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Abstract

Climate change poses significant challenges on agriculture water resources and energy sectors mainly induced by human
activities. Climate models’ scenarios play vital role in assessing future temperature and rainfall their impacts on various sectors.
This study aims to assessed future rainfall and temperature trend Using CMIP6 under the SSP2-4.5and SSP5-8.5 scenarios over
Wabe- Sheble river basin. Data Eight GCMs under were obtained from ESGF, whereas observed data from Ethiopia meteorology
institute. An Ensemble model was Best performed for precipitation (RMSE=4.6, NSE=0, r=0.9) and maximum temperature (best
performed for minimum temperature relative to individual models. Linear scaling bias correction method was applied to reduced
model errors and improve repetitiveness for local climate features. During the near-term period (2031-2060), future rainfall is
projected to increase by 17.0%, 7.4%, and 12.9% under SSP2-4.5, while by 22.7%, 15.3%, and 17.4% increases under SSP5-8.5
scenarios during Belg, Kermit, and annual respectively). During the far term (2061-2090) mean maximum temperature (°C) is
projected to increase under the SSP2-4.5 by 1.2°C, 1.6°C, 1.8°C, 1.6°C, whereas, under increase by 3.2°C, 3.7°C, 3.9°C and 3.8°C
Bega, Belg Kermit and annual periods respective. Under the SSP2-4.5 scenario future mean minimum temperature (°C) is
projected increases /relative by 2.1°C, 2.2 °C, 3.1°C and 3.2 °Cduring near-term (2031-2060, whereas during the far term (2061-
2090) increase 3.0°C, 2.5°C, 3.1°C and 3.1°C Bega, Belg Kermit and annual period. Over all, this finding reveals both
temperature and precipitation is projected to increases under the SSP2-4.5 and SSP5-8.5 scenarios. Although, future rainfall is
projected to increase temperature also increase simultaneously therefor future warming expected to affects agriculture, water
resource, range land ecosystems, therefore timely climate information and interventions activities are recommended. Further
studies are suggested considers drought and flood assessment and their potential changes under future climate scenarios over the
study area.

Keywords

Climate Change, CMIP6, Climate Scenarios, Trend Analysis, Future Climate

“Correspondence: Dejen Terefe Cherinet (dejmet2012(@gmail.com)

Received: 28 August 2026; Accepted: 8 September 2026; Published: 30 September 2026

@ Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/wros
http://www.sciencepg.com/journal/166/archive/1661505
http://www.sciencepg.com/
https://orcid.org/0009-0004-0398-6386

Journal of Water Resources and Ocean Science

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

1. Introduction

Climate change deviates weather pattern from the long-term
mean value for extended period, mainly driven by anthropogenic
activities associated with green house emission. Global atmos-
pheric temperature rises 1.1<C period 2011-2020 relative the base
line 1850-1990 associated with human induced greenhouse gas-
ses emission [1]. Robust currently warming driven buy also ex-
hibited over Africa [2]. Seasonal annual based Tmax and Tmin
experienced increases trend across Ethiopia [3]. Spatial and tem-
poral rainfall variability was experienced at global scale resulting
occurrence of wet and dry events [4]. Significant spatial temporal
rainfall variability affects water resource sectors over Africa [5].
Stream flow and perception increases in the wet season while de-
crease in dry season associated with projected climate change [6].
Future rainfall and temperature projection under the CMIP6 sce-
nario experienced increasing trend high and low emission scenar-
ios [7]. Observed change in weather and climate extremes affects
ecosystems global to regional scale [8].

significantly impact the agricultural sector at different de-
pending on ago ecological zone [9]. Projected future climate
change induced drought frequency and intensity events result-
ing challenges agriculture yield reduction over Africa [10].
The impact is huge over sub-Saharan Africa over the commu-
nity their economic sectors rely on pastural economic sectors
[11]. Consider major play a major role on Agriculture produc-
tion back bone GDP of a country [12]. Follows crop yield re-
duction at present and future climate scenario associated Ker-
mit and Bega temperature increment [13]. Climate change in-
duced temperature and rainfall variability highly effect on ce-
real crop production [14]. Climate change alters normal river
flow pattern, subsequently leads low flow and high flow ex-
tremes. Future hydrological drought across the globe with
global hydrological model forced by GCM RCP8.5 high flow
increase for northern part while low flow over spot areas ar-
rived by S. Shrestha et al., (2021). Low flow, stream flow and
precipitation are increased whereas severe drought decreased
over upper Blue Nile river basin [15]. According to [16] rain-
fall, maximum and minimum temperature increase both SSP2-
4.5and SSP5-585 but anomalous warming leads to more evap-
oration, altering freshwater availability. Reduce national GDP
about 8-10% moreover resulting 2.4 million people under
food insecurity level by 50 [17]. Belg and Kermit rainfall ex-
hibited significant variation the leads socioeconomic sectors
of the area [18]. Future climate change highly influence wa-
tershed ecosystem, therefore understanding proactively vital
for early warning planning and climate adaptation activities.
For assessing future climate change and its impacts across dif-
ferent sectors under various socioeconomic pathways, the
Coupled Model Intercomparison Project Phase 6 (CMIP6)
provides a paramount contribution.[19]. CMIP6 models were
also applied for projecting future temperature and rainfall as-
sociated climate change over Africa [20]. CMIP6 under the
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(SSP2-4.5) and SSP5-8.5) scenarios was applied to assess fu-
ture climate tend and extreme precipitation associated with
climate change across Ethiopia [21]. Main source of develop-
ing early warning, adaptation planning at different spatial
scale to tackle future climate change impacts [22]. Previous
study of future trend of temperature and rainfall using CMIP5
under the RCP4.5 and RCP8.5 over Wabe-shebele basin [23].
Recently future climate change assessment but using limited
stations and GCMs models under the SSP2-4.5 and SSP5-8.5
scenarios up to 2085 [7]. Unlike previous assessments based
on a limited number of GCMs and meteorological stations,
this study employs eight GCMs gives more comprehensive as-
sessment of future temperature and rainfall changes. The anal-
ysis also considers seasonal and annual timescales and extends
the projection period to 2100, This provides valuable infor-
mation for early warning, climate adaptation planning activi-
ties at local area level.

2. Materials and Methods

2.1. Description of the Study Area

The study was conducted in the upper portion of Wabe-She-
bele river basin located, Northern and highland parts main ba-
sin. Geographically the study extends from latitude of
646'.55" to 854" 05"N 3925'.06"- 4034'42"E incorporates
Arsi, West Arsi and some parts of Bale zones (Figure 1). Total
geographical area covers about s varying topographic features
range between 460 to 4200m elevation range (m.a.s.l) above
sea level. Major land use land cover composition classes are
rangeland, Crops, Trees (47.6%), (30.2%), 19.9 (%)(Figure 2)
respectively.

2.2. Climate Characteristics

Th Upper Wabe-shebele river basin characterized by bi-
modal rainfall regime Kermit extends from (June-September)
whereas Belg (March—May) months. The highest amount of
monthly rainfall was received on August 174.5 (mm) during
Kermit season, whereas on April 116.0 (mm) during Belg sea-
son. in contrast, lowest amount of rainfall is received on the
month December and January (Figure 3). The highest maxi-
mum mean temperature is recorded in March (24.0C), the
lowest mean is in August (21.5<C), whereas the lowest mean
minimum temperature recorded in January (5.3<C), whereas
the highest August (8.5<C) (Figure 3). The study area seasonal
rainfall patterns influencing of by large-scale atmospheric and
ocean systems including ENSO, 10D, ITCZ, and subtropical
westerly jet (STWJ) and Arabian High [24-26].
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Figure 1. Location of the Study Area.
38° 4:!‘0") ) (rﬁ"l 41 Z:Yl)"l
Land Use Land Cover Map N
w+s

$°400"N L ssaaons

T200"N] Fro2007N

LULC

-Water
| Trees
-Crops
-Residenl
-Bareland
-Rangeiand
33“4:)‘(!'11 -!0‘(;0"(': 41 JEVO“I.
Figure 2. Land use land Cover Map.
2000 25.0
180.0
160.0 20.0
1400 I
1200 L. 15.0
1000
'g 20.0 10.0 g
o
ot 60.0
w
& =
40.0 50
200 I I I I
00 00
S XA F A LD s ]
P W > ?})Qroe? FE
Month
mmmm R  es———Tmgx esTmin Tmean

Figure 3. Monthly Climatology Rainfall, Tmax, Tmin and Tmean of the study Area.
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2.3. Data Collection

2.3.1. Historical Observed Data

Daily observed meteorological data, including rainfall,
maximum temperature, and minimum temperature, for the pe-
riod 1991-2020 were collected from the Ethiopian Meteorol-
ogy Institute (EMI).

2.3.2. GCMs Data Collection

Daily rainfall, maximum and minimum temperature of
eight Global climate model (GCM) Climate model intercom-
parison phase six (CMIP6). For this study GCM under the
SSP2-4.5 and SSP5-8.5 scenarios were obtained from world
climate research Group (WCRP) earth science grid federation
(ESGF).

2.4. Data Preprocessing

2.4.1. Data Quality Control

Collected rainfall data was captured in Microsoft excel
2016, random visualization recoded calendar format.

Make sure rainfall recorded value shouldn’t be negative and
converted Trace to 0.0 [27].

Missis data was identified and gabs completion treated with
high spatial and temporal resolution grid data (4*4) km. Grid
dataset generated with combines interpolated in situ measure-
ments from over 500 NMA rain gauges with satellite estimates
(Dinku et al. 2014).

Outlier data values were detected with using the Turkey
fence approach The rules of this approach are that inner fence
are located at a distance 1.5 times interquartile range below
the lower and above the upper quartiles and outer fences are
located a distance 3 times the interquartile range below the
lower and above the upper quartiles. Values outside the turkey
fences are identified [28].

Equation of turkey fence

[0y — 1.5 IQR, Qs + 1.5 * IQR]

Q.= first quartile
Q5 = third quartile

2.4.2. CMIP6/GCMs Data Preprocessing

For projecting future potential change of climate its impact
on different sectors, state of the art CMIP6 model was applied.
The SSP2-4.5 and SSP5-8.5 scenarios were employed, the
study period classified near-term (2031-2060), far-term
(2061-2090). Collected GCMs data preprocess were carried
out Using Climate data operator (CDO) tool. Merging time,
unit conversion, set standard calendar, and extraction with
longitude and latitude with study area data preprocess steps
were undergone. Climate model has different spatial resolu-
tion; the model was remapped using bilinear method common
resolution to (4*4) km ENACT data. Climate models have dif-
ferent resolution there for to evaluate them should be re-
mapping to common resolution [29]. Climate models were se-
lected based on their ability to reproduce the historical climate
conditions of the study area. The performance of the individ-
ual GCMs was evaluated using statistical performance metrics,
including the correlation coefficient (r), root mean square er-
ror (RMSE), and Nash—Sutcliffe efficiency (NSE). These met-
rics were used to assess the agreement between the simulated
and observed climate variables, and the best-performing mod-
els were selected for future climate projections. The perfor-
mance of the selected GCMs were evaluated using coefficient
of correlation (r), Root Mean Square Error (RMSE), and Nash
Sutcliff Error (NSE) statistical metrics. Climate models appro-
priate for future climate change study were selected with sim-
ilar way arrived by [30, 31].

Climate models may have limitation of capturing local-
scale climate features appropriately sometimes under estimate
and other times over estimate observation data. To minimize
model uncertainty errors linear-scaling bias correction tech-
nique was applied Downscaling is based on the average dif-
ference between monthly observed time series and historical
run time series of GCM/RCM over same period of the ob-
served series additive correction is preferable for temperature
whereas multiplicative correction is preferable to variables
like precipitation, vapor pressure, solar radiation etc [32].

Table 1. GCM Performance Evaluation statistical Metrics.

Model Evaluation Statistical metrics Description Range Perfect square
— nyxy-Ex)Xy) - . )
= Trs-Goz | n5y? —C) ] Coefficient of correlation 1tol 1
RMSE) = [y & _;)2 Root means square error 0to o 0
ny TN
NSE = 1 — Z=iE=99 Nash-Sutcliffe Coefficient -0 to 1 1

i1 (Xnis—Xnis)?
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2.4.3. Trend Analysis of Future Rainfall

The Mann Kendall (MK) is the non-parametric time series
trends test less affected with outlier’s value (Mann, 1945;
Kendall, 1975). Applied to study hydrological time series and
climatic variability (Longboard and Villani, 2010). Mostly
used to detect an upward and downward trend i. e., monotonic
trends in a series of environmental, climate, and hydrologic
series of data. Particularly the null hypothesis considers no
trend whereas the alternative hypothesis shows the trend in the
two-sided test one-sided may upward trend or downward trend
[33]. Sen’s slope (SS) estimator is another non-parametric
technique mostly detects the magnitude the trend datasets.
This technique is used for the identification of trend magni-
tude.

S =Y YN i sgn(X; — X))

where S was the Mann-Kendal’s test statistics x;and x;were
the sequential data values of the time series in the years i and
j (1=i) and N was the length of the time series. Positive S value
indicates an increasing trend and a negative value indicates a
decreasing trend in the data series. The sign function was com-
puted as

The sign function computes as below

1lf(x] - xi) >0
sgn(x; — x;) =4 0if (4 —x;) =0
—1lf(x] - xi) <0

The variance of S, for the situation where there may be ties
(that is, equal values) in the x values is given by:

Var(s) = [N(N = DN +5) = I, £:(t; — D(2¢; + 5)]

where, m is the number of tied groups in the data set and ties
the number of data points in the ith tied group.

( s-1 .
e ) ifs>0
Oifs=0

S+1 .
UWT_(S)LS <0

ZMK =

The presence of a statistically significant trend was evalu-
ated using the ZMK value. In a two-sided test for trend, the
null hypothesis Ho was accepted if |ZMK| <Z1-0/2 at a given
level of significance. Z1—a/2 was the critical value of ZMK
from the standard normal table. For example: for 5% signifi-
cance level, the value of Z1-0/2 is 1.96. positive value of
ZMK indicates an increasing trend while a negative value in-
dicates a decreasing trend. In the present study, the signifi-
cance of observed change is examined at p < 5% significance
level confide interval. Therefore taking 0.05 significance level
as reference, the. Sen’s slope estimator was computed as:
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_ Xi—Xk .
T; = Tk fori=123...N

Q;

Sen’s estimator was computed as Qmed=T (N+1)/2 if N ap-
pears odd and it is considered as Qmed= (TN/2+T (N+2)/2 if
N appears even. At the end, Qmed was computed by a two-
sided test at 100 (1- a) % confidence interval and then a true
slope was obtained by the non-parametric test. Positive value
of Q indicates an upward or increasing trend and negative
value shows decreasing trend and if the values are zero, it
shows the data are fluctuate around theme. Positive value of
Qi indicates an upward or increasing trend and a negative
value indicates downward or decreasing trend in the time se-
ries. All the tests were measured at significant level (0.05) or
95% confidence of interval. Sen's slope magnitude negative
indicated decreasing value and positive magnitude increasing
value P value < avalue test has statistically significant trend
while P > avalue has statistically non-significant trend. Mann
Kendall trend test carried out over stations at seasonal and an-
nual time. R-Studio on window environment that is supported
by R software with R4.3.3 and Modified package engaged for
computation purpose. From Mann Kendall trend test increas-
ing and deceasing trend statistically significantly or none sig-
nificantly identified. The trends in projected future rainfall
and temperature were analyzed at seasonal and annual time
scales for the (2031-2090) periods under the SSP2-4.5 and
SSP5-8.5 scenarios.

2.4.4. Change in Future Rainfall

Change of future average rainfall in (%) relative the base-
line period (1991-2020) was calculated by the difference be-
tween mean future rainfall and baseline rainfall value divided
by baseline mean rainfall multiplied by 100. Baseline period
was (1991-2020) whereas future period near term (2031-2060)
and far-term (2061-2090). Change of future rainfall in (%)
was computed both SSP2-4.5 and SSP5-8.5 climate scenarios
with both periods, Positive values indicate an increase in rain-
fall relative to the baseline period, whereas negative values
indicate a decrease.

Percent of change of frainfall =

Future —Baseline

*100
Basline

2.4.5. Change in Future T(max)

The Change in future average maximum temperature
(Tmax) under the climate scenarios b relative to baseline
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(1991-2020) was computed by subtracting future mean tem-
perature climate scenario under the SSP2-4.5 and SSP5-8.5
near-term (2031-2060) and far-term (2061-2090) periods. The

negative value indicates decreasing whereas positive value in-
creasing future maximum temperature respect to baseline pe-
riods.

Changeof futureT (max) = (FutureMeanT (max) — BaslinemeanT (max)

2.4.6. Change in Future T(min)

The Change in future average minimum temperature (Tmin)
under the climate scenarios b relative to baseline (1991-2020)

Change of future meanT(min) = Fututure

3. Results and Discissions

The model evaluation statistics indicated that multi-model
Ensemble (MME) of Eight GCMs was selected with respect
to individual models. Therefore, climate change assessment
was done with multi model ensemble (MME) rainfall and
maximum temperature data under the SSP2-4.5 and SSP5-8.5
scenarios. The use of Multimodal Ensemble of GCMs best
representation future climate impact assessment than individ-
ual models [34-37]. According to [38] the assessment of future
temperature and rainfall over Mediterranean region Ensemble
of six GCMs was exhibited better than individual models
based performance evaluation metrics. An ensemble of six
GCMs was selected as best -performed for future precipitation
assessment under the SSP2-4.5 and SSP5-8 scenarios [39]
(Therefore, the multi-model ensemble (MME) was found to
perform better than individual models. Moreover, combining
multiple GCMs helps reduce the uncertainty associated with
individual models and provides a more robust representation
of future climate conditions. Among eight GCMs, CNAR-
CM6-1 (Centre National de Recherché Météorologiques
France) model was selected using model performance evalua-
tion statistics future scenario minimum temperature assess-
ment under climate scenarios (Error! Reference source not
found.). CNAR-CM6-1 (Centre National de Recherché
Meétéorologiques model was selected for climate change study
presented by [40]. Performance evaluation of multiple GCMs
showed that CNRM-CM6-1 was among the best-performing
models for minimum temperature at both daily and monthly
timescales over Ethiopia [41]. Identifying the best-performing
GCM was not sufficient, since GCMs have inherent uncertain-
ties and errors in representing local-scale climate features.
Therefore, bias correction was undertaken to reduce model
uncertainty and systematic biases and to improve the reliabil-
ity of GCM outputs for future climate impact assessment [42].
Bias corrected GCM output showed closer agreement with ob-
servation value compared to uncorrected output, for climate
assessment application [43]. Downscaling is based on the av-
erage difference between monthly observed time series and
historical run time series of GCM/RCM over same period of
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was computed by subtracting future mean temperature climate
scenario under the SSP2-4.5 and SSP5-8.5 near-term (2031-
2060) and far-term (2061-2090) periods. The negative value
indicates decreasing whereas positive value increasing future
maximum temperature respect to baseline periods.

meanT(min) Baseline mean T(min)

time.

3.1. Trend Analysis of Future Rainfall

The Mann Kendall trend test was conducted using bias cor-
rected rainfall data under the SSP2-4.5 and SSP5-8.5 scenar-
ios. Trend tests were measured at significant level 0.05 or (95%
confidence of interval) for both seasonal and annual period.
Trend of test of rainfall under SSP2-4.5 scenario showed sig-
nificantly increases about (7.2-16.3), (4.6-16.5), (9.8-26.3)
and (29.4 53.1) mm/ decade for Bega, Belg, Kermit and an-
nual respectively, accross most stations.

(Table 2). This result is consistence with previous finding
on trend test of rainfall under the SSP2-4.5 scenario, precipi-
tation showed increasing trend about 7.77% and 13.74% at the
annual and seasonal time scale respectively [44]. Under the
sspl-2.6. SSP2-4.5 and SSP5-8.5 scenario run off was pro-
jected increase this linked with increasing future precipitation
arrived by [45] under the SSP2-4.5 and SSP5-8.5 scenarios
future temperature and precipitation showed increasing trend
relative to the baseline period [21]. Recent study reported by.
[32] reported that future seasonal and annual projected to in-
creases significantly under the SSP2-4.5 and SSP5-8.5 scenar-
ios seasonal rainfall at the range of (9—73%) .

According to [46]. Future Precipitation projected to in-
creases about 0.42 t02.82 n mid-century 0.15 to 3.79 by the
end of century per year under the SSP2-4.5 and SSP5-8.5 sce-
narios. Frequency of future hydro climate extremes is mainly
association with projected increase precipitation about (35%),
(43%) and (38%) in annual, Spring and short (OND) time pe-
riod respectively across east Africa presented by [47]. The
trend test under SSP2-4.5 scenario future precipitation non-
significantly decreases with 2.0 and 0.5 mm/decade only at
Dodola and Jara stations in Belg season. Previous study by [48]
also revealed Belg rainfall statistical non-significant decreas-
ing trend at 1.93 mm/decade. Trend analysis Belg rainfall over
Ethiopia did not show significant trend reported by [49]. Un-
der the SSP2-4.5 scenario trend of rainfall slightly decreases
but under SSP5-8.5 increased on the mid-century [50]. The
BCC-CSM-2MR model precipitation projection revealed
none significant trend under the SSP scenarios at the long-
term period [51]. Kermit rainfall indicated decreasing trend at
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15.23% under SSP2-4.5 scenario for the period 2071-2100
[52]. Under the SSP5-8.5 scenario, future precipitation
showed significantly increasing trend about at (12.6-32.4),
(7.9-16.9), (11.0-31.2) and (23.8-71.0) mm/decade during
Bega, Belg, Kermit and annual period respectively, across
most stations (Table 3). [53] reported that future precipitation
projections showed an increasing trend across most stations
during the 2050s (2041-2060) and 2080s (2071-2090). Under
the SSP5-8.5 scenario Belg rainfall was projected non-signif-
icantly increase across Seru, Chole, Adaba, Delosebro and
Jara stations. Under the SSP2-4.5 and SSP5-8.5 climate sce-
narios annual rainfall showed non-significantly increasing
trend during mid-term and far-term at (2.0-11.9) (6.1-16.1
(mm/decade) [54].

Under the warmest (SSP5-8.5) scenario annual rainfall pat-
tern altered, moreover increases extremes JJAS rainfall about
(25-30)% [55]. Future rainfall increases Under the ssp1-2.6,
SSP2-4.5 and SSP5-8.5) scenarios elevate runoff [56]. Overall,
man Kendall trend test of future precipitation predominantly
showed increasing under both SSP2-4.5 and SSP5-8.5 scenar-
i0s on contrast some stations was experienced non-significant
trends.

3.2. Projected Changes in Future Rainfall
Under CMIP6 Scenarios

The Change of mean future rainfall (%) relative to baseline
period was computed with SSP2-4.5 and SSP5-8.5 climate
scenarios at midterm (2031-2060) and far term (2060-2090).
Under theSSP2-4.5 climate scenario future the average rain-
fall increases on near term (2031-2060) by (17%), (7.4%) and
(12.9%) in and, during far-term (2061-2090) increases with
(18.3%),(15.6%) and (20.2)% % Belg, Kermit and annual pe-
riods across nine stations respectively (Table 4). Under the
SSP2-4.5 scenario future monthly rainfall is projected to in-
creases from 0.42 to 2.82% in mid-century and 0.15 to 3.79%
the far century whereas under the SSP5-8.5 scenario increases
midcentury 1.45 to 5.51% and far-term 2.57 to 9.8% by the
end of far century upper awash river basin [57]. Previous study
reported that future projected rainfall increase streamflow at
13-17% [58]. Under the SSP2-4.5 and SSP5-8.5 scenarios an-
nual mean rainfall projected to increase during 2050 and 2080
period over Pravara river basin in India [59]. Under SSP2-4.5
scenario future rainfall decreases about (11.9%) over Arsi
robe Jara Silitan and Dinisho Belg season (Table 4). Annual
mean rainfall patter showed decreasing pattern under both
SSP2-4.5 and SSP5-8.5 scenarios presented by [60]. Rainfall
showed decreasing by 15.23% under the SSP2-4.5 during
2071-2100 Kermit season [61]. Kermit rainfall show increas-
ing by +44.28% and +59.34%, whereas Bega rainfall showed
decreasing over upper Wabe below bridges under both
RCP4.5 and RCP 8.5 scenarios [62]. Future climate change
under SSP1-2.6 SSP2-4.5 and SSP5-8.5 scenarios revealed
annual precipitation and temperature increases during spring
and winter whereas, decrease during summer and autumn over
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arid region [63]. The change in (%) future mean under the
SSP5-8.5 scenario showed increasing during near future
(2031-2060) with (22.7%), (15.3%) and (17.4%) Belg, Kermit
and annual respectively, whereas far-term (2060-2090) in-
creases (31.6%), (24.7%) and (30.6%), Belg, Kermit and an-
nual period Future annual rainfall projected increases under
the SSP5-8.5, and SSP2-4.5, scenarios at 10.66% and 15.80%.
[64]. Future precipitation is projected slightly increased at
13.7%, and 17.7% under SSP2-4.5 and SSP58 respectively re-
ported by [65]. Future rainfall under the SSP5-8.5 scenario ex-
pected to increases about 45.41%, 149.40%, 52.26%, and
45.92% in R10MM, R20MM, RX1DAY, and RX5DAY asso-
ciated with climate change [66] Future climate change under
SSP2-4.5 scenario on stream flow water resources over the
Upper Indus Basin of Pakistan precipitation increases about
13-17%presented by [67]. Future precipitation changes in-
creases with 7 5%, 10 +6% and *13% under SSP126,
SSP2-4.5, and SSP5-8.5 in 2071-2100 compared to 1985-
2014, respectively arrived by [68]. Kermit rainfall projected
to decrease by 5.4% across Kofele, Hunte, Jara and Meraro
stations whereas Belg rainfall decrease about 9.4 across Adele
and silitana stations. Mean annual rainfall SSP1-2.6 and
SSP5-8.5 scenarios is projected to decreases at 4.3% t013.8%
in northern part, increase at 14.5% to 25.4% in southeast semi-
arid catchment over Tanzania [69]. Future SSP5-8.5 (warming
scenario) supposed increases ocean temperature trigger tre-
mendous evaporation, resulting more moisture-laden air when,
converging the storm system can, generate robust precipita-
tion [70]. Overall, under both SSP2-4.5and SSP5-8.5 scenar-
ios future precipitation is projected predominantly increase;
this may be associated future anticipated warming which en-
hance evaporation increases atmospheric moisture availability
this follows, however negative change also projected across
some stations.

3.3. Projected Change in Future Maximum
Temperature

The Change of future mean maximum temperature (°C) from
baseline period under the SSP2-4.5 scenario is projected to in-
crease during near-term (2031-2060) about 0.9, 1.0, 1.1 and
1.0) °C whereas during the far-term (2061-2090), increases at
1.2,1.6,1.8,1.6 °C Bega, Belg Kermit and annual period re-
spectively (Table 5). This is findings consists with previous
study [71] using multi models ensemble under SSP1-2.6, SSP2-
4.5, SSP5-8.5 scenarios projected to increase by 1.31 <T,
1.32 <C, 1.45 <C during near-term (2021-2040), 1.75 <,
2.06 <, 2.66 <C during the mid-term (2041-2060), and 1.08 <C,
2.97 T, 5.62 <T in the long-term (2081-2100) period. Maxi-
mum temperature is projected increases at 0.8 <C and 2.8 “un-
der SSP2-4.5 and SSP5-8.5 climate scenario reported by [72].
This study consistence with previous finding that maximum
temperature increases 0.92<C and 1.86 <C during the 2040s and
2080s, under the SSP2-4.5 Over Genale dawa [44] Future tem-
perature change under cmip6 scenario indicated increases at
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3 € and 1-4 T under SSP2—4.5 and SSP5-8.5 scenarios re-
spectively [73]. Annual mean maximum temperature show in-
crement (1.3-2.0) <C for SSP2-4.5 and (1.7-2.3) <C for SSP5-
8.5in 2040-2069, at the same time, increments of (1.7-2.3) and
(2.8-3.2) 3 T were predicted for 2070-2099 reported by [74].
Under the SSP2-4.5 scenario future maximum temperature is
projected decreases during Bega with 0.4-2.6 °C over Dinisho
and Seru stations season respectively, Belg decreases about 0.4-
2.8°C, 0.3-0.5 °C and 0.2-1.0°C over Dinisho, Hunte and Seru
stations respectively. Future decrease maximum temperature
projected s under the SSP2-4.5 scenario over central Oromia
[75]. The Change in future maximum temperature (<C) relative
to the baseline period under SSP5-8.5 is projected to increases
on near term (2031-2060) at 2.6, 2.3, 2.5 and 2.4 °C Bega, Belg
Kermit and annual period respectively, whereas during far-
term (2061-2090) 3.2, 3.7, 3.9 and (3.8) °C during Bega, Belg
Kermit and annual period. Future temperature with the period
(2050-2079) is projected to increases with 0.8 and 3.3 com-
pared to baseline period [76]. Mean annul maximum tempera-
ture increases with near-far term period show increases of
(1.5) T, (2.2) T, (2.8) T, and (3.8) <T under the four SSP
scenario respectively [77]. under the SSP5-5.8 scenario mean,
maximum, and minimum temperature increases 2-3<C, and 5—
6 <C at the middle (end) of the current century over Europe [78].
Over east Africa future temperature and evapotranspiration in-
creases associated with climate change [68]. Under the SSP5-
8.5 scenario maximum temperature increases 80.5% and 4.8%
at N45.5<60 “respectively [69]. Under SSP5-8.5 on Belg max-
imum temperature increase with (0.3-0.5) <C Over Dinisho,
Hunte and Seru stations. Previous study reported under SP1-2.6,
SSP2-4.5, and SSP5-8.5 scenarios annual mean temperature
over East Africa increases relative to long term period about
1.4 <C, 2.3 <C, and 4.4 <C respectively [20]. regional climate
change over east Africa revealed annual average temperature
increases 2 °C toward midcentury (2021-2050) under SSP5-8.5
climate scenario linked with sever climate extremes reported
[70]. Future CMIP6 climate change scenario showed both
1901-1940 (warming), 1941-1970 (cooling) and 1971-2014
(rapid warming) by [71]. Overall, under the SSP2-4.5 and
SSP5-8.5 scenarios, future maximum temperature is projected
to predominantly increase relative to the baseline period across
most stations, which is associated with increased greenhouse-
gas concentrations that enhance the atmospheric trapping of
outgoing terrestrial radiation, thereby increasing radiative forc-
ing and warming the near-surface atmosphere.

3.4. Projected Change in Future Minimum
Temperature

The Change of future mean minimum temperature (°C) un-
der both SSP2-4.5 and SSP5-8.5 scenarios relative to the base-
line period. Under the SSP2-4.5 scenario future changes of
mean minimum temperature projected increases relative to the
baseline period at 2.1°C, 2.2 °C, 3.1°C and 3.2 °C during
near-term (2031-2060) and far-term 3.0°C, 2.5°C, 3.1°Cand
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3.1°C Bega, Belg, Kermit and annual period respectively
(Table 6). Climate change study under cmip6 of SSP5-8.5
over awash river basin Ethiopia in the far future maximum
temperature will be arrived around 4142 °Cwhereas mini-
mum temperature 24°C respectively presented by [72]. Future
minimum temperature is projected to increases by 0.8, 1.5,
and 2.0 C under SSP2-4.5, while, 1.0, 2.2, and 3.6 <C under
SSP5-8.5, during 2030s, 2050s, and 2080s period respectively
[73]. maximum and minimum temperature are projected to in-
crease over Yangtze River Basin during (2025-2044) period
at 0.09 °C, 0.29 °C and 0.66 °C per decade under the SSP1-
2.6, SSP2-4.5, and SSP5-8.5 scenarios respectively.[74] re-
ported that surface temperature is projected to increase under
the SSP2-4.5 scenario across northwestern and eastern North
America and Eastern Europe, moreover greater warming pro-
jected under the SSP5-8.5 scenario. Under the SSP5-8.5 sce-
nario, future mean minimum temperature is projected to in-
crease relative to the baseline period by 0.3-4.3, 0.4-4.4, 1.0
5.9, and 1.7-5.2<C during the near-term (2031-2060) and by
3.4-5.4, 3.5-5.7, 3.8-5.2, and 4.8-5.8<C during the far-term
(2061-2090) for the Bega, Belg, Kiremt, and annual periods,
respectively. Minimum temperature change will increases of
the period (2020-2049) and (2050-2079) respect to baseline
period (1985-2014) increases by 0.8 and 3.3<C [66]. Under
sspl-2.6 and SSP5-8.5 scenarios minimum temperature in-
creases between 0.2<C and 4.5<C [72]. Under the SSP5-8.5
and SSP2-4.5 minimum temperature increases during winter
time of by 5<C in northern parts of India by the end of the 21st
century [75]. Similarly, [76] projected that mean minimum
temperature would increase by 1.17, 1.91, 2.80, and 3.69<C
under the SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 sce-
narios, respectively, during the far-future period (2075-2100).
Under the SSP5-8.5 climate scenario *over tropics minimum
temperature increase throughout the century particularly at
southern Europe for the 2081-2100 [67]. Similarly, [77] pro-
jected that mean annual minimum temperature is projected to
increase by 1.96<C under SSP2-4.5 while by 3.11<C under
SSP5-8.5 during the 20312060 period relative to the 1985-
2014 baseline. The findings is consistence with [35]. Mean
minimum temperature rises about 1.83, 2.33 and 2.85 °C un-
der SSP2-4.5, SSP3-7.0, and SSP5-8.5 scenarios respectively.
Under high emission SSP5-8.5 scenario both maximum and
minimum temperature are projected increase [78].

Subsequently under both SSP2-4.5 and SSP5-8.5 scenarios
minimum temperature predominantly positive change relative
the bassline period across most stations this is associated with
human induced greenhouse gases concentration in the atmos-
phere traps emitted radiation from the earth.

4. Conclusion and Recommendations

The study assessed future change of temperature and pre-
cipitation using CMIP6/GCMs under SSP2-4.5 and SSP5-8.5
scenarios with study period near-term (2031-2060) and far-
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term (2061-2090) period over wabe shebele basin. An Ensem-
ble of eight GCMs was selected for future rainfall and maxi-
mum temperature assessment whereas, CNAR-CM6-1 (Cen-
tre National de RecherchéMé&érologiques France) was se-
lected minimum temperature based on model performance
evaluation metrics. Climate models have systematic biases,
therefor, the selected models were bias-corrected using linear-
scaling bias correction technique. Future rainfall is projected
to increases across most station during Bega, Belg, Kermit and
annual seasons period under both SSP2-4.5 and SSP5-8.5 sce-
narios while decreasing trend across limited stations. Future
rainfall is projected to increase under both SSP2-4.5 and
SSP5-8.5 scenarios, potentially due to enhanced evaporation,
atmospheric moisture availability, and moisture transport un-
der a warming climate, which contribute to increased precipi-
tation. Under SSP5-8.5 and SSP2-4.5 scenarios future maxi-
mum temperature and minimum temperature predominantly
projected to increase while, projected decreasing over limited

Abbreviations

stations. The predominant future warming is primarily associ-
ated with increasing anthropogenic greenhouse-gas emissions,
which enhance radiative forcing and lead to a rise in atmos-
pheric and surface temperatures.

The finding indicated both temperature and precipitation
are projected increases under the SSP2-4.5 and SSP5-8.5 sce-
narios. Although, future rainfall is projected to increase tem-
perature also increase simultaneously under the SSP2-4.5 and
SSP5-8.5 scenarios, therefore future moisture stress is ex-
pected due to atmospheric warming, therefor warmed atmos-
phere expected to affects agriculture, water resource, range
land ecosystems. For agricultural sector select drought tolerate
and short cycle crop varieties, harvesting rainwater, waters
and natural resources management. Policymakers and deci-
sion makers and private investors consider future anticipation
of climate change before implementing far-reaching develop-
ment project and investment over the study area. Future stud-
ies consider drought and flood assessment and their potential
changes under future climate scenarios over the study area.

BCC-CSM2-MR  Beijing Climate Center Climate System Model, Medium Resolution

CDO Climate Data Operators

CMIP5 Coupled Model Intercomparison Project Phase 5
CMIP6 Coupled Model Intercomparison Project Phase 6
CNRM-CM6-1 Centre National de Recherches Mé&érologiques Climate Model Version 6-1
EMI Ethiopian Meteorology Institute

ENACT Ensemble of Climate Models

ENSO El Nifo—Southern Oscillation

ESGF Earth System Grid Federation

GCM Global Climate Model

GDP Gross Domestic Product

I0OD Indian Ocean Dipole

IQR Interquartile Range

ITCZ Intertropical Convergence Zone

JIAS June, July, August, and September

MAM March, April, and May

MK Mann—Kendall

MME Multi-Model Ensemble

NMA National Meteorological Agency

NSE Nash-Sutcliffe Efficiency

R10mm Number of Days with Precipitation > 10 mm
R20mm Number of Days with Precipitation > 20 mm
RCM Regional Climate Model

RCP Representative Concentration Pathway
RCP4.5 Representative Concentration Pathway 4.5
RCP8.5 Representative Concentration Pathway 8.5
RMSE Root Mean Square Error

Rx1day Maximum 1-day Precipitation

Rx5day Maximum 5-day Precipitation

SSP Shared Socioeconomic Pathway

SSP1-2.6 Shared Socioeconomic Pathway 1-2.6
SSP2-4.5 Shared Socioeconomic Pathway 2-4.5
SSP5-8.5 Shared Socioeconomic Pathway 5-8.5
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STWIJ Subtropical Westerly Jet
WCRP World Climate Research Programme
ZMK Z-statistic of the Mann—Kendall Test
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Appendix
Table 2. CMIP6 GCM Model for This Study.
RF Tmax Tmin
GCMs
RMSE NSE r RMSE  NSE r RMSE NSE r
MPI-ESM1-LR 7.4 -0.1 0.4 8.4 -0.1 0.6 8.9 9.1 0.7
BCC-CSM2-HR 8.6 -0.5 0.5 7.3 -0.6 0.7 7.2 -5.7 0.5
ACCESS-CM2 5 0.7 0.6 49 0.4 0.6 9.2 -10 0.4
CESM2 8.7 -0.5 0.5 6.7 -0.5 0.5 9.6 -11.2 0.6
CNAR-CM6-1 6.1 -5.1 0.3 6.2 -3.3 0.5 25 -14 0.9
MPI-ESM1-HR 7.7 -0.2 0.6 5.7 -0.2 0.5 6.7 -4.6 0.4
INM-CM5-0 7.8 -0.2 0.6 6.8 -2.2 0.4 8.2 -7.6 0.3
HadGEM3-GC31-LL 7.7 -6.7 0.8 6.3 -5.7 0.6 6.1 -3.8 0.6
Multi model Ensemble 4.6 0 0.9 4.2 0 0.8 2.6 -3.3 0.6
Table 3. Mann Kendall trend test of (RF) under the SSP2-4.5.

Stations Seasons ZMK Sen’s slope P-value Test interpretation

Bega 1.80 0.47 0.07 None significantly increasing

Belg 2.06 0.79 0.04 Significantly increasing
Adaba

Kermit 2.28 0.99 0.02 Significantly increasing

Annual 3.73 2.01 0.00 Significantly increasing

Bega 2.95 0.72 0.00 Significantly increasing
Adele

Belg 1.96 1.11 0.05 Significantly increasing
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Stations Seasons ZMK Sen’s slope P-value Test interpretation
Kermit 1.56 0.68 0.12 None significantly increasing
Annual 2.94 2.33 0.00 Significantly increasing
Bega 1.78 0.71 0.08 None significantly increasing
Belg 0.11 0.04 0.91 None significantly increasing
Arsi Robe
Kiremit 2.44 1.56 0.01 Significantly increasing
Annual 3.85 2.01 0.00 Significantly increasing
Bega 3.31 1.45 0.00 Significantly increasing
hol Belg 0.67 0.38 0.50 None significantly increasing
Chole
Kiremit 2.79 1.68 0.01 Significantly increasing
Annual 4.87 3.43 0.00 Significantly increasing
Bega 3.97 1.63 0.00 Significantly increasing
Belg 0.89 0.46 0.38 None significantly increasing
Delosebro
Kiremit 4.18 2.18 0.00 Significantly increasing
Annual 5.17 3.91 0.00 Significantly increasing
Bega 3.64 1.16 0.00 Significantly increasing
Belg 1.68 0.71 0.09 None significantly increasing
Dinisho
Kiremit 3.54 0.98 0.00 Significantly increasing
Annual 4.68 2.79 0.00 Significantly increasing
Bega 3.26 1.09 0.00 Significantly increasing
Belg 0.54 0.26 0.59 None significantly increasing
Dixis
Kermit 3.18 2.36 0.00 Significantly increasing
Annual 4.60 3.32 0.00 Significantly increasing
Bega 211 121 0.03 Significantly increasing
Belg -0.33 -0.20 0.74 Non-significant decreasing
Dodola
Kermit 2.80 1.83 0.01 Significantly increasing
Annual 3.17 231 0.00 Significantly increasing
Bega 243 1.26 0.02 Significantly increasing
Belg 242 0.85 0.02 Significantly increasing
Hunte
Kiremit 2.95 1.08 0.00 Significantly increasing
Annual 4.23 3.46 0.00 Significantly increasing
Bega 3.04 1.52 0.00 Significantly increasing
Belg 1.28 0.75 0.20 Non-significant increasing
Kofele
Kermit 3.58 1.79 0.00 Significantly increasing
Annual 5.21 4.01 0.00 Significantly increasing
Bega 4.46 1.20 0.00 Significantly increasing
Belg 2.17 0.80 0.03 Significantly increasing
Meraro
Kermit 3.28 1.25 0.00 Significantly increasing
Annual 5.31 3.37 0.00 Significantly increasing
Jara Bega 3.12 1.26 0.00 Significantly increasing
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Stations

Seru

Silitana

Stations

Adaba

Adele

Arsi robe

Chole

Delosebro

Dinisho

Seasons

Belg
Kermit
Annual
Bega
Belg
Kermit
Annual
Bega
Belg
Kermit

Annual

Seasons

Bega
Belg
Kermit
Annual
Bega
Belg
Kermit
Annual
Bega
Belg
Kermit
Annual
Bega
Belg
Kermit
Annual
Bega
Belg
Kermit
Annual
Bega

Belg

ZMK

-0.04
411
4.05
2.16
2.28
1.80
3.13
1.91
1.26
2.66
3.45

Sen’s slope

-0.05
1.88
2.92
0.97
1.65
0.78
3.19
0.54
0.59
131
2.27

P-value

0.96
0.00
0.00
0.03
0.02
0.07
0.00
0.06
0.21
0.01
0.00

Test interpretation

Non-significantly decreasing
Significantly increasing
Significantly increasing
Significantly increasing
Significantly increasing
Non-significantly increasing
Significantly increasing
Non-significant increasing
Non-significant increasing
Significantly increasing

Significantly increasing

Table 4. Mann Kendall trend test of (RF) under SSP5-8.5.

ZMK

3.82
3.45
0.41
4.05
3.74
2.74
2.37
2.94
3.35
1.86
4.23
0.13
3.90
1.80
4.48
0.27
4.78
1.56
3.96
6.07
4.75
2.84

Sen's slope

1.26
1.36
0.34
2.99
1.45
1.23
1.54
2.33
1.26
0.56
2.20
391
1.71
0.69
2.55
4.82
2.09
0.68
2.06
4.62
2.55
1.37
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P-value

0.00
0.00
0.68
0.00
0.00
0.01
0.02
0.00
0.00
0.06
0.00
0.00
0.00
0.07
0.00
0.00
0.00
0.12
0.00
0.00
0.00
0.00

Test interpretation

Significantly increasing
Significantly increasing
None significantly increasing
Significantly increase
Significantly increasing
Significantly increasing
Significantly increasing
Significantly increasing
Significantly increasing
Non-significantly increasing
Significantly increasing
Significantly increasing
Significantly increasing
Non-significantly increasing
Significantly increasing
Significantly increasing
Significantly increasing
Non-significant increasing
Significantly increasing
Significantly increasing
Significantly increasing

Significantly increasing
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Stations Seasons ZMK Sen's slope P-value Test interpretation
Kermit 3.67 1.63 0.00 Significantly increasing
Annual 6.14 5.66 0.00 Significantly increasing
Bega 3.78 1.64 0.00 Significantly increasing
Belg 211 0.79 0.03 Significantly increasing
Dixis sude
Kermit 4.23 2.57 0.00 Significantly increasing
Annual 6.40 4.96 0.00 Significantly increasing
Bega 4.82 2.10 0.00 Significantly increasing
Belg 3.28 1.35 0.00 Significantly increasing
Dodola
Kermit 3.60 1.71 0.00 Significantly increasing
Annual 6.52 5.10 0.00 Significantly increasing
Bega 4.62 2.70 0.00 Significantly increasing
Belg 413 1.66 0.00 Significantly increasing
Hunte
Kermit 3.55 1.26 0.00 Significantly increasing
Annual 6.13 5.64 0.00 Significantly increasing
Bega 3.53 2.59 0.00 Significantly increasing
Belg 2.52 1.69 0.01 Significantly increasing
Kofele
Kermit 4.48 1.37 0.00 Significantly increasing
Annual 4.89 6.03 0.00 Significantly increasing
Bega 5.15 1.38 0.00 Significantly increasing
Belg 4.39 1.27 0.00 Significantly increasing
Meraro
Kermit 3.28 1.10 0.00 Significantly increasing
Annual 6.47 3.82 0.00 Significantly increasing
Bega 4.76 2.04 0.00 Significantly increasing
Belg 1.49 0.57 0.14 Non-significant increasing
Jara
Kermit 3.96 2.02 0.00 Significantly increasing
Annual 6.09 4.45 0.00 Significantly increasing
Bega 452 3.24 0.00 Significantly increasing
Belg 1.35 1.14 0.18 Non-significantly decreasing
Seru
Kermit 4.27 3.12 0.00 Significantly increasing
Annual 5.62 7.10 0.00 Significantly increasing
Bega 4.73 1.80 0.00 Significantly increasing
Belg 3.72 1.47 0.00 Significantly increasing
Silitana . L . .
Kermit 4.90 2.62 0.00 Significantly increasing
Annual 6.78 5.56 0.00 Significantly increasing
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Table 5. Change of Future (RF) under SSP2-4.5 and SSP5-8.5 Scenarios.

SSP2-4.5 SSP5-8.5
Seasons Period
2031-2060 2061-2090 2031-2060 2061-2090
Belg 0.2 6.6 14 19.2
Adaba Kermit 0.2 6.6 5 10.9
Annual 6.6 12.8 5 225
Belg 0.4 16.1 -8.1 75
Adele Kermit 5.1 5.9 27.8 35.1
Annual 6.4 14.2 175 30.3
Belg -0.6 -5.8 10.3 10.1
Arsi robe Kermit 14.4 22.7 22 34.8
Annual 11.6 17.2 211 32.3
Belg 111 74 29.2 28.6
Chole Kermit -7.2 0.7 23.6 38.2
Annual 1.3 9.2 32.6 46.4
Belg 9.4 5.8 1.8 1.3
Delosebro Kermit 19.1 34.6 7 21.8
Annual 18.5 28 10.1 22.2
Belg -27 -23.9 8.7 151
Dinisho Kermit -26.5 -21.7 9.9 18.8
Annual -22.7 -17.3 16.5 28
Belg 24.2 21.7 52.8 84.7
Dixis Kermit 129 21.9 295 30.3
Annual 191 275 22.9 35.7
Belg 33.9 16.6 44.2 53.6
Dodola Kermit -1 10.2 2.6 11.7
Annual 175 22.9 25 39.7
Belg 9 10.8 333 45.2
Gasara Kermit 6.2 13.3 14 23.9
Annual 125 17.3 29.8 44.8
Belg 46.2 60.1 453 66.7
Hunte Kermit -4.3 1 -1.9 51
Annual 29.6 413 311 49.3
Belg -9.4 -16.1 1 -0.2
Jara Kermit -19.3 -6.1 -2.8 12.3
Annual -7.5 -1.2 4.8 16.7
Belg 8.9 9.5 14.3 21.7
Kofele
Kermit 13 22.4 -16.4 -9.6
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SSP2-4.5 SSP5-8.5
Seasons Period
2031-2060 2061-2090 2031-2060 2061-2090
Annual 20.6 28.3 124 235
Belg 9.4 17 8.3 215
Meraro Kermit 0.8 8.5 -0.5 6.4
Annual 9 19.2 8.9 20.7
Belg -10.4 -10.7 -10.1 -2.8
Siitana Kermit 47 10.3 10.9 215
Annual 1.2 4.8 5.2 17.4

Table 6. Change of future T (max) of SSP2-4.5 and SSP5-8.5 scenarios.

SSP 245 SSP5-8.5
Period Period
2031-2060 2061-2090 2031-2060 2061-2090
Bega 0.2 1.2 15 3.6
Belg 0.4 14 1.2 3.7
Adaba
Kirmit 0.2 11 1.2 35
Annual 0.3 1.2 1.3 3.6
Bega 0.5 1.0 3.2 2.3
Belg 0.6 14 3.3 2.7
Arsi robe
Kirmit 0.2 11 3.0 2.8
Annual 0.4 1.2 3.2 2.6
Bega 0.1 0.6 0.4 1.6
Belg 0.5 14 0.1 2.3
Chole
Kirmit 1.0 1.9 0.9 3.2
Annual 0.5 1.3 0.5 24
Bega -2.6 -2.1 0.3 1.7
Belg -2.8 -2.0 -0.4 1.8
Dinisho
Kirmit 0.8 1.7 0.8 3.0
Annual -15 -0.8 0.2 2.2
Bega 0.9 14 1.7 2.6
Belg -0.5 0.2 -0.3 15
Hunte
Kirmit -1.2 -0.3 0.0 1.8
Annual -0.3 0.4 0.5 2.0
Kofele Bega 0.6 11 4.4 6.3
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SSP 245 SSP5-8.5
Period Period
2031-2060 2061-2090 2031-2060 2061-2090
Belg 0.9 1.7 4.3 6.7
Kirmit 11 2.0 4.1 6.0
Annual 0.9 1.6 4.3 6.4
Bega 1.6 2.1 4.3 35
Belg 1.7 25 4.6 4.1
Meraro
Kirmit 1.9 2.8 5.0 4.9
Annual 1.7 25 4.6 4.2
Bega -0.8 -0.4 0.3 1.0
Belg -1.0 -0.2 -0.5 1.2
Seru
Kirmit -0.8 0.1 0.1 1.9
Annual -0.9 -0.1 -0.1 1.4
Bega 1.7 14 1.6 3.0
Belg 1.8 1.7 1.0 3.1
Jara Kirmit 2.2 24 18 41
Annual 1.9 1.8 15 34
Table 6. Change of future T (min) of SSP2-4.5 and SSP5-8.5.
SSP 2-45 SSP5-8.5
Period Period
2031-2060 2061-2090 2031-2060 2061-2090
Bega 3.1 2.9 0.8 4.8
Belg 3.2 3.1 1.8 5.7
Adaba
Kermit 3.1 3 4.1 5.8
Annual 1.9 3 2.2 5.2
Bega 21 3.1 3.3 3.8
Belg 1.8 3.1 3.6 5.3
Adele
Kermit 1.6 2.8 5.9 49
Annual 1.8 3 4.3 5.3
Bega 2.2 3.2 2.9 51
Belg 2.2 35 34 47
Arsi robe
Kermit 5 4.2 55 4.2
Annual 2 3.2 3.8 49
Dinisho Bega 13 2.2 3.3 4.3
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SSP 2-4.5
Period
2031-2060
Belg 0.8
Kermit 1
Annual 1
Bega 1.3
Belg 14
Hunte
Kermit 1.9
Annual 15
Bega 3.7
Belg 4.2
Kofele
Kermit 3.2
Annual 3.7
Bega 2.2
Belg 18
Meraro
Kermit 1.8
Annual 1.9
Bega 2
Belg 1.7
Seru
Kermit 1.6
Annual 1.8
Bega 1.6
Belg 11
Jara Kermit 1.1
Annual 1.3
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