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Abstract

Background: Several water resources projects are under planning and implementation in the Baro-Akobo basin. Cur-
rently, the planning and management of these projects is relied on historical data. So far, hardly any study has addressed
water resources management and adaptation measures in the face of changing water balances due to climate change
in the basin. The main bottleneck to this has been lack of future climate change scenario base data over the basin. The
current study is aimed at developing future climate change scenario for the basin. To this end, Regional Climate Model
(RCM) downscaled data for A1B emission scenario was employed and bias corrected at basin level using observed data.
Future climate change scenario was developed using the bias corrected RCM output data with the basic objective of
producing baseline data for sustainable water resources development and management in the basin.

Result: The projected future climate shows an increasing trend for both maximum and minimum temperatures;
however, for the case of precipitation it does not manifest a systematic increasing or decreasing trend in the next
century. The projected mean annual temperature increases from the baseline period by an amount of 1 °C and 3.5 °C
respectively, in 2040s and 2090s. Similarly, evapotranspiration has been found to increase to an extent of 25% over the
basin. The precipitation is predicted to experience a mean annual decrease of 1.8% in 2040s and an increase of 1.8% in
2090s over the basin for the A1B emission scenario.

Conclusion: The study resulted in a considerable future change in climatic variables (temperature, precipitation, and
evapotranspiration) on the monthly and seasonal basis. These have an implication on hydrologic extremes-drought
and flooding, and demands dynamic water resources management. Hence the study gives a valuable base informa-
tion for water resources planning and managers, particularly for modeling reservoir inflow-climate change relations,
to adapt reservoir operation rules to the real-time changing climate.

Keywords: A1B emission scenario, Baro-Akobo River Basin, Bias Correction, Climate change scenario, General
circulation model, Regional climate model

and infrastructures. This assumption is nowadays threat-
ened by climate change and the notion that both climate

Background
The planning and management of basin scale water

resources systems has historically relied on assuming
stationary hydrologic conditions. This approach assumes
that past hydrologic conditions are sufficient to guide the
future operation and planning of water resources systems
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and hydrology will evolve in the future. Water resource
planning based on the concept of a stationary climate is
increasingly considered inadequate for sustainable water
resources management (Xueping et al. 2018; Mohamed
2015; Luca et al. 2020). According to the Series Assess-
ment Reports of the Intergovernmental Panel on Climate
Change (IPCC 2007) and many other studies, warming of
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the climate system is unequivocal, as is now evident from
observations of increases in global average air and ocean
temperatures, widespread melting of snow and ice, and
rising global average sea level (Myo and Zin 2020; Rah-
man 2018; Safieh et al. 2020; Jose et al. 2016).

Adaptation is recognized as a critical response
to the impacts of climate change. It can reduce pre-
sent and future losses from climate variability and
enhance climate-resilient futures (Conde et al. 2011;
Cradock-Henr et al. 2018). It is a process that needs
to be incorporated in the overall development plan-
ning, including the design and implementation of
water resources development. Over the last few
years, the literature on adaptation to climate change
has expanded considerably worldwide: (Schneider
et al. 2000; Brekke et al. 2009; Li et al. 2010; Raje and
Mujumdar 2010; Jones 1999). However, hardly few
studies have addressed water management and adap-
tation measures in the face of changing water balances
due to climate change in Ethiopia.

Climate models and downscaling

General circulation models (GCMs) are tools designed
to simulate time series of climate variables globally,
accounting for effects of greenhouse gases in the atmos-
phere. They attempt to represent the physical processes in
the atmosphere, ocean, cryosphere, and land surface. They
are currently the most credible tools available for simulat-
ing the response of the global climate system to increasing
greenhouse gas concentrations, and to provide estimates of
climate variables (e.g., air temperature, precipitation, wind
speed, pressure, etc.) on a global scale. GCMs demonstrate
a significant skill at the continental and hemispheric spatial
scales and incorporate a large proportion of the complexity
of the global system; they are, however, inherently unable to
represent local sub grid-scale features and dynamics, which
are of interest to a hydrologist (Myo and Zin 2020; Conde
et al. 2011; Feyissa et al. 2018).

Poor performances of GCMs at local and regional scales
have led to the development of limited area models (Dick-
inson et al. 1989; Dinckison and Rougher 1986; Anthes
et al. 1985). These techniques known as regionalization or
downscaling are adopted in the literature to describe a set
of techniques that relate the local and regional scale climate
variables to the large scale atmospheric and oceanic forc-
ing variables. Different regionalization techniques are avail-
able in the literatures so far: Spatial downscaling, Statistical
Downscaling, and Dynamic Downscaling (Barrow et al.
1996; Conway and Hulme 1996; Smith and Pitts 1997).

For the current study, the dynamic downscaling method
(regional climate model version 3.1) was employed by
International Water Management Institute, Ethiopia, to
downscale the GCM output data at regional level. It is a
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downscaling approach in which a fine, at a much smaller
space-scale (e.g., 0.5° by 0.5°), computational grid over a
limited domain is nested within the coarse grid of a GCM
(Wilby and Wigley 1997; Hewitson and Crane 1996;
Cubash et al. 1996; Mearns et al. 1999).

Climate and emission scenarios

A climate scenario is a plausible representation of future
climate that has been constructed for explicit use in inves-
tigating the potential impacts of anthropogenic climate
change (IPCC 2001). The climate change scenarios should
be assessed according to consistency with global projec-
tions, physical plausibility, applicability in impact assess-
ments and representativeness (Hulme and Viner 1998).
Climate change scenarios are tightly dependent on the
emission scenarios. Future greenhouse gas (GHG) emis-
sions are the product of very complex dynamic systems,
determined by driving forces such as demographic devel-
opment, socio-economic development, and technological
change (Luca et al. 2020). Scenarios are alternative images
of how the future might unfold and are an appropriate tool
that assist in climate change analysis. According to IPCC
Working Group III Special Report on Emission Scenario
(SRES), four different narrative storylines were developed:
(1) The A1 storyline that describes a future world of very
rapid economic growth, global population that peaks in
mid-century and declines thereafter and the rapid intro-
duction of new and more efficient technologies; (2) The
A2 storyline that describes a very heterogeneous world;
(3) The B1 storyline that describes a convergent world with
the same global population as in Al; and (4) The B2 sto-
ryline that describes a world in which the emphasis is on
local solutions to economic, social, and environmental
sustainability.

In the current study, the A1B storyline was chosen as it
represents a balanced (moderate) future scenario in terms
of the alternative energy, fossil intensive, socioeconomic,
and developmental trajectories. The Al scenario family
develops into three groups that describe alternative direc-
tions of technological change in the energy system as fos-
sil intensive (A1FI), non-fossil energy sources (A1T), or a
balance across all sources (A1B). Even though it is true that
the occurrence of a single storyline is highly uncertain, the
A1B scenario is adopted in this paper to have single-val-
ued climate variable predictions instead of a ranged out-
come from using ensemble of extreme trajectories. These
projected climatic variables can, thus, directly be used for
climate change adaptation purposes like modeling climate
change-runoff relationships.

So far different studies have been conducted on the cli-
mate change scenario development across the world using
different models and emission scenarios. Xueping et al.
(2018) with their study on Biliu River, China, has shown
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that climate emission scenarios are closely associated with
temperature but not so closely associated with precipitation
and runoff; Conde et al. (2011) have concluded from his
study that confidence on future climate change estimations
is greater for temperature than for precipitation; According
to the study by Poonia and Rao (2018), rainfall trend during
the last 100 years revealed that the summer monsoon rain-
fall has increased marginally (<10%) in the southern and
eastern parts of the Thar Desert but has already declined by
10-15% in its northwestern part India. A study in Angola
by Carvalho et al. (2017) has also shown the precipitation
projections to be highly variable across the region with the
southern region experiencing a stronger decrease in pre-
cipitation and (Costa et al. 2019), with their study on Recife,
Brazil, have emphasized the considerable decrease of rain-
fall in the rainy season from March to August as a contrast
to an increase of rainfall in the dry months, from Septem-
ber to February.

Furthermore, NAPA (2007) has revealed that in Ethi-
opia climate variability and change in the country is mainly
manifested through the variability of rainfall and temper-
ature. The trend analysis of annual variables for (1951—
2006) shows that rainfall remained roughly constant when
averaged over the whole country while temperature shows
an increasing trend all over the country. Alemayehu et al.
(2016) with his study of historical climate analysis on Baro-
Akobo River Basin (1952-2009) has shown an increasing
trend for temperature and a declining trend in case of rain-
fall. On contrary, the study on Blue Nile (bordering basin

Table 1 Overview of previous studies on climate change scenarios
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in the north) has projected an increasing scenario both in
rainfall and temperature into the future (Roth et al. 2018).
Furthermore, the study by Hany et al. (2016) has predicted
a considerably increasing precipitation into future scenario
on White Nile (Baro-Akobo-Sobat basin). Below is an
overview of selected studies on climate change scenarios
to show anomalies in rainfall change scenarios for com-
parison (Table 1).

Statement of the problem

Despite the numerous climate change scenario stud-
ies mentioned above, it is clearly visible that there exists
inconsistency in the rainfall change scenario among dif-
ferent models (Table 1); spatial and temporal variation in
the result from a single projection scenario (Carvalho et al.
2017; Poonia and Rao 2018); and even seasonal variation
from the same study (Costa et al. 2019) is very visible in the
rainfall change scenario results. This is mainly attributed to
the sensitivity of the rainfall variable to local effects of par-
ticularly orographic, coastal and vegetation effects in gen-
eral. Particular to the current study, the Ethiopian climate
patterns show large regional differences and is also charac-
terized by a history of climate extremes, such as drought
and flood (NAPA 2007). Baro-Akobo basin exhibits dis-
tinctive bimodal rainfall pattern different from most parts
of the country. There are also numerous water resources
development projects under planning and implementation
in the basin (Tams, Birbir A & Birbir R, Baro-1 and Baro-2,
Geba-A and Geba-R, and Genji hydropower projects; and

Study area Emission scenario Study period Major findings References
Base period Future AT (°Q) AP (%)

Biliu River, China Ensemble of scenarios 1980-2004 2016-2040 +04-15 —122t0+218 Xueping et al. (2018)
2041-2065 +0.68-34 —41t0422

Angola RCP4.5 1958-1987 2011-2040 +13 —-29 Carvalho et al.

(2017)

2041-2070 +2.1 —13
2071-2100 +26 —26

Dry Zone in Myanmar RCP4.5 1981-2005 2050s +15-22 +10 Myo and Zin (2020)
2080s +20-26 +8

Recife city, Brazil RCP4.5 1979-2000 2021-2050 +10 —52 Costa et al. (2019)
2051-2080 +20 —154

Over Ethiopia A1B 1961-1990 2030 +0.9-1.1 +14-45 NAPA (2007)
2050 +1.7-2.1 +3.1-84
2080 +27-34 +5.1-138

Over White Nile Basin A2 Existing condition 2010-2039 +1 —1.16 Hany et al. (2016)
2040-2069 +25 —13.58
2070-2099 +35 —14.77

Over Blue Nile A1B 1979-2013 2046-2064 +20-2.7 +17.7-46 Roth et al. (2018)
2081-2099 +2.7-37 +27-48
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Itang and Gilo-2 irrigation projects) that will have environ-
mental impacts on the local and downstream Nile coun-
tries—Sudan and Egypt (Tahani et al. 2013).

Therefore, it is very essential to develop basin level climate
change scenario to address water resources management
issues related to climate change in the basin. Unfortunately,
there still lacks a full-fledged climate change scenario devel-
opment at Baro-Akobo basin level. Furthermore, previ-
ous studies used to apply RCM outputs directly for climate
change scenario development whereas the current study has
put an effort to treat the biases in the regionally downscaled
time serious data due to local factors (orographic, coastal
and vegetation effects) using 30-years observed data.

Objective of the study

Climate change adaptation is fundamental to safeguarding
vulnerable communities, ecosystems, and relevant climate-
sensitive sectors from the impacts of climate change. The
key to successful adaptation is to anticipate how the climate
will evolve in the future (Santosh et al. 2019). To understand
the impacts of climate change on different sectors, the his-
torical trends and future climate scenarios of different cli-
matic parameters need to be assessed (Cradock-Henry et al.
2018).

Therefore, the main objective of this study is to develop
future climate change scenario in the mid-term and long-
term future periods using the A1B emission scenario. The
focus is to develop bias correction factors for RCM down-
scaled data and projection of future climate change in terms
of temperature, precipitation, and evapotranspiration for
the basin using the A1B emission scenario. The developed
scenario provides a basis to design adaptation pathways
such as modeling the relation between reservoir inflow
and climatic variables based on the likely climate change
trajectories.

Materials and methods
Description of the study area
The Baro-Akobo River Basin lies in the South-West-
ern part of Ethiopia between latitudes 5° and 10°
North and longitudes 33° and 36° East. In the west
the basin boundary forms an international boundary
with Sudan. The basin covers parts of the Benshangul-
Gumuz, Gambella, Oromia and SNNP administrative
regions. It is the second largest subbasin in the Eastern
Nile basin. The Eastern Nile Basin consists four sub-
basins: the Baro-Akobo-Sobat (White Nile) sub-basin
in the west, the Abbay (Blue Nile) sub-basin in the
north, the Tekeze-Atbara sub-basin on the east and the
Main Nile basin from Khartoum to the Nile delta.
With a total drainage area of about 76,000 sq km,
the basin ranks number eight of the 12 major river
basins in Ethiopia. Both Baro and Akobo rivers border
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with Sudan in their downstream sections and merge
to form the Sobat River, which is a major tributary of
White Nile. Neighboring river basins in Ethiopia are
the Abay river basin (Blue Nile) in the north and the
Omo-Gibe river basin in the south-east. The river
basin has lowest elevation of about 390 m and high-
est elevation of about 3244 m. The total mean annual
flow from the river basin is estimated to be 23.6 BCM.
As a result of regular flooding, the lowland areas are
mainly used as pastures for grazing and no major
water resources development has taken place to-date.
There are Extensive Water Resources Development
Projects under planning and implementation in the
basin. These include hydropower projects—Tams,
Birbir A, Birbir R, Baro-1, Baro-2, Geba-A, Geba-R,
and Genji hydropower projects and Irrigation projects
including Itang and Gilo-2 irrigation schemes (Fig. 1).

Data collection and processing
Observation data

Moreover, spatial data such as Digital Elevation Model
(DEM) of 90 m*90 m, and Ethio-River basin shape
files were collected from Ministry of Water Resource
(MoWR), Ethiopia. This data is applied for location map
development and areal data computations, both for
observed and RCM, from point data. Different data pro-
cessing techniques—data screening, trend test, stationery
test, F-& t-tests, test for relative consistency and homo-
geneity are all applied to ensure observation data quality.

Mean-Areal Precipitation (MAP) depth computations

There are many ways of deriving the areal precipitation
over a catchment from rain gauge measurements includ-
ing: Arithmetic Mean, Thiessen Polygon, Isohyetal, grid
Point, Percent Normal, Hypsometric, etc. (Chow et al. 1988).
Choice of methods requires judgment in consideration of
quality and nature of the data, and the importance, use and
required precision of the result. Accordingly, the Thiessen
Polygon method was applied to determine the areal aver-
age precipitation over the basin. In this method, weights are
given to all the measuring gauges based on their areal cov-
erage of the watershed, thus eliminating the discrepancies in
their spacing over the basin. HEC-GeoHMS utility of Arc-
GIS is employed for construction of Thiessen Polygons and
assigning gage weight. Similar procedure is followed to cal-
culate other basin areal meteorological data (e.g., ETo) and
areal data of RCM GCPs meteorological data.The areal rain-
fall R is given by:

n

n

—_ aiRi

R = E A = E WiRi (1)
i=1 i=1
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Fig. 1 Location map of Baro-Aakobo river basin relative to Ethiopian river basins

where R, is the rainfall measurement at n rain gauges; a;
is polygon area; w; is gauge areal weight and A is the total
area of the catchment.

Potential evapotranspiration

Many empirical or semi-empirical equations have been
developed for assessing reference/potential evapotranspi-
ration from meteorological data. Numerous researchers
have analyzed the performance of the various calculation
methods for different locations. As a result of an Expert
Consultation held in May 1990, the FAO Penman—Mon-
teith method is now recommended as the standard
method for the definition and computation of the poten-
tial evapotranspiration when the standard meteorological
variables including air temperature, relative humidity and
sunshine hours are available (Allen et al. 1998).

In this study, the Potential evapotranspiration is calcu-
lated by ETO calculator software that uses the relatively
accurate and consistent performance of the Penman-—
Monteith approach in both arid and humid climates. ETo
for the basin is determined based on the four basic cli-
matic data—temperature (T, Tpean and T,;,), mean
relative humidity, wind speed at 2 m above soil surface
and the actual sunshine duration.

The FAO Penman—Monteith equation (Allen et al.
1998)) is given by:

_ 0408AR, — G) + y stz (es — €q)

= X (2)
+ (1 + 0.34uy)

o

where ETo =reference evapotranspiration [mm day ],
R, =net radiation at the crop surface [M] m~2 day~ 1],
G=soil heat flux density [M] m~2 day~!], T=mean
daily air temperature at 2 m height [°C], u,=wind speed
at 2 m height [m s7!], e,=saturation vapour pressure
[kPa], e, =actual vapour pressure [kPa], e,-e, = saturation
vapour pressure deficit [kPa], A=slope vapour pressure
curve [kPa °C™!], y = psychrometric constant [kPa °C~1].

Baseline climate

Baseline climate information is important to characterize
the prevailing conditions and its thorough analysis is valu-
able to examine the possible impacts of climate change on
a particular exposure unit. It can also be used as a refer-
ence with which the results of any climate change studies
can be compared. The choice of baseline period has often
been governed by availability of the required climate data.
According to World Meteorological Organization (WMO),
the baseline period also called reference period gener-
ally corresponds to the current 30 years normal period. A
30-year (1989-2018) period is used by this study to define
the average climate of the basin, and scenarios of climate
change are also generally based on 30-years’ means.
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RCM data

Regional grid climate data that has been dynamically
downscaled by RCM Version 3.1 from general Circu-
lation model (GCM) for A1B emission scenario was
obtained from International Water Management Institute
(IWMI). These are gridded meteorological time-series
data of precipitation; maximum, mean, and minimum
temperature; wind speed; relative humidity; and poten-
tial evapotranspiration at a grid center point (GCP) spa-
tial resolution of 0.5° by 0.5° (i.e., 55 km by 55 km). GCPs
that can have possible effect and fall in or nearby the
basin are selected for the study. The data cover 3-periods:
base (control) period (2001-2010), mid-term forecast
(2040s i.e., 2041-2050) and long-term forecast (2090s i.e.,
2091-2100) meteorological time-series RCM data. These
data are bias corrected based on bias correction factors
developed between means of observed base period data
(1989-2018) and RCM base period data (2001-2010)
before making use of them for mid-term and long-term
scenario development.

Bias correction for RCM output

This method is used to ‘adjust’ the mean, variance and/or
distribution of RCM climate data. All models have inad-
equacies due to such factors as resolution, differing inter-
nal dynamics, and model parameterizations, so different
climate models can respond differently to the same inputs
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(Robert and Colin 2007). Bias correction is usually needed
as climate models often provide biased representations
of observed times series due to systematic model errors
caused by imperfect conceptualization, discretization, and
spatial averaging within grid cells. Typical biases are the
occurrence of too many wet days with low-intensity rain
or incorrect estimation of extreme temperature in RCM
simulations (Ines and Hansen 2006). A bias in RCM-sim-
ulated variables can lead to unrealistic hydrological simu-
lations of river runoff. Thus, application of bias-correction
methods is recommended (Wilby et al. 2000).

The term ‘bias correction’ describes the process of scal-
ing climate model output to account for systematic errors
in the climate models. The basic principle is that biases
between simulated climate time series and observations
are identified and then used to correct both control and
scenario runs. The main assumption is that the same bias
correction applies to control and scenario conditions.
Several techniques are available to create an interface for
translating RCM output variables to hydrological mod-
els. For instance, precipitation and temperature can be
bias corrected by applying one of the following methods:
Precipitation threshold, Scaling approach, linear trans-
formation, Power transformation, Distribution transfer,
Precipitation model and Empirical correction methods
(Fig. 2).

Bias correction

River run-off

Fig. 2 Conceptual framework for bias correction




Muleta Environ Syst Res (2021) 10:24

In this work a Power Transformation method of bias
correction is applied for precipitation whereas linear
transformation method is used to correct temperature. In
each case of bias correction attempt is made to match the
most important statistics (coefficient of variation, mean
and standard deviation) on a scale of 30 days.

Precipitation bias correction: power transformation
method
The method is selected based on its relative simplicity
and application result as used by (Leander and Buishand
2007) for a Meuse basin study. They found that adjusting
both the biases in the mean and variability, the method
leads to a better reproduction of observed extreme daily
and multi-day precipitation amounts than the commonly
used linear scaling correction.

In this nonlinear correction each daily precipitation
amount P is transformed to a corrected P* using:

P*=axPt (3)

The impact of sampling variability is reduced by deter-
mining the parameters a and b for every month period
of the year, including data from all years available (Lean-
der and Buishand 2007). The determination of the b
parameter is done iteratively. Here the “Goal Seek” func-
tion in the Microsoft excel served the purpose. It was
determined such that the coefficient of variation (CV)
of the corrected daily precipitation matches the CV of
the observed daily precipitation. With the determined
parameter “b’, the transformed daily precipitation values
are calculated using:

p* = pb (4)

“w_»

Then the parameter “a” is determined such that the
mean of the transformed daily values corresponds with
the observed mean. At the end, each block of 30 days has

got its own “a” and “b” parameters, which are the same
for each year.

Temperature bias correction: linear transformation method
The correction of temperature only involves shifting and
scaling to adjust the mean and variance (Leander and
Buishand 2007). Hence, for correcting the daily tempera-
ture a linear transformation technique is applied. For the
basin, the corrected daily temperature T, was obtained
as:

corr

Teorr = aTyn + b (5)

where T, is the uncorrected daily temperature for the
base period (2000s) of RCM data, and a and b are linear
constants. The values of a and b are determined using the
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“Goal Seek” iteration technique of MS Excel so that the
statistics (mean and standard deviation) of the observed
data corresponds with that of the corrected base period
RCM data.

Result

Bias correction of RCM output climatic variables

Bias correction factors—a and b

As thoroughly explained under methods section above,
bias correction factors a and b were developed by match-
ing the statistical parameters (mean, coefficient of
variation and standard deviation) of the observed and
downscaled base period precipitation and temperature
data. Values of a and b were determined for each month
block of a year to minimize the temporal variation impact
on the bias correction and these values were applied to
correct each corresponding month of the mid-term
(2040s) and the long-term (2090s) A1B scenario RCM
data. Below is tabular summary for “a” and “b” values
developed for each month (Table 2).

Comparison between bias corrected and uncorrected RCM
output data

Comparison was made among bias corrected RCM,
uncorrected RCM and observed data to show the inher-
ited biases in RCM on one hand and to validate the effec-
tiveness of the factors a and b on the other hand. The
comparisons are shown below with illustrative figures for
precipitation (Fig. 3), for maximum temperature (Fig. 4)
and for minimum temperature (Fig. 5).

Furthermore, it can be observed from Fig. 3 that the
RCM and hence GCM has mainly underestimated the
precipitation over the basin in all months except in the
month of November. In the contrary, the regional climate
model has generally overestimated the maximum tem-
perature in all the months (Fig. 4). Figure 5 shows that
the model overestimated minimum temperature except
for months of November, December, and January. These
biases in the model are attributed to poor resolution to
address the local forcing.

Climate change scenario

In this study, the future climate change scenarios for the
2040s and the 2090s were assessed in comparison with
the base period of the 2000s for three climatic variables
— temperature, precipitation, and evapo-transpiration as
presented below:

Temperature scenario
Both the projected maximum and minimum tempera-
tures have generally shown an increasing trend for A1B
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Table 2 Tabular values of correction factors (a and b) used for bias correction
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Block/month Rainfall Max. temperature Min. temperature Remark
A b a b a B
1 0.8792 13772 1.2805 —10.6803 0.8133 2.3622 Applied to 2040s & 2090s, too
2 1.3542 1.3361 0.8748 0.9254 0.8411 1.5618 Applied to 2040s & 2090s, too
3 1.1954 1.0213 1.1135 —5.7307 0.8486 1.5090 Applied to 2040s & 2090s, too
4 1.2072 1.0392 0.8521 0.9649 1.1131 —2.3814 Applied to 2040s & 2090s, too
5 1.5849 0.8936 09328 —0.6110 0.8698 1.3467 Applied to 2040s & 2090s, too
6 1.7855 0.8545 0.9972 —2.0092 1.6076 —9.1064 Applied to 2040s & 2090s, too
7 1.4089 0.8847 0.9127 0.0313 2.2550 —183513 Applied to 2040s & 2090s, too
8 1.8901 0.7863 0.7631 34377 0.8719 1.0104 Applied to 2040s & 2090s, too
9 1.2814 0.9810 0.8754 1.0238 0.6479 4.2501 Applied to 2040s & 2090s, too
10 0.9410 1.1642 0.6818 56713 0.5023 6.3036 Applied to 2040s & 2090s, too
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emission scenario in both future time of 2040s and 2090s
(Fig. 6). Future projected maximum temperatures show
large temperature fluxes in the month of January both
for 2040s and 2090s forecasts with a temperature rise of
2.5 °C and 5.1 °C respectively as compared to the base
period. On the other hand, minimum temperature flux
will be higher in the month of July for both mid-term and
long-term forecasts with a temperature rise of 2.5 °C and
5.8 °C respectively (Fig. 7). Generally, the projected mean
annual temperature increases from the baseline period by
an amount of 1 °C and 3.5 °C respectively, in 2040s and
2090s. This implies that temperature will continue to
increase in the twenty first century over the basin.

Precipitation scenario
In contrast to temperature, projection of rainfall does not
manifest a systematic increase or decrease in the coming
time horizon for A1B global emission scenario (Figs. 8,
9, 10). It shows a decreasing trend in the mid-term pro-
jection (Fig. 9) and an increasing trend for 2090s pro-
jection (Fig. 10). This contrasting trend implies the fact
that rainfall probability and frequency over a given area
will be shifted spatially and temporally following change
in the climate. Precipitation experiences a mean annual
decrease of 1.8% by 2040s and an increase of 1.8% in
2090s over the basin for the A1B emission scenario.
However, future projection of rainfall depicts a con-
siderable change on seasonal and monthly basis. For
instance, the rainfall will experience a reduction of up to
29% in January and rises to 42% in February for future
2040s projection. Likewise, a precipitation decreases of
up to 24% in January and a rise of up to 47% in December

was predicted for the 2090s A1B global emission scenario
as can be observed from Fig. 11.

Moreover, one can observe considerable seasonal vari-
ation in precipitation change with increasing trend in the
rainy season (July to December) and a decreasing trend
in the dry season (January to May), Fig. 11. This has an
implication climate change on the intensification of
hydrologic extremes-drought and flooding in the future.

Evapo-transpiration scenario

Relative to the current condition, the average annual
evapo-transpiration over the basin shows increasing
trends in both short-term (2040s) and long-term (2090s)
forecasts for the A1B scenario (Fig. 12). According to this
study, evapotranspiration has been found to increase to
an extent of 25% in the month of July (Fig. 13). Seasonal
wise, it can be observed that considerable evapotran-
spiration fluxes are projected in summer season for the
2090s and relatively little monthly and seasonal variation
is depicted in evapotranspiration of 2040s prediction.
The result shown is so logical in the sense that evapotran-
spiration will be favored by increased water surface cov-
erage (in summer) and by the increasing temperature to
the end of the century.

Discussion

The current issue of climate change adaptive strat-
egy in the water resources sector can be achieved
through the characterization of climate-related risks
and response options to climate change under different
socio-economic futures and development prospects are
essential for sustainable water resources management
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(Cradock-Henry et al. 2018). This can be achieved
through relevant climate change scenarios development
at the national and local scales for sustainable develop-
ment and management of projects and programs across
relevant sectors (Aparecido et al. 2020; Poonia and Rao
2018; Aziz et al. 2020). The current study has laid a base-
line information for climate change adaptive strategies
and water resources management decision support.

The projected maximum and minimum temperature
shows an increasing trend for the next century, which is
obviously attributed to the increasing emission scenario
of GHG. But, on the contrary, Precipitation prediction

does not manifest a general trend in the future scenarios;
rather it depicts a slightly decreasing trend in the mid-
term forecast (2040s) and an increasing trend in the late
century (2090s) for the A1B emission scenario. Typically,
projection of rainfall has shown a large seasonal varia-
tion—a considerable increase in summer and autumn
with reduction in winter and spring (Fig. 11). This vari-
ation accompanied by highly increasing evapotranspira-
tion in the future climate will have a clear implication of
a likely occurrence of hydrologic extremes-drought and
flooding-over the basin.
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The results shown related to bias correction indicates  biases in the model outputs are of course expected owed
that still considerable biases inherited from GCM are to locally sensitive climatic variables and complexity of
prevailing in the RCM outputs. Studies have shown that  the global system, in which case GCM and even RCM are
Global climate models (GCMs) are inherently unable to  inherently unable to represent local sub grid-scale fea-
present local subgrid-scale features and dynamics (David  tures and dynamics at basin levels.
and José 2014) and consequently climate change studies The current study outputs of climate change on the
at local level are required for decision makers. Bastien = basin shows a good agreement with previous studies
(2017). Furthermore, it is an indication of a poor rep-  such as Carvalho et al. (2017), Costa et al. (2019), Hany
resentation of the regional or continental level climate et al. (2016), Myo and Zin (2020), Roth et al. (2018), and
change scenario at the basin level. These variations and  Xueping et al. (2018) (Table 1) as far as temperature
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change scenario is considered. Moreover, the current
projected mean annual temperature changes of 3.5 °C in
2090s is within the range projected by (IPCC 2018) which
indicated that the average temperature rise to be in the
range of 1.4-5.8 °C towards the end of this century. But
in the case of precipitation change scenario, the results
do not show consistency and of course this is true also
with the previous studies and we can say that the result
showed a good agreement with the studies in behavior
rather than quantitatively (refer to Table 1).

The inconsistency in the rainfall change scenario
among the studies is attributed to the sensitivity of rain-
fall variable to the poor resolutions of GCM (Myo and
Zin 2020), differences in the models (Costa et al. 2019),
and local factors such as orographic, coastal and veg-
etation effects (Jose et al. 2016; David and José 2014). Of
course, this is the central reason to have conducted the
current study in addition to the peculiar features of the
basin such as distinctive bimodal rainfall pattern and
the vast water resources developments. To this end, bias
correction is employed in the current study (which, of
course, lacks in the previous studies) to better account
for the local effects than directly using the downscaled
meteorological data as in the case of previous studies.
However, the current study is limited to a single alter-
native scenario-A1B, with the objective of getting single
valued average climate scenarios. In fact, the probabil-
ity of a single-story line to occur in the future is highly
limited. Therefore, further studies can be extended using
the other alternative scenarios and models to show the
range of climate change scenarios over the basin. The

research needs also to be extended to the other basins of
the country.

Conclusions

The result of climate projection reveals significant climate
change scenarios over Baro-Akobo basin particularly
in terms of monthly and seasonal distribution with the
implication of hydrologic extremes. This, accompanied
with the extensive water resources development projects
in the basin and its transboundary environmental effect,
calls for climate change adaptive strategies and real-time
water resources managements. Therefore, the obtained
result produced a baseline data that support adaptation
of the vast water resources development planning and
management in the basin to the ever-changing climate.
The author highly recommends researchers to model the
relation between these climate change scenarios and res-
ervoir inflows as climate change adaptation strategy. It
further helps reservoir operators to modify their opera-
tion rules to better combat hydrologic extremes and
minimize the possible environmental impacts of the vast
water resources developments on the local and down-
stream Nile basin countries.

However, the study has involved several models’ out-
puts where each possessed a certain level of uncertainty.
Moreover, it is based on a single emission scenario sto-
ryline (A1B). Hence, the results of this study should
be taken with care and be considered as indicative of
the likely future rather than accurate predictions. It is
believed that the results of this study give a baseline data
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and increase awareness on the possible future risks of cli-
mate change.
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