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ARTICLE INFO ABSTRACT

Keywords: Eastern Ethiopia watersheds are located in transition zone from Arid to semi-humid climate and
Water balance in expanding to westwards the west annual rainfall is highly declining. This paper explains future
Climate change hydrological response impacts under changing climate using ensemble average of the CORDEX
;ci:?;ri:fl RCMs for historical (1979-2014) and future (2024-2070) periods. The result revels the monthly
Projections average temperature varies (0.04-6.25°C) for RCP-4.5, while it varies (0.03-6.59°0C) for RCP-
Rainfall 8.5. The monthly average rainfall to be decline by 90.71 mm and rise by 211. 22 mm for RCP-
Temperature 4.5, while it is going to decline by 84.97 mm and rise by 235.62 mm for RCP-8.5. The

adjusted SWAT model was used to detect the changes of projected hydrological response from
reference period. Balance components of the baseline period was compared to future period. The
result shows the change in decrease of annual mean surface flow (4.98 %-5.63 %), groundwater
flow (5.63 %-6.68 %), evapotranspiration (2.45 %-2.57 %) and water yield (5.54 %-5.21 %) to
be expected from RCP-4.5 to RCP-8.5. The findings of this paper provide valuable assistance to
water resource planners by enhancing their comprehension of change in climate effects at local
level.

1. Introduction

The global warming contributes the change in surrounding atmosphere by increasing local temperature and variability in rainfall.
Globally this situation is expected to affect the hydrological processes [ [1-8]]. In recent years, the changing climate effects analysis
conducted at different function of water sources worldwide for instance Refs. [7,9-14] indicate that their effect increases water
shortage in the system. The increase in temperature and rainfall variability expected in the future [15-18]; [19]] aggravate the water
resources stress. Hence, climate change studies are remarkable in the sustainability of water sources and the effects can touch different
parts of the world [20,21]. In this regard, less developed countries are probably impacted mostly and Ethiopia stands in the first list
[22]. The waters scarcity problem coupled with increasing climate change extremes affect the water supply sources of local com-
munities in eastern Ethiopia. The Upper Erer subbasin of the eastern Ethiopia, which is the proposed and existing water supply sources
for Harar town, has been suffering from water scarcity [23,24]. This implies conducting changing climate impact studies in the country
used for better understanding of their effect. Today many researchers such as [25-30] rank the importance of water resource challenge
by climate change effects. But, most of these analyses were implemented on large basins with coarser data [18]. So, high-resolution
data are required to efficiently quantify climate change impacts at local scale. To cope up this problem various institutions developed
high resolution climate models such as National Aeronautics and Space Administration (NASA), World Climate Research Program
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(WCRP) [17,31]. The WCRP generated Coordinated Regional Climate Downscaling Experiment (CORDEX) Regional Climate 4 Models
(RCMs) and easily accessible [32].

The CORDEX RCMs can capture at local scale for changing climate studies that could be affected by elevation difference [29,
32-34]. The CORDEX RCMs have been assessed in numerous studies on Africa that have well performance in simulating temperature
and precipitation [35-41] are used in this study. The RCMs can be influenced by geographical location and the correctness of climate
variables [42]. Using the RCMs data directly for climate models without bias correction make the output unreliable [37,39,41]. The
performance of RCMs was strongly represented by the consequence of bias adjustments in RCMs simulation. The CMhyd models that
defined as Climatic Model Data for the Hydrologic Modeling Tool have well performance in other watersheds [43,44] in extracting and
bias-correction of CORDEX RCMs for hydrological modelling. Several hydrological models have been in use to model hydrological
processes using spatially distributed information and time series data [45-48] under data scarce. The Soil and Water Assessment Tool
(SWAT) model is implemented to quantify hydrological response and climate change studies under data scarce regions [17,18,38,
49-52] and also used in this study.

Climate change effects on hydrological response under RCMs studies are limited in this study area, but those studies conducted in
the region used courser data that not favored hydrological models. Moreover, those studies conducted in this region only used single
RCMs for their analysis. To understand climate change impact requires multiple ensemble average of RCMs [53]. All of the above
researches were carried out at large watershed and outside the Upper Erer subbasin study area. Not any climate change anlysis studies
conducted on water balance components under CORDEX RCMs on Upper Erer subbasin. Hence, quantifying climate change at subbasin
level and investigating its influence on hydrological processes indicates originality of the paper. This research explains the examination
of climate change projection and its effects on hydrological response from historical period (1979-2014) to future period (2024-2070)
in the Upper Erer subbasin.

2. Materials and methods
2.1. Description of study area
The Upper Erer basin that drains from the Harar highlands to the Wabisheble River Basin are found at 15 km south east of Harar

Town. Physically upper Erer subbasin located in between 9°13'26.4" N to 9°31'26.4" N latitude and 42°4'40.8" E 42°20'38.4" E
longitude. The upper Erer river watershed area is 466 km? having topographical ranges of 1306-3019 m (Fig. 1).
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Fig. 1. Study area location.
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The daily mean maximum (26.72 °C) and minimum (12.78 °C) temperatures are recorded in the region [54]. The ecological climate
zone and their elevation ranges were shown in Table 1 indicates in the region the dominant agroecological zone is Woinadega (cool
subhumid) [23]. The population income mostly depends on agriculture [55].

2.2. Data and methods

2.2.1. Observed climate and climate models information

National Meteorological Institute of Ethiopia (NMIE) provided the recorded precipitation information for the period (1979-2014)
(Table 2). The absence of long-period of observed climatic data has significant effect on climate change impact studies [56] in data
scarce regions. In Ethiopia, the long-term meteorological time-series data is a challenge, even if the country is expanding the number of
meteorological stations in various parts. In the absence of ground recorded climate information the Climate Forecast System Reanalysis
(CFSR) information were implemented in a data scarce condition that has good performance for various studies such as [30,40,57,58].
In this study except precipitation all other meteorological data used for SWAT model input were generated from CFSR for the period
(1979-2014).

The historical and future CORDEX RCMs climate variables (precipitation, minimum and maximum) generated from CORDEX RCMs
were used. The historical and projected CORDEX (RCMs RCP-4.5 and RCP-8.5 that approximately represents the medium and
maximum carbon release scenarios [42,59] were selected that have been used in other studies [38,60] has good performance. To bias
correct the RCMs the observed rainfall, maximum and minimum temperatures were used. It is strongly recommended by Ref. [61] to
use a long overlapping period (i.e., two to three decades) for observed and original historical RCMs data. In this study two future
periods were merged and produced the period (2024-2070) that used for the examination. The CORDEX dataset includes five RCMs for
historical (1970-1999) and for future (2000-2099) [28]. The historical period (1979-2014) and future period (2024-2070) are
considered which aligned with the water supply source for the year 2070 target.

The RCMs used in this study includes: Fourth Generation Canadian Regional Climate Model version 4 (CanRCM4), Rossby Centre
Regional Atmospheric Model version 4 (RCA4), Regional Atmospheric Climate Model version 2.2 (RACMO22T), High-Resolution
Hamburg Climate Model 5 (HIRAMS5) and Swedish Meteorological and Hydrological Institute-Rossby Centre Regional Atmospheric
Model version 4 (SMHI-RCA4). Selection of five local’s climate models’ information depends on broadly application in regional
changing climate effects researches in Eastern Africa. Table 3 shows explanation of the RCMs information implemented in this
research.

2.2.2. Extraction and bias correction

The RCMs data are not available in useable format for input in hydrological modeling. Hence, the data points were extracted by
using the latitude and longitudes of stations considered. ArcGIS 10.7.1 software was employed for the extraction RCMs using NetCDF
table view tool under multidimension tool of the ArcGIS interface. The RCMs information have bias due to various reasons [65,66]. The
correction for bias is performed to elevate the estimation of climate model output and to minimalize the inconsistency from recorded
climate variables that probably affect hydrological parameters [66,67]. The CMhyd tool were used in various application of
bias-correction analysis [58,68-70]. The CMhyd tool was employed in this study to develop climate data for the SWAT model input
[43,61].

The error adjustment were performed for temperatures using Equation (a) and for precipitation using Equation (b) [71].

Tpr, = Tremsiasor + (meanTopen — meanTrey opsu ) (@

where, Tpp, is daily bias corrected climate model in projected duration, Trem pigsedp,r is daily bias raw RCM temperature in future
period, and meanTops  is mean monthly measured data in reference duration, and meanTgeum opsm IS bias mean monthly RCM in
baseline period.

meanP oy,
Pp r, = Prem Biasp.F X ( \‘40')MJ> (b)

meanPrey.ovs.m

where, Pp g, is daily bias corrected RCM precipitation in future period, Prcmpiased.pr iS daily bias raw RCM precipitation in future
period, and meanPqps v is mean monthly observed precipitation in baseline period, and meanPrcyv obsm is biased mean monthly RCM
precipitation in baseline period. The ensemble average of RCMs performed well from of the discrete RCMs [36,72,73] and ensemble
mean of five RCMs is used in this research.

Table 1

Ecological climate zone explanation.
Ecological climate zone types Elevation ranges % coverage
Warm semiarid (Kolla) 500-1500 m 13.06
Cool subhumid (Woinadega) 1500-2300 m 73.98

Cool humid (Dega) 2300-3200 m 12.96
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Table 2
Description of climatological stations.
Stations name (Class Physical location Mean Elevation Mean yearly Observation Proportion of missing Mean annual
category) (m) rainfall (mm) duration values (%) temperature
Latitude  Longitude Max Min
°0) °0)
Dire Dawa (1st class) 9.60 41.86 1045 647 1983-2020 9.12 32.8 19.0
Haramaya (1st class) 9.43 42.02 2025 816 1983-2020 12.92 24.05 9.74
Harar (1st class) 9.30 42.08 1977 801 1985-2020 18.01 23.0 16.0
Girawa (3rd class) 9.13 41.83 2470 958 1983-2017 14.83 22.0 13.0
Gursum (3rd class) 9.35 42.39 1937 840 1983-2017 8.74 27.2 12.8
Table 3
Explanation of RCMs information.
Item  RCMs (GCMs) Data type/sources/time span Resolution References
1 Can-RCM4 (Can- Maximum and minimum temperatures and rainfall information for references and longitude 0.44° and [37,41]
ESM2) projected periods: from CORDEX database (1979-2014) and future (2024-2070) under latitude 0.44°
2 RCA-4 (MPI-ESM- RCP-4.5 and 8.5 [36,37,41,
LR) 62]
3 RACMO-22T (EC- [27,36,
EARTH) 62-64]
4 HIRHAM-5 (EC- [36,37,63,
EARTH) 64]
5 SMHI-RCA-4 (EC- [59]
EARTH)

2.2.3. Projections analysis for climate change

Several statistical approaches are used to evaluate the implementation of regional climate models simulation [36,37]. Generated
historical ensemble average RCMs of climate variables in reference duration (1979-2014) were evaluated in the study regions using
observed stations. The statistical parameter used in this study is Coefficient of determination (R?) shown equation (e). The R? pa-
rameters 1 indicates high value with less inconsistency, and more than 0.5 was fall under recognized ranges. Moreover, ensemble
average monthly climate variables of original and bias corrected RCMs were analyzed in the reference duration for considered stations.
Fig. 2 indicates summary of overall methodology and procedures used in this study.

2.2.4. Description of SWAT model arrangement and simulation

The effects of climate change on water balance components of the watershed were examined by the application of SWAT model
[471 in this research. The climate change effects were detected by varying error minimized climate model information between the
reference and projected duration under two emission scenarios for SWAT model input without changing other climate, spatial and
temporal input data.

Table 4 shows the description of data used for SWAT model. The information for SWAT input shown in Table 4. The procedures for
linking climate and hydrologic models suggested by various scholars [e.g. 74, 75, 76] have been followed for this study.

Water balance components for the SWAT model equation [47] provided in equation (c).

t
SWD:SWO +Z (Pl - qurf - Ea - WSczp - ng) (C)

Where SW, represents final water in soil (millimeters), SW, shows original water in soil (millimeters) on initial duration i, D represents
the duration in days. While, P; indicates rainfall in millimeters/day, Qs is the runoff in mm/day. And E, revels the amount of
evaporation and transpiration in millimeters/day, Ws,, represents water filtration from the soil layer in millimeters/day, and Qg
represents the deep aquifer recharge in millimeters/day.

During the watershed delineation around 23 Hydraulic Response Units (HRUs) (Fig. 3 (a)) and 146 HRUs were produced for the
study sub-basin. The LULC information were produced from the Landsat image information with cloud-free (<10 %), dry season and
the availability of Landsat image within average time range of historical period (1979-2014).

The image classification is conducted using ArcGIS interface under supervised image classification procedures. About six land use
classes are identified during the image classification (Fig. 3 (b)). The analysis of image classification accuracy was performed to
identify the accuracy of the process of data generation. The soil information required for SWAT input produced from the Food and
Agriculture Organization (FAO) and soil map of Ethiopia. The model databases were manually edited to make compatible with the FAO
soil using database from MWSWAT of lookup table. In this process three soil group are generated (Fig. 4 (a). The model simulation uses
three years warm up duration were considered as suggested by Ref. [77]. In this study DEM data were used to generate slope classes as
shown in Fig. 4 (b).
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Conceptual framework for the study.

2.2.5. Hydrological model calibration and validation process

The measured daily discharge data at outlet of upper Erer subbasin was collected. This daily discharge was transformed to monthly
discharge was organized to the model input. In this research the duration (1984-1990) for calibration and (1993-1996) for validation
were selected. The sensitivity analysis was implemented by employing SUFI-2 (sequential uncertainty fitting) algorithm. Were used to
identify sensitive parameters form selected parameters [78]. The calibration was performed both automatically and manually [47]. In
this research manual calibration and validation was also implemented [79] after automatic calibration.

2.2.6. Investigation of sensitive parameters of hydrological model
In the SWAT model simulation stream flow is affected by high number of parameters. The calibration of entirely these parameters at
once is tedious. In this regard sensitive parameters were identified using autocalibration [49]. Initially, around seventeen flow
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Table 4
Description of data used for SWAT model.
Description Sources of data Resolution/scale References
Digital Elevation Model https://vertex.daac.asf.alaska.edu/ 30 x 30 m [51]
(DEM)
Land use land cover (LULC) Landsat 7; path/row = 166/54 for year 2001 from https://www. 30 x 30 m [49]
glovis.USGS.gov
Soil data FAO-UNESCO Global Soil Map 1:5,000,000 [49]1
Recorded climate (daily data)
Reanalysis dataset (CFSR) (1979-2014) 0.5°x 0.5° North to South and East to west ~ [52,53]
direction
Ground observation data: Ethiopian Meteorological Institute (EMI) (1979-2014) [54]
Precipitation
Discharge Ethiopian Ministry of Water and Energy (EMWE) (1984-1990) [771

and (1993-1996)
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Fig. 3. Upper Errer subbasin a) Watershed delineation b) Land use land cover map.

parameters were identified form past studies. Then, employing the SUFI-2 the t stat and p values were produced. The minimum t-stat
values stand for minimum sensitivity, whereas great values represent more sensitivity. Lesser p-values stands for more sensitivity,
though higher values represent small sensitivity [49].

2.2.7. Performance assessment of hydrological model

The performance measures were used to assess the performance of the model in simulating observed discharge. The performance of
SWAT model was evaluated by Nash—Sutcliffe efficiency (NSE), percent bias (PBIAS), and the determination coefficient (R?) [80]. for
the statistical measures Equations (d, e, and f) were used.

NSE: 1— Z;’:I(Qni - Qs‘i)z (d)
>i1(Qu — Qoav)’

RZ =1— |: Z?:l (Qai - Q:av)(Qai - Qoav) :| (e)
Z?:] (Qsi - Q:av)zz?zl (Qoi - Qoav)2
Z?:l (Qai - Q:i):|
PBIAS =1 — | &=zl 2ol — i)
[ Zi:] (Q(Ii ) (f)

where; Q,; and Q;: the measured and estimated streamflow, Q4 and Q. mean of the measured and estimated streamflow.
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The model is in accepted for R?> 0.6), (NSE >0.5) and (—25 % <PBIAS > +25 %) according to Ref. [79]. R? ranges (zero to one)
and as R? closer to one represents small discrepancy. Whereas, NSE varies from negative infinity to one with the value approach to one
indicates better simulation. While, PBIAS with zero value represents better performance. The PBIAS with “+” sign standards for
underestimations, while a “- “sign indicates overestimations of model output [81].

2.2.8. Evaluation of changing climate effects

The calibrated SWAT model was used to simulate future hydrological response in this research The projection of the water balance
components was estimated using the calibrated SWAT model [82]. The ensemble average of bias-corrected projected period
(2024-2070) of RCMs for two carbons release scenarios (RCP-4.5 and RCP-8.5) were implemented to simulate projected hydrological
responses of the subbasin. The monthly and annual water balance components alteration between baseline and future duration was
evaluated.

3. Results and discussion
3.1. Biased corrected RCMs assessment under baseline period

The performance of RCMS in simulating the measured climate data at a small level represents a measure for assurance in the
researches of climate change effect assessment [80]. Observed climate information stands to measure model performance for bias
correction output [40]. The determination coefficient used to estimate the simulation status of RCM shown in Table 5. The result
indicates that for all stations the coefficient of determination statistic for average temperature were greater than 0.93. This shows the
correction for bias of average temperature indicates well performance [41]. For precipitations, the determination coefficient was all
>0.64 except at Haramaya station. At this station, the value is much smaller than expected. Out of five possibilities only one coefficient
of determination less than 0.5 that indicates satisfactory R? statistics for rainfall. These indicate a good relationship between the
observed and simulated monthly climate variable. Bias correction for precipitation statistics in other study shows R? values ranges

Table 5
Results of statistical parameters to evaluate RCMs.
Stations Statistical parameter
Average temperature Precipitation
R? R?
Dire Dawa 0.97 0.98
Girawa 0.96 0.64
Gursum 0.95 0.98
Haramaya 0.95 0.03
Harar 0.93 0.96
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from 97 to 99 % [44]. In this study, bias correction can efficiently minimize errors for average rainfall except for Haramaya station.

Fig. 5(a-e) indicates ensemble mean monthly rainfall series of original and bias corrected RCMs compared with the observed in the
reference duration for stations under considerations. The outcome revels original ensemble average of RCMs for precipitation series are
not overlapped with the measured for entire months except (January—March) and (mid-October - December) for Dire Dawa station,
(January-February) and (October-December) for Girawa station, (January-March) and (September-December) for Gursum station
and (January-February) and (mid-October - December) for Harar station. But, at Haramaya station the precipitation series is not
uniform throughout the year. This was perhaps associated with less effective model simulation in Haramaya gauging station or else the
possibly due to its topographic characteristics during data record. After bias correction the overlap were significantly improved (Fig. 5
(a—e)).

Fig. 6(a—e) depicts the ensemble average monthly cycle of original and bias corrected RCMs compared to the mean monthly
observed temperature. The original ensemble average of the RCMs for mean temperature overestimated for Girawa, Gursum and Harar
stations. While, the original RCM underestimated for Dire Dawa station.

The output indicated that bias adjustment meaningfully enhanced model simulation and probably reduces the doubts happening
during SWAT model running [39]. The average monthly values of ensemble average of bias corrected RCMs of temperature were
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15.76 °C and 24.08 °C at Gursum and Dire Dawa stations, respectively. However, the average monthly observed mean monthly
temperature was 14.59 °C and 24.88 °C at Gursum and Dire Dawa stations, respectively. At the months of August and September mean
monthly ensemble average of biased corrected RCMs shows overestimation for average monthly surface temperature for all stations.
But, at Haramaya station the model overestimated only for the months of October and December.

3.2. Rainfall projection analysis

Future rainfall for moderate as well as maximum carbon release scenarios were used to analyses rainfall change for the projection
period (2024-2070) from reference period (1979-2014). Fig. 7(a—e) demonstrates mean monthly rainfall changes for projected period
(2024-2070) for RCP-4.5 and RCP-8.5 scenarios of gauging stations. This result indicated that the future precipitation under these two
scenarios will rise from May to December for Dire Dawa station, while expected to decline from January to April. At Girawa station,
precipitation is expected to increase for entire months in both emission scenarios. But, projected rainfall at Gursum station expected to
decrease in all months except in the months of March (RCP-8.5), June (RCP-8.5), August (RCP-4.5 as well as RCP-8.5) and November
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(RCP-4.5 as well as RCP-8.5). At Harar and Haramaya stations, the rainfall will rise from July to September for (RCP-4.5 as well as RCP-
8.5) scenarios. In general, precipitation will rise for whole stations from July to August expect at Gursum station. In The future
precipitation will rise for rainy season of June, July and August at higher rate than the rest of months [83] in Dire Dawa and Girawa
stations.

The output from Fig. 7(a—e) shows the rainfall projection in the Upper Erer subbasin are consistent with climate change impacts
studies such as [73,84] that testifies the intra-annual rainfall change having decreasing and increasing monthly share. This indicates
that rainfall changes are not uniform for all the stations [40] across the year. The maximum average monthly precipitation rise via
211.22 mm (for RCP-4.5) as well as 235.62 mm (for RCP-8.5) for the station stations. Whereas, the maximum decrease via 90.71 mm
(for RCP-4.5) and 84.97 mm (for RCP-8.5). For moderate carbon release the maximum future precipitation alteration is expected at
August (44.15 mm, 135.70 mm, 152.73 mm, 194.42 mm and 211.22 mm) for Gursum, Harar, Dire Dawa, Haramaya and Girawa
stations, respectively. Nevertheless, the maximum future precipitation alteration is expected in the months of August (49.37 mm,
80.32 mm, 168.13 mm, 220.99 mm and 235.62 mm) for Gursum, Harar, Dire Dawa, Haramaya and Girawa stations, respectively under
RCP-8.5. This indicates that the maximum changes in mean rainfall is expected to be happing in the month of August for all stations

a) Dire Dawa station b) Garawa station
250.00
200.00 £ 200.00
E 15000 £
£ . = 150.00
< =)
S 100.00 ® 100.00
g g
S 50.00 I g 50.00
: g ikl
(0]
a 0.00 mm - ! . l . . ' - E 0.00 == == . . . ol
£ ~ ~ ~ >N >~ S S S~ %) TS TS 3T W®E ST
c o = T S = o O 5 c © o 3 Q o o
5000 3232235230628 @ 2fs<=22"280214
(@) . .
g Time in monthly Time in monthly
WRCP-4.5 HRCP-8.5 WRCP-4.5 WRCP-8.5
. d) Haramaya station
¢) Gursum station y
250.00
60.00
= 200.00
E 40.00
£ £150.00
= 2000 & 100.00
S 000 — g oF - ol _ 5
5 i Ed LA FLENE IR S 1l 1
‘g -2000 © o & s 3 > @828 S 0.00 — == | 1] -
.54000 w = = < =4 ) =3 > 3 =3 E
& 40 Z—S0.00 2$§%§ 32& 2
£ -60.00 ©-100.00
[J] oo
2 -80.00 5-150.00 -
o Time in monthly S Time in monthly
e WRCP-4.5 mRCP-8.5 mRCP-4.5 MRCP-8.5
= e) Harar station
£ 15000
o
S
% 100.00
I
s
@ 50.00
a.
£ 000 . . I I- m mill =l
£ " B
0 Jan/ Feb/ Mar/ Apr/ May Jul/ Aug/ Sep/ Oct/ Nov/ Dec/
& -50.00
(@] Time in monthly
WRCP-4.5 MRCP-8.5

Fig. 7. (a—e). Mean monthly rainfall change for projected (2024-2070) for RCP-4.5 and RCP-8.5.
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under both scenarios. The month of August is found in wet season, having highest precipitation in the region. Projected mean rainfall
change in all five stations shows the highest mean rainfall change is predictable at Girawa station, but the minimum at Gursum station.

3.3. Temperature projection analysis

The comparison the future alteration of temperatures from reference duration (1979-2014) to future duration (2024-2070) for
RCP-4.5 and RCP-8.5 v was performed. Fig. 8(a—e) revels projected average monthly temperature changes for period (2024-2070) for
both carbon release scenarios in reference-to-reference period (1979-2014). The outcome revealed that the increase in monthly mean
temperature for RCP-8.5 is more as related to RCP-4.5 for all stations except for Haramaya station in the month of November. Whereas,
the temperature for RCP-4.5 is more than for RCP-8.5 scenario.

This shows monthly average temperatures will be expected to increases [42] for projected duration in reference-to-reference
duration for RCP-4.5 and RCP-8.5. The minimum alteration for average monthly temperature will rise by 0.04°C (Dire Dawa sta-
tion) for RCP-4.5, while highest change in average monthly temperature be expected to rise by 6.5°C (Gursum station). Nevertheless,
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Fig. 8. (a—e). Change in mean monthly temperatures of RCP-4.5 and RCP-8.5 scenarios for five stations.
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under RCP-8.5 the minimum monthly change is expected to rise by 0.03°C (Haramaya station), while the maximum mean monthly
temperature change is expected to rise by 6.59 °C. This result indicates the predicted mean monthly temperature is expected to rise
[85,86] for RCP-4.5 and RCP-8.5. Temperature increase is higher for RCP-8.5 than RCP-4.5 that indicates there is a high greenhouse
gases concentration is expected for RCP-8.5, having a more global temperature increase. The output shows that regional environment
is warmer than the current duration for RCP-4.5 and RCP-8.5 scenarios [83]. Maximum predicted average temperature change will
happen for January (2.02 °C), July (4.97 °C), July (6.25 °C), July (2.32 °C) and July (4.47 °C) for Dire Dawa, Girawa, Gursum,
Haramaya and Harar stations, respectively for RCP-4.5 scenarios. While, for RCP-8.5 scenario, maximum change will happen in the
months of January (2.52 °C), July (2.6 °C at Dire Dawa), July (4.75 °C at Haramaya), July (5.43 0C- at Harar) and July (6.59 °C at
Gursum).

The result indicates that the maximum change in aveerage temperature change will be happening in July for all stations. But for
Dire Dawa station, it is expected to be happening in January. This is probably due the effect of the topographical location of Dire Dawa
gauging station (lowest topography) as compared to other stations (higher topography) [Table 2]. Dire Dawa station location is
categorized under warm semiarid ecological climate zone [23]. The results for future mean temperature in all five stations shows an
increasing in both emission scenarios. The maximum mean temperature to be predicted for Gursum station and minimum at Dire Dawa
station. Lowest projected mean temperature is expected to occur in Dire Dawa, Haramaya, Harar, Girawa and Gursum stations in
increasing order under both emission scenarios. Generally, the average temperature projection in two emission scenarios is in the
range that predicted by IPCC and coincides with similar studies [50,51]. Most climate change studies in various areas of Ethiopia
watersheds showed that the temperature is likely to rise, such as study conducted in southwest Ethiopia [18].

3.4. Hydrological model sensitivity analysis and performance evaluation

Sensitive parameters were identified before the implementation of model simulation. Initially seventeen parameters were iden-
tified that used for sensitivity analysis by employing sufi2 algorithm in the SWATCUP model. The lowest p-value and the highest t-stat
were considered to identify sensitive parameters. Using this process, ten most influential parameters were identified. Fig. 9 shows the
sensitive parameters values from the autocalibration analysis.

The statistical measures NSE for calibration (0.65) and validation (0.53) found. While, R? for calibration (0.84) and validation
(0.72) period. These showed that the model performance was well improved for calibration than the validation time. This is possibly
credited to inappropriate stream flow records for the validation period or else inconsistency in hydroclimatic and spatial data. The
PBIAS for calibration (—23.04 %) and validation (—14.16) for simulation indicated predicted discharge overestimated the measured
discharge. Overall, statistical measures NSE, R? and PBIAS results shows measured and predicted monthly discharge were in good
relation [81,87] as shown in [Fig. 10]. This best relation among measured and predicted discharge revels that SWAT model used to
simulate monthly stream flow in the region significantly.
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Fig. 9. Global sensitivity analysis results of parameters.
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3.5. Hydrological model calibration and validation

Autocalibration and manual-calibration process were used in this study. After the autocalibration process and identification of
sensitive parameters manual calibration [88] were used to adjust the SWAT model sensitive parameters. During the processes sensitive
parameters were identified for groundwater and surface runoff parameters [Table 6] using the observed streamflow records. To
improve the performance of the model several simulations run (twenty-eight) by adjusting the parameters values within acceptable
ranges. Finally, the parameters values range and associating good match values gotten are shown in Table 6. The model simulation was
performed for entire period (1979-2014) using three years warmup period (1979-1981). The calibration and validation process taken
place using observed monthly stream flow for (calibration from 1984 to 1990) and (validation from 1993 to 1996).

The manual calibration process has been set in the order of sensitivity on the runoff and ground water flow parameters for instance
surface CN2, GW_REVAP, REVAPMN and RCHRG_DP [88]. During first SWAT model run output shows baseflow was too low and
evaporation was too high. So, adjustments were made on the groundwater flow parameters, by decreasing the GWQMN and
GW-REVAP and increasing the REVAPMN parameters successively until the model performance measures were reaching satisfactory
values of (NSE, R? and PBIAS). Then, baseflow became highest and the peak flows were lowest. Hence, adjustments were made to the
surface runoff and baseflow parameters by increasing CN2 and decreasing the other flow parameters (SURLAG, ESCO and EPCO)
slightly until reach reasonable statistical measures (R%, NSE and BIAS. Then, the same adjustments were made to the soil parameters
includes: Saturated hydraulic conductivity at layer 1 (SOL_K (1)), Soil water available capacity (SOL_AWC (1)) to reach the acceptable
performance metrics values [49,88].

Fig. 11 (a and b) shows monthly stream flow hydrograph of (calibration and validation). The output indicates during the calibration
time model overestimated (January and from April to December). Whereas, the model overestimated for the months of (April and from
September to January) during validation time.

In this research peak monthly runoff was predicted for the both calibration and validation time (Fig. 11 (a and b)). Therefore, SWAT
model captured the monthly peak flow at model simulation time.

This indicates, SWAT model is suitable to quantify the possible effects of change in climate as well as to understand hydrological
response under refined hydro-meteorological data in the study subbasin.

3.6. Evaluation of hydrological balance variation for changing climate

The SWAT model predicted for hydrological balances of runoff, lateral flow, ground-water-flow, water-yields, evapotranspiration
and potential-evapotranspiration by changing climatic variables. Climate change impacts on the hydrological balance of the upper Erer
subbasin were evaluated using the temperature and rainfall changes for projected duration (2024-2070) in reference-to-reference
duration (1979-2014) for RCP-4.5 and RCP-8.5 scenarios. Accordingly, Fig. 12(a—d) shows that monthly predicted change of
surface-runoff lateral-flow, water-yields, evapotranspiration a potential-evapotranspiration in reference-to-reference duration RCP-
4.5 and RCP-8.5. The result indicates that the projected surface runoff at (March, June, October and December) is lower under
RCP-4.5 than RCP-8.5, but for the other months the surface runoff is expected to be more under RCP-4.5 than RCP-8.5. Nevertheless,
lateral-flow change for entire is higher for RCP-8.5 than RCP-4.5. The water yield for entire months is expected to be lower for RCP-4.5
than RCP-8.5 excluding (May, July, October).

The mean annual change for all hydrological response shows a decrease under both emission scenarios except the potential
evapotranspiration (Table 7). The monthly average flow fluctuates significantly throughout the year [42]. Hence, the predicted change
in climate will decrease most of the water balance in the subbasin [83].

The SWAT model output indicates that decrease of precipitation and rise of temperatures are expected in the region. This will
probably drop in surface-runoff, lateral-flow, groundwater-flow and overall water-yields. The yearly surface-flow decreases probably
happening due an increase of mean temperature in the study area. This is confirmed by Ref. [44] that reported the temperature in-
crease can result in a decrease of annual surface flow. The increment in temperature also caused an increase of Potential Evapo-
transpiration (PET). This shows that the temperature changes and PET are interrelated absolutely.

The result shown in Table 7 indicated that the predicted groundwater-flow to change via a higher amount and evapotranspiration
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Fig. 10. Scatter plot of measured and predicted monthly streamflow for a) calibration and b) validation time.
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Table 6

Fitted values for sensitive parameters in the Upper Erer subbasin.
Parameter Name Description (unit) Default Final fitted Min. Max.

values values range range
CN2_mgt Initial-soil-conservation-service (SCS)-curve-number-2 (none) 65 72.5 35 98
SOL_AWC (1) sol  Soil-water-available- capacity (millimeters H20/mm soil) 0.092 0.097 0 1
SOL K (1) _sol Saturated-hydraulic-conductivity (millimeters/hrs.) 7.04 21.12 0 200
ESCO_hru Soil-evaporation-compensation-factor (none) 0.95 0.92 0.01 1
EPCO_hru Plant-uptake-compensation-factor (none) 1 0.98 0 1
GWQMN_gw Threshold-water-level-in-shallow-aquifer-for-baseflow (millimeters) 1000 1300 0 5000
REVAPMN_gw Threshold-depth-of-water-in-the-shallow-aquifer-for “revap.” to-occur 750 75 0 500
(millimeters)

GW_REVAP_gw Groundwater - ‘revap.’-coefficient (none) 0.02 0.018 0.02 0.2
SURLAG _bsn Surface-runoff-lag-coefficient (none) 4 2.5 0.05 24
RCHRG_DP_gw Deep-aquifer-percolation-fraction (none) 0.05 0.042 0 1
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Fig. 11. Monthly runoff hydrograph for a) calibration and b) validation time.

via a minor amount. The amount change in surface runoff and lateral flow are low when compared with groundwater flow and water
yield. Nevertheless, the predicted surface runoff change is higher relative to lateral-flow, water-yields, evapotranspiration and
potential-evapotranspiration for both emission scenarios.

Fig. 13 shows that the mean annual projected change for RCP-4.5 and RCP-8.5 of surface-runoff, groundwater-flow, lateral-flow,
water-yields, evapotranspiration and potential-evapotranspiration in reference-to-reference period. The result indicates that the
highest decrease for mean annual surface runoff, ground waterflow and evapotranspiration will happen under RCP-8.5. But, the
maximum decrease in mean annual water yield and lateral flow will happen under RCP-4.5. Nevertheless, the potential evapo-
transpiration is expected to increase under both scenario and maximum under RCP-8.5 scenario.

Generally, monthly change on water balance component will have varying intensity and surface-runoff is substantially changing
than others for carbon release scenarios. However, annual climate change impacts will have maximum impacts on groundwater flow.
Evapotranspiration and lateral flow are the minimum effects with the changing climate as compared to others for two scenarios.
Average monthly precipitation for entire stations is variable, but at sub basin level the mean monthly rainfall is decreasing during wet
season. The temperature is increasing and rainfall is decreasing (during wet season). This will decrease the surface-runoff, ground-
water-flow, water-yields and evapotranspiration. While, potential-evapotranspiration will rise. The decline of mean annual water yield
over the subbasin possibly will happen due to the reduction of annual and seasonal (wet season) rainfall and increasing mean surface
temperatures under both emission scenarios. But station wise the mean monthly rainfall is variable. Moreover, the incline in PET will
happen due to the surface temperature increases and this aggravated the decrease in rainfall and affects the ecosystem. The likely
reduction of water yields critically affects the accessibility of the water resources in the region.

4. Conclusions

Eastern Ethiopia watersheds are located in transition zone from Arid to semi-humid climate. The annual rainfall distribution is
highly declining in expanding westwards in the watersheds including the upper Erer subbasin. This research is focused climate change
impacts assessment on future hydrological response under daily bias corrected climate variables from CORDEX RCMs on upper Erer
subbasin, located in Eastern Ethiopia. The performance of ensemble average of the baseline period (1979-2014) of five RCMs was
evaluated using observed climate variables. The change from the past duration (1979-2014) to future duration (2024-2070) in
ensemble average of RCMs determine the predicted change in climate variables. Extraction and bias correction were performed on
RCMs before using the climate data for analysis to minimize bias. It is found that the mean monthly temperature is varied from
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Fig. 12. (a—d). Average monthly change of predicted surface-runoff, lateral-flow, water-yields and evapotranspiration in reference-to-reference
duration for RCP-4.5 and RCP-8.5.

Table 7

Annual water balance component changes for RCP-4.5 and RCP-8.5
Hydrological response (unit) Scenarios

RCP-4.5 RCP-8.5

Surface runoff (%) —4.98 —5.30
Groundwater flow (%) —5.63 —6.68
Evapotranspiration (%) —2.45 —2.57
Lateral flow (%) —3.64 -0.18
Water yields (%) —5.54 —5.21
Potential Evapotranspiration (PET) 0.47 0.49

(0.04-6.25°C) and from (0.03-6.59°C) for RCP-4.5 and RCP-8.5, respectively. However, average monthly precipitation will reduce and
rises within the range of (90.71 mm-211. 22 mm) and (84.97 mm-235.62 mm) for RCP-4.5 and RCP-8.5, respectively.

SWAT model is employed to predict the hydrological balance of the reference duration and projected duration to quantify its
changes. The output revels that the subbasin annual hydrological response will decrease in both scenarios having minimum value of
2.45 % (evapotranspiration) and 0.18 % (lateral-flow) and a maximum value of 5.63 % (groundwater-flow) and 6.68 % (groundwater-
flow) for RCP-4.5 and RCP-8.5, respectively. The mean monthly change of streamflow is running from a maximum increase of 100 %
(January) to a maximum decrease of 55.6 % (December) under both scenarios. The mean monthly changes of lateral flow with
maximum increase at January (20.6 %) and maximum decrease at February (13.1 %) and having maximum increase at January (25 %)
and maximum decrease at March (8.9 %) will happen for RCP-4.5 and RCP-8.5, respectively. The highest mean monthly increase and
decrease in water-yields (9.4 % and 16.9 %) for RCP-4.5 scenario and (10.3 % and 16.3 %) for RCP-8.5 scenario. However, the
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Fig. 13. Mean annual projected percentage change of surface-runoff, groundwater-flow, evapotranspiration, lateral-flow, water-yield and potential-
evapotranspiration for RCP-4.5 and RCP-8.5 scenarios in reference-to-reference duration.

maximum average monthly evapotranspiration increase (3.5 % and 3.33 %) and maximum decrease (8.5 % and 8.6 %) for RCP-4.5 and
RCP-8.5 scenarios, respectively. The hydrological components vary significantly for all the months in the year and high values is
expected to happen in (November, December and January) that concedes with dry season. While, lowest hydrological response change
is expected in (March, April, May, June and August) that fall under wet season in the region. Moreover, the decreasing hydrological
response is expected to be happening in the wet season (from March to July). But, surface-runoff is increasing in March only.

In general, the climate model prediction demonstrates high variation in model performance for one station. This is therefore, it is
crucial to identify these deviations to examine change in climate effects on water sources systems. In addition, hydrological model
simulation process indicates that the model prediction was better at calibration than validation time. This is probably due to poor
quality of stream flow records and inconsistency in hydroclimatic and spatial data. Hence, future research may use refined hydrometric
and spatial data for reasonable result.
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