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Climate Risk Profile for Eastern Africa

Summary
— This profile provides an overview of projected climate — Climate change is likely to cause damage to the infrastructure
1= parameters and related impacts on different sectors I sector in Eastern Africa including major roads and urban areas.
T in Eastern Africa until 2080 under different climate O O Roads are the backbone of the region’s transportation network
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change scenarios (called Representative Concentration
Pathways, RCPs). RCP2.6 represents the low emissions
scenario that aims to keep global warming likely below
2 °C above pre-industrial temperatures. RCP6.0 repre-
sents 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.

Depending on the scenario, the air temperature over
Eastern Africa is projected to rise by 1.7 to 3.9 °C
compared to preindustrial levels, with the highest tem-
perature increases in northern Sudan and northern
Kenya. Very hot days will also increase, especially over
Somalia, eastern Ethiopia and north-eastern Kenya.

Precipitation trends are uncertain and vary across
Eastern Africa, with projections indicating an increase
between 15 and 136 mm per year under RCP6.0.
Precipitation amounts are expected to increase across
the northern and central parts of the region and to
decrease further south. Future dry and wet periods are
likely to become more extreme.

Under RCP6.0, sea levels are expected to rise by

43 cm along the coast of Eastern Africa until 2080.
This threatens coastal communities and may cause
saline intrusion in coastal waterways and groundwater
reservoirs.

Water availability is driven by climatic and socio-
economic factors. Projections show general increases
in water availability, with varying intensities. However,
per capita water availability will likely decline by 2080,
mostly due to population growth.

Due to the changing climate, yields of cassava, ground-
nuts, millet, sorghum and rice are projected to benefit
from CO, fertilisation. Maize and wheat yields show
high levels of uncertainty and no clear trend. It is likely
that yields will increase in some parts and decrease in
other parts of the region.
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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.

Agro-ecological zones (AEZs) in Eastern Africa might shift,
affecting ecosystems, biodiversity and crop production.
Models project varying trends for species richness and tree
cover, depending on the region and scenario.

The population share affected by at least one heatwave per
year is projected to rise from 1.6 % in 2000 to 10.4 % under
RCP6.0 in 2080. More frequent heatwaves will negatively affect
underlying health conditions, especially those of vulnerable
groups. Without adaptation, heat-related mortality is estimated
to increase by a factor of more than 4 by 2080.

Climate impacts are likely to exacerbate existing vulnerabilities
and increase human mobility, thus serving as a risk multiplier
for conflict in an already politically fragile region. Women, chil-
dren as well as poor, sick and elderly people will be dispropor-
tionately affected by climate impacts.
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* This climate risk profile is the product of a collaboration between Weathering Risk, the AGRICA project Published in March 2023

and the B-EPICC project at PIK. It draws on the methodology developed within the AGRICA project.



Context

Rising temperatures, changing precipitation patterns and more
extreme weather events as a result of climate change pose
existential challenges to Eastern Africa. For millions of people
across the region, the losses and damages will be felt in various
sectors, including water, agriculture, infrastructure, ecosystems
and human health.

Eastern Africa is an African sub-region which has access to the
Indian Ocean through more than 13,000 km of coastline. While
there are different definitions of the countries constituting
Eastern Africa, this climate risk profile follows the definition of
the African Union [1], in which the region is defined as the states
of the Comoros, Djibouti, Eritrea, Ethiopia, Kenya, Madagascar,
Mauritius, Rwanda, Seychelles, Somalia, South Sudan, Sudan,
Tanzania and Uganda (Figure 1) . In Eastern Africa, the popula-
tion amounts to over 402 million people [2]. Ethiopia is the most
populous country, with 118 million inhabitants [2]. Different
from other African sub-regions, Eastern Africa is characterised by
varying population growth rates, ranging from no or very little
population growth in the island states of Mauritius and the Sey-
chelles to high population growth in some mainland countries,
for example, 3.0 % in Uganda and 2.9 % in Tanzania [2]. Based on
these trends, it is predicted that the population of Eastern Africa

will have more than doubled by 2050 [3]. Furthermore, the popu-
lation in Eastern Africa is one of the youngest in the world, with
more than 40 % of the population aged less than 14 years [2].

The economic growth rate varies widely within the region and
GDP per capita rates cover the spectrum from 447 US dollar in
Somalia to 15,714 US dollar in the Seychelles [2]. Although Eastern
Africa was the only African sub-region that has not experienced
arecession as aresult of the COVID-19 pandemic, smallholder
farmers felt the impacts of the pandemic through sickness and
trade restrictions. The war in Ukraine further strains smallholder
farmers through increased prices for different foods and fertilis-
ers [4]. Irrespective of these more recent crises, Eastern Africa has
been long characterised by high poverty rates, with large parts of
the population living on less than 2.15 US dollar a day, which is the
World Bank threshold for extreme poverty. The states of Mauritius
and the Seychelles present exceptions since only minimal parts of
the population (0.1 and 0.5 %, respectively) live in extreme poverty
[2]. However, in all other Eastern African countries, extreme poverty
rates are high, in particular in Somalia (71 %) and Madagascar (81 %)
[2]. Consequently, most countries in the region rank among the
lowest on the Human Development Index (HDI) [5].}
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Although the services sector contributes the largest share to the
Eastern African economy, agriculture continues to be the most
important sector in terms of employment, providing liveli-

hoods for the majority of the population [2]. In some countries

like Uganda the share of employment in agriculture is as high as

72 % [2]. The majority of agricultural production in Eastern Africa

is subsistence-based and rain-fed. Hence, especially smallholder
farmers suffer from climate impacts like rising temperatures,
droughts or flooding, all of which can lead to crop failures and
reliance on food assistance programs [6]. Particularly women are
disproportionately affected by climate impacts, due to a greater
dependence on natural resources and disparities in climate infor-
mation, mobility and gendered responsibilities for children and
other family members. Additionally, climate change is impacting
the availability of fertile soils and grassland, which are essential
resources not only for farmers but also for herders. In some parts of
the region, such as Somalia, herders constitute the majority of the
population [7]. However, this type of livelihood has been challenged
by increasingly unpredictable precipitation patterns and insufficient
grasslands, leading to increasing competition for limited natural
resources, violent conflicts and forced migration [8].
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In addition to poverty and food insecurity, countries in Eastern
Africa tend to be characterised by weak governance, which is
reflected in poor provision of participatory structures, basic
services and accountability mechanisms: According to the 2019
Ibrahim Index of African Governance, Somalia, South Sudan and
Eritrea ranked among the lowest in terms of their governance
performance [9]. Weak governance, along with high levels of cor-
ruption [10], result in political instability, which is also demon-
strated in the Fragile States Index, where the majority of Eastern
African countries score low [11]. For example, Somalia and South
Sudan are ranked among the three most fragile countries, along
with Syria. In particular Somalia has witnessed a combination of
stressors, including ongoing armed conflict, insecurity, drought
and humanitarian crises, causing hundreds of thousands to flee
and seek refuge in other countries [12].




Topography and environment

The topography of Eastern Africa is largely determined by the East
African Rift Valley® and the East African Highlands, which make
the region’s landscape highly diverse. The East African Highlands
span from the Red Sea to southern Tanzania, including the Ethio-
pian massif to the north; the Kenyan highlands, which are fringed
by Africa's highest mountains Mount Kibo (Kilimanjaro) (5,895 m)
in Tanzania and Mount Kenya (5,199 m); and the Western Rift
Mountains stretching from western Uganda to southern Tanzania.
Between the Ethiopian and the Kenyan highlands, the Turkana
Gap, a 300-km wide depression, connects the region’s two major
low-lying areas: the Nile Plains to the north-west, covering most
of Sudan and South Sudan, and the plains to the east, which bor-
der the Indian Ocean. The latter region is also home to the conti-
nent’s lowest depressions, including Lake Assal in Djibouti (153 m
below sea level) and the Danakil Depression in Ethiopia (125 m
below sea level). The region comprises different agro-ecological
zones (AEZs) (Figure 2) with specific temperature and moisture
regimes, which are largely determined by the region’s topography.
Accordingly, Eastern Africa can be divided into warm arid to semi-
arid tropics in the north-western and eastern plains, sub-humid

to humid warm tropics in the plateau region and the island states,
and cool arid to humid conditions in regions of high altitude.

Eastern Africa is home to the African Great Lakes, a lakes region
in and around the East African Rift Valley. Important lakes
include Lake Victoria, Africa's largest and the world's second
largest freshwater body, and Lake Tanganyika, Africa's second
largest and the world's second deepest lake [13] (Figure 2). The
Nile River, the region’s most important and Africa’s longest river,
flows northwards from Burundi through Rwanda, Uganda, South
Sudan, Sudan, Ethiopia and Egypt towards the Mediterranean
Sea. The Niger river catchment area comprises almost 3.4 mil-
lion km® (10 % of Africa’s total area), and provides the population
in the Nile Valley with water and fertile soils for agriculture [14]
(Figure 2). Nevertheless, most Eastern African countries are char-
acterised by water stress or water scarcity, with water demand
exceeding available renewable water resources. Some countries
like Djibouti, Eritrea, Ethiopia, Somalia and Kenya are among the
most drought-affected countries in the world [15].
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Figure 2 : Map of Eastern Africa showing agro-ecological zones and location-specific examples of annual temperature and precipitation patterns.

2 The East African Rift Valley is part of the Great Rift Valley which spans 6,000 km from northern Syria to the south of Mozambique. Its geological activity created the

highest mountains and the deepest lakes on the African continent.




Present and past climate

Currently, average annual temperatures in Eastern Africa range
from 11.6 to 30.7 °C, with lower temperatures across the region's
high altitudes and higher temperatures in the Sahel and the
Saharan desert, as well as in southern Somalia and northern
Kenya [18]. Mean annual precipitation amounts for Eastern
Africa vary, ranging from over 2,000 mm in south-western
Ethiopia to less than 250 mm in the arid regions of Djibouti,
Eritrea, Ethiopia, Kenya, Somalia and Sudan [13]. The region is
characterised by two types of precipitation regimes: Unimodal
precipitation regimes with one rainy season and bimodal precipi-
tation regimes with two rainy seasons. Unimodal precipitation
regimes are predominantly found in the northern and southern
parts of Eastern Africa, with one rainy season from around June
to September, while the equatorial regions and most of the
Indian Ocean coastal plains have two rainy seasons, with the long
rains falling from around March to May and the short rains from

around October to December [13] [15]. Precipitation regimes also
differ within countries: Tanzania, for example, experiences both
unimodal and bimodal precipitation.

Between 1973 and 2013, mean annual temperatures increased
by between 0.7 to 1 °C, depending on the season. The number
of warm days and warm nights also increased [16]. Since the
1980s, decreasing precipitation during the long rainy season
(March to May) has been observed over the Horn of Africa,
although this decrease has recovered more recently. In contrast,
total precipitation during the shorter rainy season (October

to December) increased since the 1960s. In the northern part
of the region, precipitation decreased in the 1960s and has
remained relatively low since then. Heavy precipitation events
also increased both in frequency and intensity [17].

© Mariola Grobelska / Unsplash




Projected climate changes

How to read the line plots

== historical best estimate Lines and shaded areas show multi-model percentiles of 31-year running mean
= RCP2.6 likely range values under RCP2.6 (blue) and RCP6.0 (red). Lines represent the best estimate
= RCP6.0 very likely range (multi-model median) and shaded areas 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 please refer to the supplemental information.

Temperature changes

Air temperature

The air temperature over Eastern Africa is projected to rise by

1.7 to 3.9 °C (very likely range) by 2080 relative to the year 1876, O35

depending on the future GHG emissions scenario (Figure 3). Under o

the low emissions scenario RCP2.6, compared to pre-industrial % 3.0 1

levels, the projected air temperature increase will very likely range S

between 1.6 and 2.0 °C by 2030, and between 1.7 and 2.2 °C by E:;‘ 231

2080. Median increases amount to approximately 1.7 °C in 2030, g 2.0

2.0°Cin 2050 and 2.1 °C in 2080 under RCP2.6. Under RCP6.0, air g ) i

temperature will increase by between 1.6 and 1.9 °C by 2030, and _:]:‘J 1.5 A Ei%?gstig;ﬁ;rfgerngg):;i?re

between 2.7 and 3.9 °C by 2080 (very likely range). Median increases < Africa for different GHG
1.0 1 emissions scenarios.?

amount to 1.7 °Cin 2030, 2.2°Cin 2050 and 3.1 °Cin 2080. T T T T
2010 2030 2050 2070

Year

Air temperature increases will affect the entire region (Figure 4).
However, their magnitude will vary: The highest values will be
found in northern Sudan and northern Kenya, where average
temperatures will increase by up to 2.7 °C by 2080 under RCP6.0.

RCP2.6

Overall, temperature increases will be comparatively lower across
large parts of Uganda, southern Kenya and along the coasts of
Kenya, Somalia and Tanzania. Nevertheless, in the long term,
these countries will also experience temperature increases of at
least 1.5 °C by 2080 under RCP6.0.

RCP6.0

12,5 15.0 17.5 20.0 22,5 25.0 27.5 30.0 0.5 1.0 15 2.0 25
Air temperature (°C) Difference to year 2000

Figure 4: Regional air temperature projections for Eastern Africa for different GHG emissions scenarios.

% Note that the baseline for Figure 4 is the year 2000, while for Figure 3, this is the year 1876. Hence, the projected differences are lower for Figure 4 than for Figure 3.



Very hot days

In line with rising temperatures, the number of very hot days
(days with a daily maximum temperature above 35 °C) will
increase, yet to varying degrees across the region (Figure 5).
Under RCP6.0, large parts of Somalia, eastern Ethiopia and the
north-east of Kenya are projected to experience up to 66 and 165
additional very hot days by 2030 and 2080, respectively. Parts

of South Sudan, southern Sudan and Eritrea will also experience
high long-term increases under the same scenario.

RCP2.6

RCP6.0

50 100 150 200 250 300 20 40 60 80 100 120
Very hot days (number/year) Difference to year 2000

Figure 5: Regional projections of the annual number of very hot days
(daily maximum temperature above 35 °C) for Eastern Africa for
different GHG emissions scenarios.*

Sealevel rise

Sea level rise is not uniform across the globe but subject to 60
regional differences due to thermal expansion of water and
ocean currents, among other factors. Averaged over the entire 'E 50 A
O
coastline of Eastern Africa, median increases in sea level rise b
amount to 12 cm by 2030 and 35 cm by 2080 under RCP2.6, g 407
compared to the year 2000 (Figure 6). While the median sea S 30 A
level rise under RCP6.0 will increase to around 11 cm by 2030, % Figure 6: Projections for
the long-term median increase will be much higher than under s 207 sea level rise, averaged
K . 9 over the Eastern African
RCP2.6, amounting to 43 cm by 2080. A vulnerability assessment 10 - coastline for different
identified Somalia as being at particular risk of rising sea levels, GHG emissions scenarios,
relative to the year 2000.

largely due to the combined effects of low-lying coastal areas,
vegetation loss and low institutional and socio-economic capacity
to adapt. According to the assessment, Kenya and Tanzania face
similar challenges, albeit to a smaller degree [18]. Rising sea levels
threaten coastal communities and may cause saline intrusion in
coastal waterways and groundwater reservoirs, rendering water

2010 2030 2050 2070
Year

unusable for domestic use and harming biodiversity.

4 Due to the high altitude in the regions which are marked as blank, there are no days when the daytime temperature exceeds 35 °C degrees.
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Uncertainties in climate change projections

Uncertainties are always part of climate change projections. They arise from various factors, including natural variability, uncertain-
ties in GHG emissions scenarios and differences in the models which are used in the projections [19]. Consequently, no future (climate
change) projection comes without some level of uncertainty. The levels of uncertainty, however, differ. We present the results of ten
different global models. To indicate the uncertainty of the projections we consider model agreement. The more models agree, the
higher the certainty; the more they disagree, the lower the certainty. For example, if different models project a similar result under the
same scenario, the projected changes demonstrate low levels of uncertainty. However, if they project very different changes (in terms of
range and even direction) under the same scenario, then projections are uncertain. Generally speaking, projections regarding tempera-
ture-related data are more certain than projections regarding precipitation-related data. Precipitation-related data is subject to higher
uncertainty, as many of the atmospheric and surface processes that influence local precipitation patterns are difficult to model in their
entirety. For example, while the formation of clouds is an important factor for precipitation, it takes place at a smaller scale than that
which is applied in global models in order to model processes at a much larger scale, which is equally relevant for local precipitation.



Precipitation, flood and drought risks

Precipitation

Precipitation projections are less certain than temperature projec-
tions (Figure 7). Under RCP2.6 and compared to the year 2000,
precipitation will very likely increase by between 7 and 38 mm

per year (best estimate of around 17 mm) by 2030. In the long term,
precipitation changes will very likely range between -11 and

120 1

100 A
80

60 mm while the best estimate shows a decrease by more than

3 mm by 2080. In contrast, under RCP6.0, precipitation is projected

to increase, although uncertainty remains high, with further
increases from 2030 onwards. Precipitation will very likely increase

Figure 7: Annual

mean precipitation
projections for Eastern

» Africa for different GHG

Precipitation change (mm/year)

by between 7 and 29 mm per year (best estimate of 18 mm) by s emissions scenarios,
2030, and between 15 and 136 mm per year (very likely range, —20 o0 2050 2050 2070 relative to the year 2000.
best estimate of 31 mm) by 2080, compared to the year 2000. Year

Not only do precipitation amounts vary across Eastern Africa,
but also the direction and magnitude of changes vary. Overall,
precipitation amounts are projected to increase in the northern
and central parts of Eastern Africa, and to decrease further
south (Figure 8). A wetting trend is expected in the medium

to long term under RCP6.0, particularly in much of the Horn

of Africa and in Kenya and Uganda. In contrast, the south of
Tanzania and most of Madagascar will see decreases in precipita-
tion under both scenarios. An exception is the north of Sudan,
where both sharp increases and sharp decreases are projected
under both scenarios. In some regions, especially under RCP2.6,
projections are uncertain.

RCP2.6

RCP6.0

500 1000 1500 2000 2500 3000 -40 =20 0 20 40
Precipitation (mm/year) Difference to year 2000 (%)

Figure 8: Regional projections of the annual mean precipitation for Eas-
tern Africa for different GHG emissions scenarios, relative to the year 2000.
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Frequency of 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 Eastern Africa. Despite uncer-
tainties, particularly under the low emissions scenario, the overall
number of days with heavy precipitation is projected to increase
(Figure 9). However, looking at different parts of the region, there
are differences in the magnitude of change. For example, Uganda
and southern South Sudan will see much higher increases than
other parts of the region.

RCP2.6

RCP6.0

Heavy precipitation days (number/year) Difference to year 2000

Figure 9: Regional projections of the number of days with heavy
precipitation over Eastern Africa for different GHG emissions scenarios,
relative to the year 2000.

Soil moisture
Soil moisture is an important indicator for drought conditions.
4 In addition to soil properties and management, it depends on
s both precipitation and temperature, as higher temperatures
(]
@ translate to higher potential evapotranspiration. Projections
.(cs for annual mean soil moisture for a soil depth of up to 1 metre
g show a decrease of 0.6 % under RCP2.6 and 0.3 % under RCP6.0
.g by 2080, compared to the year 2000 (Figure 10). Similar values
Figure 10: Soil moisture £ can be observed throughout the century. However, among the
projections for Eastern = . . . X .
Africa for different GHG =~ & different models underlying this analysis, there is large year-to-
emissions scenarios, year variability and modelling uncertainty, with two models
relative to the year 2000. —6 1

projecting an increase, one a decrease and one no change in soil
moisture. The degree of uncertainty is reflected in the very likely
range, which widens towards the end of the century, includ-

ing decreases of up to 4.9 % and increases of up to 4.7 % under
RCP6.0. In a similar way, the very likely range under RCP2.6 spans
from a decrease of 5.2 % to an increase of 2.8 % by the year 2080.

2010 2030 2050 2070
Year
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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 15.01
and below land surface. Since warmer air can hold more water

vapour, it is expected that global warming will increase potential

12.5

c
=t
s
o
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PESTR . . . . % X 10.0
evapotranspiration in most regions of the world. In line with this 57
()
expectation, hydrological projections for Eastern Africa indicate § g 7.5
a stronger and more continuous rise of potential evapotranspira- o5 Figure 11: Potential
tion under RCP6.0 than under RCP2.6 (Figure 11). Under RCP6.0, S 507 evapotranspiration
. . . . < projections for Eastern
potential evapotranspiration is projected to increase by 2.3 % g 25 - Africa for different GHG
in 2030 and by 5.7 % in 2080, compared to the year 2000. Under & emissions scenarios,
RCP2.6, projections show an increase by 2.4 % in 2030 and a 0.0 relative to the year 2000.

2010 2030 2050 2070

preliminary peak of 3.3 % around the year 2042, after which the Year

increases settle around this rate until 2080.

An increasing trend in potential evapotranspiration can be
observed all over Eastern Africa and with high certainty (Figure
12). Countries which already experience high rates of potential
evapotranspiration, such as Somalia and Sudan, will see the low-
est percentage increases, however, they will arrive at the highest
absolute rates by the end of the century. The highest percentage
increases will take place in Madagascar and southern Tanza-
nia. Higher evapotranspiration affects the water supply and the
amount of surface water available for agriculture. It can reduce
the fraction of precipitation that flows over land and into streams
and rivers. Long-term shifts in recharge patterns can change
groundwater levels and subsequently groundwater surface water
interactions and soil moisture.

RCP2.6

RCP6.0

[

v v v T T

1400 1600 1800 2000 2200 2400 2600 2 4 6 8
Potential evapotranspiration (mm/year) Difference to year 2000 (%)

Figure 12: Regional projections of potential evapotranspiration for Eas-
tern Africa for different GHG emissions scenarios, relative to the year 2000.



Sector-specific climate change risk assessment

a. Water resources

Climate models for Eastern Africa project a wetter future under 9000 T4} without population (B) with population
climate change, while the current reality is marked by decreasing 8000 - change change
precipitation levels during the long rains [20]. This disjunction is

also referred to as the East Africa climate paradox [21]. The mod-

els in our analysis display high uncertainty of water availability in

7000 -

6000 I

5000 -

Eastern Africa under both emissions scenarios.
4000 A

Assuming a constant population level, multi-model median 3000

projections suggest a change of per capita water availability
from 5,616 m® in the year 2000 to 5,909 m? in the year 2080 T y y T T T T T

) 2010 2030 2050 2070 2010 2030 2050 2070
under RCP2.6 and 6,154 m?® under RCP6.0 (Figure 13A). Yet, Year Year
when accounting for population growth according to SSP2

2000 A

Water availability (m3/cap/year)

Figure 13: Projections of water availability from precipitation per capita

projections®, per capita water availability for Eastern Africa is and year with (A) national population held constant at year 2000 level
projected to decline dramatically, i.e. from 5,852 m?® in the year and (B) changing population in line with SSP2 projections for different
2000 to 1.766 m® in the year 2080 under RCP2.6 and 1,840 m? GHG emissions scenarios, relative to the year 2000.

under RCP6.0 (Figure 13B). This decline is not primarily driven by
climate change, but rather by socio-economic factors. These fac-
tors include population growth, along with increased agricultural
production, leading to increased water abstraction for irrigation,
drinking water, domestic use and hydropower generation [22].
The decline in water availability highlights the urgency to invest
in water saving measures and technologies for future water con-
sumption, particularly after 2050, when median decreases start
approaching the threshold for water stress (1,700 m®).

© UNICEF Ethiopia/Zerihun Sewunet/ Flickr

5 Shared Socio-economic Pathways (SSPs) outline a narrative of potential global futures, including estimates 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.



Median projections of water availability from precipitation indi-
cate a decrease of 4.7 % under RCP2.6 and an increase of 2.6 %
under RCP6.0 by the year 2080 (Figure 14). However, there is high
modelling uncertainty, which is illustrated by the large shaded
area in Figure 14. Under RCP2.6, the very likely range will widen
to between -3.2 and +7.0 % in 2030, -10.6 and +14.0 % in 2050,
and -11.3 and +15.7 % in 2080, compared to the year 2000. Under
RCP6.0, the very likely range is even more pronounced, widening
to between -2.0 and +4.3 % in 2030, -7.4 and +21.6 % in 2050,
and -5.5 and +37.1 % in 2080. Hence, no clear trend in water
availability from precipitation can be identified.

Eastern Africa is home to some of the largest transbound-

ary water resources in the world, including Lake Tanganyika,
Lake Victoria and the river Nile. While these sources deliver
much-needed water to millions of people, large parts of Eastern
Africa have poor access to water resources. For example, total
renewable water resources per capita range from 308 m*/year in
Djibouti to 12,496 m*/year in Madagascar [23]. In many countries,
total renewable water resources heavily depend on external
sources. In Eritrea, for instance, 62 % of total renewable water
resources come from outside the country [23]. The transbound-
ary nature of water sources complicates an equal distribution of
water resources, along with poorly developed infrastructures
for the transportation of water. Where surface water is seasonal,
drought-affected or not available, people depend on ground-
water reserves [24]. This is an issue in the entire region, but
particularly the case in northern Sudan, which receives almost no
precipitation; and large parts of Somalia, Djibouti, Eritrea, eastern
Ethiopia and north-eastern Kenya, where annual precipitation
sums are extremely low. Reduced precipitation, temperature
increases and more frequent droughts negatively impact surface
and groundwater availability with declining trends [25].

Overall, water demand is going to increase due to popula-

tion growth, along with rapid and uncontrolled urbanisation,
agricultural and hydropower expansion, deforestation and
mining, among other socio-economic drivers [22]. These drivers
are putting pressure on Eastern Africa’s water resources, leading
to their degradation and depletion. The combined effects of
climate change and socio-economic drivers can be observed in
decreasing water levels in Lake Victoria, which receives 80 % of
its freshwater from direct precipitation [26]. In the period from
2004 to 2005, water levels in Lake Victoria dropped by 1.1 m to

a height of 10.69 m, reaching the lowest level since 1951 [27].
This drop was attributed to drought, in addition to unsustainable
dam operations [27]. Water levels recovered recently, reaching a
reversed record of 13.42 m in May 2020 [28]. This rise was attrib-
uted to continued precipitation, which started in late 2019 and
resulted in the displacement of more than 480,000 people across
the region [28].
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Figure 14: Water
availability from
precipitation (runoff)
projections for Eastern
Africa for different GHG
emissions scenarios.
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In many parts of Eastern Africa, dams are constructed to store
water for shortages during the dry season and to generate
hydropower, thereby reducing a reliance on fossil fuels and
fuelwood [29]. However, these benefits often come at the cost
of downstream water shortages, caused by changes in the flow
regime. For example, in recent years, the construction of the
Grand Ethiopian Renaissance Dam has caused tensions among
the riparian states of the river Nile, in particular the downstream
riparian states Sudan and Egypt, who both compete for water
from the Nile, as well as with the upstream riparian state Ethio-
pia, which controls much of the river flow [30]. Similar tensions
can be observed across the region. In combination with recurrent
droughts, changes in river flow can negatively impact ecosystems
and human livelihoods and lead to conflicts over the use of and
access to water resources.



b. Agriculture

The main economic activity in Eastern Africa is agriculture, engaging
up to 80 % of the population in some countries [2]. Crop production
is primarily subsistence-based and rain-fed, with limited use of
irrigation. Accordingly, the choice of livelihood is strongly influ-
enced by climatic and topographic factors: The north of Eastern
Africa, which includes parts of the Sahara, is characterised by a
desert climate, resulting in extremely low amounts of precipita-
tion. Similarly, the eastern mainland of the region receives very
little precipitation. Here as well as in other drier parts of Eastern
Africa, people turn primarily to pastoral activities, sometimes in
addition to growing drought-resistant crops like sorghum and
millet [31]. This type of livelihood is typically pursued in areas with
annual precipitation amounts of 700 mm and less, while farming
constitutes the main source of income in wetter areas.

Agricultural livelihoods in other parts of Eastern Africa are more
diversified. Farming activities are typically dominated by growing
subsistence crops like sorghum, maize, groundnut, millet, rice,
cassava and wheat, while major cash crops include coffee and

tea [33]. Ethiopia, Uganda and Kenya are the main coffee growing
countries [34]. Since growing coffee requires warmth and humidity,
the highlands in these countries present a particularly conducive
environment for this cash crop. The growing conditions of tea are
similar, however, this crop is primarily produced in Kenya, which

is the major tea-producing country in Africa. Furthermore, Kenya

is known for its horticultural products and the export thereof. In
2020, cut flowers contributed 9.1 % of Kenya’s total export volume
[35]. While this sector is important for the country’s economy, it is
also water-intensive and comes at the cost of smallholder farmers
and urban populations, who compete over this scarce resource [36].

Not only in Kenya but also in other countries in Eastern Africa,
agriculture has experienced an increasing market orientation and
industrialisation of the sector. This trend, along with a growing
population, has led to a rapid and often uncontrolled expansion

&
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of cropland to keep pace with demand [31]. Often, this expansion
is only possible at the expense of large areas of forests, which are
cleared and converted to cropland. These changes put pressure

on land and soils, increasing soil degradation and desertification,
which in turn reduces the productive capacity of soils and strongly
affects subsistence farmers [37]. For both farmers and pastoralists,
these trends have led to an increasing fragmentation of farming
and grazing land and, in turn, to overfarming and overgrazing

of land, putting additional strain on people and the environment.

Currently, the high uncertainty of precipitation projections
(Figure 7) translates into high uncertainty of drought projections
(Figure 15). According to the median and compared to the year
2000, the national crop land area exposed to at least one drought
per year will remain stable at around 1.5-1.6 % under both
scenarios by 2080. While median changes are marginal, the range

of projected changes shows a different picture: The likely range of
drought exposure of the national crop land area per year widens
from 0.2-4.4 % in 2000 to 0.5-6.3 % under RCP2.6 and 0.6-8.6 %
under RCP6.0 in 2080. The very likely range widens from 0.1-6.7 %
in 2000 to around 0.2-10.0 % under both scenarios in 2080. Some
models project a doubling of drought exposure over this time period.




RCP2.6

RCP6.0

In terms of yield projections, median projections for RCP6.0 indi-
cate a positive trend for cassava (20 %), groundnuts (13 %), millet
and sorghum (26 %), and rice (7 %) by 2080 and compared to the
year 2000 (Figure 16). At the beginning of the century, these crops
see a similar trend under both scenarios. However, after the year
2030, the increases under RCP2.6 stagnate (e.g. millet and sor-
ghum) or even turn into decreases towards the end of the century,
for example, in the case of cassava, groundnuts or rice. Different
from the above crops, median projections of maize and wheat
yields show high levels of uncertainty and no clear trend towards
the end of the century, with the exception of a 4 % decrease for
maize under RCP2.6.

Although some yield changes may appear small at the regional
level, they will likely increase more strongly in some countries and,
conversely, decrease more strongly in other countries as a result of
climate change. For example, the median changes of maize yields in
Eastern Africa appear marginal, compared to other crops. However,
Figure 17 shows that by 2080 and under RCP6.0, south-eastern
Sudan will see decreases of up to 32 %, while in eastern Ethiopia,
there will be increases of up to 77 %. These different changes point
to a shift in crop suitability, with some regions becoming unsuit-
able and others becoming suitable for growing different crops.
Farmers will have to adapt to these changing conditions. Overall,
crop growth and failure depend on a variety of factors which are
projected to change in the future. While higher frequency and
intensity of extreme weather events, such as flooding, droughts

or heat stress, can have negative effects, other climate-related
changes can have positive effects, including increasing levels of
water availability, higher temperatures in highland areas or greater
concentrations of carbon dioxide, which can facilitate photosyn-
thesis in some crops and spur growth.
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Figure 17: Regional projections of maize yields for Eastern Africa for
different GHG emissions scenarios assuming constant land use and
agricultural management, relative to the year 2000.

(A) Cassava 20 1 (B) Groundnuts
30
. 15 A
xX
= 20 A
g 10 -
=
©
S
- 104 5
]
=
0= 0
_5 4
2010 2030 2050 2070 2010 2030 2050 2070
Year Year
(C) Maize 30 1 (D) Millet and Sorghum
10
254
2010 2030 2050 2070 2010 2030 2050 2070
Year Year
12.5 1 (E) Rice 75 (F) Wheat
10.0 A
7.54
5.0 1
2.54 O
0.0 1
—2.5 1 —7.5 1
2010 2030 2050 2070 2010 2030 2050 2070
Year Year

Figure 16: Projections of crop yield changes for major staple crops in
Eastern Africa for different GHG emissions scenarios assuming constant
land use and agricultural management, relative to the year 2000.

Climate impacts on agricultural production can have differential
impacts on men and women, whose tasks in agricultural activi-
ties and rural households are often gendered. For example,
women tend to be responsible for growing crops for household
food consumption, while men tend to be responsible for cash
and export crops [38]. In many parts of Eastern Africa, women
are also responsible for water collection, which can present an
additional burden where water is becoming scarce and where the
travelling time to wells is increasing [39]. This is particularly true
for the dry season, when many men migrate for work, making
women the de-facto managers of households and agricultural
production.



c. Infrastructure

Climate change is expected to affect the infrastructure of Eastern
Africa. High precipitation amounts can lead to the flooding of
transport networks, while high temperatures can cause roads,
bridges and infrastructures to develop cracks and degrade more
quickly. The Rural Access Index, which is defined as the propor-
tion of the rural population living within 2 km of an all-season
road, lies between 19-96 % in Eastern Africa, depending on the
country. While South Sudan, Sudan and Somalia achieve the
lowest scores with 19-20 %, island states and smaller countries
like Mauritius (96 %), the Seychelles (92 %) and Rwanda (80 %)
achieve the highest scores [40]. Although road access tends to be
highest in coastal areas, the case of Somalia shows that political
instability and violent conflict can serve to impede infrastructural
development. Especially during the rainy season, many inland
rural roads are inaccessible, cutting off villages and communi-
ties. Investments will have to be made to build climate-resilient
infrastructure, such as roads and railway networks.

Extreme weather events also have devastating effects on human
settlements and economic production sites, especially in cities
like Nairobi, Dar es Salaam or Addis Ababa, characterised by large
populations and high population density. Informal settlements
are particularly vulnerable to extreme weather events: Make-
shift homes are often built at unstable geographical locations
including steep slopes or river banks, where strong winds and
flooding can lead to landslides, contamination of water, loss of
housing, 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. For example, after heavy
precipitation in 2020, the northern part of Eastern Africa, in
particular Ethiopia, Sudan and South Sudan, experienced heavy
flooding, which affected more than 3.6 million in the entire
region [41]. The flooding caused damage and destruction of
houses, crops and livestock, as well as infrastructures, including
roads and bridges [41]. It coincided with other challenges includ-
ing the COVID-19 pandemic, the desert locust outbreak and vio-
lent conflicts, forcing people to cope with back-to-back shocks.
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Figure 18: Projections of
major roads exposed to
river floods at least once a
year for Eastern Africa for
different GHG emissions
scenarios.

Figure 19: Projections of
urban land area exposed to
river floods at least once a
year for Eastern Africa for
different GHG emissions
scenarios.

Figure 20: Exposure of
GDP in Eastern Africa to
heatwaves for different
GHG emissions scenarios.




Climate change is likely to cause damages to infrastructure, yet a
precise projection of the location and extent of these impacts is
difficult to make. Local vulnerability assessments of critical
infrastructure are needed. For example, projections of river flood
events are subject to high modelling uncertainty, largely due to
the uncertainty of future projections of precipitation amounts
and their spatial distribution, which affects flood occurrence (see
also Figure 7). In the case of Eastern Africa, median projections
show an increase in national road exposure to river floods under
RCP6.0 (Figure 18). In 2000, 2.8 % of major roads were exposed
to river floods at least once a year. By 2080, this value is projected
to increase to 3.6 % under RCP6.0 and to decrease to 2.6 % under
RCP2.6. While the median change appears small, a look at the
range of changes shows a different picture. For example, under
RCP6.0, the very likely range will widen from 2.03-4.3 % in 2000
t0 2.2-6.1 % in 2080, indicating much higher possible increases.

In a similar way, the median exposure of urban land area to river
floods shows little change: Under RCP2.6, it is projected to
fluctuate around 0.3 % throughout the century, while under
RCP6.0, it is projected to increase from 0.34 % in 2000 to 0.77 % by
2080 (Figure 19). However, the very likely range shows the possible
magnitude of changes also in this case: Under RCP6.0, the very
likely range will widen from 0.1-0.9 % in 2000 to 0.2-3.7 % in 2080.

The exposure of the GDP to heatwaves is projected to increase
from around 4.1 % in 2000 to 14.2 % (RCP2.6) and 19.1 % (RCP6.0)
by 2080 (Figure 20). It is thus recommended that policy planners
start identifying heat-sensitive economic activities and produc-
tion sites, providing shading of public spaces 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 [41].
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d. Ecosystems

Eastern Africa is known for its rich biodiversity, being home to
some of the world’s 36 biodiversity hotspots.® These hotspots
include the mountains of the Eastern Afromontane which stretch
from Saudi Arabia to Mozambique, the arid Horn of Africa, the
Coastal Forests of Eastern Africa, as well as Madagascar and its
neighbouring island groups. Similar to the region’s terrestrial
ecosystems, its aquatic ecosystems are also rich in biodiversity, as
they are home to high numbers of endemic fish species, such as
in Lake Tanganyika [42] [43].

Climate change contributes to land degradation and desertifica-
tion, posing a serious threat to farming and pastoral communities.
In addition, it is expected to affect the ecology and distribution
of tropical ecosystems, although the magnitude and direction
of these impacts are uncertain [44]. Climatic changes can also
impact the succession in forest systems, while concurrently
increasing the risk of invasive species, all of which affects eco-
systems. In addition to these climatic drivers, low agricultural
productivity and population growth might motivate unsustainable
agricultural practices, resulting in increased deforestation, fires
and land degradation.

Furthermore, climate change impacts freshwater and marine
ecosystems. Reduced precipitation and increased droughts have
already increased the water temperature of Eastern African lakes
and rivers, thereby negatively impacting the habitat for freshwa-
ter species [43]. In addition, the region’s coral reefs, which host a
great variety of rare marine species and serve as a natural barrier
against storm waves and coastal erosion, will be affected by ris-
ing sea surface temperatures and ocean acidification: At 2°C of
global warming, it is projected that over 90 % of Eastern African
coral reefs will very likely be destroyed [18].

Shifts in species distribution in relation to climate change are
also evident. For example, over the last four decades, tropical
bird species in the Usambara Mountains of Tanzania, a global
biodiversity hotspot, have shifted uphill in response to global
warming [45].
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Figure 21: Regional projections of the aggregate number of amphibian,
bird and mammal species for Eastern Africa for different GHG emissions
scenarios.”

Model projections of species richness, including amphibians,
birds and mammals, and tree cover for Eastern Africa are shown
in Figure 21 and 22, respectively. Trends in species richness dif-
fer depending on the region and scenario. Projections under
RCP2.6 are characterised by high modelling uncertainty, with
small changes where models agree on projected impacts. RCP6.0,
however, shows a different picture: Under this scenario, a much
higher increase in species richness is projected in western and
eastern Sudan, Eritrea, Djibouti, northern Ethiopia and the
north of Somalia. This increase will amount to 211 % and 139 %
by 2030 and 2080, respectively, compared to the year 2010. In
contrast, species richness will decrease further south, with the
highest decreases in Madagascar. Here, species richness will
decrease by up to 54 % and 60 % by 2030 and 2080.

¢ Biodiversity hotspots are “geographic areas with an exceptionally high richness of species, including rare and endemic species” [42].
7 Due to limited data availability, no tree cover projections could be derived for northern Sudan.



With regard to tree cover changes, projections strongly depend
on the scenario (Figure 22). Under RCP2.6, model results are
uncertain and do not allow for an identification of trends. Model-
ling certainty is higher under RCP6.0: Projections show either no
change or an increase, e.g. for most of the highland regions of
Ethiopia, Kenya and Tanzania, with the highest increases in the
long term. This increase in tree cover could be partially explained
by increasing precipitation amounts in those regions, as well as by
rising temperatures in higher altitudes (see also Figures 4 and 7).

Itis important to keep in mind that the model projections
exclude any impacts on biodiversity loss from human activi-
ties, such as land use or poaching, which have been responsible
for losses of global biodiversity in the past and are expected to
remain its main driver in the future [46]. High population growth
favours cropland expansion and increases the pressure on forests
and natural land areas [47]. For example, in the vegetated slopes
of Mount Kilimanjaro a combination of demographic, socio-
economic and governance-related factors have led to an expan-
sion of cultivated land from 54 % in 1973 to 63 % in 2000, at the
expense of natural vegetation [48]. Deforestation rates, associ-
ated with a growing demand for fuelwood and agricultural land
due to increasing population pressures, are particularly high in
Madagascar: Between 2001 and 2021, Madagascar lost 4.36 mil-
lion ha of tree cover, which equals a 25 % decrease in tree cover
since 2000 [49]. High deforestation rates have a particular impact
on women, who are often the managers of natural resources like
forests, with their livelihoods relying on forest products including
for fuel, food and medicine.

b
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8 Due to limited data availability, no tree cover projections could be derived for northern Sudan.
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Figure 22: Regional projections for tree cover for Eastern Africa for
different GHG emissions scenarios.’
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e. Human health

Climate change threatens the health and sanitation sector through
more frequent incidences of heatwaves, floods, droughts and
storms, with particular impacts on vulnerable groups like
children, elderly people, women, chronically ill people and at-

risk occupational groups like outdoor workers. Climate impacts
on human health and well-being can thus exacerbate existing
inequalities [18].

Rising temperatures and shifting precipitation patterns are likely
to impact food and water supply, thereby increasing the risk of
malnutrition, hunger and death by famine. In Somalia, 60 % of
the population were undernourished in 2019 [1] and almost 28 %
of children under the age of five suffered from stunting [50].
Across Eastern Africa, the failure of four consecutive rainy sea-
sons with well below average precipitation has left up to 90 mil-
lion people food insecure as of July 2022 [51]. Food insecurity has
increased through the COVID-19 pandemic and as a result of the
war in Ukraine, which is driving the costs for food and fertilisers
to record highs [51]. Furthermore, high temperatures and extreme
precipitation events favour the spread of waterborne diseases,
such as bacterial diarrhoea and cholera. Research found that
cholera outbreaks across Eastern Africa have been more frequent
during EL Nifio periods: For example, during the 2015-2016

El Nifio, multiple cholera epidemics occurred in Eastern Africa,
including one of the largest cholera outbreaks in Tanzania,
compared to previous outbreaks in the country [52] [53].2
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® The outbreak affected over 23,000 people across 23 of 25 regions of Tanzania [52].

Figure 23: Projections
of population exposure
to heatwaves at least
once a year for Eastern
Africa for different GHG
emissions scenarios.
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Climate change can alter the geographic range and transmission
periods of vector-borne diseases. For example, novel outbreaks
have been observed in higher altitudes of Eastern Africa, which
have been previously free of malaria [18]. Rising temperatures
could also change the length of the transmission period of malaria,
which could turn malaria from a seasonal to an endemic, i.e. year-
round, disease in some places. Under RCP8.5% an additional 73.4
million people are projected to be at a year-round risk of contract-
ing malaria in Eastern Africa by 2080.1° Central Uganda, the Lake
Victoria region and the East African Highlands will be particularly
affected [54].

0 RCP8.5 is a high emissions scenario which does not consider any climate mitigation efforts, assuming ,business as usual.
The modelling work in this climate risk profile does not include projections for this scenario.
11 This study accounts for increasing temperatures only and does not include changing precipitation patterns [54].
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Figure 24: Regional projections of heat-related mortality for Eastern Africa and nationally aggregated data for
South Sudan and Somalia for different GHG emissions scenarios assuming no adaptation to increased heat.

The African continent is also projected to see a geographical
shift in dengue fever: While more favourable temperatures and
increased precipitation amounts might increase the dengue suit-
ability in southern and western Africa, dengue is projected to
decline across some areas in central Eastern Africa, as these areas
become hotter and drier [55]. Climatic changes can also harm the
mental health and well-being of people. It has been observed
that high temperatures can lead to a range of neurotic disorders
including anxiety, depression and acute stress, and can increase
suicide rates [56]. Studies also show an increase in depression and
post-traumatic stress disorder following extreme weather events
such as floods and storms [57].

Rising temperatures will very likely result in a more frequent and
higher exposure to heatwaves, which will also increase heat-
related mortality. Under RCP2.6, the population affected by at
least one heatwave per year will rise from 1.6 % in 2000 to 4.4 %
until 2030, and 5.9 % until 2080 (Figure 23). Under RCP6.0, expo-
sure to heatwaves will develop in a similar way as under RCP2.6
until around 2040. From then on, it will increase more sharply,
with around 6.2 and 10.4 % of the population being affected by
heatwaves by 2050 and 2080, respectively.
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Furthermore, under RCP2.6, heat-related mortality is projected
to increase from 1.8 deaths per 100,000 people per year in 2000
to 2.9 and 3.4 deaths by 2030 and 2080, respectively (Figure 24).
Under RCP6.0, heat-related mortality will increase to around 6.7
deaths per 100,000 people by 2080, which is more than a fourfold
increase, compared to the year 2000, provided that no adaptation
to hotter conditions will take place.

However, this increase is aggregated for the entire Eastern
African region. Some countries will see even higher increases
in heat-related mortality: In Somalia, heat-related mortality

is projected to amount to 3.6 deaths per 100,000 people per year
until 2080 under RCP2.6, and to around 10 deaths per 100,000
people per year under RCP6.0 until 2080 (Figure 24). In South
Sudan, on the other hand, heat-related mortality is likely to
increase to about 4 deaths per 100,000 people per year by 2080
under RCP2.6 and 5 deaths under RCP6.0. While heat-related
mortality is more prevalent in Eastern Africa, people in higher
altitude regions such as the Ethiopian highlands are also at risk
of cold-related mortality. However, as temperatures increase,
cold-related mortality is expected to decrease [18].



f. Migration and displacement

Climate change, along with other risks such as the COVID-19
pandemic and violent conflicts affect human mobility in Eastern
Africa, highlighting its multi-causal character [58] [59]. Droughts,
heatwaves and related impacts have made the availability of
water and grassland less reliable, forcing farmers and pastoralists
to adjust their activities, for example, changing grazing routes, or

to migrate more permanently as a result of these impacts [18] [60].

In 2021, 2.5 million people in sub-Saharan Africa were displaced
due to weather-related events [61]. World Bank projections

for the Eastern African region™ suggest that by 2050 more than
10 million people will have to leave their homes due to gradually
occurring climatic changes, if economic development remains
unequal and GHG emissions remain high.*? Sharp emissions
reductions®, appropriate adaptation strategies and adequate
support of adaptation planning could reduce this number to

6.9 million, suggesting that there is room for action.

.
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Out-migration hotspots in Eastern Africa will most likely be
located where water availability and crop productivity are pro-
jected to decrease such as in the northern parts of the Ethiopian
highlands, parts of western Uganda, southern Rwanda and in
coastal zones of Kenya and Tanzania. In-migration hotspots,

on the contrary, will be regions with more favourable climatic
conditions on existing rural-urban mobility routes. These routes
include cities like Kampala and Nairobi as well as the south-eastern
highlands of Ethiopia and the Lake Victoria Basin [62]. Migration as
an adaptation strategy requires economic and physical resources
and is dependent on sociocultural norms. Since women in Eastern
Africa have higher constraints in their access to these resources
and livelihood opportunities as compared to men, they tend to face
more difficulties in migrating [63]. Therefore, when male household
members migrate, women are often left behind, having to reallo-
cate roles and navigate multiple responsibilities in the household.

12 The World Bank analysis includes Malawi, which is not part of Eastern Africa, according to the African Union definition, and is therefore not included in

this climate risk profile.

¥ The World Bank projections were made for the high-emissions scenario RCP8.5, which predicts a temperature increase between 2.6 and 4.8 °C by 2100.
4 Sharp emissions reductions are represented by the low-emissions scenario RCP2.6 which predicts a temperature increase between 0.3 and 1.7 °C by 2100.



g. Conflict and governance

Conflicts and tensions in sub-Saharan Africa result from a com-
bination of factors including weak state capacities, corruption,
poor delivery of basic services and persistent inequality. In
2021, sub-Saharan Africa hosted 22 multilateral peace operations,
which is the highest number compared to any other region in

the world. Still, the region experienced four successful and three
failed military coups. Among others, conflicts in Somalia, South
Sudan and Sudan experienced particular escalations. Despite the
presence of an African Union-led peace operation, the jihadist
group al-Shabab has remained a threat in Somalia. In South
Sudan, progress in terms of the implementation of the 2018
peace agreement has been made, although violence still affects
major parts of the population. In Sudan, the security situation has
deteriorated with a military coup in October 2021 and a doubling
of conflict-related deaths in 2021 [64]. Climate change can exac-
erbate violent conflicts and serve as a risk multiplier, although
this link is highly dependent on socio-economic and political
conditions [65]. This holds true, for example, for sub-Sahara
Africa, where rising temperatures have increased the risk of con-
flict by 11 % since 1980 [66]. There is also evidence that over the
last 50 years, severe droughts have contributed to an increase of
refugees crossing international borders in Eastern Africa [67].

Several mechanisms explain the climate-conflict nexus in this
region. Livelihood conditions lie at the core of this nexus, as a
large part of the population depends on rain-fed agriculture
and pastoralism. Hence, the loss of income from these activities
due to climate change is a prominent mechanism. The sensitiv-
ity of these resources to climate change, combined with other
drivers such as poverty, weak governance, population growth
and socio-cultural factors, exacerbate the already asymmetric
impacts of climate change, particularly on women in Eastern
Africa [63] [68].

The Tigray conflict in Ethiopia is a prominent example of how the
effects of climate change exacerbate existing conflicts: Prior to
the outbreak of the civil war in 2020, the Tigray region had already
been fragile with just under a third of its population in need of
food assistance and hosting over 100,000 internally displaced
people and 96,000 refugees [69]. The combination of a desert
locust outbreak, political instability, the COVID-19 pandemic and
climate-related shocks contributed to greater food insecurity and
further displacement and migration, adding tensions to the exist-
ing conflict. As a result, between November and December 2020,
more than 55,000 people sought refuge in Sudan [69].

Climate change, along with socio-economic drivers, has a particular
impact on pastoralists [60]. Traditional coping strategies of
pastoralists to climate variability, such as searching for pasture
and water, have been compromised by land fragmentation

and governmental bans on grazing areas, leaving pastoralists
more susceptible to climate impacts and in need of adjusting
their mobility patterns [70]. Adjustments in mobility patterns
can create conflicts between farmers and pastoralists, but also
between different pastoralist groups [70]. To settle the disputes
and conflicts between these groups, several agreements have
come into place in recent years like, for example, the Birao Agree-
ment between farmers from the Central African Republic and
pastoralists from Sudan in June 2019 [81][82]. Effective national
policies and international agreements like the Birao Peace
Agreement are key to mitigating climate-related conflicts.



References

[1]  African Union Commission, ‘African Union Member States’,

African Union. Member States, 2022. https://au.int/en/member_states/
countryprofiles2 (accessed Nov. 09, 2022).

[2]  World Bank, ‘World Bank Open Data’, 2021.
https://data.worldbank.org (accessed Sep. 20, 2022).

[3] United Nations Population Fund, ‘Population trends for East and
Southern Africa’. https://esaro.unfpa.org/en/topics/population-trends
(accessed Sep. 20, 2022).

[4]  X.Diao, P. A. Dorosh, M. Ellis, K. Pauw, S. Jenny, and J. Thurlow,
‘Tanzania: Impacts of the Ukraine and global crises on poverty and food
security’, International Food Policy Research Institute, Washington, DC,
2022. doi: 10.2499/p15738coll2.135958.

[5] United Nations Development Programme, ‘Human Development
Index 2021-2022°, UNDP, 2022 2021. Accessed: Sep. 20, 2022. [Online].
Available: https://hdr.undp.org/data-center/country-insights#/ranks

[6]  M.Eggen, M. Ozdogan, B. Zaitchik, D. Ademe, J. Foltz, and B. Simane,
‘Vulnerability of sorghum production to extreme, sub-seasonal weather
under climate change’, Environ. Res. Lett., vol. 14, no. 4, p. 045005,

Apr. 2019, doi: 10.1088/1748-9326/aafe19.

[7  L.Thalheimer and C. Webersik, Climate Change, Conflicts and
Migration. Bristol University Press, 2020, pp. 59-82. Accessed: Nov. 11,
2022. [Online]. Available: https://bristoluniversitypressdigital.com/view/
book/9781529202175/ch004.xml

[8] S. Krétli and C. Toulmin, Farmer-herder conflict in sub-Saharan Africa?
London: International Institute for Environment and Development (IIED), 2020.
[9] Ibrahim Index of African Governance, ‘Ibrahim Index of African
Governance 2019’,2019. https://iiag.online/data.html (accessed Nov. 08, 2022).
[10] Transparency International, ‘Corruption Perceptions Index 2021,
Transparency International, Berlin, Germany, 2021. Accessed: Sep. 21,
2022. [Online]. Available: https://www.transparency.org/en/cpi/2021

[11] Fund For Peace, ‘Fragile States Index 2022’, Fund for Peace,
Washington, D.C., 2022.

[12] CIA World Factbook, ‘Somalia’, 2022. https://www.cia.gov/
the-world-factbook/countries/somalia (accessed Sep. 21, 2022).

[13] P.Camberlin, ‘Climate of Eastern Africa’, in Oxford Research
Encyclopedia of Climate Science, Oxford University Press, 2018. doi:
10.1093/acrefore/9780190228620.013.512.

[14] M.S.Nashwan andS. Shahid, ‘Spatial distribution of unidirectional
trends in climate and weather extremes in Nile river basin’,

Theor Appl Climatol, vol. 137, no. 1-2, pp. 1181-1199, Jul. 2019,

doi: 10.1007/s00704-018-2664-5.

[15] ‘Global Water Partnership 2015’. Accessed: Oct. 27, 2022.

[Online]. Available: https://www.gwp.org/globalassets/global/toolbox/
publications/technical-focus-papers/p1238_gwp_tfp_ea_121015_web.pdf
[16] I.0O.Trisos, E. Adelekan, A. Totin, and A. Ayanlade, J. Efitre,

A. Gemeda, K. Kalaba, C. Lennard, C. Masao, Y. Mgaya, ‘Africa. In: Climate
Change 2022: Impacts, Adaptation and Vulnerability. Contribution of
Working Group II to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change [H.-O. Pértner, D.C. Roberts, M. Tignor,

E.S. Poloczanska, K. Mintenbeck, A. Alegria, M. Craig, S. Langsdorf, S.
Loschke, V. Méller, A. Okem, B. Rama (eds.)]. Cambridge University Press.’,
IPCC, Cambridge, UK and New York, NY, USA, 2022. Accessed: Oct. 27, 2022.
[Online]. Available: doi:10.1017/9781009325844.011

[17] S.I.Seneviratne et al., ‘Weather and Climate Extreme Eventsin a
Changing Climate. In Climate Change 2021: The Physical Science Basis.
Contribution of Working Group I to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [Masson-Delmotte, V.,

P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen,

L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews,
T.K. Maycock, T. Waterfield, O. Yelekgi, R. Yu, and B. Zhou (eds.)].
Cambridge University Press’, Cambridge, United Kingdom and New York,
NY, USA, 2021. [Online]. Available: 10.1017/9781009157896.013

[18] S.Lange, 2019. Accessed: May 18, 2022. [Online]. Available:
https://dataservices.gfz-potsdam.de/pik/showshort.php?id=escidoc:3928916
[19] V.Masson-Delmotte et al., ‘Climate Change 2021: The Physical
Science Basis. Contribution of Working Group I to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change’, Cambridge
University Press, 2021.

[20] F.K.Muthoni et al., ‘Long-term spatial-temporal trends and
variability of rainfall over Eastern and Southern Africa’, Theoretical

and Applied Climatology, vol. 137, no. 3-4, pp. 1869-1882, 2019,

doi: 10.1007/s00704-018-2712-1.

[21] B.Lyonand N. Vigaud, ‘Unraveling East Africa’s Climate Paradox’,

in Climate Extremes: Patterns and Mechanisms, S. Y. S. Wang, J.-H. Yoon,
C. C. Funk, and R. R. Gillies, Eds. Hoboken, New Jersey: Wiley, 2017, pp.
265-281. doi: 10.1002/9781119068020.ch16.

[22] S.Dos Santos et al., ‘Urban growth and water access in sub-Saharan
Africa: Progress, challenges, and emerging research directions’, Science

of The Total Environment, vol. 607-608, pp. 497-508, Dec. 2017,

doi: 10.1016/j.scitotenv.2017.06.157.

[23] AQUASTAT, ‘Total renewable water resources per capita’, 2019.
https://tableau.apps.fao.org/views/ReviewDashboard-v1/country_dashboard
?%3Aembed=y&%3AisGuestRedirectFromVizportal=y (accessed Sep. 21, 2022).
[24] IGAD Climate Prediction and Applications Centre, ‘Eastern Africa’s
Invisible Resource: Groundwater’, 2022. https://www.icpac.net/news/
eastern-africas-invisible-resource-groundwater/ (accessed Sep. 21, 2022).
[25] E.A.Thomas et al., ‘Quantifying increased groundwater

demand from prolonged drought in the East African Rift Valley’,

Science of The Total Environment, vol. 666, pp. 1265-1272, May 2019,

doi: 10.1016/].scitotenv.2019.02.206.

[26] J.L.Awange et al,, ‘Falling Lake Victoria water levels: Is climate

a contributing factor?’, Climatic Change, vol. 89, no. 3-4, pp. 281-297,

Aug. 2008, doi: 10.1007/s10584-008-9409-x.

[27] D.Kull, ‘Connections Between Recent Water Level Drops in Lake
Victoria, Dam Operations and Drought’, p. 16.

[28] FEWS NET, ‘Seasonal Monitor: More floods affect lake and

riverine areas as end of the March to May rainy season approaches’, 2020.
https://fews.net/east-africa/seasonal-monitor/may-28-2020 (accessed Sep. 22, 2022).
[29] D.Conway, P. Curran, and K. E. Gannon, ‘Policy brief: Climate risks
to hydropower supply in eastern and southern Africa’, London School of
Economics and Political Science, London, United Kingdom, 2018.

[30] J. M. Mbaku, ‘The controversy over the Grand Ethiopian

Renaissance Dam’, Aug. 05, 2020. https://www.brookings.edu/blog/
africa-in-focus/2020/08/05/the-controversy-over-the-grand-ethiopian-
renaissance-dam (accessed Sep. 22, 2022).

[31] P.O.Box SA 199, Somanya, Ghana. and S. D. Jnr, ‘Land degradation
and agriculture in the Sahel of Africa: causes, impacts and recommendations’,
JASA, vol. 03, no. 03, pp. 67-73, Sep. 2014, doi: 10.14511/jasa.2014.030303.
[32] M.C.Rufino etal., ‘Transitions in agro-pastoralist systems

of East Africa: Impacts on food security and poverty’, Agriculture,
Ecosystems & Environment, vol. 179, pp. 215-230, Oct. 2013,

doi: 10.1016/j.agee.2013.08.019.

[33] FAOSTAT, ‘Crops and livestock products’, 2020.
https://www.fao.org/faostat/en/#data/QCL (accessed Oct. 13, 2022).

[34] Observatory of Economic Complexity, ‘Exports of Ethiopia,

Kenya and Uganda’, 2020. https://oec.world/en (accessed Oct. 14, 2022).
[35] Observatory of Economic Complexity, ‘Kenya’, 2020.
https://oec.world/en/profile/country/ken (accessed Oct. 14, 2022).

[36] N.Lanari, R. Schuler, T. Kohler, and H. Liniger, ‘The Impact of
Commercial Horticulture on River Water Resources in the Upper Ewaso
Ng’iro River Basin, Kenya’, Mountain Research and Development, vol. 38,
no. 2, pp. 114-124, May 2018, doi: 10.1659/MRD-JOURNAL-D-16-00135.
[37] W.H.Blake et al., ‘Soil erosion in East Africa: an interdisciplinary
approach to realising pastoral land management change’, Environ. Res.
Lett., vol. 13, no. 12, p. 124014, Dec. 2018, doi: 10.1088/1748-9326/aaea8b.



[38] T.Reynolds, D. Tobin, G. Otieno, and A. McCracken, ‘Differences

in Crop Selection, Resource Constraints, and Crop Use Values Among
Female- and Male-headed Smallholder Households in Kenya, Tanzania,
and Uganda’, J. Agric. Food Syst. Community Dev., pp. 1-24, Jul. 2020,

doi: 10.5304/jafscd.2020.094.011.

[39] S.Dickin, L. Segnestam, and M. Sou Dakouré, ‘Women’s vulnerability
to climate-related risks to household water security in Centre-East,
Burkina Faso’, Climate and Development, vol. 0, no. 0, pp. 1-11, 2020,

doi: 10.1080/17565529.2020.1790335.

[40] Research for Community Access Partnership (ReCAP), TRL,

Azavea, and World Bank, ‘Rural Access Index Measurement Tool’, 2019.
https://rai.azavea.com/ (accessed Oct. 12, 2022).

[41] UNOCHA, ‘Eastern Africa Humanitarian Snapshot October 2020,
UNOCHA, New York, 2020.

[42] Mirzabaey, A., L.C. Stringer, T.A. Benjaminsen, P. Gonzalez, R. Harris,
M. Jafari, N. Stevens, C.M. Tirado, and S. Zakieldeen, ‘Cross-Chapter

Paper 3: Deserts, Semiarid Areas and Desertification. In: Climate Change
2022: Impacts, Adaptation and Vulnerability. Contribution of Working
Group II to the Sixth Assessment Report of the Intergovernmental

Panel on Climate Change [H.-O. Pértner, D.C. Roberts, M. Tignor,

E.S. Poloczanska, K. Mintenbeck, A. Alegria, M. Craig, S. Langsdorf,

S. Loschke, V. Moller, A. Okem, B. Rama (eds.)]’, IPCC, Cambridge, UK and
New York, NY, USA, 2022. Accessed: Oct. 27, 2022. [Online]. Available:
doi:10.1017/9781009325844.020

[43] B.S.Lowe,S.K.Jacobson, H. Anold, A. S. Mbonde, and C. M.
O’Reilly, ‘Adapting to change in inland fisheries: analysis from Lake
Tanganyika, East Africa’, Reg Environ Change, vol. 19, no. 6, pp. 1765-1776,
Aug. 2019, doi: 10.1007/s10113-019-01516-5.

[44] E.S.Brondizio, J. Settele, S. Diaz, and H. T. Ngo (editors),

Global Assessment Report on Biodiversity and Ecosystem Services of the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services. IPBES secretariat, Bonn, Germany, 2019. Accessed: Oct. 27, 2022.
[Online]. Available: https://ipbes.net/node/35274

[45] M. H.C. Neate-Clegg, S. N. Stuart, D. Mtui, C. H. Sekercioglu, and
W. D. Newmark, ‘Afrotropical montane birds experience upslope shifts

and range contractions along a fragmented elevational gradient in
response to global warming’, PLOS ONE, vol. 16, no. 3, p. e0248712,

Mar. 2021, doi: 10.1371/journal.pone.0248712.

[46] T.M.Shanahan etal., ‘CO2 and fire influence tropical ecosystem
stability in response to climate change’, Sci Rep, vol. 6, no. 1, p. 29587,

Jul. 2016, doi: 10.1038/srep29587.

[47]  ‘Future Perspectives on Land for Eastern Africa: Pilot Study Focusing
on Ethiopia and Kenya | United Nations Development Programme’, UNDP.
https://www.undp.org/policy-centre/nairobi/publications/future-perspectives-
land-eastern-africa-pilot-study-focusing-ethiopia-and-kenya (accessed Oct. 27, 2022).
[48] S.B.Misana, C. Sokoni, and M. J. Mbonile, ‘Land-use/cover changes
and their drivers on the slopes of Mount Kilimanjaro, Tanzania’, JGRP, vol.
5, no. 8, pp. 151-164, Mar. 2012, doi: 10.5897/JGRP11.050.

[49] ‘Madagascar Deforestation Rates & Statistics | GFW’, Global Forest
Watch, 2022. https://www.globalforestwatch.org/dashboards/country/MDG
(accessed Sep. 06, 2022).

[50] Directorate of National Statistics. Federal Government of

Somalia, ‘The Somali Health and Demographic Survey 2020 - Somalia’.
Accessed: Oct. 27, 2022. [Online]. Available: https://reliefweb.int/report/
somalia/somali-health-and-demographic-survey-2020

[51] S. Devi, ‘Climate change driving east Africa towards famine’,

The Lancet, vol. 400, no. 10347, pp. 150-151, Jul. 2022, doi: 10.1016/
S0140-6736(22)01325-3.

[52] R.Narraetal., ‘Ongoing Cholera Epidemic — Tanzania, 2015-2016’, p. 2.
[53] S.M.Moore et al., ‘El Nifio and the shifting geography of cholera in
Africa’, Proc. Natl. Acad. Sci. U.S.A., vol. 114, no. 17, pp. 4436-4441, Apr.
2017, doi: 10.1073/pnas.1617218114.

[54] S.).Ryan, C.A. Lippi, and F. Zermoglio, ‘Shifting transmission

risk for malaria in Africa with climate change: a framework for planning
and intervention’, Malar J, vol. 19, no. 1, p. 170, Dec. 2020, doi: 10.1186/
$12936-020-03224-6.

[55] J.P.Messina et al., ‘The current and future global distribution and
population at risk of dengue’, Nat Microbiol, vol. 4, no. 9, pp. 1508-1515,
Sep. 2019, doi: 10.1038/s41564-019-0476-8.

[56] H.L.Berry, K. Bowen, and T. Kjellstrom, ‘Climate change and mental
health: a causal pathways framework’, Int J Public Health, vol. 55, no. 2,
pp. 123-132, Apr. 2010, doi: 10.1007/s00038-009-0112-0.

[57] G.Cissé et al., ‘Health, Wellbeing, and the Changing Structure

of Communities. In: Climate Change 2022: Impacts, Adaptation and
Vulnerability. Contribution of Working Group II to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change [H.-O. Pértner,
D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegria,

M. Craig, S. Langsdorf, S. Léschke, V. Méller, A. Okem, B. Rama (eds.)]’,
Cambridge University Press, Cambridge, UK and New York, NY, USA, 2022.
[58] V.Clement et al., ‘Groundswell Part 2°, World Bank, Washington,
DC, Report, Sep. 2021. Accessed: Oct. 27, 2022. [Online]. Available:
https://openknowledge.worldbank.org/handle/10986/36248

[59] L.Thalheimer, E. Simperingham, and E. W. Jjemba, ‘The role

of anticipatory humanitarian action to reduce disaster displacement’,
Environ. Res. Lett., vol. 17, no. 1, p. 014043, Jan. 2022,

doi: 10.1088/1748-9326/ac4292.

[60] S.van Baalen and M. Mobjark, ‘Climate Change and Violent Conflict
in East Africa: Integrating Qualitative and Quantitative Research to Probe
the Mechanisms’, International Studies Review, vol. 20, no. 4, pp. 547-575,
Dec. 2018, doi: 10.1093/isr/vix043.

[61] Internal Displacement Monitoring Centre, ‘GRID 2022: Children
and youth in internal displacement’, IDMC, Geneva, Switzerland, 2022.
[62] ‘Groundswell : Preparing for Internal Climate Migration’.

Accessed: Oct. 27, 2022. [Online]. Available: https://openknowledge.
worldbank.org/handle/10986/29461

[63] ““Climate Change, Gender Inequality and Migration in East Africa”
by Medhanit A. Abebe’. https://digitalcommons.law.uw.edu/wjelp/vol4/
iss1/6/ (accessed Oct. 27, 2022).

[64] Stockholm International Peace Research Institute, ‘SIPRI Yearbook
2022: Armaments, Disarmament and International Security’, Oxford
University Press, Oxford, UK, 2022.

[65] O’Neill, B., M. van Aalst, Z. Zaiton Ibrahim, L. Berrang Ford,

S. Bhadwal, H. Buhaug, D. Diaz, K. Frieler, M. Garschagen, A. Magnan,

G. Midgley, A. Mirzabaev, A. Thomas, and R. Warren, ‘Key Risks Across
Sectors and Regions. In: Climate Change 2022: Impacts, Adaptation, and
Vulnerability. Contribution of Working Group II to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change [H.-O. Pértner,
D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegria,

M. Craig, S. Langsdorf, S. Léschke, V. Méller, A. Okem, B. Rama (eds.)]’,
Cambridge University Press, Cambridge, UK and New York, NY, USA, 2022.
[Online]. Available: 10.1017/9781009325844.025

[66] T.A.Carleton and S. M. Hsiang, ‘Social and economic impacts of
climate’, Science, vol. 353, no. 6304, p. aad9837, Sep. 2016, doi: 10.1126/
science.aad9837.

[67] E.L.Owainand M. A. Maslin, ‘Assessing the relative contribution

of economic, political and environmental factors on past conflict and the
displacement of people in East Africa’, Palgrave Commun, vol. 4, no. 1,

p. 47, Dec. 2018, doi: 10.1057/s41599-018-0096-6.

[68] L.Hunterand E. David, ‘Climate Change and Migration:
Considering the Gender Dimensions’, IBS Working Paper, Dec. 2009.

[69] ‘East And Horn of Africa — A Region on the Move - 2020 Mobility
Overview in the East and Horn of Africa and the Arabian Peninsula | DTM’.
https://dtm.iom.int/reports/east-and-horn-africa-%E2%80%94-region-
move-%E2%80%93-2020-mobility-overview-east-and-horn-africa-and
(accessed Oct. 27, 2022).

[70] F. Opiyo, O. Wasonga, M. Nyangito, J. Schilling, and R. Munang,
‘Drought Adaptation and Coping Strategies Among the Turkana
Pastoralists of Northern Kenya’, Int J Disaster Risk Sci, vol. 6, no. 3,

pp. 295-309, Sep. 2015, doi: 10.1007/s13753-015-0063-4.

[71] ‘Central African farmers and Sudanese herders sign agreement to
prevent cross-border conflicts in Birao’, HD. https://hdcentre.org/news/
central-african-farmers-and-sudanese-herders-sign-agreement-to-
prevent-cross-border-conflicts-in-birao/ (accessed Oct. 27, 2022).

[72] ‘Agreement on cattle migration has reduced conflicts between
farmers and herders in Bahr El Ghazal region’, United Nations
Peacekeeping. https://peacekeeping.un.org/en/agreement-cattle-
migration-has-reduced-conflicts-between-farmers-and-herders-bahr-
el-ghazal-region (accessed Oct. 27, 2022).



This climate risk profile was developed with support of the German Federal Ministry for Economic Cooperation and
Development (BMZ) and the German Federal Foreign Office in close cooperation with the Deutsche Gesellschaft fir
Internationale Zusammenarbeit (GIZ) as the implementing partner.

This climate risk profile is the joint product of the AGRICA project, the Weathering Risk project and the Brazil East
Africa Peru India Climate Capacities (B-EPICC) project, all of which are hosted at PIK. Furthermore, it is based on
data and analyses generated as part of the Inter-Sectoral Impact Model Intercomparison Project (ISIMIP), which is
also hosted at PIK and 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:

Federal Ministry for Economic Cooperation
and Development (BMZ)

Dahlmannstralle 4

53113 Bonn, Germany

www.bmz.de

German Federal Foreign Office
Werderscher Markt 1

10117 Berlin, Germany
www.auswaertiges-amt.de

Scientific content developed by:
Potsdam Institute for Climate
Impact Research (PIK)
Telegraphenberg A 31

14473 Potsdam, Germany
www.pik-potsdam.de

Scientific coordination:

Christoph Gornott (PIK) and Barbora Sedova (PIK)

Supported by the

Main authors:

Lisa Binder (PIK),
Stephanie Gleixner (PIK),
Christoph Gornott (PIK),
Stefan Lange (PIK),
Barbora Sedovi (PIK),
Julia Tomalka (PIK)

Contributors:
Louisa Gaus (GIZ),
Ylva Hauf (PIK),
Naima Lipka (G1Z),
Sibylla Neer (GIZ)
Regina Vetter (GIZ)

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

% Federal Foreign Office

Federal Ministry
for Economic Cooperation
and Development

Published in March 2023


https://agrica.de/downloads

