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BACKGROUND

Sub-Saharan Africa is a rapidly developing region of more than 973 million people (in 2014), with
49 countries, and great ecological, climatic, and cultural diversity. The population for 2050 is
projected to approach 1.5 to 2 billion people (United Nations, Department of Economic and Social
Affairs, Population Division 2015).

The region is confronted with a range of climate risks that could have far-reaching repercussions
for its communities and economies in future. Even if warming is limited below 2°C, there are very
substantial risks and projected damages, and as warming increases these are only expected to
grow further (World Bank 2013). The Fourth and Fifth Assessment Reports (AR4 and AR5) of
the IPCC (2007, 2013) and the World Bank (2013) summarize the projected impacts of climate
change on the African region. Likely physical and biophysical impacts as a function of projected
climate change are as follows:

Water availability: Under 2°C warming the existing differences in water availability across the
region could become more pronounced. IPCC (2007) predicts that 90 million to 220 million
people in Africa would be exposed to increased water stress due to climate change. This magnifies
water woes in a region already dealing with water-related problems.

Projected aridity trends: Aridity is projected to spread due to changes in temperature and
precipitation, most notably in southern Africa. In a 4°C world, total hyper-arid and arid areas are
projected to expand by |10 percent compared to the 1986—-2005 period. Where aridity increases,
crop yields are likely to decline as the growing season shortens.

Regime shifts in African ecosystems: The projected shifts could result in a reduction in the
extent of savanna grasslands. By the time 3°C global warming is reached, savannas are projected
to decrease to approximately one-seventh of total current land area, reducing the availability of
forage for grazing animals. Projections indicate that species composition of local ecosystems might
shift, and negatively affect the livelihood strategies of communities dependent on them.

Agricultural production: Production is likely to be affected in the near-term, as warming shifts
the climatic conditions that are conducive to current agricultural production. The area of land
suitable for agriculture, length of growing seasons, and yield potential are expected to shrink—
particularly along the margins of semi-arid and arid areas. Food security would be adversely
affected, and malnutrition exacerbated. The annual average temperature is already above optimal
values for wheat during the growing season over much of Sub-Saharan Africa and non-linear
reductions in maize yield above certain temperature thresholds have been reported. Significant
impacts are expected well before mid-century even for relatively low levels of warming. For
example, a 1.5°C warming by the 2030s could lead to about 40 percent of present maize cropping
areas being no longer suitable for current cultivars. Under warming of less than 2°C by the 2050s,
total crop production could be reduced by 10 percent. For higher levels of warming there are
indications that yields may decrease by around |5-20 percent across all crops and regions. Heat
and drought would also result in severe losses of livestock and associated impacts on rural
communities.

Human health: Several health issues expected to worsen with climate change—
undernourishment, childhood stunting, malaria, and other diseases—could undermine childhood
educational performance. Rates of undernourishment are already high, ranging between 15 and
65 percent, depending on sub-region. With warming of 1.2—1.9°C by 2050, the undernourished
population is projected to increase by 25-90 percent compared to the present. Other impacts
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expected to accompany climate change include mortality and morbidity due to extreme events
such as high temperatures, drought, and flooding. IPCC (2007) report predicts a 5-7 percent
potential increase in malaria distribution by the end of the century. Previously malaria-free highland
areas in Burundi, Ethiopia, Kenya, and Rwanda could also experience malaria starting from around
mid-century, potentially exposing communities with little or no immunity to a debilitating illness.

These global and continental studies have prompted more regional- or country-focused studies
on the impacts of climate to change to various sectors. The Planning for Resilience in East Africa
through Policy, Adaptation, Research, and Economic Development (PREPARED) program for the
Lake Victoria Basin (PREPARED 2013, 2014) is a medium-term (five-year), multi-organization,
comprehensive program aimed at mainstreaming integrated, multisectoral, evidence-based,
climate-resilient development planning and program implementation into the development
agendas of the East African Community (EAC) and its Partner States. PREPARED consists of five
components: the first three address climate change adaptation, biodiversity conservation, and
water supply, sanitation and hygiene. The other two pertain to program coordination of
crosscutting elements and project management. As part of the climate change adaptation,
PREPARED aims to assist EAC Partner States to undertake Vulnerability, Impacts and Adaptation
Assessment (VIA). The climate-sensitive sectors under this assessment include: Water, Aquatic
Ecosystems, and Water Supply Infrastructure; Terrestrial Ecosystems, including Forestry, Wildlife,
and Tourism; Agriculture and Food Security; Health, Sanitation, and Human Settlements; and
Energy and Transport Infrastructure.

This study aims to identify key climate change risks and vulnerabilities within the Lake Victoria
Basin (LVB) and facilitates the development of a LVBC Climate Change Adaptation Strategy and
Action Plan. This chapter introduces the historical and projected future climate in East Africa as
a basis for the rest of the VIA.
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CLIMATE CHANGE SCENARIOS AND PROJECTED RAINFALL
AND TEMPERATURE FOR EAST AFRICA

DOWNSCALING OF THE CLIMATE MODELS AND ASSUMPTIONS

Global climate models (GCMs), forced with scenarios for the evolution of concentrations of
greenhouse gases and aerosols, are the fundamental tools for projecting climate change into the
future. However, because of their complexity and the need to perform iterative simulations, GCM
simulations are very demanding in computational resources and are performed at relatively coarse
horizontal resolution. Hence, they are not necessarily capable of capturing the detailed processes
associated with regional-local climate variability and changes that are required for accurate
regional and national climate change assessments. Not surprisingly, then, GCMs only provide
information at spatial scales coarser than those typically required for developing reliable local-
level adaptation and mitigation strategies.

The limitations of GCMs can be overcome by using regional climate models (RCMs) to dynamically
downscale the coarse-resolution GCM outputs to scales more suited to regional, national, and
local end-users over geographic regions of interest. RCMs use the information derived from GCM
simulations to define the surface and lateral boundary conditions. This enables RCMs to better
represent topographical details, coastlines, and land-surface heterogeneities, and hence to more
faithfully reproduce small-scale processes and details that are essential to developing reliable
climate change impact assessment for regional, national, and local adaptation policies and
interventions.

Recently, the Coordinated Regional Climate Downscaling Experiment (CORDEX) program,
initiated by the World Climate Research Program, provided the opportunity for generating high-
resolution regional climate projections for use in assessing the future impacts of climate change at
regional scales (Giorgi et al. 2009).

In this report, we used simulated data from the Rossby Center regional atmospheric model
(RCA4) driven by the Earth system version of the Max Planck Institute for Meteorology (MPI-
ESM-LR) coupled global climate model from the ongoing CORDEX project. The model was
integrated into the CORDEX-Africa domain (see Nikulin et al. 2012, Endris et al. 2013), with a
horizontal grid spacing of 0.44 degrees. The historical simulations were forced by observed natural
and anthropogenic atmospheric composition covering the period 1950-2005, and the projections
for 20062100 were forced by Representative Concentration Pathways (RCPs). The choice of the
RCA model-driven MPI-ESM-LR for this analysis was based primarily on the availability of the
model outputs for the three different scenarios (RCP2.6, RCP4.5, and RCP8.5), as the other model
runs were available for only one or two of the three scenarios. Moreover, a recent assessment
study (Endris et al. 2015) has shown that the RCA model driven by MPI-ESM-LR better reproduces
large-scale signals such as the El Nino Southern Oscillation (ENSO) and the Indian Ocean Dipole
(IOD) in the historical period over the East Africa region than RCA model run driven by the other
GCMs.

DESCRIPTION OF THE THREE CLIMATE SCENARIOS

The simulations used for the projections are forced by the RCPs, which are based on radiative
forcings (globally radiative energy imbalance) measured in Wm-2 by the year 2100 (Moss et al.
2010). Three RCPs are used—RCP2.6, RCP4.5, and RCP8.5—which represent the low, mid, and
high-level emission and concentration scenarios, respectively. The RCP2.6 emission and
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concentration pathway, also referred to as RCP3PD (Peak and Decline), represents a peak in
radiative forcing at ~3 W/m2 (~490 ppm CO,) by the mid-twenty-first century and then a decline
to 2.6 W/m2 by 2100. This scenario assumes optimistic mitigation measures and that the increase
in the global average temperature will be limited below 2°C. RCP4.5 is a medium concentration
pathway that is assumed to stabilize radiative forcing at 4.5 W/m2 (~650 ppm CO) and that this
value will not be exceeded by the year 2100. The RCP8.5 pathway is a high-concentration pathway
in which radiative forcing is assumed to reach 8.5 W/m? by the year 2100 (~1370 ppm CO,) and
then continues to rise thereafter. The RCP8.5 socioeconomic pathway is characterized by rapidly
rising population and relatively slow income growth with modest rates of technological change
and energy intensity improvements, leading to high energy demands and greenhouse gas emissions
in the absence of climate change policies (Riahi et al. 201 1).

COZ concentrations [ ppm ] . . . .
—— Figure |: Concentration of carbon dioxide
9001 __Rerse  — - smeser (CO.,) across the three RCPs. The dotted
RCP4.5 - = SAES A1B . . .
— RcPas SAES A2 lines indicate three of the SRES marker
800 -
scenarios.' Source: Van Vuuren et al. 201 1.
700 -
600 +
500
400 - /
2
1960 1980 2000 2020 2040 2060 2080 2100
years

The analysis used in this report utilized downscaled rainfall, maximum and minimum temperature
model outputs from the Rossby Centre Regional Atmospheric (RCA) mode driven by one of the
CMIP5 (Max Planck Institute; MPI) global circulation models as boundary conditions. The data are
at a resolution of 50 kilometers by 50 kilometers and cover the Africa domain. Downscaled data
are available for historical (1951-2005) and projection (2006—2100) periods for the RCP2.6,
RCP4.5, and RCP8.5 scenarios.

1 The IPCC published a new set of scenarios in 2000 for use in the Third Assessment Report (Special Report on Emissions Scenarios -
SRES). The SRES scenarios were constructed to explore future developments in the global environment with special reference to the
production of greenhouse gases and aerosol precursor emissions. The SRES team defined four narrative storylines labelled A1, A2, B1, and
B2, describing the relationships between the forces driving greenhouse gas and aerosol emissions and their evolution during the twenty-first
century for large world regions and globally. Each storyline represents different demographic, social, economic, technological, and
environmental developments that diverge in increasingly irreversible ways. Representative Concentration Pathways (RCPs) are four
greenhouse gas concentration (not emissions) trajectories adopted by the IPCC for its Fifth Assessment Report (AR5) in 2014. It supersedes
SRES projections published in 2000.
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PROJECTED CHANGES IN RAINFALL AND TEMPERATURE OVER EASTERN AFRICA

The projected changes in rainfall, and maximum and minimum temperatures based on the RCP2.6,
RCP4.5, and RCP8.5 scenarios have been analyzed for four future time slices: 2020s (2006—2035),
2030s (2016-2045), 2050s (2036—2065), and 2070s (2055-2085) to provide information on the
expected magnitude of the climate response over each time window. The period 1971-2000 is
considered as a reference for the present climate. The projected climates change signals for each
time window are calculated as the difference between the future time windows (averages
calculated over 30 years) and the reference period. For example, the rainfall change by 2070s is
computed based on the difference in average rainfall between 2055-2085 and the reference period
1971-2000 (ICPAC 2016, Giorgi 2006).

RAINFALL

Figures 2 to 3 show the projected changes in the annual and seasonal rainfall components over
the EAC region for the 2020s, 2030s, 2050s, and 2070s under the three scenarios, relative to the
reference period (1971-2000). The projected changes in the annual rainfall component under each
of the three scenarios and time windows show relatively little change compared to the projected
changes in the seasonal rainfall components. The short rains (October—December or OND
period) are projected to increase over most parts of the region under all the three scenarios (5—
25 percent by 2020 and 2030, and 25-50 percent by 2050 and 2070). By contrast, the long rains
(March—May or MAM period) are projected to decrease over the northern part but to increase
over the south eastern part of the region. The June—September dry (JJAS) season, when the
western and coastal parts of the region receive substantial amount of rainfall, is projected to
decrease over most parts of the region (25-50 percent by 2020 and 2030, and 5075 percent by
2050 and 2070). The projected annual rainfall generally shows a tendency to increase over the
LVB except for JJAS in 2020 for RCP8.5 and 2070 for RCP2.6.

Annual RCP26 MAM RCP26 JUJAS RCP26 OND RCP26
- E — T

Annual RCP45 MAM RCP45
e O

MAM RCP85

—100 -5 -50 -25 -10 -5 o] 5 10 25 S0 75 100

Figure 2: Projected rainfall changes (relative to 1971-2000) over EAC by 2020s
in_annual (I** column), MAM (2" column), JJAS (3 column), OND (4"
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column). Each row corresponds to emission scenarios: RCP2.6 (I*

RCP4.5 (2" row), and RCP8.5 (3" row).

row),

Annual RCP26 MAM RCP2B JUAS RCP26 OND RCP26
; = N v o=

OND RCP45

OND RCP85

—100 -75 -50 -25 -10 -5 0 5 10 25 50 75 100

Figure 3: Projected rainfall changes over EAC by 2030s in annual (Ist column),
MAM (2nd column), JJAS (3rd column), OND (4th column). Each row
corresponds to emission scenarios: RCP2.6 (Ist row), RCP4.5 (2nd row), and
RCP8.5 (3rd row).

Annual RCP26 MAM RCP26 JJAS RCP26 OND RCP26
~— =

—100 -%5 -50 -25 -10 -5 0 5 10 25 50 75 100

Figure 4: Projected rainfall changes over EAC by 2050s in annual (Ist column),
MAM (2nd column), JJAS (3rd column), OND (4th column). Each row
corresponds to emission scenarios: RCP2.6 (Ist row), RCP4.5 (2nd row), and
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RCP8.5 (3rd row).

Annual RCP26 JJAS RCP26
=2 ]

> s

|
T

—100 -75 -5 -25 -—-10 -5 0 5 10 25 50 75 100
Figure 5: Projected rainfall changes over EAC by 2070s in annual (Ist
column), MAM (2nd column), JJAS (3rd column), OND (4th column). Each
row corresponds to emission scenarios: RCP2.6 (Ist row), RCP4.5 (2nd
row), and RCP8.5 (3rd row).

MAXIMUM TEMPERATURE

The projected changes in the maximum temperature component for the three scenarios (RCP2.6,
RCP4.5, and RCP8.5) in the 2020s, 2030s, 2050s, and 2070s periods compared to the reference
period (1971-2000) are shown in Figures 2a—d. The projected temperature changes for the three
different scenarios and time windows show relatively large changes compared to the projected
changes in the seasonal components. By 2020, annual maximum temperatures are anticipated to
be 0.5 to 1.0°C higher under the RCP2.6 and RCP4.5 scenarios but 0.5 to 1.5°C higher under the
RCP8.5 scenario over most parts of the EAC, with slightly less warming apparent in some coastal
areas. By 2030, maximum temperatures during the long rains (MAM), the dry season (JJAS), and
throughout the year (annual component) will likely increase by 1.0 to 2.0°C over most parts of
the region, but with spatial variation like that of 2020. The expected warming extent is greatest
during the long rains (MAM) and the dry season (JJAS) and least during the short rains (OND).

By 2050, annual maximum temperatures are expected to be 1.0 to 2.0°C higher under the RCP2.6,
I.5 to 2.5°C higher under the RCP4.5 and 2.5 to 3.5°C higher under the RCP8.5 scenarios over
most parts of the EAC, with slightly less warming expected in some coastal areas. The greatest
potential warming will likely occur in the dry season (JJAS) and during the long rains (MAM). In
the far future (2070), projected annual maximum temperatures will likely be 0.5 to 1.5°C higher
under the RCP 2.6 scenario, which is notably smaller than the changes anticipated by 2050. This
is due to the reduction in radiative forcing expected toward the end of the century due to
mitigation measures under the RCP 2.6 scenario. In contrast, under the RCP8.5 scenario, the
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expected annual warming will likely result in temperatures 3.5 to 4.5°C higher than the reference
period, with far greater warming expected during the dry season (JJAS).

Annual RCP26 MAM RCP26 JUJAS RCP26 OND RCP26

o]
v
o]

LIS L N I B B |

Annual RCP45 MAM RCP45 JJUAS RCP45 OND RCP45

Co

Annual RCP85 MAM RCP35 JUAS RCP35 OND RCP85

Figure 6: Projected maximum temperature changes over the EAC by the
2020s in annual (Ist column), MAM (2nd column), JJAS (3rd column), OND
(4th column). Each row corresponds to emission scenarios: RCP2.6 (Ist row),
RCP4.5 (2nd row), and RCP8.5 (3rd row).
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Figure 7: Projected maximum temperature changes over the EAC by the
2030s in annual (Ist column), MAM (2nd column), JJAS (3rd column), OND
(4th column). Each row corresponds to emission scenarios: RCP2.6 (Ist row),
RCP4.5 (2nd row), and RCP8.5 (3rd row).

Annual RCP26

MAM RCP26 JJAS RCP26 OND RCP2

5

-
k3 =

Annual RCP45 MAM RCP45

Annual RCPE5 MAM RCPB5 JUAS RCPBS OND _RCP85

-2 -15 -1 -05 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Figure 8: Projected maximum temperature changes over the EAC by the
2050s in annual (Ist column), MAM (2nd column), JJAS (3rd column), OND
(4th column). Each row corresponds to emission scenarios: RCP2.6 (Ist row),
RCPA4.5 (2nd row), and RCP8.5 (3rd row).
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Annual RCP26 MAM RCP26 JJAS RCP26 OND RCP26
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Annual RCP45 MAM RCP45 JUAS RCP45 OND RCP45
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Figure 9: Projected maximum temperature changes over the EAC by the
2070s in annual (Ist column), MAM (2nd column), JJAS (3rd column), OND
(4th column). Each row corresponds to emission scenarios: RCP2.6 (Ist row),
RCP4.5 (2nd row), and RCP8.5 (3rd row).

MINIMUM TEMPERATURE

The projected changes in the minimum temperatures through time for the three scenarios are
shown in Figures 10-13. The results suggest that there will likely be a greater increase in the
minimum than the maximum temperatures in future. By 2020, annual minimum temperatures will
likely be 0.5 to 1.5°C higher under the RCP2.6 and the RCP4.5 scenarios but 1.0 to 2.0°C higher
under the RCP8.5 scenario over most parts of the EAC region. By 2030, almost all the EAC region
will likely be 1.0 to 2.5°C warmer than the base period, with the greatest warming expected
during the dry season months (JJAS) under the RCP8.5 scenario. By 2070, the projected increase
in the annual minimum temperatures will likely be 4 to 5°C higher under the RCP8.5 scenario
relative to the base period.
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Figure 10: Projected minimum temperature changes over the EAC by the
2020s in annual (Ist column), MAM (2nd column), JJAS (3rd column), OND
(4th column). Each row corresponds to emission scenarios: RCP2.6 (Ist row),
RCPA4.5 (2nd row), and RCP8.5 (3rd row).
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Figure | 1: Projected minimum temperature changes over the EAC by the
2030s in annual (Ist column), MAM (2nd column), JJAS (3rd column), OND
(4th column). Each row corresponds to emission scenarios: RCP2.6 (Ist row),
RCP4.5 (2nd row), and RCP8.5 (3rd row).

CLIMATE CHANGE SCENARIOS AND PROJECTED RAINFALL AND TEMPERATURE




MAM RCP26 JJAS RCP26 OND RCP26

MAM RCP45 JUAS RCP45 OND RCP45

Annual RCP85 MAM RCP85 JUAS RCPBS ______OND RCP85

3

—2 -1.5 -1 -05 0.5 1

Annual RCP26

Annual RCP45

Figure 12: Projected minimum temperature changes over the EAC by
the 2050s in annual (Ist column), MAM (2nd column), JJAS (3rd
column), OND (4th column). Each row corresponds to emission
scenarios: RCP2.6 (Ist row), RCP4.5 (2nd row), and RCP8.5 (3rd row).
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Figure 13: Projected minimum temperature changes over the EAC by
the 2070s in annual (Ist column), MAM (2nd column), JJAS (3rd
column), OND (4th column). Each row corresponds to emission
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| scenarios: RCP2.6 (Ist row), RCP4.5 (2nd row), and RCP8.5 (3rd row). |

MAPPING OF EXTREME EVENTS—CHANGES IN THE
PROJECTED RAINFALL AND TEMPERATURE EXTREMES

Climate-related extremes, such as floods and droughts, present significant challenges to nations
worldwide, especially developing countries. The impacts of such events have undermined the gains
made by developing countries and their global partners to meet their national development goals.
The IPCC assessment in 2017 indicated that the severity and frequency of extreme events are
increasing over parts of the world, with future projections showing continued increase at global,
regional, and local scales (IPCC 2007, 2013). The expected changes in future climate extremes
will likely force disaster managers to come up with new strategies for managing them since coping
and response mechanisms and economic planning for disasters based on past vulnerabilities may
no longer be adequate (Sperling and Szekely 2005).

Increase or decrease in extremes may result when the mean of a distribution changes (Figure 14),
or when the variance changes, or when both the mean and variance change. The modifications of
temperature and rainfall may result in changes in the intensity and frequency of these events.
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Figure 14: Normal distribution curve showing various hypothetical changes in
extreme events. The figure shows changes in extreme temperature events due to
() changes in mean, (b) changes in variance, and (c) changes in mean and variance
(Source: IPCC 2013).

DATA AND METHODS

There are two approaches to generating the indices for extreme events. The first method uses
percentile-based thresholds, the second uses fixed thresholds. These approaches are suitable for
assessing moderate extremes, which usually occur a few times every year. Other high-impact,
once-in-a-decade extreme events may be better assessed through other methods that model the
occurrence of these events at the tail end of the distribution, e.g., Generalized Extreme Value and
Generalized Pareto distributions (Coles 2001). Percentile-based thresholds were used in this
assessment since they are better suited for areas with variable climate such as East Africa.
Projected changes were quantified by calculating the differences between the future and the
historical percentiles. The study focused on December—February (DJF), MAM, JJAS, and OND
seasons using daily datasets. The base period was 1971-2000 and the analysis periods were 2006—
2035, 2016-2045, 20362065 and 2056-2085.

DIFFERENCE IN THE 5TH PERCENTILE OF RAINFALL

CLIMATE CHANGE SCENARIOS AND PROJECTED RAINFALL AND TEMPERATURE




Figures 15—18 show the difference between the future 5t percentile and the baseline 5t percentile
for 2020, 2030, 2050, and 2070 periods during the DJF, MAM, ]JJAS, and OND seasons. During
the DJF season, slight decrease (> -0.2mm) in the 5% percentile is expected in the southwestern
parts of the Eastern Africa region while a slight increase (> +0.16mm) is expected in the
southeastern parts of Tanzania. The spatial patterns of rainfall are similar for all the scenarios
(Figure 5a). Similar patterns for the three scenarios are observed during MAM (Figure 5b). An
increase in the 5th percentile was observed over the Indian Ocean and over a few areas in the
coastal parts of Eastern Africa. Significant changes are observed under the low concentration
pathway (RCP2.6) in the southwestern parts of the region. No significant changes are observed
inland of the Eastern Africa region for all the scenarios. During the JJAS season, changes are
observed over the southeastern parts of the domain (Figure 5c). Significant changes are observed
over southern parts of the Eastern Africa region under RCP2.6 scenario during the OND season
(Figure 5d). Several parts of the domain will likely experience increase in the 5t percentile during
the 2050 and 2070 periods under the RCP4.5 and RCP8.5 scenarios.
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Figure 15: Differences between the future and baseline (1971-2000) 5%
percentiles of rainfall in millimeters during the DJF season over the
Eastern Africa region under the RCP2.6, RCP4.5, and RCP8.5
scenarios.
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Figure 16: Differences between the future and baseline (1971-2000) 5th
percentiles of rainfall in millimeters during the MAM season over the
Eastern Africa region under the RCP2.6, RCP4.5, and RCP8.5 scenarios.
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Figure 17: Differences between the future and baseline (1971-2000) 5th
percentiles of rainfall in millimeters during the JJAS season over the
Eastern Africa region under the RCP2.6, RCP4.5, and RCP8.5 scenarios.

CLIMATE CHANGE SCENARIOS AND PROJECTED RAINFALL AND TEMPERATURE




OND RCP26_2020 OND RCPZ6_2030 OND RCP26_2050 OND _RCP26_2070
TR e

OND RCP45_2020 OND RCP45_2030

-0.2 -0.16 -0.12 -0.08 -0.04 0 0.04 0.08 0.12 0.16 0.2

Figure 18: Differences between the future and baseline (1971-2000) 5th
percentiles of rainfall in millimeters during the OND season over the
Eastern Africa region under the RCP2.6, RCP4.5, and RCP8.5 scenarios.

DIFFERENCE IN THE 95TH PERCENTILE OF RAINFALL

The difference between the future 95t and the baseline 95t percentile in millimeters for rainfall
was calculated and is shown in Figures 18-21. Increases of |-6 millimeters are observed in the
southern parts of the Eastern Africa region (Figure 6a). A few places over Kenya are expected to
experience decreases of |—4 millimeters with the northern parts of the domain experiencing no
significant change. During the MAM season, the coastal parts of Kenya and Tanzania, Lake Victoria
and northeastern parts of Kenya are expected to experience a decrease in rainfall (Figure 6b).
Increases of |-5 millimeters are expected over most of Tanzania and few parts of Kenya for the
RCP4.5 and RCP8.5 scenarios. A decrease is expected over most parts of the domain during JJAS
with increase in the 95t percentile expected over Uganda and western parts of Kenya (Figure 6c).
During the OND season, most parts are expected to experience increase in the 95th percentile;
only the southern parts of Tanzania are expected to experience a decrease (Figure 6d).
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Figure 19: Differences between the future and baseline (1971-2000)
95th percentiles of rainfall in millimeters during the DJF season over
the Eastern Africa region under the RCP2.6, RCP4.5, and RCP8.5

scenarios.
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Figure 20: Differences between the future and baseline (1971-2000) 95
percentiles of rainfall in millimeters during the MAM season over the
Eastern Africa region under the RCP2.6, RCP4.5, and RCP8.5 scenarios.
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Figure 21: Differences between the future and baseline (1971-2000)
95th percentiles of rainfall in millimeters during the JJAS season over
the Eastern Africa region under the RCP2.6, RCP4.5, and RCP8.5
scenarios.
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Figure 22: Differences between the future and baseline (1971-2000)
95th percentiles of rainfall in millimeters per day for the OND season
over the Eastern Africa region under the RCP2.6, RCP4.5, and RCP8.5
scenarios.
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DIFFERENCE IN THE 10TH PERCENTILE OF THE MAXIMUM TEMPERATURE

The 10t percentile was calculated for the maximum and minimum temperature under the three
RCPs for the periods, 2020, 2030, 2050, and 2070 as shown in Figures 7a—7d. During the DJF
season (Figure 23) marked warming is expected over most parts of the Eastern Africa region, with
RCP8.5 being the warmest in the far future (2070). For the MAM season, the 2050 and 2070
periods are expected to record an increase in the 95t percentile over the northern parts of
Eastern Africa (Figure 24). The highest increase is expected during the 2070 period under RCP8.5
scenario. Increase in the |0t percentile starts from the western parts during the JJAS season with
the highest increases expected in the northwestern parts of the Eastern Africa region (Figure 25).
An increase of between |.5°C and 2.5°C is expected in the eastern parts of the Eastern Africa
region during OND (Figure 26).
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Figure 23: Differences between the future and baseline (1971-2000)
10th percentiles of the maximum temperature in degrees Celsius for
the DJF season over the Eastern Africa region under the RCP2.6,
RCP4.5, and RCP8.5 scenarios.
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Figure 24: Differences between the future and baseline (1971-2000)
10th percentiles of the maximum temperature in degrees Celsius for
the MAM season over the Eastern Africa region under the RCP2.6,
RCP4.5, and RCP8.5 scenarios.
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Figure 25: Differences between the future and baseline (I97I—2000)
10th percentiles of the maximum temperature in degrees Celsius for
the JJAS season over the Eastern Africa region under the RCP2.6,
RCP4.5, and RCP8.5 scenarios.
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Figure 26: Differences between the future and baseline (1971-2000)
10th percentiles of the maximum temperature in degrees Celsius for
the OND season over the Eastern Africa region under the RCP2.6,
RCP4.5, and RCP8.5 scenarios.

DIFFERENCE IN THE 90TH PERCENTILE OF MAXIMUM TEMPERATURE

Decrease in the 90t percentile of maximum temperature is expected over the central parts of
Tanzania (Figure 26). Increase in the 90th percentile of maximum temperature of 1.6°C and above
are expected to start by 2030 under the RCP8.5 scenario. During MAM, increases are expected
to in the region in general (Figure 27). Areas around Lake Victoria are expected to experience
increase during the JJAS season (Figure 28). Areas around Nairobi are also expected to experience
some of the highest increases, which could be attributed to urbanization. During OND, increases
will be expected to increase from south western parts of the region and along the Rift Valley in
Kenya (Figure 29).
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Figure 27: Differences between the future and baseline (I97I—2000)
90th percentiles of the maximum temperature in degrees Celsius for
the DJF season over the Eastern Africa region under the RCP2.6,
RCP4.5, and RCP8.5 scenarios.

MAM RCP26—2020 MAM RCPZ6—2030 MAM RCP26—2050 MAM RCP26—2070

MAM RCP45—-2020 MAM RCP45-2030 _MAM RCP45-2050  _  MAM RCP45-2070

¥

MAM RCP85-2020 MAM RCP85—2030 MAM RCP85—-2050 MAM RCP85—2070

[T T

i

—4.5 -3.8 2.7 1.8 -0.9 0 0.9 1.8 2.7

Figure 28: Differences between the future and baselme (I97I—2000)
90th percentiles of the maximum temperature in degrees Celsius for
the MAM season over the Eastern Africa region under the RCP2.6,
RCP4.5, and RCP8.5 scenarios.

CLIMATE CHANGE SCENARIOS AND PROJECTED RAINFALL AND TEMPERATURE




JJAS RCP26—2020 JUAS RCPZ6—-2030 JUAS RCP26—-2050 JJAS RCP26-2070

=~

JJAS RCP45-2020 JJAS RCP45-2030 . — 2 _ __JUAS RCP45-2070

o

JJAS RCP85—-2030 _JJAS RCP85-2 ___JJAS RCPB5-—2070

i

f@%

JJAS RCP85—-2020

@

—4 -32  -2.4 3.2 4

Figure 29: Differences between the future and baseline (1971-2000)
90th percentiles of the maximum temperature in degrees Celsius for
the JJAS season over the Eastern Africa region under the RCP2.6,
RCP4.5, and RCP8.5 scenarios.
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Figure 30: Differences between the future and baseline (1971-2000)
90th percentiles of the maximum temperature in degrees Celsius for
the OND season over the Eastern Africa region under the RCP2.6,
RCP4.5, and RCP8.5 scenarios.
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DIFFERENCE IN THE |0TH PERCENTILE OF THE MINIMUM TEMPERATURE

Increases in the |10t percentile of the minimum temperature are expected in most parts of the
region except the LVB in Tanzania, Kenya, and Uganda during the DJF season (Figure 31). Most of
the region is expected to experience an increase greater than one degree Celsius during the MAM,
JJAS, and OND seasons with the minimum temperature recording some of the highest increase
under the RCP8.5 scenario (Figures 32, 33, and 34).
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Figure 31: Differences between the future and baseline (1971-2000)
10th percentiles of the minimum temperature in degrees Celsius for
the DJF season over the Eastern Africa region under the RCP2.6,
RCP4.5, and RCP8.5 scenarios.

g@ﬁ MAM RCPZ6—2030 MAM RCP26—2050 @
MAM RCP45-2020 MAM RCP45-2030 MAM RCP45-2050 MAM RCP45-2070
-
]
-
MAM RCP85-2020 MAM RCP85—2030 MAM RCP85—2050 __MAM RCP85—2070 ‘

CLIMATE CHANGE SCENARIOS AND PROJECTED RAINFALL AND TEMPERATURE




Figure 32: Differences between the future and baseline (1971-2000)
10th percentiles of the minimum temperature in degrees Celsius for
the MAM season over the Eastern Africa region under the RCP2.6,
RCP4.5, and RCP8.5 scenarios.
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Figure 33: Differences between the future and baseline (1971-2000)
10th percentiles of the minimum temperature in degrees Celsius for
the JJAS season over the Eastern Africa region under the RCP2.6,
RCP4.5, and RCP8.5 scenarios.
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Figure 34: Differences between the future and baseline (1971-2000)
10th percentiles of the minimum temperature in degree Celsius for the
OND season over the Eastern Africa region under the RCP2.6, RCP4.5,
and RCP8.5 scenarios.
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DIFFERENCE IN THE 90TH PERCENTILE OF THE MINIMUM TEMPERATURE

During the DJF season, an increase of more than |I°C in the 90t percentile of the minimum
temperature is expected over northern Kenya and southwestern Uganda (Figure 35). All over the
region, increases are expected during the MAM season (Figure 36). The same is expected for both
the JJAS and the OND seasons (Figures 37 and 38).
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Figure 35: Differences between the future and baseline (1971-2000)
10th percentiles of the minimum temperature in degrees Celsius for
the DJF season over the Eastern Africa region under the RCP2.6,
RCP4.5, and RCP8.5 scenarios.
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Figure 36: Differences between the future and baseline (1971-2000)
10th percentiles of the minimum temperature in degrees Celsius for
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the MAM season over the Eastern Africa region under the RCP2.6,
RCP4.5, and RCP8.5 scenarios.
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Figure 37: Differences between the future and baseline (1971-2000)
10th percentiles of the minimum temperature in degrees Celsius for
the JJAS season over the Eastern Africa region under the RCP2.6,
RCP4.5, and RCP8.5 scenarios.
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Figure 38: Differences between the future and baseline (1971-2000)
10th percentiles of the minimum temperature in degrees Celsius for
the OND season over the Eastern Africa region under the RCP2.6,
RCP4.5, and RCP8.5 scenarios.
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HIGHLIGHTS

MODELING

The study focused on DJF, MAM, JJAS, and OND seasons using daily datasets. The base
period was 1971-2000 while the analysis periods were 2006—-2035 (2020s), 2016-2045
(2030s), 2036—2065 (2050s), and 2056-2085 (2070s).

The historical climate baseline was 1950-2005 and the period 1971-2000 was used as a
reference for the present climate.

The projected climate changes for each time window were calculated as the difference
between the future time windows (averages calculated over 30 years) and the reference
period. For example, the rainfall change by the 2070s was computed based on the
difference in average rainfall between 20552085 and the reference period 1971-2000.
The high-resolution regional climate projections were generated by the CORDEX
program, initiated by the World Climate Research Program, to assess the future impacts
of climate change at regional scales.

The report used simulated data from the Rossby Center regional atmospheric model
(RCA4) driven by the Earth system version of the Max Planck Institute for Meteorology
(MPI-ESM-LR) coupled global climate model from the ongoing CORDEX program.

The model was integrated into the CORDEX-Africa domain with a horizontal grid spacing
of 0.44 degrees.

Historical simulations were forced by observed natural and anthropogenic atmospheric
composition covering the period 1950-2005; the projections for 20062100 were forced
by Representative Concentration Pathways: RCP2.6, 4.5, and 8.5 as defined by the IPCC.
The choice of the RCA model driven by the MPI-ESM-LR was based primarily on the
availability of the model outputs for the three scenarios (RCP2.6, RCP4.5, and RCP8.5),
as the other model runs were available for only one or two of the three scenarios.
Downscaled data are available for historical (1951-2005) and projection (2006—2100)
periods for the RCP2.6, RCP4.5, and RCP8.5 scenarios.

The RCA model driven by MPI-ESM-LR better reproduces large-scale signals such as the
ENSO and the IOD in the historical period over the Eastern Africa region than the RCA
model driven by the other GCMs.

The RCP2.6 low-level concentration pathway represents a peak in radiative forcing at ~3
W/im? (~490 ppm CO,) by the mid-twenty-first century and then a decline to 2.6 W/m2
by 2100. This scenario assumes optimistic mitigation measures and that the increase in
the global average temperature will be kept below 2°C.

RCP4.5 is a medium-level concentration pathway that is assumed to stabilize radiative
forcing at 4.5 W/m?2 (~650 ppm CO,) and that this value will not be exceeded by the year
2100.

The RCP8.5 pathway represents a high-concentration pathway in which radiative forcing
is assumed to reach 8.5 W/m? by the year 2100 (~1370 ppm CO,) and then continues to
rise thereafter. The RCP8.5 socioeconomic pathway is characterized by rapidly rising
population and relatively slow income growth with modest rates of technological change
and energy intensity improvements, leading in the long term, to high energy demands and
greenhouse gas emissions in the absence of climate change policies.

The data are at a resolution of 50 kilometers by 50 kilometers and cover the Africa
domain.

Increase or decrease in extremes may result when the mean of a distribution changes,
when the variance changes, or when both the mean and variance change. The
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modifications of temperature and rainfall may result in changes in the intensity and
frequency of these events.

RESULTS
RAINFALL

The projected changes in annual rainfall under the three different scenarios and time
windows show relatively little change compared to the projected changes in seasonal
rainfal. MAM rainfall decreases in northern part of East Africa and increases in
southeastern areas.

The long rains (MAM period) are projected to decrease over the northern part but
increase over the southeastern part of the region.

Projected annual rainfall shows a tendency to increase over the LVB except for JJAS in
2020 for RCP8.5 and 2070 for RCP2.6.

Attribute 2006-2035 2016 2036 2056

(2020s) 2045(2030s) 2065(2050s) 2085(2070s)
Short rain (OND) | Increase 5-25% Increase 5-25% Increase 25-50% | Increase 25-50%
JJAS rain (western | Increase 25-50% Increase 25-50% | Increase 50-75% | Increase 50-75%
and coastal rains)

MAXIMUM TEMPERATURE

Projected temperature changes for the three different scenarios and time windows show
relatively large changes compared to the projected changes in the seasonal components.
By 2030, maximum temperatures during the long rains (MAM), the dry season (JJAS), and
throughout the year will likely increase by 1.0-2.0°C over most parts of the region, but
with spatial variation similar to that of 2020.

The greatest potential warming will likely occur in the dry season (JJAS) and during the
long rains (MAM) and least during the short rains (OND).

In the far future (2070), projected annual maximum temperatures will likely be 0.5-1.5°C
higher under RCP2.6, which is notably smaller than the changes anticipated by 2050. This
is due to the reduction in radiative forcing expected toward the end of the century due
to mitigation measures under the RCP2.6 scenario.

In contrast, under the RCP8.5 scenario, the expected annual warming will likely result in
temperatures 3.5-4.5°C higher than the reference period, with far greater warming
expected during the dry season (JJAS).

Attribute RCP 2.6 RCP 4.5 RCP 8.5

Increase in Maximum Temperature by 2030 | 0.5—1.0 degrees | 0.5-1.0 degrees | 0.5—1.5 degrees
Increase in Maximum Temperature by 2050 | 1.0-2.0 degrees | 1.5-2.5 degrees | 2.5-3.5 degrees
Increase in Maximum Temperature by 2070 | 0.5—1.5 degrees 3.54.5 degrees

MINIMUM TEMPERATURE

The results suggest that there will likely be a greater increase in the minimum than the
maximum temperatures in future.
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By 2030, almost all the EAC region will likely be 1.0-2.5°C warmer than the base period,
with the greatest warming expected during the dry season months (JJAS) under the
RCP8.5 scenario.

By 2070, the projected increase in annual minimum temperatures will likely be 4-5°C
higher under the RCP8.5 scenario relative to the base period.

Attribute RCP 2.6 RCP 4.5 RCP 8.5
Increase in Minimum Temperature by 2020 | 0.5—1.5 degrees | 0.5—1.5 degrees | 1.0-2.0 degrees
Increase in Minimum Temperature by 2070 4.0-5.0 degrees
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