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Climate Risk Profile: Zambia*
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This profile provides an overview of the projected
climate parameters and related impacts on different
sectors in Zambia until 2080 under different climate
change scenarios (called Representative Concentration
Pathways, RCPs). RCP2.6 represents a low emissions
scenario that aims to keep global warming likely

below 2 °C above pre-industrial temperatures. RCP6.0
represents a medium to high emissions scenario that is
likely to exceed 2 °C. Model projections do not account
for effects of future socio-economic impacts unless
indicated otherwise.

Agriculture, biodiversity, health, infrastructure and
water are highly vulnerable to climate change. The
need for adaptation in these sectors has been stressed
in Zambia’s Nationally Determined Contributions
(NDC) targets and should be addressed by cooperating
partners.

Depending on the scenario, temperature in Zambia is
projected to rise by between 1.8 and 2.0 °C by 2030 and
up to 4.3 °C by 2080, compared to pre-industrial levels.
Higher temperatures and more temperature extremes
are projected for the western part of the country.

Precipitation trends are uncertain and characterised by
high inter-annual variability: Under RCP 2.6, precipita-
tion is projected to rise earlier in the century, reach-
ing a peak around the year 2030 and slowly declining
afterwards. Projections under RCP2.6, however, point
to an overall decreasing trend towards the end of the
century, indicating no clear trend in precipitation.
Nevertheless, future dry and wet periods are likely to
become more extreme.

Climate change is likely to cause damage to the infra-
structure sector in Zambia including roads and bridges.
Roads are the backbone of the country’s transportation
network and essential in linking farmers and markets.
Investments will need to be made into building climate-
resilient roads and other infrastructure to maintain
agricultural supply chains and foster economic growth.

The models project an increase in crop land exposure

Agro-ecological zones might shift, affecting ecosystems,
biodiversity and crop production. Models project decreases

in species richness, while projections of tree cover show the
opposite trend, with moderate increases particularly in western
Zambia. However, these projections exclude any impacts

from human activities, such as charcoal production, small-
holder farming and timber extraction, among other factors,
which have been major drivers of deforestation in the past.

Climate change impacts on water availability show strong
variations within Zambia. While projections indicate a tendency
towards higher runoff in the northern regions, the southern and
south-western regions are projected to have declines in runoff
in the second half of the century. Furthermore, it is likely that
climate change will increasingly lead to temporal variability
within the year through more extreme dry and wet periods.

The share of the population affected by at least one heatwave
per year is projected to rise marginally, due to the absence

of humid heatwaves in Zambia. Nevertheless, heat-related
mortality is estimated to increase from 5.2 deaths per

100 000 people in the year 2000 to 18.1 deaths by 2080, which
is a factor of almost 3.5. This trend will already be felt early

in the century, with an increase to 9.0 deaths by the year 2030.

yields of cassava, soybeans and groundnuts are projected
to benefit from CO2 fertilisation. To counteract the cur-
rently high degree of food insecurity in Zambia, farmers
will need to adapt to these changing climatic conditions.

.‘é’.{r to drought. Yields of maize are likely to decrease, while

* Further in-depth information on climate impacts and selected adaptation strategies in the agricultural sector

can be found in a complimentary climate risk analysis for Zambia, which will be finalised in spring 2023. Published in July 2022



Context

Zambia is a landlocked country, located in Southern Africa and bor-
dered by the Democratic Republic of the Congo, Tanzania, Malawi,
Mozambique, Zimbabwe, Botswana, Namibia and Angola. The
country had a population of 18.4 million in 2020 with an annual
demographic growth rate of 2.9 % [1]. The majority of the popula-
tion lives in the central area, particularly around the capital Lusaka,
in addition to the cities of Ndola, Kitwe and Mufulira [2]. With a
44.6 % urban population, Zambia has one of the highest urbanisa-
tion rates in Africa [1]. With a real GDP per capita of 1 274 USD in
2020 [1], the country is a lower-middle-income country. Zambia

is furthermore characterized by high rates of poverty, malnutrition
and wealth inequality (see also quality of life indicators). Zambia’s
economy is dominated by the services sector, contributing 53.6 %
to the country’s GDP in 2020, followed by the industrial sector with
40.3 % and the agricultural sector with 3.0 % [3]. Although the agri-
cultural sector contributes a marginal share to the national GDP, an
estimated 50 % of the working population are officially employed in
this sector, with many more being employed on an informal basis.
Zambia’s key export commodity is copper, which is primarily sold
to Switzerland [4]. Food exports are marginal and include maize,
cereal meal and pellets, and oil seed flowers [4]. Although Zambia’s
economy has clearly shifted towards services and industry, the
agricultural sector continues to be the primary means of livelihood
for the country’s population, especially in rural areas.

Quality of life indicators (s, [11]-[13]

Important staple crops are maize, soybeans, groundnuts and cas-
sava [6]. As agricultural production in Zambia is primarily subsist-
ence-based and rainfed, especially smallholder farmers suffer from
the impacts of climate change. They often lack formal safety nets
and heavily depend on agriculture for their livelihoods and food
security. This is also reflected in the 23.2 % of the total population
who suffered from severe food insecurity in 2018-2020. Limited
adaptive capacity in the agricultural sector, such as limited access
to agricultural inputs, formal credit or extension services, under-
lines the country’s vulnerability to climate change. In 2018, only
4.1 % of the total national crop land and 13.6 % of the estimated
irrigation potential of 523 000 ha were equipped for irrigation and
actually irrigated [7], [8]. Different environmental challenges further
add pressure on agricultural production in Zambia, including defor-
estation and overgrazing, which in turn lead to erosion, desertifica-
tion and reduced quality of agricultural land [2].

Zambia served as a destination for approximately 170 000 migrants
and refugees, especially from the Democratic Republic of the

Congo and Angola [9]. In turn, almost half a million Zambians
(493.000 migrant stock in 2019) migrated to South Africa, Malawi and
Zimbabwe, or outside of Africa, where the main destinations include
the United Kingdom and the Czech Republic [9].

Human Development = ND-GAIN Vulnerability GiniIndex Real GDPper Povertyheadcount  Prevalenceof severefood

Index (HDI)2019 Index2019 2015 capita 2020 ratio 2015 insecurity 2018-2020

0.584 40.5 57.1 1274USD 58.7% 23.2%

146 outof189 137 outof181 (0-100;100= (constant 2015 (at 1.9 USD per day, (of total population)
(0=low, 1=high) (0=low,100=high)  perfectinequality) usD) 2011PPP)*

© Adam Annfield / flickr

! Poverty headcount ratio for the year 2012 adjusted to 2011 levels of Purchasing Power Parity (PPP). PPP is used to compare different currencies by taking into account
national differences in cost of living and inflation.



Topography and environment

Zambia’s topography is dominated by high plateaus, including
mountains in the northern and north-eastern part of the coun-
try. The lowest point in Zambia is the Zambezi River at 329 m,
while the highest point is the Mafinga Central at 2 330 m [2].
The country has a mostly tropical climate with higher amounts
of precipitation in the north-west and lower amounts in the
south-east. Accordingly, Zambia is commonly divided into four
Agro-Ecological-Zones (AEZs), based on precipitation levels as
a key marker of climatic differences: The southern river valley (I),
the central and eastern plateaus (II A), the western plains (II B)
and the northern part (III) (Figure 1) [14]2. Each of these zones is
characterised by specific temperature and moisture regimes, and
consequently specific patterns of crop production and pastoral
activities. Zambia is drained by two major rivers and its tributaries:
the Congo River, which originates in northern Zambia and flows

Present climate[17]

Zambia’s climateis largely influenced by latitude and eleva-
tion.Mean annual temperatures range from 19 °Cto 25°C
with lowervalues in the mountainous regionsin the north
and north-eastand highervaluesin the rest of the country,
in particularalong the Luangwa and Zambezi Rivers.

Unimodal precipitation regimes

Tropic - warm / sub-humid

Annual precipitation sums range from 620 mm
in south-western Zambia, which hasadrier
mountain climate,to 1480 mm in the north-east,
whichisalso characterised by higher altitudes,
butin addition shows some savannah features.

through the Democratic Republic of the Congo to the Atlantic
Ocean, and the Zambezi River, which originates in north-western
Zambia and flows through the western part of the country, along
its southern border, ultimately discharging into the Indian Ocean.
These two rivers are also important from a regional perspective,
supplying much of Southern Africa with water for household
consumption, agricultural production and industrial use, among
other purposes. At Victoria Falls, the Zambezi River falls about
100 m across a width of 1 708 m, subsequently flowing into Lake
Kariba, the world’s largest human-made lake [15]. Climate change
is expected to limit water availability, particularly in south-west-
ern Zambia, which is prone to drought [16]. At the same time, the
frequency and intensity of flooding is likely to increase, highlight-
ing the need for adaptation measures to protect biodiversity and
maintain fragile ecosystems and their services.

Zambia has asingle rainy season (unimodal
precipitation regime), which lasts from
November to Aprilin most parts of Zambia.
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Figure 1: Topographical map of Zambia with agro-ecological zones and existing precipitation regimes.’

It should be noted that there are different classifications of AEZs in Zambia. We focused on a commonly used classification of four zones based on the description by

the Zambia Development Agency (ZDA) 2011.

®The climate diagrams display temperature and precipitation values which are averaged over an area of approximately 50 km x 50 km. Especially in areas with larger

differences in elevation, the climate within this grid might vary.



Projected climate changes

How to read the line plots
== historical
== RCP2.6
= RCP6.0

best estimate
likely range
very likely range

Lines and shaded areas show multi-model percentiles of 31-year running mean values
under RCP2.6 (low emissions scenario in blue) and RCP6.0 (medium to high emissions
scenario in red). Whereas lines represent the best estimate (multi-model median),
shaded areas show the likely range (central 66 %) and the very likely range (central

90 %) of all model projections.

How to read the map plots

Colours show multi-model medians of 31-year mean values under RCP2.6 (top row) and RCP6.0 (bottom row) for different 31-year
periods (central year indicated above each column). Colours in the leftmost column show these values for a baseline period (colour
bar on the left). Colours in the other columns show differences relative to this baseline period (colour bar on the right). The presence
(absence) of a dot in the other columns indicates that at least (less than) 75 % of all models agree on the sign of the difference.

For further guidance and background information about the figures and analyses presented in this profile kindly refer to the supple-

mental information on how to read the climate risk profile.

Temperature

In response to increasing greenhouse gas (GHG) concentrations,
air temperature over Zambia is projected to rise by 1.9 to 4.3 °C
(very likely range) by 2080 relative to the year 1876, depend-

ing on the future GHG emissions scenario (Figure 2). Compared
to pre-industrial levels, median climate model temperature
increases over Zambia amount to approximately 1.9 °Cin 2030
and 2.1 °Cin 2050 and 2080 under the low emissions scenario
(RCP2.6). Under the medium/high emissions scenario (RCP6.0),
median climate model temperature increases amount to 1.9 °C in
2030, 2.4 °Cin 2050 and 3.4 °C in 2080.

2000 2030 2050 2080
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Figure 3: Projections of the annual number of very hot days (daily
maximum temperature above 35 °C) for Zambia for different GHG
emissions scenarios.
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Very hot days

In line with rising mean annual temperatures, the annual number
of very hot days (days with daily maximum temperature above
35°C) is projected to rise substantially and with high cer-

tainty, in particular over western Zambia (Figure 3). Under the
medium/high emissions scenario, the multi-model median, aver-
aged over the whole country, projects 16 more very hot days per
year in 2030 than in 2000, 25 more in 2050 and 45 more in 2080.
In some parts, especially in western Zambia, where the number
of very hot days is already high today, this could amount to a total
of up to 155 very hot days per year by 2080.

4 Changes are expressed relative to year 1876 temperature levels using the multi-model median temperature change from 1876 to 2000 as a proxy for the observed

historical warming over that time period.



Precipitation

Future projections of precipitation are less certain than projec-
tions of temperature change due to high natural year-to-year
variability (Figure 4). Among the four models underlying this
analysis, three models project an increasing trend in precipita-
tion at the beginning of the century, with a peak around the year
2030, and a decreasing trend towards the end of the century,
while one model projects an opposite trend, with a decreas-
ing trend first and an increasing trend afterwards (RCP6.0). In a
similar way, projections under RCP2.6 are uncertain, however,
pointing to an overall decreasing trend in precipitation towards
the end of the century. Specifically, median model projections
show a precipitation decrease of 32 mm under RCP2.6 and an
increase of 5 mm under RCP6.0.

11 A

Figure 5: Projections of
the number of days with
heavy precipitation over
Zambia for different
GHG emissions scenarios,
relative to the year 2000.
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Figure 4: Annual mean
precipitation projections for
Zambia for different GHG
emissions scenarios, relative to
the year 2000.
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Heavy precipitation events

In response to global warming, heavy precipitation events are
expected to become more intense in many parts of the world
due to the increased water vapour holding capacity of a warmer
atmosphere. At the same time, the number of days with heavy
precipitation events is expected to increase. This tendency is
also reflected in climate projections for Zambia (Figure 5). The
median shows an increase in the number of heavy precipitation
days for both RCPs, with a difference of 8.3 days under RCP2.6
and 9.3 days under RCP6.0 by 2080. Considering projections of
annual precipitation change (Figure 4), more extreme weather
events (excess rain and dry spells) can be observed, particularly
under RCP2.6. These trends can have devastating impacts on
smallholder farmers, who need to adapt to intense flood events
and at the same time to prolonged dry periods.the same time to
prolonged dry periods.

© Sustainable Sanitation Alliance Secretariat/ flickr



Soil moisture

Soil moisture is an important indicator for drought conditions.

In addition to soil parameters and management, it depends on
both precipitation and evapotranspiration and therefore also on
temperature, as higher temperatures translate to higher potential
evapotranspiration. Projections for annual mean soil moisture for
a soil depth of up to 1-metre show decreases under both RCPs
by 2080, compared to the year 2000 (Figure 6). These decreases
amount to 3.3 % under RCP2.6 and 5.1 % under RCP6.0. However,
looking at the different models underlying this analysis, there is
large year-to-year variability and modelling uncertainty, with
some models projecting stronger decreases in soil moisture than
others, especially under RCP6.0.
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Figure 7: Potential evapo-
5.0 1 transpiration projections
for Zambia for different
GHG emissions scenarios,
0.0 L5 i i i relative to the year 2000.
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Figure 6: Soil moisture
projections for Zambia
for different GHG
emissions scenarios,
relative to the year 2000.

Soil moisture change (%)
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Potential evapotranspiration

Potential evapotranspiration is the amount of water that would
be evaporated and transpired if sufficient water was available at
and below land surface. Since warmer air can hold more water
vapour, it is expected that global warming will increase poten-
tial evapotranspiration in most regions of the world. In line with
this expectation, hydrological projections for Zambia indicate a
stronger rise of potential evapotranspiration under RCP6.0 than
under RCP2.6 (Figure 7). Under RCP6.0, potential evapotranspi-
ration is projected to increase by 3.6 % in 2030, 5.8 % in 2050
and 9.3 % in 2080 compared to year 2000 levels.

© Matthijs Strietmann / flickr



Sector-specific climate change risk assessment

a. Water resources

Current projections of water availability in Zambia display high
uncertainty under both GHG emissions scenarios. Assuming a
constant population level, multi-model median projections show
a slight decrease from 20 820 m? in per capita water availability
in the year 2000 to 18 736 m® under RCP2.6 and 19 264 m® under
RCP6.0 by the end of the century (Figure 8A). Yet, when account-
ing for population growth according to SSP2 projectionss, per
capita water availability for Zambia is projected to decline
more dramatically under both RCPs (Figure 8B). It is projected to
reach 4 775 m® under RCP2.6 and 4 897 m* under RCP6.0 until
the end of the century, both of which is still above the threshold
for water stress (1 700 m®) and water scarcity (1 000 m?). While
this projected decline is primarily driven by population growth,
other factors will further increase the pressure on Zambia’s water
resources, including climate change, the expansion of agricul-
tural production, industrial use and hydropower. Furthermore,
water availability will differ both regionally and across time.
Parts of Zambia will likely experience insufficient access to water
resources with high seasonal variability. Hence, investments will
have to be made in water saving measures and technologies for
future water consumption.

Projections of future water availability from precipitation vary
depending on the region and scenario (Figure 9). Under RCP2.6,
models agree on decreases in runoff throughout the 21st cen-
tury in south-western Zambia resulting in reductions of up to 22
% by 2080, while projections for the rest of the country are more
uncertain. Under RCP6.0, models agree on an increase in runoff in
southern Zambia by 2030, but in the later 21st century the south
tends towards drying. In contrast, there is a tendency towards
wetting in the north of Zambia. However, there is little agree-
ment on the projections for the later 21st century under RCP6.0.

The distribution of Zambia’s water resources show high spatial
variations. While the north-west of Zambia receives up to 1 480
mm of annual precipitation over a period of around five months,
the south-west of the country receives as little as 620 mm over
a period of around three months (Lange, 2016). Climate change
is likely to impact Zambia’s water resources through variability
in precipitation, rising temperatures and drought [16]. Over the
period from 1981 to 2017, Zambia has experienced an increase in
droughts, particularly in its south-western part, e.g. in Sesheke
district on the border to Namibia, where droughts were more
intense and persistent, compared to other parts of the country
[16]. Droughts also materialise in decreasing water levels in
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Figure 8: Projections of water availability from precipitation per capita
and year with (A) national population held constant at year 2000 level
and (B) changing population in line with SSP2 projections for different
GHG emissions scenarios.
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Figure 9: Water availability from precipitation (runoff) projections for
Zambia for different GHG emissions scenarios.

many of Zambia’s lakes and reservoirs, for example, in Lake
Kariba, whose water levels dropped by six metres in the three
years preceding 2016, due to an extended period of drought [18].
These decreases threaten the food, water and energy supply of
millions of people in the entire South African region who depend
on these water resources for domestic use and their livelihoods,
which especially in rural areas are related to farming, pastoral-
ism and fishing [19], [20]. Various socio-economic developments
add further pressure on Zambia’s water resources, such as

rapid population growth, unplanned urbanisation, agricultural
expansion, due to low production on existing land, and industrial
intensification [21].

S Shared Socio-economic Pathways (SSPs) outline a narrative of potential global futures, including estimations of broad characteristics such as country-level
population, GDP or rate of urbanisation. Five different SSPs outline future realities according to a combination of high and low future socio-economic challenges

for mitigation and adaptation. SSP2 represents the “middle of the road”-pathway.



b. Agriculture

Smallholder farmers in Zambia are increasingly challenged by the
uncertainty and variability of weather caused by climate change
[22]. Since crops are predominantly rainfed, yields highly depend
on water availability from precipitation and are prone to drought.
However, both the length and the intensity of the rainy season
are becoming more and more unpredictable and the availability
and use of irrigation facilities remains limited: In 2018, only

4.1 % of the total national crop land and 13.6 % of the estimated
irrigation potential of 523 000 ha were equipped for irrigation and
actually irrigated [7], [8]. According to the AQUASTAT database,
the main irrigated crop is wheat, followed by rice, vegetables and
maize [7]. Constraints to the implementation of adaptation strat-
egies usually include limited financial means and access to credit,
lack of information and technical advice, e.g. through extension
services or membership in relevant groups, and limited access to
agricultural inputs, e.g. improved seeds [23]. Deforestation and
agricultural expansion are the main drivers, contributing to losses
in soil organic carbon and soil fertility, which in turn will further
limit the potential for crop production [24].

Currently, the high uncertainty of projections regarding water
availability (Figure 9) translates into high uncertainty of drought
projections (Figure 10). According to the median over all models
employed, the national crop land area exposed to at least one
drought per year will increase from 1.5 % in 2000 to 3.2 % and
4.5 % in 2080 under RCP2.6 and RCP6.0, respectively. Under
RCP6.0, the likely range of drought exposure of the national
crop land area per year widens from 0.12-3.17 % in 2000 to
1.37-16.1 % in 2080. The very likely range of drought exposure
widens from 0.02-5.56 % in 2000 to 0.56-22.54 % in 2080.

This means that some models project an increase of drought
exposure by a factor of four over this time period.
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In terms of yield projections, model results indicate a positive
trend for cassava and soybeans under both RCPs (Figure 11).

By 2080, compared to the year 2000, yields are projected to
increase by 23.8 % and 55.5 % for cassava and 1.8 % and 6.4 %
for soybeans under RCP2.6 and RCP6.0, respectively. Yields of
groundnuts show a diverging trend, with an increase of up to
1.7 % under RCP6.0 and a decrease of up to 3.1 % under RCP2.6.
Finally, yields of maize show little change until the end of the
century when considering the median of both scenarios. How-
ever, the likely range of projections indicates that most models
project a decreasing trend in maize yields. Overall, projections
show that some crops are projected to benefit from higher CO,
emissions, while others are projected to be adversely affected.
A possible explanation for the positive trend, particularly that of
cassava, is that cassava is a so-called C3 plant, which follows a
different metabolic pathway than, for example, maize (C4 plant),
and benefits more from the CO, fertilisation effect under higher
concentration pathways. Although some yield changes may
appear small at the national level, such as for maize or ground-
nuts, they will likely increase more strongly in some areas and,
conversely, decrease more strongly in other areas as a result of
climate change.
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Figure 11: Projections of crop yield changes for major staple crops® in Zambia for different GHG emissions scenarios assuming constant land use and

agricultural management, relative to the year 2000.

6 Modelling data is available for a selected number of crops only. Hence, the crops listed on page 2 may differ.



c. Infrastructure

Climate change is expected to significantly impact Zambia’s infra-
structure through extreme weather events. High precipitation
amounts lead to the flooding of roads, while high temperatures
can cause roads, bridges and coastal infrastructures to develop
cracks and degrade more quickly. This will require the estab-
lishment of climate proofed infrastructure, as otherwise earlier
replacement and higher maintenance and replacement costs are
necessary. Despite efforts to expand the country’s railway net-
work, especially for its mineral-based economy and transports
from the so-called Copperbelt in the north, Zambia continues
to be reliant on road transportation [25]. While paved roads are
in fairly good condition, connecting Lusaka with the main trading
hubs in the region, overall road coverage is characterised by an
asymmetry between centre and margins. Especially during the
rainy season, many of the inland rural roads are inaccessible,
cutting off villages and communities [26]. Investments will have
to be made to build climate-resilient road networks.

Extreme weather events also have devastating effects on
human settlements and economic production sites, especially
in urban areas with high population densities like Lusaka, Kitwe
and Ndola. Informal settlements are particularly vulnerable

to extreme weather events: Makeshift homes are often built at
unstable geographical locations including steep slopes or river
banks, where strong winds and flooding can lead to loss of hous-
ing, contamination of water, injury or death. Dwellers usually
have a low adaptive capacity to respond to such events due to
high levels of poverty and lack of risk-reducing infrastructures.
Although floods are a yearly occurrence in the country, January
2022 brought heavy precipitation in the districts of Namwala,
Kaloma and Choma in the Southern Province, causing severe
flooding [27]. More than 22 000 people were affected, with
hundreds homeless and damages to infrastructures and property,
including cultivated land and livestock, such as cattle, goat and
chicken, which were carried away by the floods [27]. Flooding and
droughts will also affect hydropower generation: Zambia draws
85 % of its energy from hydropower with a total installed hydro-
power capacity of 2 393 MW in 2021 [28]. However, variability

in precipitation and climatic conditions could severely disrupt
hydropower generation.

Despite the risk of infrastructure damage being likely to increase
due to climate change, precise predictions of the location and the
extent of exposure are difficult to make. For example, projec-
tions of river flood events are subject to substantial modelling
uncertainty, largely due to the uncertainty of future projections
of precipitation amounts and their spatial distribution, affect-

ing flood occurrence (see also Figure 4). In the case of Zambia,
median projections show little impact of climate hazards towards
major roads and urban land area to river floods. (Figure 13 and
Figure 14). Around the year 2000, 1.23 % of major roads were

Figure 12: Projections of
major roads exposed to river
floods at least once a year for
Zambia for different GHG
emissions scenarios.
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Figure 13: Projections of
urban land area exposed to
river floods at least once a
year for Zambia for different
== > > - GHG emissions scenarios.
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exposed to river floods at least once a year. By 2080, this value is
projected to increase to 1.73 % under RCP6.0 and to decrease to
1.07 % under RCP2.6 (Figure 13). The exposure of urban land area
to river floods is projected to change from 0.07 % in the year 2000
to 0.10 % and 0.14 % under RCP 2.6 and RCP6.0, respectively (Fig-
ure 14). While these changes may appear marginal, it should be
noted that projections for exposure to river floods are subject to
high modelling uncertainty, with some models projecting much
higher increases than others.

The exposure of the GDP to heatwaves is projected to increase
only marginally from 0.0 % in 2000 to 0.03 % (RCP2.6) and 0.22 %
(RCP6.0) by 2080 (Figure 15)”. Nevertheless, in light of rising
temperatures, it is recommended that policy planners start iden-
tifying heat-sensitive economic production sites and activities,
and integrating climate adaptation strategies such as improved
solar-powered cooling systems, “cool roof” isolation materials or
switching the operating hours from day to night [29].

7The exposure of the GDP to heatwaves in Zambia is small, as there are hardly any heatwaves identified (see definition of a heatwave in Supplemental Information document).



d. Ecosystems

Climate change is expected to have a significant impact on the
ecology and distribution of tropical ecosystems, though the
magnitude, rate and direction of these changes are uncertain [30].
With rising temperatures and increased frequency and intensity
of droughts, wetlands and riverine systems are increasingly

at risk of being disrupted and altered, with structural changes

in plant and animal populations. Increased temperatures and
droughts can also impact succession in forest systems while con-
currently increasing the risk of invasive species, all of which affect
ecosystems. In addition to these climatic drivers, low agricultural
productivity and population growth might motivate unsustain-
able agricultural practices, resulting in increased deforestation,
land degradation and forest fires, which will impact animal and
plant biodiversity [31], [32].

Model projections of species richness (including amphibians,
birds and mammals) and tree cover for Zambia are shown in
Figure 15 and 16, respectively. Results for species richness show
a clear trend, in particular under RCP6.0: Species richness is pro-
jected to decrease in most parts of Zambia, except for the north-
east, with decreases along the border to Zimbabwe of up to 29 %
(Figure 15). Tree cover projections show an opposite trend: With
higher modelling uncertainty than for species richness, models
project increases in the south-western and eastern part of the
country and along the border with the Democratic Republic of
the Congo, where increases amount to 13 % (Figure 16). However,
it is important to keep in mind that model projections exclude
human activites such as charcoal production, which is a major
driver of deforestation and forest degradation in Zambia [33].

Human activities, such as land use, have been responsible for
significant losses of global biodiversity in the past and are
expected to remain its main driver in the future [34]. In recent
years, Zambia’s vegetation has experienced profound distur-
bances, primarily through the expansion of smallholder farming,
linked to rural population growth and the demand for land for
subsistence agriculture [35]. Increasing demand for fuelwood and
timber extraction present further pressures on Zambia’s forests,
in addition to, albeit to a smaller degree, livestock grazing, mining
operations and road expansion [35]. The country has lost 2.2 mil-
lion ha of tree cover between 2001 and 2020, which is equivalent
to a 5 % decrease of national forest area [36]

2010 2030 2050 2080
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Figure 15: Projections of the aggregate number of amphibian, bird and
mammal species for Zambia for different GHG emissions scenarios.
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Figure 16: Tree cover projections for Zambia for different GHG
emissions scenarios.



e. Human health

Climate change threatens the health and sanitation sector

T 0.7
through more frequent incidences of heatwaves, floods and .2 0.6
droughts. Among the key health challenges in Zambia are mor- % g '
bidity and mortality through HIV, vector-borne diseases such as g_:{é 051
malaria, waterborne diseases such as diarrhoea, acute respira- gz_’ 0.4 1
H 1 (9] < 4
tory diseases and tuberculosis [37]. Many o'f these challenges are' & § 0.3 Figure 17: Projections of
expected to become more severe under climate change. According §c;u 0.2 1 population exposure to
to the World Health Organization, Zambia recorded an estimated W 014 heatwaves at least once a
3.4 million cases of malaria including 8 946 deaths in 2020 [38]. Cli- S year for Z.al.nbla for dlf‘ferent
. . . * 0.0 GHG emissions scenarios.
mate change is likely to have an impact on the geographic range of 2010 2030 2050 2070
vector-borne diseases: In particular, temperature increases could Year
expand malaria prevalence to higher-lying areas, which were previ-
ously malaria-free. As a study in southern Zambia shows, house-
holds at higher elevations faced lower risk of malaria infection 225 |
[39]. Malaria is furthermore likely to increase, due to flooding and ) 0.0
[ .01
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[40]. Climate change also impacts food and water supply, thereby ‘g § 17:51
increasing the risk of food insecurity, malnutrition and death by S o150
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both rising temperatures and decreasing precipitation can increase L% 1004 Figure 18: Projections of heat
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levels of food insecurity in Zambia [42]. Already today, food insecu- TE s for different GHG emissions
rity in Zambia is high: In the period from July to September 2021, Z P scenarios assuming no adap-
5.0 1 tation to increased heat.

more than approximately 1.18 million people faced high acute food y T y T

2010 2030 2050 2070
insecurity, in addition to many more facing moderate levels of food Year
insecurity [42]. In particular the western part and regions along
the border with Zimbabwe were prone to food insecurity, due to a
combination of flooding and waterlogging of farms, locust pests
and higher food prices [42]. Among other macro-economic factors,
higher food prices are also a result of the COVID-19 pandemic,
which has stifled supply chains and aggravated the situation [42].
Access to healthcare is distributed unequally across Zambia, with
a sharp divide between urban and rural areas: Compared to urban
health centres, many rural health centres are understaffed [43] and
often lack essential drugs, due to inefficient distribution systems,
lack of demand data and transportation bottlenecks [44].

In contrast to from more tropical and thus more humid countries,
heatwaves are a rare phenomenon in Zambia. They will likely not
occur more frequently in the future, since they are defined as a
combination of temperature and humidity (see more detailed
definition in Supplemental Information document). Accordingly,
the exposure of the population to heatwaves will increase only
marginally from 0.0 % in 2000 to 0.22 % in 2080 under RCP6.0
(Figure 17). However, rising temperatures will result in increased
heat-related mortality. Under RCP6.0, heat-related mortality
will likely increase from 5.2 to 18.1 deaths per 100 000 people
per year by 2080, provided that no adaptation to hotter conditions
takes place. This translates to an increase by a factor of more than
three towards the end of the century, compared to year 2000 lev-
els (Figure 18). Under RCP2.6, heat-related mortality is projected
to increase to 10.0 deaths per 100 000 people per year in 2080.
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© CDC Global/flickr



References

[1] World Bank, “World Bank Open Data,” 2020. Online available:
https://data.worldbank.org [Accessed: Aug. 24, 2021].

[2] CIA World Factbook, “Zambia,” 2022. Online available:
https://www.cia.gov/the-world-factbook/countries/zambia/#geography
[Accessed: Apr. 04, 2022].

[3] World Bank, “World Development Indicators,” 2020. Online available:
https://databank.worldbank.org/source/world-development-indicators
[Accessed: Dec. 03, 2021].

(4] Observatory of Economic Complexity, “Zambia,” 2020.

Online available: https://oec.world/en/profile/country/zmb?redirect=true
[Accessed: Apr. 04,2022].

[5] World Bank, “World Bank Open Data,” 2019. Online available:
https://data.worldbank.org/ [Accessed: Jan. 31, 2020].

[6] FAOSTAT, “Crops in Zambia (Area Harvested),” 2020. Online available:
https://www.fao.org/faostat/en/#data/QCL [Accessed: Apr. 04, 2022].

[71 AQUASTAT, “Irrigation and drainage in Zambia,” 2018.

Online available: https://www.fao.org/aquastat/statistics/query/results.html
[Accessed: Apr. 05, 2022].

[8] FAOSTAT, “Agricultural Area in Zambia,” 2019.

[9] UNDESA, “Trends in International Migrant Stock: Migrants by Destination
and Origin,” New York, 2019.

[10]  World Bank, “Migrant remittance inflows (USS$ million),” Washington, D.C., 2020.
[11] Notre Dame Global Adaptation Initiative, “Zambia,” 2019. Online
available: https://gain-new.crc.nd.edu/country/zambia [Accessed: Apr. 05, 2022].
[12] UNDP, “Human Development Report 2020,” New York, 2020.

[13]  FAO, “The State of Food Security and Nutrition in the World,”

Rome, Italy, 2021.

[14] ). 0.Agboola, R. Yossa, J. Verreth, and’ Affiliations, “Assessment of
existing and potential feed resources for improving aquaculture production in
selected Asian and African countries Assessment of existing and potential feed
resources for improving aquaculture production in selected Asian and African
countries,” no. July, 2019, doi: 10.13140/RG.2.2.34156.72323.

[15]  Victoria Falls, “Victoria Falls Facts,” 2022. Online available:
https://victoriafallstravel.com/victoria-falls-facts [Accessed: Apr. 08, 2022].

[16] B.Musonda, Y. Jing, V. Iyakaremye, and M. Ojara, “Analysis of

long-term variations of drought characteristics using standardized

precipitation index over Zambia,” Atmosphere (Basel]., vol. 11, no. 12,

pp. 1-20, 2020, doi: 10.3390/atmos11121268.

[17] S.Lange, “EartH20bserve, WFDEI and ERA-Interim Data Merged and
Bias-Corrected for ISIMIP (EWEMBI].” GFZ Data Service, Potsdam, Germany,
2016, doi: 10.5880/pik.2016.004.

[18] ). Gibbons, “Zambians brace for water shortage despite recent rainfall,” The
Guardian, 2016. Online available: https://www.theguardian.com/world/2020/
mar/12/zambians-water-shortage-drought-lake-rainfall [Accessed: Apr. 08, 2022].
[19] M. Ng'onga, F. K. Kalaba, J. Mwitwa, and B. Nyimbiri,

“The interactive effects of rainfall, temperature and water level on fish yield

in Lake Bangweulu fishery, Zambia,” J. Therm. Biol., vol. 84, pp. 45-52, 2019,
doi: 10.1016/j.jtherbio.2019.06.001.

[20]  S.Kalapulaand L. Mweemba, “Social-ecological typologies to

climate variability among pastoralists in Namwala District - Zambia,”

World J. Sociol. Anthropol., vol. 2, no. 1, pp. 8-24, 2018.

[21]  J. Mwitwa, “Zambia National Drought Plan,” Lusaka, Zambia, 2018.

[22]  H.Ngoma, P. Lupiya, M. Kabisa, and F. Hartley, “Impacts of climate change
on agriculture and household welfare in Zambia: an economy-wide analysis,”
Clim. Change, vol. 167, no. 55, pp. 1-20, 2021, doi: 10.1007/s10584-021-03251-5.
[23]  E.Kuntashula, L. M. Chabala, T. K. Chibwe, and P. Kaluba, “The Effects
of Household Wealth on Adoption of Agricultural Related Climate Change
Adaptation Strategies in Zambia,” Sustain. Agric. Res., vol. 4, no. 4, p. 88, 2015,
doi: 10.5539/sar.v4n4p88.

[24]  P.Masikati, G. Sisito, F. Chipatela, H. Tembo, and L. A. Winowiecki,
“Agriculture extensification and associated socio-ecological trade-offs in
smallholder farming systems of Zambia,” Int. J. Agric. Sustain., vol. 19,

no. 5-6, pp. 497-508, 2021, doi: 10.1080/14735903.2021.1907108.

[25] V. Fosterand C. Dominguez, “Zambia’s Infrastructure:

A Continental Perspective,” Washington, D.C., 2010.

[26] Logistics Cluster and WFP, “Zambia Logistics Infrastructure,” 2021.
Online available: https://dlca.logcluster.org/display/public/DLCA/2+Zambia+Lo
gistics+Infrastructure [Accessed: Apr. 07, 2022].

[27]  IFRC, “Emergency Plan of Action (EPoA): Zambia / Namwala Flash
Floods,” Geneva, Switzerland, 2022.

[28] USAID. (2021). Zambia: Power Africa Sheet.
https://www.usaid.gov/powerafrica/zambia [Accessed: May 05, 2022].

[29] M. Dabaieh, O. Wanas, M. A. Hegazy, and E. Johansson, “Reducing Cooling
Demands in a Hot Dry Climate: A Simulation Study for Non-Insulated Passive
Cool Roof Thermal Performance in Residential Buildings,” Energy Build., vol. 89,
pp. 142-152, 2015, doi: 10.1016/j.enbuild.2014.12.034.

[30] T.M.Shanahan et al., “CO, and Fire Influence Tropical Ecosystem Stability
in Response to Climate Change,” Nat. Publ. Gr., no. July, pp. 1-8, 2016, doi:
10.1038/srep29587.

[31]  D.Phiri, ). Morgenroth, and C. Xu, “Long-term land cover change in
Zambia: An assessment of driving factors,” Sci. Total Environ., vol. 697, 2019,

doi: 10.1016/j.scitotenv.2019.134206.

[32] H.Ngoma, . Pelletier, B. P. Mulenga, and M. Subakanya,

“Climate-smart agriculture, cropland expansion and deforestation in Zambia:
Linkages, processes and drivers,” Land use policy, vol. 107, 2021, doi: 10.1016/j.
landusepol.2021.105482.

[33] Nansikombi et al., "Can de facto governance influence deforestation
drivers in the Zambian Miombo?", Forest Policy and Economics, p.120, 2020,
https://doi.org/10.1016/j.forpol.2020.102309

[34] IPBES, “Report of the Plenary of the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services on the Work of Its Seventh
Session,” n.p., 2019.

[35]  WWEF, “Deforestation Front: Zambia,” Gland, Switzerland, 2021.

[36] World Bank, “World Bank Open Data,” 2021. Online available:
https://data.worldbank.org [Accessed: Dec. 01, 2021].

[37]  Ministry of Health of Zambia, “Annual Health Statistical Report
2017-2020,” Lusaka, Zambia, 2021.

[38] WHO, “World Malaria Report 2021,” Geneva, Switzerland, 2021.

[39] W.J. Moss et al., “Use of remote sensing to identify spatial risk

factors for malaria in a region of declining transmission: A cross-sectional

and longitudinal community survey,” Malar. J., vol. 10, no. 1, p. 163, 2011,

doi: 10.1186/1475-2875-10-163.

[40] R.Boyceetal, “Severe Flooding and Malaria Transmission in the Western
Ugandan Highlands: Implications for Disease Control in an Era of Global Climate
Change,” J. Infect. Dis., vol. 214, pp. 1403-1410, 2016, doi: 10.1093/infdis/jiw363.
[41]  A.Wineman, “Multidimensional Household Food Security

Measurement in Rural Zambia,” Agrekon, vol. 55, no. 3, pp. 278-301, 2016,

doi: 10.1080/03031853.2016.1211019.

[42] Integrated Food Security Phase Classification, “Zambia,” Rome, Italy, 2021.
[43] M.L.Prustetal., “Assessment of interventions to attract and retain health
workers in rural Zambia: A discrete choice experiment,” Hum. Resour. Health, vol.
17,no0. 1, pp. 1-12, 2019, doi: 10.1186/5s12960-019-0359-3.

[44] M. Vledder, J. Friedman, M. Sjéblom, T. Brown, and P. Yadav, “Improving
Supply Chain for Essential Drugs in Low-Income Countries: Results from a Large
Scale Randomized Experiment in Zambia,” Heal. Syst. Reform, vol. 5, no. 2, pp.
158-177, 2019, doi: 10.1080/23288604.2019.1596050.

This climate risk profile was commissioned and is conducted on behalf of the German Federal Ministry for Economic Cooperation and Development (BMZ) in close
cooperation with the Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GIZ) as the implementing partner.

The climate risk profile is based on data and analysis generated as part of the Inter-Sectoral Impact Model Intercomparison Project (ISIMIP), which is gratefully
acknowledged. Background information about the figures and analysis presented in this profile is available in the Climate Risk Profile - Supplemental Information

On behalf of: Scientific content developed by:
Federal Ministry for Economic Potsdam Institute for Climate
Cooperation and Development (BMZ) Impact Research (PIK)

BMZ Bonn Telegraphenberg A 31
DahlmannstraRe 4 14473 Potsdam, Germany

53113 Bonn, Germany www.pik-potsdam.de
www.bmz.de

Scientific coordination:
Christoph Gornott (PIK)

Main authors:

Julia Tomalka (PIK),
Stefan Lange (PIK),
Stephanie Gleixner (PIK),

Contributors:

Ylva Hauf (PIK),
Naima Lipka (GIZ),
Regina Vetter (G1Z),
Jonas Pollig (G1Z),
Josef Haider (KfW)

Published and implemented by:
Deutsche Gesellschaft fir
Internationale Zusammenarbeit
(GIZ) GmbH

In cooperation with:
KfW Development Bank

Christoph Gornott (PIK)



