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Abstract

Climate change is statistical variations over an extended period in the features of the climate system, such as variations in global
temperatures and precipitation, caused by human and natural sources. In this study aimed to measure and examine how
streamflow in the Dawa sub-basin, Genale Dawa River basin was affected by climate change. It used the average of five regional
climate models from the Coordinated Regional Climate Downscaling Experiment (CORDEX) Africa, under two different
scenarios of Representative Concentration Pathways: RCP4.5 and RCP8.5. The baseline scenario was based on the data from
1975 to 2005, while the future scenarios were based on the data from 2020s (2025-2054) and 2050s (2055-2084). The HBV
hydrological model used to assess the impact on streamflow. The HBV model showed good statistical performance in simulating
the impact of climate change on streamflow, with a coefficient of determination (R?) of 0.88 and Nash-Sutcliffe Efficiency (NSE)
of 0.77 for monthly calibration, and R? of 0.86 and NSE of 0.83 for monthly validation. The impacts quantified using the mean
monthly changes in precipitation, maximum and minimum temperatures. The bias-corrected precipitation and temperature
showed a reasonable increase in both future periods for both RCP 4.5 and RCP 8.5 scenarios. These changes in climate variables
resulted in a decrease in mean annual streamflow by 1.6 and 3.5% for RCP 4.5 and by 4.6 and 4.9% for RCP 8.5 scenarios of the
2020s and 2050s, respectively. Based on the analysis that predicted a drop in precipitation during the months, and seasons and
an increase in precipitation during the Belg season, with a corresponding decrease and rise in stream flow throughout the
watershed. So to offset the variation in the watershed, community should adopt various; Soil and water conservation
technologies, Using drought-tolerant crops, Implementing various trees and appropriate design and applying a water harvesting
structure like in-situ, internal or micro catchment, external or macro catchment water harvesting and Surface runoff harvesting.
This result offers useful information for current and future water resource management in the basin and similar other watershed
in the country.
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1. Introduction

Climate change is statistical variations over an extended
period in the features of the climate system, such as variations
in global temperatures and precipitation, caused by human
and natural sources. The world climate changes mainly in-
fluence rainfall distribution and availability of water on the
earth's surface due to rainfall is the main source of water in a
river basin [1]. The amount of precipitation that falls within a
river basin directly correlates with the volume of water bodies
inside it [24, 17]. River basin function is expected to signifi-
cantly impact by climate change, with changes expected to the
frequency and amount of rainfall events [39, 19] and relative
humidity [39]. In sub-Saharan Africa, freshwater availability
is essential for both social and economic advancement. Water
is essential for many important economic and social processes,
including agriculture, industry, urban growth, hydropower
production, inland fisheries, transportation, and leisure. These
operations create jobs and bring in money to keep the econ-
omy afloat. In addition to its economic significance, fresh
water is crucial for tackling issues of hunger, poverty, and
health, as the Millennium Development Goals acknowledge
[38].

Environmental change influences are usually evaluated on
two different scales: the worldwide or mainland scale takes
into consideration a general perspective on the bigger setting
and examples, while provincial examinations center on sub-
tleties, for instance flood or dry spell hazards. By contrasting
environmental change influences between variant districts,
benefits of the two methodologies can be combined. This way
of bridging these two scales is probably going to give new
insights into the attributes of environmental change in the
genuine locales, yet in addition past [28].

The global mean surface temperature has been rising since the
late nineteenth century, according to historical temperature data,
with the last three decades being consistently higher than any of
the preceding decades [14]. The global warming trend has the
potential drastically change global precipitation patterns and
water supply. Numerous parts of Africa, including the Sahel in
the north, the Greater Horn of Africa, and western and southern
Africa, have experienced catastrophic droughts in the past few
decades and millennia and are susceptible to the adverse effects
of climate change [13]. Global warming is happening, according
to a thorough analysis of the vast amount of data the Intergov-
ernmental Panel on Climate Change (IPCC) has collected about
many aspects of the climate system [15, 16]. Hydrological re-
search has made the effects of climate change on hydrological
systems a top goal [7]. Different regions of the world have indi-
cated how streamflow conditions affected by climate change [23,
20]. Where the environment grows drier, these effects will be
especially severe [25].

Assessments of how climate change affects streamflow
have conducted all around the world. (E.g. in China, in
Ethiopia, in India or on the global scale [22, 14, 21, 2]. Nu-
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merous studies have demonstrated climate and streamflow
changes for different basins throughout the world (e.g. [3-5,
11, 12, 18]. These studies show that climate changes have
continued and will continue to influence streamflow discharge.
Trend-based climate change scenarios of the 2030s will in-
crease the average annual streamflow by 5.2% [18]. This
significantly affects soil erosion and streamflow compared to
other scenario conditions by using the GCM model [10] an-
alyzed several climate factor trends and concluded that the
Gilgal Abay catchment will be approximately 2<C warmer by
(2011-2025), leading to increases in evapotranspiration and
subsequent streamflow changes. In this study, out of four
alternative emission scenarios of RCP 2, RCP 4.5, RCP 6 and
RCP 8.5, Regional climate model (RCM) data from the en-
semble of CORDEX Africa have run under RCP 4.5 and 8.5.
These incorporated into the calibrated and validated using the
HBYV hydrological model. The RCP 4.5 scenario describes the
stabilization without overshoot pathway to the radiative
forcing trajectory, which goes to a peak level of 4.5 W/m? [8].
The RCP 8.5 corresponds to the rising radiative forcing
pathway leading to 8.5 W/m? by 2100. The purpose of this
study was to produce impact-specific, scientifically grounded
data that will directly assist in the development of Ethiopia's
local and national climate change response plans. The partic-
ular goals were to use the semi-distributed hydrological model
HBYV to simulate the hydrology of the chosen Dawa River
sub-basins, estimate the effects of climate change on hy-
drology and river flows, and suggest adaptation strategies for
the sustainable management of water resources in the face of
climate change.

2. Materials and Methods

2.1. Description of the Study Area

The location of the Dawa River watershed is 38°2'48' to
41°2'34"E and 4%5'8" to 6°27'18"N (Figure 1) It makes up a por-
tion of Ethiopia's southeast highlands and is located 567 Kilo-
meters southwest of Addis Ababa. The Dawa River
Sub-watershed is located in East Africa, covering an area of
235765 ha and flows through three major countries: Kenya,
Ethiopia, and Somalia, with 81% falling into Ethiopian territory.
The Dawa River Sub-watershed has a maximum and minimum
elevation of 2345 and 1149 meters above sea level, respectively,
and the inclination of the basin is toward the southeast. With
steep slopes at the upper river parts and undulating terrain and
mild slopes at the downriver parts, it is characterized by moun-
tainous and severely dissected areas of land The Dawa River
encompasses a cool zone, a temperate zone, and hot lowlands,
which are the three major climatic zones of the country.
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Figure 1. Location Map of the Study area (Source: Ethiopian Geospatial Map, 2016).

2.2. Climate Data and Scenarios Generation

Daily baseline data was taken from the Ethiopian Nation
Metrological Agency (for the stations Yabello, Hageremariam,
Kibre Mengist, Negalle, Oda Shakiso and Mega). The base-
line period from 1975 to 2005 was used for the analysis of the
baseline scenario, while the periods 2020s (2025-2054) and
2050s (2055-2084) were used for future scenario analysis.

A set of simulations (historical and future scenario) was
conducted with an ensemble mean of five regional climate
model runs (Table 2) from the Coupled Model Intercompar-
ison Project phase fifth (CMIP5). At the boundaries of models,
an ensemble mean was taken from the CORDEX Africa [29]
regional climate models, with a spatial resolution of 0.44°
following the RCP4.5 and RCP8.5 emission scenario path-
ways. Ensemble mean data are available in the context of the
Coordinated Regional Climate Downscaling Experiment [30]
over Africa at 0.44 “resolution for the period 1950-2100, and
it has already been used over Africa [31, 33-35]. The data
analyses focus on the periods (1975-2005) as a reference

period and future period (2020-2080). As precipitation and
temperature are the key drivers for the hydrological regime of
climate change [29], its main impact through changes in these
variables was bias-corrected following the method of [41]. To
make the baseline data (1975-2005) amenable to further
analyses, the missing values were packed using the arithmetic
mean method [42], and the consistency and homogeneity of
rainfall were checked by the double mass curve technique [43]
and Standard Normal Homogeneity test using XLSTAT
(version 2019.1) software, respectively. Four stations of
rainfall within or approximately the boundary of the catch-
ment was used for annual rainfall estimation. Finally, the
bias-corrected and uncorrected data processes were evaluated
using the standard deviation (SD) and mean absolute error
(MAE), where the latter is a quantity used to measure how
close simulated forecasts are to the observed data [40]. In
addition, trends and patterns of baseline climate were exam-
ined using statistical descriptors like mean, coefficient of
variance (CV) and standard deviation to permit assessment of
future climate change scenarios.
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Table 1. Statistical summary of data (1975-2005) for Streamflow, Rainfall, Tyaand Tpin.

Months Jan Feb Mar  Apr May

RF (mm) 171 247 748 1472  109.2
Tmax () 277 284 216 247 24.4
Tmin (°C) 129 142 149 155 14.9
Flow (M%s) 9.7 8.1 8.7 18.4 335

Jun

22.6
23.2
14.0
26.9

Jul

14.0
23.0
13.9
20.3

Aug

15.7
23.9
13.9
22.1

Sep Oct
376  119.6
253 247
142 147
26 34.7

Nov Dec Average

611 0.7 644.2
326 270 260
138 127 141
327 1715 241

Table 2. Summary of the Regional Climate Models and their driving Global Climate Models used.

Institution GCM RCM Resolution (Lat & Log)
Canadian Centre for Climate Modelling and Analysis CCCmaa-CanESM2 SMHI-RCA4 2.8%2.8
National Instltut.e for Enwro_nmental Studies and Japan MIROC-MIROCS SMHI-RCA4 14%1.4
Agency for Marine-earth Science and Technology, Japan
Met Office Hadley Centre, UK HadGEMZ2-ES SMHI-RCA4 1.25*1.25
CSIRO-QCCCE-CSIRO-MK3-0 CSIRO-MK3-6-0 SMHI-RCA4 1.9%1.9
Max Planck Institute for Meteorology, Germany MPI-M-MPI-ESM-LR SMHI-RCA4 1*1
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Figure 2. A. Land use land cover (2016) and B. Soil type.

2.3. Hydrological and Spatial Data

The streamflow data utilized to validate and calibrate the simulation of the HBV model. The Ministry of Water and Energy
(MoWE) provided daily streamflow data for the Dawa sub-basin at Melka Guba station. (Table 4) Land use land cover images
used for this study were obtained from the FAO 2016 and soil data were collected from the Harmonized World Soil Database

(HWSD) [9] (Figure 2).
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2.4. HBV Model Description

Table 3. Spatial coverage of different LULC classes, Soil types and slope classes of the study area.

LULC class 2016 Proportional area (%0)

Soil type

Proportional area Slope classes Proportional

(%) (%) area (%)
415 0-49 47.58
36.3 49-108 46.28
10.4 10.8-20.1 4.7

7.4 20.1-33.3 14

4.4 >33.3 0.03

Table 4. Applied datasets, their resolution and the required parameters in this study.

Tree cover areas 4.29 Chromic Cambisols
Shrubs cover areas 36.71 Chromic Luvisols
Grassland 46.85 Lithic Leptosols
Cropland 10.55 Eutric Vertisols
Flooded 0.002 Eutric Leptosols
Sparse vegetation 0.03

Bare areas 1.49

Build up areas 0.09

Waterbody 0.013

Data Set Resolution

DEM 12.5m

Soil map 1Km

Land use map 12.5m

Climate Daily (0.44%

Discharge Daily

Parameters

Topographical data

Soil class

Lad cover and use
Precipitation and Temperature

Stream flow data

Table 5. Performance indicators of model streamflow simulations.

Name of indicator perfect Formula
Coefficient of determination R?=0.88
Nash-Sutcliffe Efficiency NSE =0.77

3. Results and Discussions

3.1. Baseline Change in Rainfall and
Temperature

Rainfall varies greatly on a yearly and monthly basis, with
six months mean January, February, June, July, August, and
December out of the twelve months receiving less than 20
mm per month on average from 1991-2020. On the other

40

Simulation value

0.86
0.83

side, April, followed by October, is the month with the high-
est mean rainfall (147.2 mm), during the same period (119.6
mm). The trend and inter-annual variability of rainfall,
maximum and minimum temperature for the baseline period
1975- 2005 (observed and Historical climate model output)
are shown in Figures 3, 4 and 5. In addition to the mean (X)
and the standard deviation (SD), and coefficient of variance
(CV) was used to classify the degree of variability as less
rainfall variability (CV < 20), moderate rainfall variability
(20 < CV < 30), high rainfall variability (CV > 30), very high
rainfall variability (CV > 40%) and extremely high rainfall
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variability (CV > 70%) [6, 26].

Rainfall in Yabello is highly variable, as indicated by the
computed CV value of 34.45%, while the coefficient of vari-
ation for all months spans between 49.4 to 387.5%. Particu-
larly, the CV values that exceed 100% for the research area's

e Observed

==@==GCM Average

Raw Historical

200
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g 50
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SN F F.ASD ;LSS
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Months

months of January, February, March, June, July, August, and
December show that rainfall has an exceptionally high in-
ter-annual variability due to CV>70% (Table 6). These find-
ings are consistent results with those reported by [26].
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Figure 3. A comparison of the simulated and observed mean monthly rainfall before and after bias adjustment can be seen on the left and
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Figure 5. Comparison of bias-corrected simulated and observed mean monthly T, before (left side) and after (right side).

During March, October, and November, the rainfall trend
significantly increased (P-value > 0.05) Table 6 and Figure 6.
The slope estimations for March, October, and November
showed 0.46, 0.3, and 0.46 respectively. These months show

the largest changes in magnitude. For the remaining months
over the research years, there is no monotonic trend (Pygue >
0.05) except for January, February August and October. This
discovery is consistent with those that have been reported by
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[27]. The seasonal distribution of rainfall reveals that
Birra/Belg (February to May), which recorded a mean pre-
cipitation of 355.9 mm, is followed by Bona (October to

Time

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Kiremt
Bega
Belg

Annual

160
140
120
100
80
60
40
20

Mean RF (mm)

Jan .

Feb mmm

Mar I

&

Jun .

=
<

Months

May

Jul
Aug B

Sep

Oct I

Nov I

Dec |

January), which experienced a mean record of 198.4 mm.
However, Ganna (June to September) was the period for the
lowest with 89.9mm.

700
600
500
400

300

200

100 I
, 1

Kiremet Bega  Belg Annual

Mean RF (mm)

Time Scale

Figure 6. Baseline period areal rainfall observed period.

Table 6. Descriptive statistics and test results of monthly Observed precipitation (1991-2020).

Mean

17.1
24.7
74.8
147.2
109.2
22.6
14.0
15.7
37.6
119.6
61.1
0.7
89.9
198.4
355.9
644.2

SD

23.3
343
79.6
72.7
741
26.8
14.8
215
33.7
87.7
515
2.7
55.3
121.5
151.9
2222

3.2. Hydrological Model Calibration and
Validation

Dawa sub-basin streamflow gauged near Melka Guba used
to calibrate the hydrological model for a period of January 1,
1991, to December 31, 2020, using the HBV calibration

CVv

136.4
139.3
106.4
494
67.8
118.9
105.4
136.9
89.6
73.3
84.3
387.5
61.4
61.2
42.7
34.5

42

Zz P SS
-0.04 0.68

-0.04 0.68

0.01 0.34 0.46
-0.13 0.23

-0.28 0.01

-0.13 0.20

-0.27 0.01

-0.05 0.61

-0.28 0.01

0.04 0.69 0.30
0.11 0.30 0.46
-0.41 0.00

-0.19 0.07

0.08 0.02

-0.25 0.33

-0.1 0.33

technique. For the model setup, this study followed the cali-
bration procedure. The model calibration and validation re-
sults for monthly flow (Figures 9 and 10) indicated generally a
good fit between measured and simulated output results.
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Figure 7. Scatter plot of simulated versus observed flow monthly
during the calibration period.
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Figure 8. Scatter plot of simulated versus observed flow monthly
during the validation period.

The model calibration and validation results for monthly
flow (Figures 9 and 10) indicated generally a good fit between
observed and simulated output results.

3.3. Potential Changes of Streamflow Under
Climate Change

There is a developing interest from an extensive variety of
chiefs for environmental change data on territorial to neigh-
borhood scales and at high spatial goal [32]. Time series data
for the 2020s and 2050s were obtained by utilizing the
changes in bias-corrected climate variables (absolute differ-
ence for temperature and percentage difference for precipita-
tion) from the baseline climate. To estimate the potential
influence of climate change on streamflow, an HBV simula-
tion was conducted for the baseline, 2020s, and 2050s using
continuously calibrated soil, land use/cover, and slope pa-
rameters. The streamflow simulation findings for the 2020s
and 2050s were compared to the simulation for the baseline
era.

The Nash Sutcliffe efficiency and coefficient of determi-
nation were taken into consideration as part of the parameters
sensitivity test, which involved adjusting one parameter at a
time while maintaining the other values constant.
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Figure 9. Monthly observed vs. simulated discharge hyd

rograph for Dawa sub-watershed of calibration period.
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Figure 10. Hydrograph of Dawa sub-watershed monthly observed vs. predicted discharge of validation period.
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3.4. Impact of Climate Change on Stream Flow
Under Future Scenarios

Ethiopia is powerless against effects of environmental
change given the nation has encountered some of the most
awful dry spell occasions in beyond a very long while [37].
The river flow data was used as the baseline flow for the
analysis of the effects of climate change in comparison to the
projected flows for the 2020s (2025-2054) and 2050s (2055—
2084). Based on this, the HBV light analysis of the hydro-
logical impact of the Dawa sub-watershed was conducted
utilizing data from two future time series spanning 30 years
for RCP 4.5 and RCP 8.5. The HBV light model's output
proved useful in determining the potential trend of the simu-
lated river flow.

For the RCP 4.5 scenario, the HBV light shows a percent-
age decline in the total average annual flow volume of be-
tween -1.6% (2025-2054) and -3.5% (2055-2084), whereas,
for the RCP 8.5 scenario, the decline is between -4.6%
(2025-2054) and -4.9% (2055-2084). For both the RCP4.5
and RCP8.5 scenarios, monthly, the model shows decreasing
trends in January, February, March, May to September, No-
vember, and December; and increasing trends in March,
April, and October over the two subsequent time horizons
(Figure 11 left). Seasonally, the model predicts an increasing
trend in the Belg season (February to May) and a decreasing

ERCP4.5(2020)
S%CPS.S(ZOEO)

RCP4.5(2050)
RCP8.5(2050)

20
10

0 1 ‘
o JF ||
220
-30

-40
-50

b=

Change in Discharge (%)

Dec

Nowv

trend in the Kiremt season (June to September) and Bega
season (October to January) compared to the base period. For
simulation using the HBV model in the Kiremt season, the
percentage change varies between -30.5% to -31% and -32.5%
to -35% RCP4.5 and RCP8.5, respectively. Additionally, the
percentage decreases for the Bega season were -21.4% to
-25.2% in RCP4.5 and RCP8.5, respectively, and -29.2% to
-26.9%. The increments for the Belg season were, respec-
tively, +39.3% to +40% and +39.2% to +38.5% RCP4.5 and
RCP8.5. According to Figure 11 right, the HBV light repre-
sents a percentage reduction in the total average annual flow
volume of between 1.6% and 3.5% in the RCP4.5 scenario
and between 4.6% and 4.9% in the RCP 8.5 scenario. During
scenario developments, a fall in mean annual precipitation at
times when a fall in average total annual flow volume seen.

Furthermore, under the future RCP4.5 (2020) and RCP 8.5
(2020) scenario, the model predicts the lowest percentage
decline in March and the biggest percentage decrease in
January. On the other side, the model predicts that for both
scenarios, October was the biggest percentage increase, and
March and April saw the lowest percentage increase in
RCP4.5 (2050) and RCP8.5 (2050) respectively. This is due
to the precipitation increase having the corresponding lowest
and highest percentage increases. This result is consistent
with that of [36].
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Figure 11. Projected change of mean monthly and seasonal discharge in 2020 and 2050 from the baseline period.

The results showed that the mean annual streamflow was
predicted to fall by 1.6% and 3.5% for the RCP 4.5 scenario in
2020s and 2050s and by 4.5% and 4.95% for the RCP 8.5%
scenario in 2020s and 2050s, respectively. Similar to the
moderate scenario (RCP4.5), it is evident that the sub-basin
streamflow is probably going to decline. The months of April,
May, and October are when the research area has the most
rainfall. Understanding the hydrological effects of climate
change will require an understanding of future changes in
streamflow for these months.

4. Conclusions

In this study, the effects of climate change on streamflow in
the Dawa sub-basin of Genale Dawa River basin, Ethiopia,
was examined. The results of bias-corrected temperature and
precipitation showed a logical increase in all future periods
under both RCP 4.5 and RCP 8.5 scenarios. The study also
confirmed that HBV is a useful tool for assessing the effects
of climate change on the hydrological cycle in the sub-basin.
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When the climate change simulations for the 2020s and 2050s
are compared to the baseline (1975-2005), the RCP 4.5
emission scenario leads to greater annual precipitation and
temperature than the RCP 8.5 emission scenario, which in
turn causes differences in the flow of streams in the catchment
areas. Future period mean annual stream flow projections
indicate that the 2020s and 2050s RCP 8.5 scenarios antici-
pated seeing a reduction of 4.5% and 4.95%, respectively, and
1.6% and 3.5%, respectively, for RCP 4.5 scenarios. As with
the moderate scenario (RCP4.5), it is clear that the streamflow
in the sub-basin was most likely decrease. October's
high-flow months have a significant impact on both the RCP
4.5 and RCP 8.5 scenarios. To reduce poverty and food in-
security in the watershed, both on and off-site water harvest-
ing structures, micro-dams for flood control, and the conser-
vation of home and agricultural water consumption are nec-
essary. Water must use, especially in October, the month with
the highest flow. The HBV hydrological model calibration
has as many unknowns as the absence of land use change.
This study is still helpful, though, since it sheds light on how
sensitive the Dawa sub-basins streamflow is to climatic vari-
ations. Therefore, it is recommended that further research be
done in the future, particularly on model uncertainty analysis,
the use of various climate models. Based on the analysis that
predicted a drop in precipitation during the months, and sea-
sons and an increase in precipitation during the Belg season,
with a corresponding decrease and rise in stream flow
throughout the watershed. So to offset this variation in the
Dawa watershed, the community should adopt various; Soil
and water conservation technologies, Using drought-tolerant
crops in the watershed, Implementing various trees (affor-
estation and re-afforestation) and Appropriately designing
and applying a water harvesting structure like in-situ, inter-
nal or micro catchment, external or macro catchment water
harvesting and Surface runoff harvesting in the watershed.
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HBV Hydrologiska Byréns Vattenbalansavdelning

CMhyd Climate Model for Hydrology

HWSD Harmonized World Soil Database

MoWE Ministry of Water and Energy

Acknowledgments

The authors would like to thanks to Oromia Agricultural
Research Institute for helping me with finance and giving
this scholarship and Mechara Agricultural Research Center
for facilitating finance. In addition, | want to express our

45

utmost gratitude to the Ethiopian National Meteorological
Agency and Ethiopian Ministry of Water and Irrigation and
for providing them the meteorological and daily discharge
data, respectively.

Author Contributions

Ayana Bulti: Conceptualization, Data curation, Formal
Analysis, Investigation, Methodology, Project administration,
Software, Visualization, Writing — original draft, Writing —
review & editing

Fentaw Abegaz: Formal Analysis, Methodology, Project
administration, Supervision, Validation, Visualization

Funding

This study was supported through funding from Oromia
Agricultural Research Institute. The funding sponsor had no
role in the design of the study in the analyses or interpretation
of data; in the writing of the manuscript.

Data Availability Statement

The author’s want to express our utmost gratitude to the
Ethiopia National Meteorological Agency for providing all
required Meteorological data and Ministry of Water and En-
ergy of Ethiopia for providing essential Stream flow data for
my work.

Conflicts of Interest

The authors declare no conflicts of interest.

References
[1] Ahmed, H., Dejene, B., Bona, Y., Alemayehu, G., Hussein, B.,
Birhanu, 1., Abera, A., Gemechis, L., D., Olani, T. B., Get-
achew, M., 2011. '‘Oromia National Regional State Program of
Plan on Adaptation to Climate Change', Finfinnee.

[2] Asadieh, B. & Krakauer, N. Y. 2017 Global change in
streamflow extremes under climate change over the 21st cen-

tury. Hydrol. Earth Syst. Sci. 21(11), 5863-5874.

[3] Basheer, A. K., Lu, H., Omer, A, Ali, A. B., & Abdelgader, A.
M. S. (2015). Impacts of climate change under CMIP5 RCP
scenarios on the streamflow in the Dinder River and ecosystem
habitats in Dinder National Park, Sudan. Hydrology and Earth
System Sciences Discussions, 12(10), 10157-10195.

https://doi.org/10.5194/hessd-12-10157-2015

Bekele, D., Alamirew, T., Kebede, A., Zeleke, G., & Melesse,
A. M. (2019). Modeling climate change impact on the hy-
drology of Keleta watershed in the Awash River basin, Ethio-
pia. Environmental Modeling & Assessment, 24(1), 95-107.
https://doi.org/10.1007/s10666-018-9619-1

(4]


http://www.sciencepg.com/journal/ajwse

American Journal of Water Science and Engineering

http://www.sciencepg.com/journal/ajwse

[5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Beyene, T., Lettermaier, D. P., & Kabat, P. (2010). Hydrologic
impacts of climate change on the Nile river basin: Implications
of the 2007 IPCC scenarios. Climate Change, 100 (3-4), 433—
461. https://doi.org/10.1007/s10584-009-9693-0

Birhanu, H., Yingjun, C., Zinabu, M., & Miseker, B. (2017).
Temperature and precipitation trend analysis over the last 30
years in Southern Tigray regional State. Ethiopia Journal of
Atmospheric Pollution, 5, 18-23.
https://doi.org/10.20944/preprints201702.0014.v1

Bl&chl, G., Bierkens, M. F., Chambel, A., Cudennec, C.,
Destouni, G., Fiori, A. & Sivapalan, M. 2019 Twenty-three
unsolved problems in hydrology (UPH)-a community per-
spective. Hydrol. Sci. J. 64(10), 1141-1158.

Clarke, L., Edmonds, J., Jacoby, H., Pitcher, H., Reilly, J., &
Richels, R. (2007). Climate change science program and the
subcommittee on global change research. p. 154.

Dewitte, O., Jones, A., Spaargaren, O., Breuning-Madsen, H.,
Brossard, M., Dampha, A., Deckers, J., Gallali, T., Hallett, S.,
& Jones, R. (2013). Harmonization of the soil map of Africa at
the continental scale. Geoderma, 211-212, 138-153.
https://doi.org/10.1016/j.geoderma.2013.07.007

Elshamy, M. E., Balirira, R., Abdel-Gaffar, E., & Moges, S. A.
(2009). Investigating the climate sensitivity of different Nile
sub-basins. 13" International Water Technology Conference,
IWTC, Hurghada, Egypt.

Fenta, A. A, Yasuda, H., Shimizu, K., & Haregeweyn, N.
(2017). Response of streamflow to climate variability and
changes in human activities in the semiarid highlands of
northern Ethiopia. Regional Environmental Change, 17(4),
1229-1240. https://doi.org/10.1007/s10113-017-1103-y

Ficklin, D. L., Luo, Y., Luedeling, E., Gatzke, S. E., & Zhang,
M. (2010). Sensitivity of agricultural runoff loads to rising
levels of CO, and climate change in the San Joaquin Valley
watershed of California. Environmental Pollution, 158(1),
223-234. https://doi.org/10.1016/j.vol.2009.07.016

Gan TY, Ito M, HUsmann S, Qin X, Lu XX, Liong SY,
Rutschman P, Disse M, Koivusalo H (2015) Possible climate
change/variability and human impacts, vulnerability of
drought-prone regions, water resource and capacity building
for Africa. J of hydrological sciences, 61. No 7: 1209-1226.
https://doi.org/10.1080 /02626667.2015.1057143

Gizaw, M. S., Biftu, G. F,, Gan, T. Y., Moges, S. A. & Koi-
vusalo, H. 2017 Potential impact of climate change on
streamflow of major Ethiopian rivers. Clim. Change 143(3-4),
371-383.

Intergovernmental Panel on Climate Change (IPCC). (2013). T.

F. Stocker, D. Qin, G. K. Plattner, M. Tignor, S. K. Allen, J.
Boschung, A. Nauels, Y. Xia, V. Bex, & P. M. Midgley (Eds.).
Climate Change 2013. The Physical Science Basis. Cambridge
University Press.

Intergovernmental Panel on Climate Change (IPCC). (2014). V.

R. Barros, C. B. Field, D. J. Dokken, M. D. Mastrandrea, K. J.
Mach, T. E. Bilir, M. Chatterjee, K. L. Ebi, Y. O. Estrada, R. C.
Genova, B. Girma, E. S. Kissel, A. N. Levy, S. MacCracken, P.

46

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

R. Mastrandrea, & L. L. White (Eds.). Cambridge University
Press.

Karanurun, A., Kara, F., 2011. Analysis of spatially distributed
annual, seasonal and monthly temperatures in Istanbul from
1975 to 2006. World Applied Sciences Journal, 12 (10), 1662—
1675.

Mekonnen, D. F., Duan, Z., Rientjes, T., & Disse, M. (2018).
Analysis of combined and isolated effects of land-use and
land-cover changes and climate change on the upper Blue Nile
river basin’s streamflow. Hydrology and Earth System Sci-
ences, 22(12), 6187-6207.
https://doi.org/10.5194/hess-22-6187-2018

Muller, C. J., O’Gorman, P. A., Back, I. E., 2011. Intensifica-
tion of precipitation extremes with warming in a
cloud-resolving model. J. Clim. 24, 2784-2800.

Oeurng, C., Cochrane, T. A., Chung, S., Kondolf, M. G.,
Piman, T. & Arias, M. E. 2019. Assessing climate change
impacts on river flows in the Tonle Sap Lake Basin, Cambodia.
Water 11(3), 1-27.

Patil, M., Lal, D., Karwariya, S., Bhattacharya, R. K. & Behera,
N. R. 2018 Comparative study of different GCM models for
streamflow prediction. Curr. J. Appl. Sci. Technol. 26(5), 1-
12.

Piao, S., Ciais, P., Huang, Y., Shen, Z., Peng, S., Li, J. & Ding,
Y. 2010. The impacts of climate change on water resources and
agriculture in China. Nature 467(7311), 43-51.

Saharia, A. M. & Sarma, A. K. 2018 Future climate change
impact evaluation on hydrologic processes in the Bharalu and
Basistha basins using SWAT model. Nat. Hazards 92(3),
1463-1488.

Sahu, N., Behera, S. K., Yamashiki, Y., Takara, K. and Yam-
agata, T., 2012. IOD and ENSO Impact the extreme
stream-flows of the Citarum River in Indonesia. Climate Dy-
namics, 39 (7-8), 1673-1680.
https://doi.org/10.1007/s00382-011-1158-2

Wang, Z., Ficklin, D. L., Zhang, Y. & Zhang, M. 2012. Impact
of climate change on streamflow in the arid Shiyang River
Basin of northwest China. Hydrol. Process. 26(18), 2733—
2744,

26. Duba, G. W., Demissie, S. T. and Emiru, T. S. 2021
“Gelgelo Wako Duba, Solomon Tekalign Demissie, Tegegne
Sishaw Emiru,” 7(1).

Worku, M. A, Feyisa, G. L. and Beketie, K. T. 2022b “Climate
trend analysis for a semi-arid Borena zone in southern Ethiopia
during 1981 — 2018,” Environmental Systems Research, 7.
https://doi.org/10.1186/s40068-022-00247-7

Aich V, Liersch S, Vetter T, Huang S, Tecklenburg J, Hoff-
mann P, Koch H, Fournet S, Krysanova V, Muler EN, Hat-
termann FF (2014) Comparing impacts of climate change on
streamflow in four large African river basins. Hydrol Earth
Syst Sci 18: 1305-1321.
https://doi.org/10.5194/hess-18-1305-2014


http://www.sciencepg.com/journal/ajwse

American Journal of Water Science and Engineering

http://www.sciencepg.com/journal/ajwse

[29]

[30]

[31]

[32]

(33]

[34]

[35]

Gutowski, J. W., Giorgi, F., Timbal, B., Frigon, A., Jacob, D.,
Kang, H. S., Raghavan, K., Lee, B., Lennard, & C., Nikulin, G.
(2016). WCRP coordinated regional downscaling experiment
(CORDEX): A diagnostic MIP for CMIP6. Geoscientific
Model Development, 9(11), 4087—4095.
https://doi.org/10.5194/gmd-9-4087-2016

Giorgi, F., Jones, C., & Asrar, G. (2009). Addressing climate
information needs at the regional level: The CORDEX
framework. World Meteorological Organization Bulletin, 58,
175-183.

Gbobaniyi, E., Sarr, A., Sylla, M. B., Diallo, I., Lennard, C.,
Dosio, A., Dhidliou, A., Kamga, A., Klutse, N. A. B., Hew-
itson, B., Nikulin, G., & Lamptey, B. (2014). Climatology,
annual cycle and interannual variability of precipitation and
temperature in CORDEX simulations over West Africa. In-
ternational Journal of Climatology, 34(7), 2241-2257.
https://doi.org/10.1002/joc.3834

Nikulin, G. (2012). Precipitation climatology in an ensemble of
CORDEX-Africa regional climate simulations. Journal of
Climate, 25(18), 6057-6078.
https://doi.org/10.1175/JCLI-D-11-00375.1

Nikulin, G. (2018). The effects of 1.5 and 2 degrees of global
warming on Africa in the CORDEX ensemble. Environmental
Research Letters, 13(6).
https://doi.org/10.1088/1748-9326/aab1bl

Osima, S. (2018). Projected climate over the greater horn of
Africa under 1.5<C and 2<C global warming. Environmental
Research Letters, 13(6).
https://doi.org/10.1088/1748-9326/aabalb

Dosio, A. (2017). Projection of temperature and heat waves for
Africa with an ensemble of CORDEX regional climate models.
Climate Dynamics, 49(1-2), 493-519.
https://doi.org/10.1007/s00382-016-3355-5

47

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

Abebe, E. and Kebede, A. (2017) ‘Assessment of Climate
Change Impacts on the Water Resources of Megech River
Catchment, Abbay Basin, Ethiopia’, Open Journal of Modern
Hydrology, 07(02), pp. 141-152. Available at:
https://doi.org/10.4236/0jmh.2017.72008

Gizaw, M. S. et al. (2017) ‘Potential impact of climate change
on streamflow of major Ethiopian rivers’, Climatic Change,
143(3-4), pp. 371-383. Available at:
https://doi.org/10.1007/s10584-017-2021-1

Kankam-yeboah, K. et al. (2013) ‘Impact of climate change on
streamflow in selected river basins in Ghana Impact of climate
change on streamflow in selected river basins in Ghana’, 6667.
Available at: https://doi.org/10.1080/02626667.2013.782101

Strauch, A. M. et al. (2015) ‘Climate driven changes to rainfall
and streamflow patterns in a model tropical island hydrological
system’, Journal of Hydrology, 523, pp. 160-169. Available at:
https://doi.org/10.1016/j.jhydrol.2015.01.045

Willmott, C. and Matsuura, K.: Advantages of the Mean
Absolute Error (MAE) over the Root Mean Square Error
(RMSE) in assessing average model performance, Clim. Res.,
30, 79-82, 2005.

Piani C, Weedon GP, Best M, Gomes SM, Viterbo P, Hage-
mann S, Haerter JO (2010) Statistical bias correction of global
simulated daily precipitation and temperature for the applica-
tion of hydrological models. Hydrol.
https://doi.org/10.1016/j.jhydrol.2010.10.024

McCuen, R. H. 1989. Hydrologic Analysis and Design. Pren-
tice-Hall, Inc. Englewood Cliffs, NJ. SCS, 1972 - (Soil Con-
servation Service). National Engineering Handbook, Section 4,
U. S. Department of Agriculture, Washington, D. C.

Subramanian, K. (2008) Engineering Hydrology. Tata
McGraw-Hill Publishing Company Limited, New Delhi.


http://www.sciencepg.com/journal/ajwse

