitation, and access to power (Table 2). Wealthier countries have the
greatest access, with upper-middle- and high-income Botswana, Namibia, South Africa,
Seychelles and Mauritius all achieving high coverage, albeit with big sanitation gaps in
Namibia and Comoros. Exclude those wealthier countries and the figures drop significantly.
Low-income Madagascar and Mozambique fare worst - populous countries (almost 60 million
combined, over 60% rural) where the majority of rural people have no access to basic
sanitation. Populations lacking these services are most exposed water contamination, the
spread of disease and malnutrition, particularly after heavy rainfall and flood events.

Table 2: Population, WASH, electricity and hydropower data across the focus countries. Sources: Country
classifications: L (low income), LM (low-middle income), UM (upper middle income) World Bank income
classification 2023 fiscal year update. Population (2020 data): World Bank, World Development Indicators. Access
to drinking water (DW) & sanitation (San) (2020 data): UNICEF/WHO 2021. Hydropower as a % of installed
capacity (hydro instal cap): various sources. See Section E of the Technical Reference Document for further data

and notes.

Population DW Access San Access Elec Access Hydro
Country Total Rural Total Rural Total Rural Total Rural Instal cap

(M) (%) (%) (%) (%) (%) (%) (%) (%)
Zambia (L) 18.4 55 65 48 32 25 45 14 65
Malawi (L) 19.1 83 70 67 27 25 15 7 70
Mozambique (L) 31.2 63 63 49 37 23 31 5 80
Zimbabwe (LM) 14.8 68 63 48 35 32 53 37 65
Botswana (UM) 2.4 29 92 79 80 52 72 26 0
Namibia (UM 2.5 48 84 71 35 20 56 36 51
Eswatini (LM) 1.2 76 71 63 64 68 80 76 60
Lesotho (L) 2.1 71 72 64 50 52 47 35 95
South Africa
(UM) 59.3 33 94 83 78 81 85 75 6
Madagascar (L) 27.7 61 53 36 12 8 34 11 18
Seychelles (UM) 0.1 43 97 97 100 100 100 100 0
Mauritius (UM) 1.3 59 99 99 96 95 100 100 4
Comoros (LM) 0.8 71 80 77 36 32 87 81 4

The evidence linking WASH service outcomes with climate change is limited. This is
because WASH programmes typically measure progress in terms of systems built rather than
outcomes over time!’ (see ICAIl, 2016; Calow et al, 2017). However, a growing body of
evidence in sub-Saharan Africa points to sustainability issues, with somewhere between 10-
65% of systems ‘non-functional’ at a given time.

Surveys conducted in Malawi and Mozambique indicate that most water supply and water
guality problems are attributable to poor design, siting, construction and maintenance
rather than climate-driven changes in water availability (Calow et al, 2018; Lapworth et
al, 2020). A detailed audit conducted in Malawi, for example, found that only 41% of boreholes
equipped with handpumps (the most common technology in rural areas) had adequate yield
and reliability and also passed WHO guidelines for water quality. Roughly 20% of boreholes
were contaminated with E. coli — a key but solvable problem during and after heavy rainfall
events and floods (Mwuathunga et al, 2019; Lapworth et al, 2020). In Mozambique, the World

17 In terms of access, service levels, behaviour change and sustainability.
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Bank estimate that roughly 35% of small village systems and boreholes with hand pumps are
‘non-operational’ at any one time (World Bank, 2017).

Groundwater resources can provide resilient supplies even during severe drought,
confirmed by an audit of over 5000 water points in Ethiopia in the immediate aftermath of the
2015-16 EIl Nifio drought (MacAllister et al, 2020). Well built and maintained boreholes, in
particular, are able to tap water stored from historical rainfall events, not just the last wet
season (Taylor et al, 2013; MacDonald et al, 2019; MacDonald et al, 2020). Protected springs
and shallow wells are typically more vulnerable to both contamination and rainfall variability
because they exploit shallower, less well protected aquifers (Calow et al, 2018; MacDonald et
al, 2019; Lapworth et al, 2020). A key conclusion is that most existing technologies are resilient
to climate change, provided systems are built and maintained to higher standards (Calow et
al, 2017; MacAllister et al, 2020).

3.2.4 Hydropower

Access to electricity, often unreliable, averages 53% across Southern Africa, with
coverage skewed heavily to urban areas Excluding upper-middle-income Botswana,
Namibia, South Africa, Seychelles and Mauritius coverage falls to 35% overall and only 14%
in rural areas, dropping to less than 10% in Malawi and Mozambique (World Bank 2020 data
- see Table 2 and further data in Technical Reference).

Hydropower makes up a significant share of Southern Africa’s electricity production
and that share is growing. Across sub-Saharan Africa as a whole, hydropower accounts for
over 70% of the renewable electricity budget and 15-20% of installed electricity capacity
(Conway et al, 2017).*8 In some Southern African countries — Malawi, Mozambique, Namibia,
Zambia, Lesotho — the proportion of renewable electricity from hydropower rises to 80% or
more, and investment is increasing with funding from a mix of domestic and international
sources (Conway et al, 2017; Brautigam and Huang, 2017). In Zambia for example, the 750
MW Kafue Gorge Lower hydropower project has recently been commissioned, and the 2,400
MW Batoka Gorge hydropower project, jointly owned by Zambia and Zimbabwe, is under
construction. A key pillar of Mozambique’s National Energy Masterplan (2018-2043), designed
also to supply the Southern Africa Power Pool (SAPP), is the USD 4.5 billion, 1500 MW
Mphanda Nkuwa hydropower project due to be operational by 2031 (ADB, 2022).

Periodic disruption to hydropower generation is widespread, and drought-related
power outages will likely increase. Rainfall variability is already responsible for significant
fluctuations in lake/reservoir levels and river flows on both short and long timescales, creating
major challenges for water management and significant risks to hydropower generation. The
economic costs of power outages generally have been estimated at 5-7% of GDP for Malawi
and South Africa (Conway et al, 2017). Low rainfall and streamflow conditions during the 2015-
16 El Nifio led to concurrent power disruptions across Malawi, Tanzania, Zambia and
Zimbabwe (Conway et al, 2017). In Zambia, inflows into Lake Kariba dropped to as low as
12% of capacity in January 2016, just above the minimum operating level for electricity
production, leading to daily power outages (load shedding) and blackouts in Lusaka Province
and the Copper Belt mining region of Zambia where most electricity is consumed (Gannon et

18 |nstalled capacity is the maximum amount of electricity a power plant can produce under given
conditions specified by the manufacturer. This amount is usually higher than a plant actually generates
because of (for example) low river flows, repair and maintenance, or curtailment of electricity generation
at times of limited demand.
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al, 2018; Conway et al, 2018). Flooding is also an issue because of threats to dam safety and
over-topping (Conway et al, 2015).

Climate-related hydropower insecurity will become a critical source of economic and
social risk across Southern Africa. Risks are amplified because over 70% of hydropower
generation is concentrated in the Zambezi basin, a figure expected to reach almost 90% by
2030 — see Figure 8 (Conway et al, 2015, 2017; Hamududu and Killingtveit, 2016). This is an
area of broadly similar rainfall variability where most studies point to drying conditions, more
severe drought and greater inter-annual rainfall variability over the coming decades (see
Section 2). However, there are few suitable hydropower sites in other regional basins which
have not already been intensively developed, and all are likely to experience lower rainfall
and/or more frequent droughts over the coming decades (e.g. Limpopo Basin in South Africa,
Orange Basin in Namibia and Okavango Basin in Botswana).

Most big infrastructure projects with along design life have been planned for historical
and poorly characterised climate conditions. For both existing and new hydropower
schemes, risks are linked to greater river flow variability, the ability to balance power
generation with other priorities (including the maintenance of environmental flows for rivers)
and flood management (Conway et al, 2017; Gannon et al, 2018; Siderius et al, 2021).
Guidelines for factoring-in climate change into hydropower have only recently been published
(IHA, 2019), and whether safeguards apply will likely depend on funding modalities: the way
the financing package is structured, who is involved, and financing periods. Future Chinese
investment, limited at present in Southern Africa, raises some concerns as environmental and
social safeguarding norms have been applied inconsistently to date in sub-Saharan Africa
(Buckley et al, 2022).
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Risk management strategies rely on transboundary cooperation around information
sharing, dam releases and broader basin management, plus the development of
different energy sources. Transboundary management is already a key issue because the
bigger rivers, such as the Zambezi, are shared. Cooperation works reasonably well, at least
for flood mitigation. For example, collaborative management of the Kariba Dam on the
Zambezi between Zambia and Zimbabwe has proved critical to the prediction and reduction
of flooding in Mozambique along the lower Zambezi. The sharing of hydrological data from the
Shire (a tributary of the Zambezi) has also been important (ADB, 2016). Power sharing is
potentially more difficult, however, when both upstream and downstream riparians in a shared
basin all face concurrent power disruption arising from shared rainfall deficits and low
streamflows. The ability to mitigate risks will therefore depend also on developing more
diversified energy portfolios. Resilient systems will rely increasingly on multiple options spread
across multiple grids — smart, mini, hybrid and cross-border power pool (Conway et al, 2017,
Siderius et al, 2021).

Wider cross-regional power sharing between different power pools holds potential for
risk mitigation. For Southern Africa, the obvious candidate is the Central African Power Pool
(CAPP), since the Congo Basin has enormous hydropower potential and experiences different
climatic conditions and river flows (Karam et al, 2022). However, CAPP is not yet functional
within Central Africa (ADF, 2021), and power sharing between regions would depend on major
investment in transmission and enabling political and economic conditions in the Democratic
Republic of Congo and other power pool countries. South Africa, a country with rapidly
accelerating energy needs still heavily dependent on coal, has nonetheless signed an
agreement (in 2014) with DRC to buy electricity from the long-proposed Inga 3 development
on the lower Congo, though the status of that project is unclear (World Bank, 2016).*°
However, with decades to go before electricity can be imported from DRC (if at all), South
Africa has embarked on a green energy transition through a mix of (mainly) solar, wind and
nuclear outlined in an Integrated Resource Plan (RoSA, 2019). The shift to renewables is
being supported by France, Germany, UK, US and EU through the Just Energy Transition
Partnership (UK Government Press Release, 2021)%°.

19 There have been multiple rounds of consortium identification with Chinese involvement, culminating
in selection, withdrawal, recomposition of consortia and now unilateral reallocation by DRC to a private
Australian company. The World Bank, after initially funding feasibility studies, withdrew its support in
2016 citing ‘differences of opinion’ over the project’s strategic direction (World Bank 2016).

20 See UK Government Press Release November 2021 here:
https://www.gov.uk/government/news/joint-statement-international-just-energy-transition-partnership
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3.3 Environment — Terrestrial forests, ecosystems and biodiversity

Summary of risks relevant to environment

e Rising temperatures, greater aridity and the increasing risk of fire weather will
affect the geographical range and composition of forests and the services forests
provide, though most forest loss will continue to be driven other pressures.

e Rising levels of CO2 and higher temperatures are linked with the spread of woody
vegetation in savannas and grasslands, and decreases in bird, reptile and
mammal species that require grassy habitats.

e Rising temperatures and changing rainfall patterns will affect the coverage,
composition, and functionality of wetland ecosystems. Where wetlands dry out,
permanently or more frequently, they turn from carbon sinks to emission sources.

¢ Ecosystem loss and degradation threatens food security, flood control and carbon
storage among other key services.

3.3.1 Context

Southern Africa contains a wide range of terrestrial biomes (or ecosystems) including tropical
and sub-tropical forests, grasslands and savanna woodlands, desert ecosystems and
wetlands. Savanna woodlands and grasslands cover approximately 54% of the region
(Cornier-Salem et al.,, 2018), providing habitat that supports agricultural and livestock
production, diverse flora and fauna, and national parks important to regional ecotourism and
the generation of foreign currency (Reddy-Davis and Vincent, 2017). Wetlands form part of
Southern Africa’s diverse water bodies and include both inland and coastal systems and
saltmarshes (Adeeyo et al., 2022). Protected areas have expanded in number and extent over
the last three decades, and all 15 Southern African Development Community (SADC) member
states now have National Biodiversity Strategies and Action Plans, with legal responsibilities
to conserve land according to commitments under the UN Convention on Biological Diversity
(Reddy-Davis and Vincent, 2017).

Forested areas include the tropical and subtropical humid forests on the norther fringes of the
region, extending into Angola and DRC, and the tropical rainforests of eastern Madagascar
(see Figure 9). More widespread are the dry deciduous forests - the Miombo and Mopane
woodlands - that cover large areas of Malawi, Mozambique, Zambia, Zimbabwe, northern
Namibia and Botswana (Naidoo et al, 2013). Zambia and Mozambique have the largest
(natural) forest cover in the region (Naidoo et al, 2013). Commercial plantations are also
important, with South Africa accounting for roughly 50% of plantation forests - mainly pine and
eucalyptus - in the SADC region. The majority are privately owned and used for industrial
purposes (Naidoo et al, 2013; Reddy-Davis and Vincent, 2017). Mangrove forests are also
found in the tropical coastal areas of Mauritius, Seychelles, Comoros, Madagascar,
Mozambique and South Africa Naidoo et al, 2013; Reddy-Davis and Vincent, 2017; see
Section 3.6).
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The region’s different biomes (Figure 9) provide a range of services, often characterised as
regulating (e.g., carbon storage, erosion control, flood protection), provisioning (e.g., fuel
wood, wild foods), supporting (e.g., nutrient cycling, space for wildlife) and cultural (e.qg.,
through their recreation and religious importance). However, Southern African ecosystems
and services are threatened by climate change and other pressures, including land
degradation, the spread of invasive species, urbanisation, mining and agricultural expansion
(Naidoo et al, 2013; Reddy-Davis and Vincent, 2017). Untangling the climate signal from these
other drivers of change is difficult, although the evidence base is improving (Parmesan et al,
2022; Trisos et al, 2022).
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Figure 9: Major biomes in Southern Africa. Note: a biome is an area classified according to the species that live in
that area. Source: Lawal et al (2019)

3.3.2 Forests

Southern Africa’s forested areas will be negatively impacted by rising temperature,
greater aridity and the increasing risk of fire weather conditions (Reddy-Davis and
Vincent, 2017). These factors will contribute to changes in the boundary limits in which species
are able to grow and survive, leading to their decline in some forested areas and their
expansion in others (Reddy-Davis and Vincent, 2017; Parmesan et al, 2022). They may also
affect the phenology for certain species (life cycle changes, e.g. flowering, leaf fall), and the
incidence and distribution of pests and pathogens (Naidoo et al, 2013).

Forest composition and range will be affected by higher temperatures and rising levels
of CO,, though impacts remain uncertain. The expansion of woody plant cover into
grasslands and savannas across sub-Saharan Africa is now confidently attributed to rising
levels of CO; and higher temperatures (Parmesan et al, 2022 — see Section 3.3.3 below).
However, the impacts of climate change on different forest types in the region appear less
clear cut. Looking at Zimbabwe specifically, the World Bank (2021f) cite Zimbabwe
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government research indicating that two of the three main forest ecosystems - the Baikiaea?!
(western regions) and Miombo?? (northern and eastern regions) - are projected to decline in
cover by 18% and 10% respectively by 2050 due to hotter and drier or more variable yearly
rainfall conditions. Conversely, Mopane forests? that thrive in hotter, drier environments are
projected to expand (Parmesan et al, 2022).

The Afro-temperate forests?* of South Africa, as well as widespread Miombo and
Baikiaea woodlands, may be vulnerable because of their drought and heat sensitive
vegetation (Reddy-Davis and Vincent, 2017). Afro-temperate contain rich fauna and flora,
including endemic species that are not found anywhere else in the world (Reddy-Davis and
Vincent, 2017). Miombo woodlands, the most common in Southern Africa, currently extend
across large areas of Malawi, Mozambique, Zambia and Zimbabwe. Baikiaea woodlands are
found in western Zimbabwe, northern Botswana, north-eastern Namibia and Zambia. Both
have high species richness and provide a wide variety of fruit, fodder, honey and fuelwood for
local people (Naidoo et al, 2013).

The region’s tropical rainforests are limited to small areas of Mozambique (e.g. Mount
Lico) and the east coast of Madagascar, threatened mainly by agricultural expansion
and logging. New forest protection initiatives link conservation with emission reduction
payments. The largest areas of remaining rainforest are located on the east coast of
Madagascar, supporting rich biodiversity and an exceptional proportion of endemic plant and
animal species (CBD, 2015). An agreement signed in February 2021 between the World
Bank’s Forest Carbon Partnership Fund (FCPF) and Madagascar’s Ministry of Environment
and Sustainable Development aims to protect much of the remaining rainforest by linking
emissions reduction payments with conservation.?® The FCPF is a World Bank trust fund for
reducing emissions from deforestation and forest degradation—commonly known as REDD+.
Under the FCPF, payments are received for independently verified emission reduction from
forest conservation and community forest management, building on forest-friendly
agroforestry value chains such as vanilla (World Bank, 20219).

The frequency of fire weather has increased across Southern Africa, a trend that is
expected to continue this century. Forest fires are a major contributor to greenhouse
gas emissions (Ramo et al, 2021; Parmesan et al, 2022). Zambia, Zimbabwe, Botswana and
western Mozambique are projected to see a major increase in fire weather affecting areas
already experiencing a high density of forest fires (World Bank, 2021a,f,h,i). The fragmentation
of forests following agricultural expansion may negate the impact of increasing fire weather,
ultimately leading to a reduction in the extent of burned areas (Parmesan et al, 2022; Trisos
et al, 2022). Impacts on greenhouse gasses and aerosols are significant, however. Recent
research using high resolution satellite imagery suggests that fire burn across Africa is under-
represented in conventional (lower resolution) mapping, with emissions 31-101% higher than

21 Deciduous trees from the legume family, including teak and redwood.
22 A type of woodland-savanna ecosystem dominated by deciduous trees.
23 Mopane trees are adapted to grow in hot, dry, generally low-lying areas.
24 Tall, shady and multi-layered forest type indigenous to South Africa, including many medicinal plants.
25 The FCPF will unlock up to USD 50M for efforts to reduce carbon emissions from deforestation and
forest degradation between 2020 and 2024. With this Emission Reductions Payment Agreement
(ERPA) in place, Madagascar is expected to reduce 10M tons of C0O2 emissions from the country’s
rainforest-rich eastern coast (See FCPF, 2022).
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previous estimates, representing some 14% of global CO, emissions from fossil fuel burning
(Ramo et al, 2021).%

Forestloss across Southern Africawill continue to be driven primarily by the expansion
of agricultural land, over-harvesting of fuel wood, encroachment of human and
industrial settlements and lack of effective forest management (Cornier-Salem et al.,
2018). Over the period 1990-2010, Zimbabwe lost roughly 327,000 ha or 1.5% of forest cover
per year, totalling over 6.5 million ha (World Bank, 2021f). Malawi’s natural forest cover
declined by over 50% in the period 1972-1992, and although the rate of loss has since
declined, cover is still falling (World Bank, 2019). In Mozambique, forests cover roughly 43%
of the country but 270,000 hal/year are lost (0.8%/year). In 2021, Mozambique became the
first country to receive payments from the FCPF (see above) under a REDD+ agreement to
protect ecosystems and simultaneously reduce greenhouse gas emissions (FCPF, 2022).
Activities focus on sustainable agriculture practices, monitoring forest use and restoring
degraded land (FCPF, 2022).

Deforestation, particularly in Southern Africa’s poorer and more densely populated
countries is closely linked with demand for fuelwood and charcoal. Some of this is
driven by climate extremes. In Malawi, for example, demand for urban charcoal increased
during the 2015-16 El Nifio drought when a decline in hydropower generation led to
widespread power outages (Reddy-Davis and Vincent, 2017). In Madagascar, drought has
been linked to tree felling as farmers seek to maintain agricultural output by cultivating new
land (Hallegatte et al, 2016).

3.3.3 Savannawoodlands and grasslands

Cattle grazing is being negatively impacted by encroachment of woody plants into
savannaand grassland areas as a result of changes in temperature, water availability, levels
of atmospheric CO. and the increased risk of fire weather (Reddy-Davis and Vincent, 2017).
A clear and ongoing observed trend is the increase in woody plant cover (more shrubs and
trees), including invasives, linked to rising CO, concentrations (Reddy-Davis and Vincent;
2017; Trisos et al, 2022). Over the last 60 years or so, woody cover has increased by 10% on
subsistence grazing lands and 20% on commercially important grazing lands in South Africa
(Stevens et al, 2016). This trend has also been linked with decreases in bird, reptile and
mammal species that require grassy habitats (Trisos et al, 2022). Poaching also contributes
to the decline in species found within these areas, including ‘charismatic’ species such as
rhinos and lions (Cornier-Salem et al., 2018).

Grass cover may be increased in drier mixed savanna systems due to rising
temperatures. In Namibia for example, desert and arid-land shrubs or grasslands are likely
to take over parts of the grassy and mixed savanna areas in the country. Arid vegetation is
projected to increase by almost 20% by 2050 (World Bank, 2021d). The country’s central
highlands and northeast plains are expected to be most affected (World Bank, 2021d).

3.3.4 Wetlands

Important Southern African wetlands include the Kafue flats in southern Zambia, the
Okavanga Delta in north-western Botswana, the ephemeral wetland system of northern
Namibia (including the Etosha Pan, Lake Oponono and the Cuvelai inland delta), and the

26 Mainly from shrublands, forests, grasslands and croplands. In the southern hemisphere Malawi,
South Africa, Tanzania and Madagascar were the biggest contributors (Ramo et al, 2021).
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seasonally and permanently flooded grasslands, savannas and swamp forests of the Zambezi
delta. The region also includes a series of dambo wetlands — seasonal wetlands located on
elevated plateaus — that are found in countries such as Zimbabwe and Malawi. Such wetlands
provide a range of important services including water storage, flood control and water quality
regulation, as well as providing fish and wildlife habitats (Xu et al, 2020).

Impacts remain uncertain, but changes in wetland coverage, composition and
functionality will occur due to rising temperatures, higher rates of evapotranspiration
and increases in the frequency and intensity of extremes. Where annual rainfall declines
(projected for the south-west of Southern Africa), wetlands may shrink or, in the case of more
seasonal wetlands, dry out completely. More frequent and extended droughts across the
region are likely to negatively impact wetland habitats and their ability to store water and
carbon. When wetlands dry out, they turn from carbon sinks to emission sources (Opperman
et al, 2021). Higher temperatures are also linked with shifts in biochemical processes affecting
water quality, impacting fish, invertebrates and algae (Trisos et al, 2022).

Loss of water storage and filtration from wetlands can have significant economic
impacts on downstream users and uses. The Lukanga Swamp wetlands in Zambia, roughly
100km north of the capital Lusaka, cover an area of 3300 km?, but the inundated area more
than doubles during the wet season. The wetland serves as a natural reservoir that stabilises
water and energy supplies and is also crucial for local communities who use it for hunting,
fishing and charcoal production. Although climate attribution studies have not been carried
out, wetland storage is declining, with downstream costs on users estimated at nearly USD
42M/year borne mainly by the electric utility (Opperman et al, 2021).

As with other ecosystems, the decline in the extent and functionality of wetlands is driven
by multiple pressures, particularly mining, dam construction, pollution and agricultural
expansion (Cornier-Salem et al., 2018). Small wetlands are often the victim of drainage and
river ‘canalisation’ to facilitate the planting of crops (Darwall et al., 2009). Wetlands are also
drained to control vector breeding sites linked to malaria and other diseases (Darwall et al.,
2009).

3.3.5 Ecosystem services

There may be a decline in Southern Africa’s natural carbon capture and storage as a
result of deforestation and degradation of savannas, grasslands and wetlands (Reddy-
Davis and Vincent, 2017). The decline in the region's wetlands could also see the loss of a
habitat that helps to regulate levels of carbon dioxide, methane and nitrogen in the atmosphere
(Salimi et al., 2021).

Southern Africa’s biomes provide critical services which are threatened by climate
change and other pressures. Healthy ecosystems play a key role in maintaining agricultural
yields, for example, sustaining soil quality and reducing erosion through mixed ground cover
(Sintayehu, 2018). Livestock production has already been impacted by reductions in
rangeland carrying capacity — see Section 3.1 (Trisos et al, 2022), and woody encroachment
into grasslands could see an overall reduction in livestock used within beef and dairy farming
(Davis-Reddy and Vincent, 2017).

Food security is threatened by ecosystem degradation as many poor people are
dependent on ecosystems for food and income. Declines in the extent and productivity of
ecosystems such as wetlands may also impact food security. Whilst fish stocks in areas such
as the wetlands in northern Namibia may not be commercially important, they provide an
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important source of food and material for surrounding communities. Wild harvested foods,
including fish, also provide important nutrition (Hallegatte et al, 2016; Trisos et al, 2022 - see
Section 3.1). The importance of coral reefs as nurseries and breeding grounds for fish,
important to artisanal fishers, is discussed in Section 3.6.

Ecotourism industries are potentially threatened by a reduction in biodiversity and
increases in extreme temperature. A reduction in Southern Africa’s biodiversity could have
a knock-on effect on ecotourism — a commercially important sector and significant source of
income and jobs in countries such as South Africa, Namibia and Botswana (Reddy-Davis and
Vincent, 2017). Higher daytime temperatures restrict the movements of wildlife, reducing their
visibility to tourists, threatening this sector (Trisos et al, 2022).

Commercial plantations will continue to be negatively impacted by pests, diseases and
wildfires, and productivity levels may reduce as tree types become unsuitable for
climatic conditions. Forested areas in countries such as South Africa include commercial
plantations. These sites are already impacted by pests and diseases, and wildfires (Naidoo et
al, 2013). The impact of climate change could undermine the commercial value of these sites.
Tree types within plantations are chosen based on their productivity levels and there is a risk
that these may become unsuitable as a result of changing climatic conditions (Reddy-Davis
and Vincent, 2017).
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3.4 Infrastructure and settlements

Summary of risks relevant to infrastructure and settlements

e Climate risk and poverty will increasingly coincide in urban areas, particularly in
the region’s rapidly growing informal settlements where poorer households are
pushed into more exposed areas.

e Floods are the leading cause of damage to housing and transport, while floods,
rising temperatures and high winds threaten power and communication networks.
Risks can cascade across sectors and areas where networks are fragile and
backup options limited.

e Growing water demand and supply constraints will increase competition for water
in and around urban hot spots, while urban flooding will increasingly threaten
infrastructure and health.

¢ More intense tropical cyclones and storm surges, plus rising sea levels, threaten
the region’s coasts where people and economic assets are increasingly
concentrated.

3.4.1 Context

Southern Africa is home to 181 million people, with roughly 54% living in rural settlements (see
Table 2, Section 3.2.3). The rural-urban split varies considerably depending on levels of
economic development and transformation. Higher income countries Botswana, Namibia,
South Africa, and Seychelles are predominantly urban. Mauritius is a higher income country
but has a rural population of 59%. The other eight countries falling into the lower/lower-middle
income brackets remain overwhelmingly rural (66%), with Malawi reaching 83% (World
Development Indicators, 2022 — see Section E of the Technical Reference Document).
Population growth across Southern Africa remains high, compared with the global average of
1.1%, at 1.7% overall and for lower/lower-middle countries 2.1%, with annual growth rates
nearing 3% in Zambia, Malawi, Mozambique and Madagascar. Most of this growth will be
absorbed by urban areas (OECD/SWAC, 2020).

Southern Africa’s large rural population and growing urban diversity has implications for the
way climate risks are considered. In particular, descriptions of urban and rural in most
reporting refer to administrative boundaries that do not reflect patterns and flows of economic
activity. This means that climate risks can cascade over large areas, such as when drought in
an arable area leads to food price spikes and insecurity in cities, or where flood damage to
urban transport infrastructure leads to prolonged isolation of small towns, rural settlements
and small islands (Dodman et al, 2022).

Climate risks can also cascade across economic sectors. A key reason is because a lot of
infrastructure — power, communications, transport, water supply and sanitation — is in the form
of networks, and Southern Africa is no exception (Hallegatte et al, 2017; Rozenberg and Fey,
2019). While the severity of natural disasters is often measured in terms of asset loss and
damage, it is the secondary impacts on economic activities and output that often explain a
larger share of impacts (Hallegatte et al, 2017). Hence studies of the resilience (or
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vulnerability) of road networks and other networked systems increasingly focus on at-risk
services rather than just assets. An example from Mozambique is described in Focus Box 2.

3.4.2 Housing and transport

Climate-related risks to housing will be felt most keenly in Southern Africa’s rapidly
growing informal settlements. Excluding upper-middle income countries, roughly 61% of
the region’s urban population live in households lacking one or more basic living
conditions/services?” (World Bank, 2020). In Mozambique, that figure rises to 77%.
Mozambique’s urban population increased from roughly one million at the country’s
independence in 1975 to over 11 million by 2020. The rapid influx, exacerbated by conflict in
the north, has overwhelmed the capacity of towns and cities to provide urban infrastructure
and services, ensure land tenure rights, and provide adequate housing.

Urbanisation is linked to population growth, economic transformation and, in some
instances, conflict. A common characteristic is the growth of informal settlements and
‘secondary’ towns and cities where infrastructure provision lags behind urban
expansion. Many are ‘spontaneous’ extensions and neighbourhoods emerging beyond or
across administrative boundaries that are not officially recognised as urban?® (OECD/SCAC,
2020). While larger cities have the potential to draw on significant human and financial
resources to address vulnerabilities and invest in new infrastructure, this is often not the case
in fast-growing towns and villages. Informality is a key pathway through which urbanisation
generates differentiated climate risks, since poorer, more vulnerable households are pushed
into more exposed areas lacking basic services (Hallegatte, 2017; Dodman et al, 2022).
Moreover, social protection programmes that provide safety nets for struggling households
are often thin or absent in urban areas — an issue highlighted by the growth of a ‘newly
impoverished urban poor’ in sub-Saharan Africa during the COVID-19 pandemic (World Bank,
2020).

Land and housing markets typically push poorer households into more exposed, often
low-lying areas where land is cheaper and more accessible to those living in poverty
(Hallegatte et al, 2017; UN-Habitat, 2022). Informal settlements typically lack basic services
(e.g. drainage, safe water and sanitation, electricity) and are constructed from materials that
offer little protection from heat (see 3.5.3 in Health section), or against floods and high winds.
Moreover, the compact construction of informal settlements also means that vehicular access
is difficult, so on-site sanitation systems and septic tanks cannot be easily emptied, and
emergency services are effectively out of reach (Davis-Reddy and Vincent, 2017) — see 3.4.4
below. Given high rates or population growth and urbanisation in the region, a key conclusion
is that climate risk and poverty will increasingly coincide in urban areas, particularly in the
region’s rapidly growing informal settlements.

Risks to Southern African housing and wider infrastructure have been highlighted by a
number of recent flooding events such as the devastating floods of April 2022 in South
Africa. South-eastern Africa, and particularly Mozambique, is most exposed to the projected
increase in the intensity of tropical cyclones (Section 2; see also Figure 10 in Section 3.4.5).

27 Specifically, households lacking one or more of the following conditions: access to improved water,
access to improved sanitation, sufficient living area, housing durability, housing affordability and
security of tenure (indicators for SDG 11.1.1).
28 Roughly 97% of Africa’s urban areas have fewer than 300,000 people. Many of these are not officially
recognised as urban (OECD/SWAC, 2020).

Page 56 of 106

= Met Office @Dl

Hadley Centre

® Crown Copyright 2022, Met Office



In March 2019, Topical Cyclone Idai swept across Southern Africa causing widespread
damage and a humanitarian crisis in Mozambique, Zimbabwe and Malawi. Over 1000 people
were killed, and 2.6 million people left needing emergency assistance. In Mozambique alone,
over 200,000 houses were destroyed or damaged; in the coastal city of Beira over 70% of
houses were damaged or destroyed, mainly in the poorest neighbourhoods, and 90% of the
city’s power grid was affected (Dodman et al, 2022). In April 2019, Tropical Cyclone Kenneth
hit Mozambique while recovery efforts from Tropical Cyclone Idai were still underway,
exacerbating the existing crisis. The rapid spread of cholera after this event triggered a major
vaccination programme in an attempt to control the epidemic (Lequechane et al, 2020).

In response to Tropical Cyclone ldai, the Government of Malawi declared a State of Disaster
in the 13 districts and two cities in Southern Region, and in two districts of Central Region. A
post-disaster needs assessment (GoM, 2019) identified the ‘social sector’ (housing, health,
nutrition) and infrastructure (including transport and energy) as worst hit, with the biggest
economic losses to housing (USD 83M) and transport (USD 36M). The majority of houses
affected (over 280,000) did not conform to the Malawi Government’s Safer Housing
Construction Guidelines which prioritise low-cost safeguards: good site-selection, decent
drainage and robust (traditional) designs/materials (GoM, 2019). Failure to comply with
existing guidelines was also highlighted for transport, with floods damaging or destroying over
1800km of roads across Malawi and destroying 129 bridges, hampering relief efforts.

Floods are also the largest contributor to transport damage and disruption, with many
of the poorest countries in Southern Africa facing the highest expected annual damages to
road and rail assets relative to GDP (Koks et al, 2019). Risks to livelihoods, businesses and
economies are exacerbated where transport networks are fragile and have little redundancy
(Hallegatte et al, 2019; Lumbrusco, 2020). In Mozambique, modelling work (‘criticality
analysis’) by the World Bank has demonstrated how even small numbers of disrupted links
can lead to very high functionality losses, with the resilience of the transport network measured
as the ratio of the loss of functionality to the loss of assets (Espinet et al, 2018). This type of
analysis is useful because it shows how the cost of building resilience depends critically on
the ability to target investment at the most vulnerable areas, and then at key ‘choke’ points in
the network within those areas (see Focus Box 2).
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Focus Box 2: Identifying critical links in Mozambique’s road network

Mozambique is one of the most climate exposed and vulnerable countries in Southern
Africa. Successive tropical cyclones and floods have had major impacts on the economy
and exposed dependence on a fragile road network. Mozambique’s agricultural sector
employs roughly 70% of the workforce and unreliable rural connectivity can lock people
into low return subsistence farming. Increasing the resilience of Mozambique’s road
network could boost the resilience of the agricultural sector to successive climate hazards
by enabling people to maintain their income streams.

Priority

Very low
_— Low
= Medium
. High
. \ery high

Lugela

Zambezia

Maganja da Costa

Risk to infrastructure

4
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In their background study for a roads project, the World Bank compared risks to
Mozambique’s road network in terms of hazard-linked annual damage with road criticality
based on services provided. Road criticality incorporated information about end users and
uses, including poverty and agricultural data in provinces served by different roads. In
provinces with a high risk of floods, low redundancy and poverty, it was found that repairing
and rehabilitation culverts and bridges would generate the highest socio-economic returns.
Those returns were based on a cost-benefit analysis of five different options (including
upgrades of dirt roads to gravel roads), with comparisons against a baseline of routine
‘business as usual’ maintenance on the road network.

Source: Espinet et al, 2018.

3.4.3 Communications and power

Information Communication Technologies (ICT) comprises the integrated networks, systems
and components enabling the transmission, receipt, capture, storage and manipulation of
information by users on and across electronic devices (Fu, Horrocks and Winne, 2016). ICT
provides critical functions for business, industry, education, healthcare and
transportation, and can be affected by extreme weather events. For example, storms
bringing high winds, floods and debris (in wind and water) pose risks to above ground
infrastructure such as phone masts, cables, pylons and data centres. Damage can lead
to the loss of voice communications, inability to process financial transactions and interruption
to control and clock synchronisation signals (Dodman et al, 2022). Threats were highlighted
during Tropical Cyclone Idai in 2019 when high winds and floods knocked-out radio and mobile
phone communications to 2.5 million people in Mozambique, removing vital sources of
information during relief efforts (ILO, 2019). The proportion of intense tropical cyclones, such
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as ldai and Kenneth, are projected to increase in Southern Africa, although the yearly number
is expected to remain about the same as present.

Power generation and transmission are also vulnerable to the effects of climate change
through extreme events and rising temperatures. Thermo-electric?® power systems are
vulnerable to direct effects of increasing temperatures on efficiency, and indirectly
because of their demand for water in Southern Africa’s increasingly variable rainfall climate.
Thermo-electric power, typically from fossil fuels, remains an important source of energy in
some countries: Botswana and South Africa generate the bulk of their electricity from coal
(over 80%); Comoros, Seychelles and Mauritius are overwhelmingly dependent on oil (via
mixed systems); and a number of other countries retain coal, gas and/or oil within their energy
mix (Namibia, Mozambique, Malawi, Madagascar, Zimbabwe). Risks to hydropower systems
from rainfall-river flow variability and extremes are discussed in Section 3.2.

Coal-fired power plants with wet cooling systems are vulnerable to changing climate
because of their cooling demands (Davis-Reddy and Vincent, 2017). They consume (via
evaporation) much more water than most other energy technologies. In South Africa for
example, where over 80% of energy production is coal-based, the main energy utility (Eskom)
uses about 2% of the country’s freshwater resources, mainly for cooling plant equipment
(Conway et al, 2015). A 1°C increase in the temperature of water used as coolant yields a
decrease of 0.1-0.7% in power output (Mima and Criqui, 2015), meaning that most thermal
generation plants relying on water for cooling need to be curtailed or closed when intake water
exceeds permitted temperatures — typically around 24°C.

In the current global context of rising of rising energy prices, particularly for gas,
guestions remain over the pace and scale of Southern Africa’s green(er) energy
transition. For example, more than 50% of Botswana’s energy is imported from (mainly)
South Africa and Zambia, and while the country has significant solar potential, it also has vast
reserves of coal and gas. Southern Africa’s only nuclear plant is the Koeberg power station in
South Africa. However, Namibia has some of the largest uranium deposits in the world,
supplying over 8% of global production, and has stated its interest in developing nuclear
energy. South Africa has now embarked on a green transition through a mix of (mainly) solar,
wind and nuclear outlined in an Integrated Resource Plan (RoSA, 2019). The shift to
renewables is being supported through the Just Energy Transition Partnership (see Section
3.2) but is unlikely to exclude coal altogether given its importance in the current energy mix
and the country’s rising demand for power. However, coal-fired plants are likely to get cleaner,
and are already switching to dry cooling systems that enable a 15-fold reduction in water use
(Conway et al, 2015).

Southern Africa’s solar potential is significant, and a number of countries already have
large-scale solar photovoltaic (PV) programmes completed or underway (e.g. Namibia,
Malawi, South Africa, Eswatini, Madagascar, Mauritius). Solar outputs change with climate
because PV output is sensitive to shortwave irradiance from the sun, which is in turn affected
by aerosols and clouds (Feron et al, 2021). Output is also affected by air temperature, with
hotter conditions generally reducing the efficiency of PV panels and lowering output (Feron et

29 Those that convert heat energy into electrical energy, often by creating high pressure steam that
drives a turbine linked to an electrical generator. Natural gas or oil can be burned directly in a gas
turbine linked to an electrical generator.
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al, 2021). Moderate impacts on PV solar potential (+3%) are projected for Southern Africa by
mid-century, with uncertainties linked mainly to changes in cloud cover.*

Increases to extreme weather events, including heavy rainfall and more intense storms,
have clearer impacts on electricity transmission: transmission pylons are susceptible to
wind damage, whilst distribution pylons are more likely to be affected by treefall and debris
(Karagiannis et al, 2019). After Tropical Cyclone Idai, in Mozambique alone, over 1000 km of
transmission lines, 10,000 km of distribution lines, two generating plants, 30 sub-stations and
4000 transformers were damaged or destroyed, with direct asset losses of over USD 48M in
the energy sector before accounting for secondary impacts on services and end users
(Dodman et al, 2022).

Rising temperatures can also lead to the de-rating (lower performance) of power lines
as their electrical resistance increases with temperature. Studies in the US, for example,
indicate that by mid-century increases in ambient air temperature may reduce average
summertime transmission capacity by 1.9%-5.8% relative to a 1990-2010 baseline (Bartos et
al, 2016).%

Higher temperatures will increase demand for cooling (household, industrial, food
storage etc), straining electricity supplies in countries already struggling with
unreliable and/or patchy services (UN-Habitat, 2022). Southern Africa has already
experienced the cascading effects of power outages on different economic sectors (see also
3.2). During the 2015-16 EI Nifio drought, declining hydropower output from the Zambezi and
its tributaries contributed to power disruptions and rationing in Zambia, Malawi and Zimbabwe,
exacerbated by a heat wave. In Zambia, load-shedding and enforced demand reduction
caused widespread shutdowns and job losses in industrial sectors, particularly in Lusaka
Province and the Copper Belt mining region of northern Zambia, and major business
employers in Lusaka reported electricity supply as their leading business challenge (Gannon
et al, 2018).

3.4.4 Urban water supply and sanitation

The combination of urban growth and climate change is likely to increase pressure on
the water resources needed to meet urban demand. Urban growth projections highlight
this concern, even in areas that have relatively low urban populations. For example, urban
growth in the Zambezi River Basin out to 2050 could reach 50% with most occurring in Malawi,
Zambia and Zimbabwe (UN-Habitat, 2022). This will significantly increase urban water
demand in a catchment with multiple, competing needs — especially for energy and agriculture
(UN-Habitat, 2022). The experience of Cape Town during the 2015-17 drought illustrates the
risks that even a well-resourced and organised city can face when rising water demand,
drought and limited supply coincide (see Focus Box 3). Across Southern Africa, it could be
expected that rapidly growing towns and cities will increasingly compete for water with
neighbouring users and uses, often rural, and for supply costs to increase.

Urban flooding is also a key risk because of its links with water-borne disease. This is
because of the link between flooding and damage to onsite sanitation, problems gaining
vehicular access to flooded areas to empty on-site systems, and because the mixing of flood

30 Under RCP4.5 — an intermediate emissions scenario under which global temperatures rise by 2-3°C
by 2100 (Feron et al, 2021).
31 Depending on the emission and therefore temperature scenario (upper and lower bounds).
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water and sewage over wide areas can contaminate the environment and water supply. Faecal
sludge management remains largely unregulated across Southern Africa, and even where
safe transport of faecal matter does exist, safe disposal at treatment facilities is a rarity
(Howard et al, 2016; Calow et al, 2017). A systematic review of the health evidence highlights
strong links between flood events and outbreaks of water-related disease, including cholera,
hepatitis A and E, and pathogenic E.coli (Alderman et al, 2012). Such outbreaks were seen in
the aftermath of Tropical Cyclone Idai, for example, but can occur after much smaller and
more localised flood events, particularly in informal settlements with poor drainage and WASH.
Nonetheless, the implications of climate change for urban non-sewered and complex,
fragmented, and decentralised systems remains under-researched (Hyde-Smith et al, 2022).

Focus Box 3: Cape Town’s Day Zero: Climate change, drought and nature-based
solutions

Over the period 2015-17, the South African city of Cape Town and its surrounding area
experienced its worst drought since 1904. The city’s water supply is dependent on
streamflow from a relatively small area made up of several mountainous catchments, with
water then stored in six downstream reservoirs. During the drought, dam levels dropped
to <20% of their capacity, forcing the city authorities to plan for Day Zero — the day the
taps would run dry.

Fortunately, good rains in 2018 restored water flows and Day Zero was avoided. Plans for
increasing supply security have focused not just on hard infrastructure (e.g. desalination,
bigger dams) but also nature-based solutions (NBS). Specifically, clearing invasive trees
in the upper catchments and restoring native, scrub vegetation that consumes less water.
In contrast to most nature-based interventions, detailed economic and scientific studies
were conducted to estimate how much water could be saved, and at what cost. Initial
clearing took place before the drought.

Scientific studies indicated that climate change increased the likelihood of the rainfall
deficit by a factor of three. The initial clearing of invasive species could have increased
streamflow by 3-16%. Preventing further invasive spread in the run up to the drought could
have increased flows by 10-27%. Recognising the financial case for clearing invasives
has led to the establishment of the Greater Cape Town Water Fund and a commitment
from the city to make substantial investments in catchment restoration.

Results also offer a reminder that planting or encouraging forests to grow in native
shrubland ecosystems will typically reduce water yields, not increase them. Promoting
tree-planting in shrubland, savanna and grassland systems for carbon capture, or under
the assumption that water outcomes will be neutral or positive, carries big risks.

Sources: Opperman et al, 2021; Holden et al, 2022.

3.4.5 Coastal settlements

Southern Africa's coastal areas are densely populated, have a high concentration of
economic assets and are exposed to multiple risks from cyclones, storm surges,
flooding and landslides (Davis-Reddy and Vincent, 2017). The southern and eastern coasts
of the region have a higher concentration of population than the west coast and include major
cities such as Cape Town (3.7 million), Durban (3.1 million) and Maputo (2.6 million)
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(Africapolis 2015 data). Coastal regions support multiple economic sectors such as fishing,
aquaculture, tourism and mining and major port infrastructure is found in Walvis Bay
(Namibia), Cape Town Durban and Coega (South Africa), Maputo and Beira (Mozambique).
Southern Africa’s ports have a regional importance in terms of development, serving the
economies of landlocked countries such as Malawi, Zimbabwe and Botswana. The islands of

Madagascar, Seychelles, Mauritius and Comoros also have dense coastal populations and
rely on key port cities for fishing and trade (see Section 3.6).

Climate risks are concentrated on the south-east coast of Southern Africa and the small
islands of the West Indian Ocean. In Mozambique, roughly 60% of the population live in
low-lying areas and are exposed to some combination of sea level rise, storm surges, flooding
and cyclones (Cabral et al., 2017). By 2040, coastal land areas could shrink (by up to 40%),
and damage to infrastructure - port facilities, housing, transport — could amount to USD 103
million/year (Mucova et al., 2021). Major urban areas such as Durban, South Africa are also
threatened. The city is already vulnerable to sea level rise, coastal erosion and flooding, with
informal settlements located on coastal flood plains at particular risk (Gajjar et al., 2021).
Extreme waves, storm surges, high winds and heavy rainfall will result in increased risks to
port infrastructure and cargo, with disruptions to operations and higher maintenance and repair
costs (Lumbroso and Woolhouse, 2014).
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Figure 10:. Climate hazards and exposure in Southern Africa. Source: UN-HABITAT, 2022.

Page 62 of 106

= Met Office @Dl i

.Ulh(aah!q ® Crown Copyright 2022, Met Office

Hadley Centre




3.5 Health

Summary of risks relevant to health

e Rising temperatures and changing rainfall patterns, as well as increased flooding,
will increase the overall geographical range and incidence of vector borne
diseases such as malaria.

e Flooding and higher temperatures will increase the risk of water-borne diseases
such as cholera, typhoid and leptospirosis, already common in flood prone areas.

e Higher temperatures and temperature extremes increase the risk of heat stress,
particularly for the elderly, pregnant women, children, people with existing health
concerns and those working outdoors.

e Higher temperatures, heatwaves and dust storms will contribute to poorer air
quality, increasing the risk of respiratory diseases.

3.5.1 Context

Human health outcomes in Southern Africa have improved over the past two decades, with all
countries experiencing an increase in life expectancy at birth and a decline in infant, child and
adult mortality rates (WHO, 2022). However, the region still faces a major disease burden due
to limited access to healthcare facilities (particularly in rural areas), inadequate waste
management and drainage, and low access to safe water and sanitation (USAID, 2016)
Urbanisation and expanding informal settlements may exacerbate these challenges in
combination with climatic changes, due to the impacts of poor water and sanitation services,
poor air quality, and stressful conditions on health. Per capita health spending differs hugely
across countries, ranging from about USD 20-30 per capita in Madagascar and Malawi to over
USD 600 per capita in Mauritius and the Seychelles (WHO, 2022 reporting 2019 figures).

Leading causes of death across Southern Africa include communicable diseases such as
diarrhoea, pneumonia, malaria, tuberculosis and HIV/AIDS (WHO, 2022). In 2016, the
average mortality rate attributed to unsafe water, sanitation, and hygiene (WASH) conditions
ranged from 25 to 51 per 100,000 people in Zimbabwe, Eswatini, Malawi, Mozambique,
Madagascar, Zambia, Lesotho, and Comoros, vs a world average of 14 (WHO, 2022). In 2019,
communicable diseases and maternal, prenatal, and nutrition conditions accounted for 40 to
50% of all deaths in Botswana, Comoros, Eswatini, Lesotho, Madagascar, Namibia, and
Zimbabwe, and over 50% in Malawi, Mozambique, and Zambia, vs a world average of 33%
(WHO, 2022). Eswatini, Lesotho and Namibia also face a high prevalence of HIV/AIDS among
the population and a high prevalence of tuberculosis fuelled by HIV/AIDS in Namibia (World
Bank, 2021b,c,d).

The region’s existing health burdens are likely to amplified by climate change (see Figure
11). Climate variability and change already affect the health of tens of millions of people in
Southern Africa via exposure to high temperatures, extreme weather, and increased
transmission of infectious diseases (Trisos et al., 2022). Projected increases in temperature
and changes in precipitation may increase the risks of communicable and non-communicable
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diseases, heat- and air quality-related risks, and risks associated with changes in nutrition
(Watts et al, 2017). As with other risks, impacts of climate change will exacerbate existing
inequalities in health outcomes and access to healthcare services, shaped by socioeconomic
determinants of health linked to economic status (e.g., poverty), location (e.g., rural areas,
informal settlements), and social position (gender, age, etc.) (Trisos et al., 2022).
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Figure 11: Pathways to impact: Health risks of a changing climate. Source: Watts et al, 2017.

3.5.2 Communicable and non-communicable diseases

Temperature and precipitation changes will contribute to changes in vector-borne
diseases in Southern Africa, particularly those transmitted by mosquitoes such as
malaria. This can lead to shifts in the geographic distribution of malaria as well as shifts from
seasonal to endemic transmission in some locations. Temperature determines the life cycle
and habitat for malaria carrying mosquitos and the malaria parasite (USAID, 2022), with the
optimum transmission range being 25-28°C (Lunde et al., 2013). Increased temperature can
increase the availability of suitable habitats for mosquito development and decrease virus
incubation time, in turn increasing transmission rates — although very high temperature
(especially approaching 40°C) may increase mosquito mortality and decrease transmission
risk (Ngarakana-Gwasira et al., 2016).

Temperature increases and changes in rainfall patterns are likely to mean new areas
become suitable for malaria transmission, while other areas may decline in suitability
(USAID, 2022). For example, following heavy rainfall events in Botswana, high risk areas for
malaria may shift from the north to areas in the west and south of the country (World Bank,
2021a). In Namibia, rainfall and temperature increases could contribute to shifts in malaria
outbreaks to areas in the centre and south of the country (World Bank, 2021d). Countries
currently outside malaria transmission zones (e.g., Lesotho) could witness new outbreaks of
the disease in the future (World Bank, 2021c).
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Over the period 2030-2060, a further 2.9 million people could be living in areas classified
as endemic for malaria, including new areas in northern Zambia, Mozambique and
Malawi (USAID, 2022). New areas which are suitable for seasonal transmission could emerge
in Zambia, Madagascar, Mozambique, South Africa, Eswatini, Botswana and Namibia (Figure
12). In these areas, people are unlikely to have existing immunity and healthcare facilities are
unlikely to be experienced in dealing with outbreaks of malaria. The expansion could mean
that an additional 23-29 million people are at risk of malaria. Other factors will also shape
malaria risk, including deforestation, land use change, and urbanisation, affecting mosquito
habitats as well as transmission opportunities (Reddy-Davis and Vincent, 2017).

RCP 4.5 RCP 8.5

2030s

Current Seasonal \

Current Endemic

- Future Endemic
- Future seasonal

2060s

Figure 12: Extent of malaria areas classified as seasonal and endemic by the 2030s and 2060s under medium
(RCP4.5) and high (RCP8.5) emission scenarios. Source: USAID, 2022.

Increases in heavy rainfall events and flooding will increase the risk of water-borne
diseases such as cholera, typhoid and leptospirosis, which are already common in
flood prone areas (Howard et al, 2016). The contamination of drinking water through flooding
is a particular risk, notably in urban centres. The contamination of drinking water in cities such
as Lusaka, Zambia already results in outbreaks of cholera, dysentery, and diarrhoea (World
Bank, 2021h). Higher temperatures will also facilitate the proliferation of diarrhoea bacterial
pathogens and allow them to survive for longer periods (Carlton et al., 2016). In informal
settlements across Southern Africa, recurring outbreaks and deaths from cholera are already
common (UN-Habitat, 2022). Risks are heightened in areas where there is inadequate access
to safe drinking water, sanitation and adequate drainage (see also Sections 3.2 and 3.4).

Anincrease in average annual temperatures and in hot extremes, combined with other
factors such as air pollution, will increase the non-communicable disease burden.
High/extreme temperatures can exacerbate cardiovascular disease, respiratory disease,
stroke, renal diseases, neurodegenerative diseases, and type-2 diabetes (Ncongwane et al.,
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2021). The risk posed by these health issues will likely be intensified as extreme weather
events increase in frequency and intensity and air pollution in urban areas increases.

3.5.3 Heat stress

Projected increases in the intensity and frequency of hot extremes are likely to have
significant impacts on human health, including dehydration, heat-stroke, reduced
productivity, exacerbation of respiratory conditions, and indirect impacts via deteriorating
water quality (Ncongwane et al, 2021). Heat stress occurs when the body is unable to regulate
its temperature between the range of 35-37°C. Combinations of heat and humidity, typically
measured in terms of wet bulb temperatures, present a particular risk to human health and
survival. Wet bulb temperatures above 34-35°C pose severe risks to human health and
productivity, with wet bulb temperatures of 35°C identified in some studies as a limit for human
survivability (Ncongwane et al, 2021; Speizer et al., 2022). Risks are exacerbated when
overnight temperatures do not drop below 20°C and allow sufficient cooling — sometimes
referred to as ‘tropical nights’.

Heat stress presents particular risks to vulnerable populations including elderly people,
infants, pregnant women, people living in cramped conditions in informal settlements, and
those engaged in manual labour without cooling and in direct sunlight (Ncongwane et al.,
2021). Due to the ‘urban heat island’ effect, those living in densely populated urban areas are
at higher risk than their rural and semi-rural counterparts (Ncongwane et al. 2021).

The impacts of heat extremes are likely to affect all of Southern Africa but may vary in
severity across the region, with the strongest warming trends projected for the arid
desert regions. Those include Namibia, Botswana, Zimbabwe and South Africa, as well as
the tropical regions of Mozambique and Malawi. Risks associated with heat stress will be
shaped by the ways in which urban spaces are planned and constructed, including provisions
for adequate access to reliable sources of energy and electricity to provide cooling as well as
availability of green spaces, which have the potential to lower the risk of heat stress (Reddy-
Davis and Vincent, 2017).

3.5.4 Air quality

Climate change is likely to have a detrimental impact on air quality in Southern Africa,
though the severity of impacts will be determined by local emissions and land use. Changes
to temperature, rainfall, and wind speed and direction all determine the spread and
concentration of air pollutants (Marcantonio et al, 2021). Higher temperatures and heatwaves
can aid the formation of surface ozone, through the oxidation of nitrogen and carbon
monoxide, which exacerbates respiratory diseases (Marcantonio et al, 2021). This risk is
increased where countries lack emission controls. In Southern Africa, inadequate air quality
control and emissions monitoring is already contributing to poor air quality in the region (Davis-
Reddy and Vincent, 2017).

Rising temperatures in arid and semi-arid areas will lead to greater drying and
evaporation, potentially increasing the risk of dust storms. Whilst arid and semi-arid
areas may be at higher direct risk, dust storm particles can be transported thousands of
kilometres and affect other areas (Schweitzer et al., 2018). Dust storm particles can be
damaging to human respiratory systems and can contribute to respiratory diseases
(Schweitzer et al., 2018). Soil contaminants (agricultural, sewage, and industrial) may be
disturbed during dust storms, presenting further health risks (Schweitzer et al., 2018).
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Poor air quality resulting from industrial activity, waste burning, transport emissions,
forest and savanna fires and fuelwood/charcoal burning contributes to respiratory
diseases (Marcantonio et al, 2021; Health Effects Institute, 2022). Across Southern Africa, air
pollution has been associated with higher mortality than unsafe WASH and, in Africa as a
whole, as the second leading risk factor for premature death after malnutrition. A growing body
of evidence links long-term exposure to air pollution, including domestic use of biomass, with
chronic diseases such as tuberculosis, pneumonia, pulmonary disease, lung cancer and type
2 diabetes, as well as impaired cognitive development in children (Marcantonio et al, 2021;
Health Effects Institute, 2022).

3.5.5 Nutrition

Those most at risk of nutrition-related health risks include elderly people, children,
pregnant people and nursing mothers, and people with pre-existing health concerns
(WFP, 2016). Higher temperatures can reduce agricultural yields and increase long-term food
insecurity (see Section 3.1) Higher temperatures can also impact a child’s ability to retain
nutrients through ‘thermal stress-induced’ appetite loss and increased dehydration and
diarrhoea (Baker and Anttila-Hughes, 2020). Childhood malnutrition can increase vulnerability
to other health risks such as malaria, respiratory diseases, and intestinal infections, as well as
increasing mortality risks (Baker and Anttila-Hughes, 2020).

There are clear links between malnutrition and inadequate WASH, likely to be
exacerbated by rising temperatures, floods and the contamination of water (Howard et
al, 2016; Calow et al, 2018 — see also Sections 3.2.3, 3.4.4). Frequent bouts of diarrhoea (and
intestinal parasitosis - infection with parasites) contribute to malnutrition, rendering children,
in particular, more susceptible to other diseases, with lasting impacts on growth and
development. It has been suggested that 40-60% of childhood undernutrition is caused by
repeated diarrhoea or intestinal parasitosis as a result of unsafe WASH (Pruss-Usten et al,
2008). Malnutrition also increases both the susceptibility to diarrhoea and the severity of
episodes, and WASH-related pathogens (especially those causing diarrhoea) lead to reduced
food intake and the malabsorption of nutrients (Khalil et al, 2018; Iddrisu et al, 2021).
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3.6 Coastal fisheries and the marine environment

Summary of risks relevant to coastal fisheries and the marine environment

e The impacts of climate change on coastal-marine ecosystems are likely to be
significant, with coral, seagrass, mangrove and saltmarsh ecosystems adversely
affected,

o Climate-related disruption to coastal-marine ecosystems presents risks to key
services and support functions, including food security, employment, flood
protection and tourism.

e Fisheries are threatened by rising sea surface temperatures, marine heatwaves,
coastal eutrophication, ocean acidification, and habitat disruption, amplifying other
pressures from overfishing and habitat destruction. Artisanal fishers may be
especially vulnerable.

o Risks to the blue economy include impacts on important tourism industries in
Mauritius, Seychelles and Comoros, as well as wider impacts on maritime
transportation and offshore mineral/fossil fuel exploitation.

3.6.1 Context

The waters surrounding Southern Africa are home to globally significant, diverse, and
productive marine ecosystems. The Northern Mozambique Channel, bordering Mozambique,
western Madagascar, and Comoros, is home to one of the world’s richest marine biodiversity
areas (Ghermandi et al., 2019). The Benguela upwelling system off the coast of Namibia,
where regular pulses of nutrient-rich cold water rise from the ocean depths, is among earth’s
most productive fisheries (Heymans and Baird, 2000).

South Africa is home to a diverse range of marine ecosystems on an extensive coastal shelf
where the Atlantic and Indian Oceans meet. The Sardine Run (March to July) starting off the
Agulhas Bank is among the world’s largest biomass migrations (Teske et al, 2021). The marine
ecosystems of Seychelles, Mauritius, and eastern Madagascar are nationally important
sources of revenue, employment, and food security.

3.6.2 Biodiversity and ecology

The negative impacts of climate change on marine ecosystems will be significant,
compounding other pressures from over-fishing, pollution, dredging, and habitat
destruction (Donney et al, 2012; Gissi et al, 2021; Cooley et al, 2022). In Southern Africa,
marine warming will push species southwards and intensifying marine heatwaves will cause
more frequent eutrophic conditions and more coral bleaching events in coastal areas of South
Africa, Mozambique and the Indian Ocean Islands (Donney et al, 2012; Gissi et al, 2021). Sea
level rise and increasing storm intensity will jeopardise shallow marine habitats, while ocean
acidification poses a long-term risk to marine life generally (Donney et al, 2012; Gissi et al,
2021).
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Coral reefs

Marine heatwaves threaten coral reefs and the important ecosystem services they
provide, including nurseries and habitats for fish, particularly for benthic and demersal fish
critical to artisanal fisheries, services to tourism and recreation (see below), coastal protection,
and sources of material for bioprospecting. Coral reef ecosystems are found across the
Western Indian Ocean. The Northern Mozambique Channel (Zone 5, western side of Zone 8,
and Comoros) is a global coral reef biodiversity hotspot, although biodiversity and reef
development rapidly attenuate into southern Mozambique and South Africa (Veron, 2000;
Spalding, Ravilious & Green, 2001). A recent IUCN study concluded that coral reefs across
the region are existentially threatened by climate change and other anthropogenic
stresses, with the reefs of Comoros, Mauritius, East and South Madagascar rated as Critically
Endangered, the reefs of Outer Seychelles, West and North Madagascar as Endangered, and
the reefs of Mozambique, north Seychelles, and eastern South Africa as Vulnerable (Obura et
al., 2021).

Warming seas and marine heatwaves are the principal threat from climate change to coral
reefs, with heatwaves of just 1°C to 2°C above average conditions causing coral
bleaching (Obura et al., 2021). Large-scale coral bleaching killed approximately 20% of
Western Indian Ocean corals during in 2016; in the Seychelles 90% of sites were affected and
50% of coral cover died (Gudka et al, 2018; Gudka et al., 2020). Although it may be regularly
exposed to marine heatwaves by mid-century (van Hooidonk et al. 2016) some research
suggests the Northern Mozambigue Channel may be relatively resilient and adaptable to
marine heatwaves due to its diversity of coral reef micro-habitats and refuges (McClanahan &
Muthiga, 2017). Consequently, the area has been tentatively identified as a globally important
refuge for corals and proposed as a centre for global conservation efforts (Beyer et al., 2018).

Theloss or degradation of coral reefs increases coastal exposure to waves, storms and
floods. Meta-analyses reveal that coral reefs provide substantial protection against natural
hazards by reducing wave energy by an average of 97%. Reef crests alone dissipate most of
this energy — some 86% (Ferrario et al, 2014).

Until 2050, coral reefs in some areas may benefit from vertical growth allowed by sea
level rise (Mucova et al, 2021), although this is not guaranteed. Ocean acidification will
increasingly slow reef growth (Allemand & Osborn, 2019), and sea level rise will alter
favourable conditions for reef growth in some areas; by 2100 the negative impacts of sea level
rise on coral reefs are expected to be more significant (Mucova et al, 2021).

Mangroves

Rising sea levels and more intense tropical cyclones threaten mangrove habitats in
most areas of Southern Africa. Mangroves in Madagascar, Mozambique, eastern South
Africa, and the Seychelles, Mauritius, and Comoros provide important ecosystem services
including sea defences, fish nurseries, livestock grazing, timber, and carbon sequestration.
They are, however, under anthropogenic pressure from land conversion to agriculture, shrimp
farming, and urbanisation (Friess et al., 2019); for example, mangrove cover in Madagascar
declined 21% between 1990 and 2010 (Jones et al., 2016). Intense tropical cyclones and
increasing storm intensity will devastate mangrove areas (Rakotondravony et al. 2018).

Some aspects of climate change may enable mangrove habitats to colonise new areas.
Increasing temperatures may see mangrove stands up to 70km further south along South
Africa’s coast, while sea level rise may permit inland expansion of habitats in central
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Mozambique and western Madagascar, although this depends on coastal development not
blocking settlement (Naidoo, 2016; Friess at el., 2019). Localised and limited studies suggest
mangroves in the Indo-Pacific are not growing rapidly enough to keep pace with current rates
of sea level rise (Lovelock et al, 2015), but there is limited confidence in projections of future
growth rates (Friess et al, 2019).

Seagrasses and saltmarshes

Seagrasses provide important ecosystem services including fish nurseries, carbon
sequestration, and the mitigation of coastal erosion, and may be threatened by rising
sea, salinity and ultra-violet light levels (Lugendo, 2015; Obura et al, 2019, Sunny, 2017).
Seagrasses are common and diverse across Southern Africa’s tropical waters, especially in
the Northern Mozambique Channel (Lugendo, 2015). Seagrasses in the region are impacted
by floods, storms, fisheries, pollution and coastal development (Lugendo, 2015; Obura et al,
2019). Climate impacts on seagrasses are not well studied, but increasing temperatures and
salinity - particularly in shallow waters - are expected to change patterns of distribution, while
sea level rise may make some existing deep areas unviable (Sunny, 2017).

Saltmarshes provide important ecosystem services but are threatened by rising sea
levels as well as droughts and floods. South Africa has over 150km? of saltmarshes, as
assessed in 2020, which support diverse ecosystems and are challenged by encroaching
agriculture and coastal development; 34% of South Africa’s saltmarshes were lost between
1930 and 2018 (Adams, 2020). Rising sea levels are likely to squeeze saltmarshes between
deepening waters and coastal development, while increasing occurrence of storm surges,
floods, and droughts pose further threats (Adams, 2020). Consequently, ecosystem services
from saltmarshes, such as the mitigation of coastal erosion (Samoilys et al., 2019) and
carbon sequestration (Ghermandi et al., 2019), are likely to deteriorate (Obura et al, 2019).

Charismatic species

Charismatic species are those with a symbolic value, or widespread popular appeal, used by
environmental campaigners to gain popular support for environmental goals, and which can
also have high value to tourism. Marine turtles are a case in point, and are common in
Mozambique, South Africa, Madagascar, and Mauritius; large green turtle nesting sites are
found in Comoros and Seychelles (Obura et al, 2019). Turtles are particularly vulnerable
to the impacts of rising temperatures and sea levels on their terrestrial reproductive phase,
and loggerhead, leatherback and olive ridely populations are particularly vulnerable in
Southern Africa compared to other global populations (Fuentes et al., 2013). While climate
impacts on sharks are not widely understood, there is speculation that reduced sightings of
white sharks in South Africa may be related to warming waters (Micarelli et al., 2021).
Rising water temperatures may also disrupt migrations of juvenile whale sharks to feed in the
cool waters of Southern Mozambique during the southern summer (Rohner et al, 2018).

Other significant but vulnerable charismatic species in the region include East Africa’s
only viable dugong?®? population in the Bazaruton Archipelago (Findlay, Cockcroft and
Guissamulo, 2011), and humpback whales in the Northern Madagascar Channel (Obura et al,

32 Commonly known as sea cows, dugongs are related to manatees and share a similar appearance,
but have a dolphin fluke-like tail and are strictly a marine mammal. The species is listed as vulnerable.
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2019). The impacts of climate change on these species remains unclear because they have
not been well studied.

3.6.3 Impacts on fisheries

Climate change will affect the distribution, productivity and value of fisk stocks. Over-
fishing, pollution, and physical degradation of habitats threaten most fish stocks in Southern
Africa. Fisheries will also be increasingly threatened by rising sea surface temperatures,
marine heatwaves, coastal eutrophication, ocean acidification, and habitat disruption (Cooley
et al, 2022). Consequently, climate change will impact the distribution, productivity, and socio-
economic value of fish stocks (Sumalia et al., 2012). One study suggests warming will
profoundly affect the biomass of target species in south and western South Africa, with
reductions of 10-20% in hake and 50% in anchovy by 2050 (Ortega-Cisneros et al., 2018).

Well-documented impacts from climate change observed in South Africa include an
eastward shift in stocks of anchovy, sardine, and west coast rock lobster, and a
southerly shift of several tropical and subtropical species on the eastern coast
(Augustyn et al., 2018; van der Lingen and Hampton, 2018). Declining catches In Mozambique
have been attributed to climate change alongside other pressures (McClanahan & Muthiga,
2017; van der Lingen and Hampton, 2018).

Coral reefs, mangroves, and seagrasses are important habitats and nurseries, and
climate impacts on these ecosystems will negatively affect associated fisheries in
coming decades. Of particular importance are coral reefs, which support many artisanal
fisheries in the Western Indian Ocean and are vulnerable to bleaching (see above). Recovery
of fish populations after coral bleaching can take several decades, as seen in the widespread
mass bleaching of 1998 (Moustahfid et al., 2018). Projections of increasing frequency in
bleaching events imply fish populations will not recover between future events (Obura et al.,
2019).

Ocean acidification is also likely to become a long-term stressor on stocks of
commercial fish and invertebrates, such as lobster, shrimps, and shellfish (Bhadury,
2015; Wang and Wang, 2020). Increases in carbon dioxide content of the oceans changes its
chemical composition (causes decreases in carbonate ions) which makes building and
maintaining shells difficult for calcifying organisms.

Impacts of climate change on the fisheries sector

Fisheries are socioeconomically significant across Southern Africa but untangling
climate risks in a very diverse sector is difficult. There is considerable variation in how
significant they are, to whom, why, and how the sector is organised. Socioeconomic
vulnerabilities to climate impacts on the fisheries sector vary accordingly.

The upwelling Benguela Current System makes waters off Namibia among the most
productive in the world and supports an industrialised fleet generating exports worth USD 787
million in 2013. The industrialised sector employs just 15,000 people, however, and artisanal
fisheries are almost non-existent (FAO, 2022a). The IPCC 6th Assessment Report revisited
earlier assessments of the impacts of climate change on the Benguela Current System (IPCC,
2019) and found no clear trends (Cooley et al, 2022). One study concluded the most climate
vulnerable fisheries in Namibia are demersal-trawlers catching hake and monkfish, which are
traded to other African countries as an important source of animal protein (van der Lingen and
Hampton, 2018).
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In South Africa, most industrial vessels are concentrated in the western shelf, with artisanal
activities limited to rural areas such as Transkei and KwaZulu-Natal (FAO, 2022b). Artisanal
sardines, anchovies, and other small pelagic fisheries are the most vulnerable subsector due
to their socioeconomic importance, low adaptive capacity, and sensitivity to environmental
forcing (van der Lingen and Hampton, 2018). The eastward shift of the sardine fishery has
also negatively affected its profitability as most large-scale landing sites are in the west of the
country (van der Lingen and Hampton, 2018).

Mozambique has a developing industrial fleet in the south, but most fishers are engaged in
the artisanal sector, fishing from shore or using boats with either small or no motors (FAO,
2022c). As elsewhere, artisanal fishing is a precarious livelihood with catches declining in
recent years. Fisheries production has also been affected by tropical cyclones, with strong
winds, heavy rainfall and flood damage to fishing equipment, aquaculture, port and transport
infrastructure, and mangrove and coral reef nursery areas (Muhala et al., 2021).
Mozambique’s fishing sector was recognised as the eighth most climate vulnerable in the
world over a decade ago (Allison et al., 2009), yet little progress has been made with assessing
climate vulnerability or strengthening resilience (van der Lingen and Hampton, 2018).

In Madagascar a small industrial fishing fleet produces an important source of exports (FAO,
2022d). However, artisanal fisheries provide critical sources of animal protein and are thought
to provide over 100,000 jobs (FAO, 2022d). Fishing is often a livelihood of last resort due to
limited economic diversification and employment opportunities (Failler et al., 2011). Because
of this lack of economic diversification in rural areas, the actual number of people depending
on fisheries from indirect employment in fish processing, trade, and spillover may be as many
as one million (Moustahfid et al., 2018). There has been little progress with assessing the
climate vulnerability of the artisanal fishing sector since it is informal and seasonal, though
since it depends on shallow water coral reef, mangrove and seagrass habitats, it is thought to
be very high (Cooley et al, 2022).

In the Western Indian Ocean islands, fishing has economic, cultural, and food security
importance, with up to 90% of animal protein coming from fish. In Comoros artisanal fishing
dominates and produces limited exports (FAO, 2022¢e). By contrast, both Mauritius and the
Seychelles have extensive fishing industry operations. In the Seychelles the fishing sector
contributed 4.1% to GDP in 2013 and generated exports of USD 525 million in 2017, mostly
from an industrialised tuna fleet (FAO, 2022f). In Mauritius, by contrast, most fishing is
artisanal, but the nation serves as a seafood hub to foreign fleets, including cold storage,
processing, and logistics facilities, generating exports worth USD 458 million in 2017 (FAO,
20229).

Artisanal fishers in the islands largely target demersal and semi-pelagic® fish and are
highly vulnerable to climate impacts on the coral reefs which underpin the productivity
of these systems. As regional hubs, the industrialised fishing operations of Mauritius and the
Seychelles are also exposed to climate impacts from the wider Western Indian Ocean region,
especially climate variability affecting tuna stocks. In both 1998 and 2007, marine heatwaves
off the coast of the Seychelles decimated tuna harvests, with great loss of revenue to the
country (Moustahfid et al., 2018). With warmer oceans likely to drive tuna populations towards

33 Demersal fish live and feed on or near the bottom of water bodies. Pelagic fish occupy mid-water
zones, neither close to the bottom nor near the shore.
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higher latitudes, affecting the distribution and profitability of fleet operations, this key sector of
the Seychelles’ and Mauritian economies may be vulnerable (Moustahfid et al., 2018).

3.6.4 The blue economy

Coastal and marine resources provide important and increasingly diverse benefits to coastal
nations of Southern Africa aside from fisheries, and the sustainable growth of these are an
important component of building resilience. Chief among these is tourism, but maritime
transportation, offshore fossil fuel and mineral resources, and new technology such as
bioprospecting (obtaining commercially valuable materials from plant and animal species) and
blue carbon sectors are of growing interest and investment (Attri and Bohler-Mulleris, 2018;
Bolaky, 2020; Hammar, Kaal & Holgerson, 2020). The Seychelles, Mauritius, Comoros, South
Africa, and Namibia have developed national blue economy strategies and/or policies, while
Mozambique and Madagascar are preparing their own.

Coastal and marine tourism

Risks to important tourist industries include degradation of sandy beaches due to sea
level rise, declining amenity value to tourism from degraded coral reefs and declines in
marine wildlife, plus shifting seasonality due to increasing thermal stress and visitor
preferences. Coastal and marine tourism, while under-exploited, makes significant
contributions to the economies of Mauritius, Comoros and especially the Seychelles (Karani
& Falller, 2020 — see Table 3 below). Tourism is a particularly important sector for the relatively
undiversified economies of the small island nations, where all tourism is effectively coastal- or
marine-related, and focuses on beach holidays, marine sports, and marine eco-tourism (Brett,
2021). Wildlife watching, scuba diving and beach holidays are also significant tourism products
in South Africa, Mozambique, and Madagascar (Karani & Failler, 2020). All are potentially
threatened by climate-related degradation of the marine environment (Karani & Failler, 2020).

Table 3: Contributions of tourism to GDP and Employment in 2019 for Comoros, Mauritius, and the Seychelles.
Source: World Travel and Tourism Council 2022 data: https://wttc.org/

% of GDP % of Employment
Comoros 9.6% 10.1%
Mauritius 19.5% 19.2%
Seychelles 39.2% 41.8%

Maritime transport and resource extraction

Offshore shipping, gas and oil and seabed mining are all growth sectors in the region.
Globally important shipping routes between Asia and the Atlantic pass through the Indian
Ocean, and Mauritius is a regional loading and transhipment hub for the maritime logistics
industry, while the Seychelles generates income from port services to fishing vessels. South
Africa, Namibia and Mozambique all have large port facilities serving regionally important trade
routes, including for landlocked countries such as Malawi and Botswana. While offshore oil,
gas, and mineral extraction are relatively under-developed, Southern Africa is a hotspot of
exploration and investment (Llewellyn et al., 2016; Attri & Bohler-Mulleris, 2018). Oil and gas
are exploited in South Africa and Mozambique and being intensively explored in Namibia and
the Indian Ocean Island states, while seabed mining exploration is accelerating across the
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region despite concerns about environmental impacts (Miller et al., 2018). Rising international
gas prices may encourage exploration and production, despite climate concerns.

Threats from climate change include sea level rise impacts on port facilities and the
impacts of storms, storms surges, and cyclones on port facilities, surface support
vessels, and shipping safety and routing, as well as indirect impacts (Wright, 2013; Caier
et al., 2018). For example, the maritime security sector has also noted that climate impacts on
livelihoods may see fishing vessels turning to piracy and other maritime crime, as happened
in Somalia between 2008-2012 (Moss & Pigeon, 2022). Climate change may also affect
Mauritius’ role as a shipping hub, with Indian Ocean shipping declining in preference to faster
routes between Asia and Europe via an ice-free Arctic (Smith and Stephenson, 2013).
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