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Introduction
Climate and land use/cover (LULC) changes have significant 
impacts on the hydrological processes such as precipitation, 
evaporation, runoff ( J. Li et al., 2012, Yin et al., 2017). Many 
studies reported the extensive impact of climate and LULC 
changes on streamflow (Abera et al., 2019; Ning et al., 2016).

Changes in climate and LULC are the two inseparable 
linked global environmental challenges the world faces today 
(IPCC, in press). Since the beginning of the industrial revolu-
tion in the mid-eighteenth century, the contribution of human 
activity to climate change has increased dramatically, by 
increasing the atmospheric concentrations of greenhouse gases. 
The warming temperature trend and the changing rainfall pat-
tern are noticeable features of change in climate that directly 
impact almost all other hydrological responses (Azari et  al., 
2016). Therefore, quantifying the impact of climate and LULC 
changes separately and in combination are essential for plan-
ning adaptation options for water resources sustainable devel-
opment (Yang et al., 2017).

Water resources are currently under severe pressure because 
of climate change impacts and anthropogenic interventions, 
which include dynamics of land-use, population and economic 
growth (IPCC, 2013). Climate change due to human activity 
has led to changes in rainfall patterns and more frequent heavy 

precipitation events, which have been significant effects on the 
ecological system (Simane et  al., 2016) and alters streamflow 
through changes in temperature, rainfall, and evapotranspira-
tion. Similarly, changes in LULC alters infiltration and evapo-
transpiration, which results in changes to the volume of runoff 
(Umair et al., 2019; Zhang et al., 2017). However, the compara-
tive role of climate and LULC changes on streamflow may dif-
fer spatially due to the rate and magnitude of climate and 
LULC changes. Therefore, such studies are critical in planning 
and management of water resources sustainably.

Past studies on response of streamflow on climate change in 
Genale Dawa basin reported mixed results. For instance, Gragn 
et al. (2019) found a significant increase in the mean annual 
streamflow over the two projected periods (2018–2047 and 
2048–2077) compared to the baseline period (1988–2017) 
under both RCP4.5 and RCP8.5 scenarios. The same study 
(Ibid) reported the average total flow volume increases in 
Kiremt season ( June- September) and decrease in Bega season 
(October- January) in the future. In contrast to the above men-
tioned results, the recent study by Gebrechorkos et al. (2023) 
reported a decrease in the projected annual streamflow in the 
2020s, 2050s, and 2080s under SSP245 and SSP585 scenarios 
relative to the reference period (1981–2010) in Genale Dawa 
Basin. Seasonally, there is a decrease in streamflow during Belg 
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(March, April and May) season in the 2020s but will increase 
in the 2050s and 2080s (Gebrechorkos et al., 2023). However, 
the streamflow will be higher during the summer season ( July, 
August, and September) in all periods. Thus, contradiction on 
findings in existing literature imply the need for further research 
in this topic.

Recently, various studies investigated the integrated impact 
of climate and LULC change on hydrologic processes 
(Aboelnour et  al., 2019; Hyandye et  al., 2018; Koch et  al., 
2015). Thus, many studies consistently highlight the stream-
flow, as the key element of hydrology, likely impacted by pro-
jected climatic and LULC changes. For instance, there are 
studies that reported the more significant impact of climate 
change on streamflow than LULC change (Aboelnour et al., 
2019; Dagnenet Fenta et al., 2018). In some research findings, 
the magnitude of LULC change impact is more than the 
impacts of climate change (Mwangi et  al., 2016; Yin et  al., 
2017). Thus, site-specific investigation and Quantification of 
the separate and combined impacts of climate and LULC 
change is a prerequisite for formulating plans and implement-
ing effective adaptation measures of climate change (Clerici 
et al., 2019; Trolle et al., 2019; Wang et al., 2018).

The Soil and Water Assessment Tool (SWAT) is commonly 
used to understand the relationship between climate and 
LULC change on hydrology (Chang et  al., 2015; Natkhin 
et al., 2015). The SWAT tool is effectively utilized in assessing 
the effect of climate and LULC changes on hydrology in dif-
ferent basins with variable soil, land use, and management 
requirements across time (Arnold et al., 2012). This model has 
produced great accuracy for current and future predictions of 
mean annual and mean monthly streamflow (Anand et  al., 
2018; Zuo et al., 2016).

Yadot watershed is under threat because of watershed deg-
radation such as deforestation from growing population and 
due to increasing demand of water mainly for irrigation and 
other development activities. The watershed is undergoing 
climate and LULC changes due to agricultural expansion and 
unplanned and unrestricted settlement because of rapid pop-
ulation growth, deforestation, improper land use and rapid 
immigration, which adversely alters the hydrology of the 
watershed. Thus, this research work assessed climate and 
LULC changes impact on streamflow of Yadot river water-
shed for the near-term (2021–2050) and mid-term (2051–
2080) periods under medium (RCP4.5) and high (RCP8.5) 
emissions scenarios using SWAT hydrological model and 
downscaled climatic data from CORDEX-RCMs output. 
This study was specifically aimed at (1) to predict the future 
LULC change (2) to assess the projected climate for the near 
and mid-term periods, (3) to examine the separate and com-
bined impact of climate and LULC changes. Finally, the 
findings of this study will help to reduce the risks related with 
future climate and LULC changes in Yadot watershed and 
the region.

Materials and Methods
Study area description

The Yadot watershed is located, in the Genale Dawa basin of 
Ethiopia, between 6° 18′N and 6° 51′N and 39°49'’E and 
39°58'’E (Figure 1). The Yadot River starts in the Bale 
Mountains at an elevation of 4,373 m above mean sea level 
(m.a.m.s.l) and descends to an elevation of 946 m.a.m.s.l at the 
watershed’s mouth. The watershed covers 735.6 km2 area. The 
Yadot River is perennial, but the flow reduces during the winter 
and increased during summer season.

The watershed is characterized by various landforms such as 
valleys, hills, mountains, ridges, and plateaus, which can impact 
the flow of water and the distribution of vegetation. Areas with 
steep slopes and high elevations, such as mountains and ridges 
are typically the source of the river and its tributaries whereas 
areas with gentle slopes and low elevations, such as valleys and 
floodplains, are areas where the river flows through.

The vegetation in the watershed is primarily composed of 
natural forests, shrub lands, and grasslands. The natural forests 
consist of indigenous tree species such as Juniperus procera, 
Olea europaea subsp. cuspidata, and Podocarpus falcatus. The 
vegetation cover in the watershed has been significantly 
impacted by human activities such as deforestation, overgraz-
ing, and agricultural expansion.

Based on the FAO soil classification system, the dominant 
soil type of the watershed are pellic vertisols (37.54%), chromic 
vertisols (26.42%), chromic luvisols (21.95%), Eutric nitisols 
(0.34%), Eutric fluvisols (0.02%), Eutric cambisols (6.83%), 
Dystric histosols (1.07%), and Leptosols (5.53%), of the water-
shed total area, respectively. The study area is dominated by 
clay and sandy clay loam soil textures.

The watershed’s yearly rainfall ranges between 815 mm and 
1360 mm. The monthly maximum temperature (Tmax) varies 
from 21.60°C to 28.72°C, while the monthly minimum tem-
perature (Tmin) ranges from 9.78°C to 15.62°C.

The research area was chosen because it is one of the pri-
mary tributaries of the Genale Dawa basin, and no impact 
assessment studies on the watershed have been conducted.

Methodology
Data availability

Land use/cover prediction and model validation. The CA-
Markov model was selected to predict the 2035 & 2055 LULC 
change due to its advantage in terms of the capacity of indi-
viduals to enhance information under regular principles, gov-
erns their evaluation and analysis of spatial (space) features, 
which may be used to simulate future land usage (Gambo et al., 
2018). The CA-Markov model embedded in IDRISI software 
is used to predict the trend and the spatial structure of distinct 
LULC categories (S. Li et al., 2015) based on observed LULC 
image, transition probability matrix and suitability images as a 
group file (Clark, 2012; Eastman, 2012).
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The following procedures were followed to simulate the 
future LULC changes. (1) the transition probability image was 
created using LULC maps from 2001 to 2015, (2) the 2015 
LULC was calculated using 1985 and 2001 transition proba-
bilities, (3) the multi-criteria assessment module’s limitations 
and factors were used to create the transition suitability image, 
(4) finally, utilizing the transition probabilities image, base 
map, and transition suitability image CA-Markov in IDRISI 
software. The base map, transition probabilities and transition 
suitability images were used to simulate the 2035 and 2055 
LULC changes.

Model calibration and validation are required for every 
model prediction. Validation is the comparison of the antici-
pated LULC map to a reference map to determine its quality. 
To replicate the 2015 LULC picture, LULC photos from 1985 
and 2001 were used. The validated module was also used to 
make comparisons between the simulated and observed LULC 
class areas.

The CA-Markov model’s effectiveness in predicting land 
use maps was evaluated by the Kappa index Equation 1:

 Kappa
Po Pc

Pc
=

−
−1

 (1)

Where Po is the proportion of accurately simulated cells in the 
above equation, and Pc is the predicted proportion adjustment 

by chance between the simulated and observed maps. When 
Kappa is 75%, the output maps are in a great agreement; when 
Kappa is 50%, the output maps are in a medium level of agree-
ment; and when Kappa is 25%, the output maps are in a poor 
level of agreement; and when Kappa = 1 for perfect agreement 
(Pontius & Malanson, 2005).

Future climate change projection data

Future climate data, such as daily precipitation, Tmax and Tmin 
are derived from the three dynamically downscaled high-
resolution regional climate models CCLM4-8-17, 
RACMO22T, and RCA4 using RCP 4.5 and RCP 8.5 sce-
narious. These climate models were chosen based on the rec-
ommendations of past studies over East Africa (Endris et al., 
2013; Lennard et al., 2018; Tesfaye et al., 2019). The study 
obtained the data from CORDEX-Africa domain with spa-
tial resolutions of 0.44° × 0.44°. Many studies have recom-
mended to apply many model ensemble approaches for 
capturing large uncertainties in climate projections (Dibaba 
et al., 2019; Laux et al., 2017; Stanzel et al., 2018). Thus, this 
study used an ensemble mean of three RCMs (CCLM4-8-
17, RACMO22T, and RCA4) derived from three GCMs 
(HadGM2-ES, MPIESM-LR and ICHEC-EC) as bound-
ary conditions (Table 1).

Figure 1. The map showing study area location.
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The projected regional climate data was in the NetCDF file 
format. ArcGIS10.4.1 software was used to extract rainfall and 
temperature data from RCMs using a multidimensional tool 
and a NetCDF table view. The data from the stations was 
retrieved using their latitudes and longitudes.

The distribution maps of bias corrected future rainfall and 
temperature data are compared with the baseline data sets 
(1985–2015). An ensemble of three RCMs was used to predict 
the change in rainfall and temperature for the near future 
(2021–2050) and mid-future (2051–2080) periods under 
RCP4.5 & RCP8.5 scenarios against the baseline (1985–2015) 
period for the Yadot watershed (Table 1).

Bias correction of RCMs data

This research used power transformation for rainfall and 
variance scaling methods for temperature as the preferable 
bias correction methods. These methods have been widely 
applied for bias adjustment (Fang et al., 2015; Tumsa, 2022). 
In regional climate models, the power transformation tech-
nique was applied to address geographic distributional 
biases in rainfall outputs. The power transformation equal-
izes peak daily and monthly precipitation quantities at rain 
gage sites; the power transformation adjusts the mean and 
coefficient of variance. Each daily precipitation quantity P is 
turned into a corrected P* using this nonlinear adjustment 
(Equation 2).

 P* aPb=  (2)

Where P* is the bias-adjusted daily precipitation, P, the uncor-
rected daily precipitation and a & b are the transformation 
coefficients. The b parameter is determined iteratively until the 
coefficient of variation of the corrected RCM daily precipita-
tion time series equals that of the observed precipitation time 
series for each grid box in each month. The coefficient a, is 
calculated using the average of precipitation data and Pb data. 
Finally, in order to construct the corrected daily time series, 
monthly constants a and b are applied to each uncorrected 
daily observation corresponding to that month in order to gen-
erate the corrected daily time series

The Variance Scaling approach was created to adjust the 
mean as well as the variance of regularly distributed variables 
like temperature (Teutschbein & Seibert, 2012). The Variance 
Scaling technique is commonly used to adjust temperature 
(Equation 3).

 Tc To= − ( ) 
( )
( )

+ ( )T T x
To

T
µ µ

σ
σ

 (3)

Where Tc is the corrected daily temperature and T is the 
uncorrected daily temperature from the RCM model; (To) is 
the observed temperature standard deviation and (T) is the 
uncorrected temperature standard deviation; (T) is the simu-
lated mean temperature and (To) is the observed mean 
temperature.

Hydrological model. The SWAT model is open-source model 
with a wide and rising number of model applications spanning 
from watershed to continental dimensions (Arnold et al., 2012; 
Neitsch et  al., 2011). The model divided the watershed into 
various sub-basins and further segmented into hydrological 
response units (HRUs) with similar land use management, 
slope, and soil characteristics (Arnold et al., 2012). HRUs are 
the basic units of the watershed where important hydrologic 
components, including evapo-transpiration, surface run-off 
and peak rate of run-off, groundwater flow, and sediment yield 
may be calculated.

The major SWAT inputs include Digital Elevation Model 
(DEM) climate, hydrology, soils and land management. For 
this study, The DEM, of 12.5 m by 12.5 m was obtained from 
https://vertex.daac.asf.alaska.edu/website. The DEM along 
with soil and land use/cover data are used to delineate the 
watershed and to further divide it into sub watersheds and for 
classification slope, which was the basis in Hydrological 
Response Unit (HRU) generation (Figure 2).

Soil data was processed from the world digital soil map with 
a 250 m resolution of soil grids using ArcGIS10.4.1 software 
(FAO, 2015). The soil classification was customized in the way 
the SWAT model requires based on the FAO classification sys-
tem (Figure 2). The dominant soil type of the watershed was 
pellic vertisols and chromic vertisols covers about 37.84% and 
26.42% of the total area, respectively.

Table 1. Summaries of GCM and RCM Climate Model Used for This Study.

GCM MODEl GCM fUll nAME RCM RCM fUll nAME RESOlUTiOn CliMATE CEnTER

HadGEM2-ES Hadley Global 
Environment
Model 2-Earth System

CClM  Regional Climate 
limited-Area Modeling

0.44°  Met Office Hadley Center

MPi-ESM-lR Coupled Model Version 
5

RCA4  Rossby Center 
Regional Atmospheric 
Model

0.44° Max Planck institute for 
Meteorology (MPi-M)

EC-EARTH irish Center for 
High-End Computing 
Earth Consortium

 RACMO22T KnMi Regional 
Atmospheric Climate 
Model, version 2.2

0.44° EC-EARTH Consortium
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The daily climate variables including daily precipitation 
(mm), Tmax and Tmin (ºC), solar radiation (MJ/m2/day), wind 
speed (m/s) and relative humidity (-) were obtained from two 
meteorological stations from National Meteorological Service 
Agency of Ethiopia (Table 2). The observed daily streamflow 
data of Yadot River at Delo Mena gaging station were obtained 
from Ministry of Water, Irrigation and Electricity from 1985 to 
2008 for calibration and validation.

The LULC maps of 1985, 2001 and 2015 were obtained 
from Landsat images of TM5, Land sat 7 ETM+, and Land 
sat 8 OLI, respectively, using ERDAS Imagine 2015 packages. 
The images were obtained from the USGS (https://earthex-
plorer.usgs.gov/) website. The main land use/cover of the water-
shed are agricultural lands, grass/range land, forestland, scrub/
bush land, woodland and settlement. The dominant LULC in 
the watershed about 60.45% is covered with forestland and 
14.21% with agriculture based on land use/cover map 2015.

Sensitivity analysis, calibration and validation. Sensitivity Anal-
ysis. Sensitivity parameters were identified using SUFI 2. 

SWAT input settings were calibrated both manually and auto-
matically with SWAT-CUP, software that can perform many 
iterations for a variety of parameters and determine the best-fit 
values within a reasonable range (Abbaspour, 2015). SWAT-
CUP includes SUFI-2, a sequential uncertainty fitting 
technique.

Table 3 shows the sensitive parameters for the streamflow 
predications on Yadot River. The t-stat and p-values were used to 
quantify sensitive flow parameters. The sensitive parameters were 
chosen because p-values are nearer to zero and t-stat values are 
more sensitive to larger absolute t-stat values. Similarly, Negewo 
and Sarma (2021) found CN2 and SOL K the most sensitive 
parameters for estimating runoff in the Genale watershed.

Model calibration and validation. The SWAT calibration was 
done using the observed flow data between 1988 and 2002 
years, whereas the validation was done using the observed flow 
data between 2003 and 2008 years. The years between 1985 
and 1987 was used for warming up. The LULC data of 2015 
was used for river flow calibration and validation.

Figure 2. Digital elevation model and soil map of Yadot watershed.

Table 2. Data Source, location and Time Span of Hydrological and Meteorological Stations.

nO METEOROlOGiCAl STATiOnS DATA SOURCE lOCATiOn TiME

1 Delo Mena (all parameters) nMAE lat: 6.42 & long: 39.83 1985–2015

2 Rira (all parameters) nMAE lat: 7.02 & long: 39.83 1985–2015

 Hydrological station

 near Delo Mena MEWRE lat: 6.25 n & long: 39.51E 1985–2008

Note. nMAE = national Meteorological Agency of Ethiopia; MEWRE = Minister of Energy and Water Resources of Ethiopia.
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The SWAT model’s performance was evaluated by the coef-
ficient of determination (R2), Nash–Sutcliffe efficiency (NSE) 
index, Root mean square error standard deviation ratio (RSR), 
and the percentage bias (PBIAS). The closer the value of R2 to 
one implies a perfect agreement between the simulated and 
observed flow (Singh et al., 2005).

 R
Xi Xav * Yi Yav

Xi Yav Yi Yav
2

2 2
=

−( ) −( )
−( ) −( )

∑ ∑
∑ ∑

 (4)

Where Xi = measured value (m3/s); Xav = average measured 
value (m3/s); Yi = simulated value (m3/s) and Yav is average 
simulated value (m3/s)

When the value of Nash-Sutcliffe efficiency coefficient 
(NSE) is 1, the simulated value is the same as observed (per-
fect) calculated by using Equation 5.

 ENS
Xi Yi

Xi Xav
= −

−( )
−( )

∑
∑

1
2

2
 (5)

Where Xi is measured value; Yi is simulated value and Xav is 
average observed value.

When the value is between 0 and 1, it indicates the devia-
tions between observed and simulated data. When the effi-
ciency is less than zero, the mean value of the observed time 
series would be a better predictor than the model result (Krause 
& Flugel, 2005). The performance indicators based on monthly 
streamflow values are indicated below (Table 4).

Separate and combined impact of climate and LULC change to 
stream flow. The streamflow simulation was carried out for 
near and midterm period under medium and high emission 
scenarios using projected climate and LULC data as input. The 
streamflow simulations were carried out under six different 

conditions (Table 5): (1) Impact of only predicted LULC dur-
ing 2035 and 2055 years; (2) Impact of only projected climate 
during near term (2021–2050) and midterm (2051–2080) 
periods and with two climate scenarios against 1985 to 2015 
baseline data, (3). For the combined impacts of climate and 
LULC change, there were four simulated scenarios (No 3–6) as 
indicated in Table 5.

Results and Discussion
CA-Markov model performance

The performance assessment of the CA-Markov model was 
done using the kappa index by comparing the observed and 
simulated 2015 LULC data through kappa variables. The sim-
ulation result showed that the Kappa variation evaluation is as 
follows: 0.89 for Kno, 0.90 for Klocation, 0.90 for Klocation 
Strata Kand 0.84 for Kstandard, showing a high level of agree-
ment between the simulated and observed LULC 2015. The 
performance result showed the effectiveness of the CA-Markov 
model in simulating the future LULC in the watershed.

Flow calibration and validation. For flow calibration and vali-
dation, the actual and simulated flow hydrograph values of the 
2015 LULC were created (Figure 3).

The model’s performance during the validation period 
demonstrates a significant correlation and agreement between 
monthly observed & simulated flow (NSE = .77 and R2 = .83) 
(Table 6).

Predicted LULC change

Table 7 presents predicted LULC change between 2035 and 
2055 against the baseline LULC. The LULC predictions of 
2035 and 2055 were built using the 2015 land use map. The 
LULC data between 2001 and 2015 were used to develop the 

Table 3. The Rank and fitted Value of Sensitive flow Parameters.

PARAMETER nAME SEnSiTiViTY RAnK t-STAT p-VAlUE Min VAlUE MAx VAlUE fiTTED VAlUE

2:V__CAnMx.hru 1 –28.82 .00 0.00 20.50 2.70

1:R__Cn2.mgt 2 –23.56 .00 –0.18 1.70 –0.12

3:R__SOl_K (. . .).sol 3 12.54 .00 –0.09 0.21 0.20

4:V__ESCO.hru 4 7.44 .00 0.89 0.98 0.98

8:V__CH_K2.rte 5 3.92 .00 30.18 85.08 75.61

6:R__SOl_AWC (. . .).sol 6 3.57 .00 –0.10 0.23 –0.01

10:V__GW_DElAY.gw 7 –1.69 .09 52.19 67.10 61.84

9:V__GWQMn.gw 8 0.43 .67 3,379.73 3,682.36 3,423.16

7:V__AlPHA_Bf.gw 9 –0.29 .77 0.65 0.86 0.81

5:V__RCHRG_DP.gw 10 –0.01 .99 0.78 0.89 0.88

Note. A, indicates add the fitted value to the existing value, V implies replace the existing value with the fitted value; R indicates multiply the existing value with (1+ the 
fitted value).
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transition matrix and transfer probability matrix. The predicted 
LULC changes between 2015 and 2035 showed that agricul-
tural land, grassland, settlement areas and woodland increase 
by 17.09%, 32.38%, 43.38% and 75.05%, respectively. Similarly, 
the projected LULC change between 2015 and 2055 showed 
agricultural land, grassland, settlement areas and woodland 
increase by 44.02%, 30.35%, 69.2% and 55.05%, respectively. 
The forest and scrub/bush lands decreased between 2015 and 
2035 by 18.26% and 10.72%, respectively. Similarly, the forest 
and scrub/bush land decreased between 2015 and 2055 by 
21.53% and 11.08%, respectively.

Generally, the predicted future LULC change pattern indi-
cated that agricultural land, grassland, settlement areas and 
woodlands showed consistent increase both under 2035 and 
2055 periods.The predicted future LULC changes are linear 
with the past pattern of change. The woodland exhibited the 
largest increase (75.05%) between 2015 and 2035 years. The 
overall, increase in woodland may be attributable to govern-
ment-planned afforestation efforts and green legacy initiatives. 
The projected woodland increase could be positive in its effect 
to water resources whereas the increase in agricultural land, 
grassland and settlement areas tend to have a negative effect on 

Table 4. SWAT Model Performance indicators Based on Monthly Streamflow Values.

PERfORMAnCE RATinG R2 nSE PBiAS (%) RSR

Very good 0.86 < R2 ⩽ 1 0.75 < nSE ⩽ 1 PBiAS < 10 0.0 <=RSR<=0.5

Good 0.75 < R2 ⩽ 0.86 0.65 < nSE ⩽ 0.75 10 ⩽ PBiAS < 15 0.5 < RSR<=0.6

Satisfactory 0.65 < R2 ⩽ 0.75 0.5 < nSE ⩽ 0.65 15 ⩽ PBiAS < 25 0.6 < RSR<=0.7

Un satisfactory R2 ⩽ 0.65 nSE ⩽ 0.5 PBiAS ⩾ 25 RSR >= 0.7

Table 5. lUlC and Climate Change Simulation Results.

nO SiMUlATED PROjECTED iMPACT inPUTS fOR SiMUlATiOn

1 impact of only predicted lUlC change Predicted lUlC of 2035 & 2055 with baseline climatic 
data of 1985–2015

2 impact of only projected climate change  Projected climate 2021–2050 & 2051–2080 with 
baseline lUlC data of 2015

3 impact of combined projected near-term climate and predicted lUlC 
change during 2035 under medium climate scenario (RCP4.5)

near-term climate projection (2021–2050) and 2035 
lUlC prediction using RCP4.5 climate scenario

4 impact of combined projected near-term climate and predicted lUlC 
change during 2035 under high climate scenario (RCP8.5)

near-term climate projection (2021–2050) and 2035 
lUlC prediction under RCP8.5 climate scenario

5 impact of combined projected mid-term climate and predicted lUlC 
change during 2055 under medium climate scenario (RCP4.5)

Mid-term climate projection (2051–2080) and 2055 
lUlC prediction under RCP4.5 climate scenario

6 impact of combined projected mid-term climate and predicted lUlC 
change during 2055 under high climate scenario (RCP8.5)

Mid-term climate projection (2051–2080) and 2055 
lUlC prediction under RCP4.5 climate scenario

Figure 3. Calibrated and validated streamflow values against areal rainfall.
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water resources due to their effect on vegetation cover. Because, 
LULC change is mainly dominated by the conversion of natu-
ral vegetation cover to use for agriculture activities in Ethiopia 
(Gashaw et al., 2018a). Similarly, several research works have 
shown that there has been a significant LULC change in dif-
ferent parts of the country dominated by the expansion of cul-
tivated land and built-up areas at the expense of natural 
vegetation cover, shrublands, which is consistent with our find-
ings (Deribew & Dalacho, 2019; Dibaba et al., 2020b; Yesuph 
& Dagnew, 2019).

Climate change projections
Rainfall projections. Figure 4, presents monthly and annual 
rainfall percentage change for near term (2021–2050) and 
midterm (2051–2080) projection periods under RCP4.5 & 
RCP8.5 scenarios. The change in projected mean monthly 
rainfall showed mixed results in relation to magnitude and 
direction of change during near-term and midterm periods and 
under both scenarios. The projected mean monthly rainfall 
increased in the months of January, July, September, October 
and November during near and midterm projection periods 

Table 6. Performance indicators for SWAT Model Calibration and Validation.

PERiODS MODEl PERfORMAnCE EVAlUATiOn CRiTERiA

 R2 nSE % PBiAS RSR P-fACTORS R-fACTORS

Calibration (1988–2002) 0.80 0.73 16.1 0.52 0.76 0.81

Validation (2003–2008) 0.83 0.77 11.2 0.48 0.82 0.79

Table 7. Predicted lUlC Change During the Two future Periods 2035 & 2055 Against the Historical lUlC of 2015 for Yadot Watershed.

lUlC HiSTORiCAl lUlC 2015 PREDiCTED lUlC CHAnGE (%)

AREA (HA) CHAnGE (%) BETWEEn 2015 AnD 2035 CHAnGE (%) BETWEEn 2015 AnD 2055

Agriculture 10,453.35 17.09 44.02

forest 45,200.12 –18.26 –21.53

Grass/Range 5,366.55 32.38 30.35

Scrub/Bush 5,253.04 –10.72 –11.08

Settlement 537.41 43.38 69.2

Wood land 6,742.77 75.05 55.05

Figure 4. Change in mean monthly and annual rainfall for near (2021–2050) and mid-term (2051–2080) periods under both scenarios in the Yadot 

watershed.
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under both scenarios. The highest projected rainfall increase 
was 23.55% in the month of January during midterm period 
under RCP8.5 scenarios. The projected rainfall increase during 
the months of January, July, September, October and Novem-
ber ranges between 0.21% and 23.55%.

However, the change in projected mean monthly rainfall 
decreased during the months of April, May, June and December 
during both near-term and midterm periods under both sce-
narios. The decrease in projected mean monthly rainfall during 
those months range between 2.50% and 15.43%.

The mean annual rainfall during near and midterm periods 
predicted to rise by 0.13% and 1.25%, respectively, under 
RCP4.5 scenario. The mean annual rainfall during near-term 
period showed a minor decline by 4.85 mm under RCP8.5 sce-
nario, while it increased by 1.66% during midterm period under 
same scenario. Thus, the mean annual rainfall increased under 
both periods and scenarios except during the near-term period 
under RCP 8.5 scenario.

The change in seasonal rainfall projection slightly increased 
during both wet (March, April, May, August, September, 
October and November) and dry ( January, February, June, July 
and December) seasons in the range of 0.02%−2.08% during 
both near and midterm periods under both RCP 4.5 and 
RCP8.5 scenarios (Table 8). However, wet season rainfall 
slightly decreased by 0.62% during near term period under 
RCP8.5 scenario.

The change in seasonal rainfall projection slightly increased 
during both the wet (March, April, May, August, September, 
October and November) and dry ( January, February, June, July 
and December) seasons in the range of 0.02%−2.08% during 
near and mid-term periods under both RCP 4.5 and RCP8.5 
scenarios (Table 8).

Similar studies conducted on various parts of Ethiopia sup-
port our findings. For instance, Gizaw et al. (2017) reported, 
the projected mean annual rainfall increase in Awash, Baro, 
Genale, and Tekeze river basins of Ethiopia. Recently, Birhan 
et al. (2021) reported 25% rainfall rise in Lake Tana Sub-basin. 
A similar study by Bekele et  al. (2021) in the Arjo-Didessa 
catchment, upper Blue Nile basin, projected the annual rainfall 
to increase by 0.36 to 2% during the medium future (2041–
2070) under RCP 4.5 scenario.

Temperature projections. Figure 5a and b, Presents change in 
projected mean annual and monthly Tmax and Tmin during 
near-term and midterm period under both emission scenarios. 
The projected near-term mean monthly maximum tempera-
ture increased from June-September under both scenarios. 
However, the mean monthly maximum temperature decreased 
between February and March during the same period and 
under both scenarios. The projected near-term mean monthly 
minimum temperature during the moths of June, February, 
September, October, November, and December increased 
under both scenarios. The months with a decreased mean min-
imum temperature for the near-term period under both sce-
narios, however, are during the moths of March, April, May, 
June, and July. The largest increased projected near-term mean 
monthly maximum temperature was 3.42°C on October under 
RCP4.5 scenario and minimum temperature was 3.74°C on 
January under RCP8.5 scenarios.

Generally, the projected mid-term mean monthly maxi-
mum temperature increased in all months under both scenarios 
(RCP4.5 & RCP8.5) except during January, February, March, 
November and December months where the mean monthly 
Tmax increased under RCP4.5 scenario. Similarly, the projected 
mid-term mean monthly minimum temperature increased in 
all months under both scenarios except during the months of 
October, November, and December, where the mean monthly 
minimum temperature increased under RCP4.5 scenario. The 
highest projected midterm mean monthly maximum tempera-
ture increase was 5.61°C on July under RCP4.5 scenario and 
minimum temperature was 3.89°C on June under RCP8.5 
scenarios.

The mean maximum and minimum temperatures increased 
during both near and midterm periods under both scenarios 
(Figure 5). The highest projected mean annual maximum and 
minimum temperature was 2.0°C and 1.8°C, respectively dur-
ing mid-term period under RCP8.5 scenario (Figure 5).

The wet and dry season maximum and minimum tempera-
ture increased during both the near and mid-term period under 
the two emission scenarios (Table 9). The magnitude of sea-
sonal maximum temperature increase is highest (2.07°C) on 
wet season during mid-term period under RCP8.5scenarious. 
The magnitude of seasonal minimum temperature increase is 

Table 8. Change in Wet and Dry Season Rainfall Projection During near and Midterm Period Under RCP4.5 & RCP8.5 Scenarios in Yadot 
Watershed.

SEASOnS BASElinE PERiOD nEAR-TERM PERiOD MiD-TERM PERiOD

SCEnARiOS SCEnARiOS

RCP4.5 RCP8.5 RCP4.5 RCP8.5

RAinfAll (MM) % CHAnGE % CHAnGE % CHAnGE % CHAnGE

Wet season 917.92 0.02 −0.62 1.34 1.59

Dry season 141.67 0.85 0.59 0.7 2.08
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highest (2.01°C) on dry season during mid-term period under 
RCP8.5scenarious.

Generally, annual and seasonal temperature has consistently 
increased for both periods and climate scenarios. However, 
monthly temperature results indicated both decreasing and 
increasing projected trends. The highest projected maximum 
and minimum temperature increase was obtained under RCP 
8.5 scenarios.

This result agrees with previous studies in Ethiopia that 
reported a consistent increasing trend of projected Tmax and 
Tmin for all time horizons, with a higher rate of increase at the 

end of 21st century (Chakilu et al., 2020; Gurara et al., 2023; 
Dibaba et al., 2020a; Worqlul et al., 2018).
Predicted LULC change impact on streamflow. Table 10 presents 
changes in seasonal and annual streamflow (M3/s) under pre-
dicted LULC change against baseline climate. The mean 
annual streamflow increased by 0.64% (3.74 m3/s) and 1.19% 
(6.93 m3/s) under the 2035 & 2055 predicted LULC change, 
respectively as compared to the 2015 historical LULC. The 
mean annual streamflow increment could be attributed to the 
expected expansion of agricultural and settlement area and due 
to the continued removal of plant cover.

Figure 5. Change in mean annual and monthly: (a) maximum and (b) minimum temperatures (°C) during near-term (2021–2050) and mid-term (2051–

2080) period under RCP4.5 and RCP8.5 scenarios in the Yadot watershed.

Table 9. Change in Mean Seasonal tmax and tmin During near & Mid-Term Period Under Both Scenarios.

SEASOnS

BASElinE

nEAR-TERM PERiOD (2021–2050) MiD-TERM PERiOD (2051–2080)

RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5

OBSERVED 
TMAx (°C)

OBSERVED 
TMin (°C)

CHAnGE 
TMAx (°C)

CHAnGE 
TMAx (°C)

CHAnGE 
TMin (°C)

CHAnGE 
TMin (°C)

CHAnGE 
TMAx (°C)

CHAnGE 
TMAx (°C)

CHAnGE 
TMin (°C)

CHAnGE 
TMin (°C)

Wet 
season

28.62 16.21 0.65 0.78 0.06 0.14 1.31 2.07 0.65 1.66

Dry 
season

28.88 15.39 0.65 0.61 1.07 1.14 0.68 1.90 1.13 2.01
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The wet season streamflow increased by 1.47% (6.12 m3/s) 
and by 2.9% (12.1 m3/s) under the 2035 & 2055 predicted 
LULC change, respectively as compared to the 2015 historical 
LULC. However, the dry season streamflow decreased by 
1.44% (2.36 m3/s) and by 3.14% (5.16 m3/s) under the 2035 & 
2055 predicted LULC change, respectively as compared to the 
2015 historical LULC

Surface runoff contributed more to streamflow during rainy 
months than groundwater did during dry season. Wet season 
flow is less responsive to LULC change throughout the LULC 
projected period than dry season flow because ground water 
input during the dry season decreased due to less infiltration, 
which mostly resulted in less plant cover. The growth of 
wooded and grassy areas together with an uptick in agriculture 
and habitation led to a larger rate of streamflow increment for 
the past LULC than for the future LULC. This result is in line 
with other previous studies. For instance, Gashaw et al. (2018b)  

found that due to LULC change in the Upper Blue Nile Basin, 
annual and wet season flow and surface runoff increased while 
dry season flow, decreased between 1985 and 2015. The out-
come also demonstrates that for LULC 2030 and 2045, flow is 
expected to grow yearly during the wet season, whereas flow is 
projected to decline during the dry season. According to Rajib 
and Merwade (2017) calculations, the average annual stream-
flow at the basin outflow will rise for the future LULC during 
the years 2081 to 2100, respectively.
Projected climate change impact on streamflow. Figure 6a and b, 
presents the near-term and midterm mean monthly stream-
flow changes (%) under the RCP4.5 and RCP8.5 scenarios. 
Except the months July, August, and September, which showed 
a streamflow decline, all the months indicated mean monthly 
streamflow rise during the near-term and midterm period 
under both scenarios. This result indicates that the months of 
August and September would be severely impacted during the 
near and midterm period under both scenarios (Figure 6). 
Under both scenarios emission scenarios, the overall trend 
indicates that the streamflow will generally rise on an annual, 
seasonal, and monthly basis.

Studies by Negewo and Sarma (2021) reported that mean 
annual streamflow consistently increased with the predicted 
changes in rainfall and temperature patterns in the future 
period 2022 to 2080 under both emission scenarios of the 
Genale watershed, which is consistent with the projected 
increase in streamflow into the watershed. In the same vein, 
Adem et al. (2016) concluded that the mean annual streamflow 
projections increase during the 2020s, 2050s, and 2080s under 
A2 climate scenarios. Therefore, the variation in mean stream-
flow for wet and dry seasons that would occur from climate 
change impacts in the Bale highlands affect not only the qual-
ity of life for those who reside in the Bale zone but also all 
those whose way of life rely on the Yadot River.

Table 11 presents changes in projected seasonal and annual 
streamflow (M3/s) during near and mid-term period under 
both scenarios & using historical LULC change (2015). The 
projected mean annual streamflow showed an increase by 
7.63% and 5.76% under the RCP4.5 and RCP8.5 scenarios, 
respectively during the near-term period. Similarly, the mean 
annual streamflow is expected to rise by 8.25% and 6.07%, 
under RCP4.5 and RCP8.5 scenarios, respectively during the 
midterm period.

Table 10. Change in Annual & Seasonal Streamflow (M3/s) Under Predicted lUlC Change Using Baseline Climate.

SEASOnS STREAMflOW UnDER HiSTORiCAl 
lUlC (M3/S)

STREAMflOW UnDER PREDiCTED 
lUlC (M3/S)

STREAMflOW UnDER PREDiCTED 
lUlC (M3/S)

2015 2035 2055

Annual 581.14 0.64 1.19

Wet season 416.98 1.47 2.90

Dry season 164.15 –1.44 –3.14

Figure 6. Change in flow percentage in the near and midterm period 

under RCP4.5 scenario (a) and RCP 8.5 scenario (b) compared to the 

baseline period.
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For the wet (March to May and August to November) and 
dry ( January, February, June, July, and December) seasons, the 
seasonal variation of the expected streamflow from the baseline 
period was estimated. In the near future period, the mean 
streamflow during the wet season is expected to rise from the 
baseline flow by 8.48% and 6.23% under RCP4.5 and RCP8.5 
scenarios, respectively. In the midterm period, the mean 
streamflow during the wet season might rise by 9.36% and 
7.21% under RCP4.5 and RCP8.5 scenarios, respectively 
(Table 11). In the near future period, the mean streamflow dur-
ing the dry season are likely to rise from baseline flow by 5.46% 
and 4.57% under the RCP4.5 and RCP8.5 scenarios, respec-
tively. Similarly, in the midterm period, the mean dry season 
streamflow is expected to increase by 5.41% and 3.16% under 
the RCP4.5 and RCP8.5 scenarios, respectively. Understanding 
the future changes in streamflow during the wet and dry sea-
sons is crucial to assessing the hydrological effects of climate 
change.
Combined impact of climate and LULC change on streamflow. The 
maximum mean monthly change of flow increment was seen in 
May by 39.4% (35.39 m3/s) and 35.36% (31.77 m3/s) from the 
baseline period, while the minimum mean monthly change of 
flow increment was seen in December and March by 5.87 m3/s 
(15.81%) and 2.3 m3/s (11%), respectively (Figure 7).

The integrated impact of climate and LULC change indi-
cated a decline in mean monthly streamflow on February, July, 
August and September months under both scenarios and pro-
jection periods. However, all the remaining months showed an 
increase in monthly streamflow under both scenarios and pro-
jection periods.

In the near-term period, the projected mean annual stream-
flow increased by 8.13% and 6.26% under the RCP4.5 and 
RCP8.5 scenarios, respectively. Similarly, during the mid-term 
period, the projected mean annual streamflow increased by 
8.96% and 6.77% under the RCP4.5 and RCP8.5 scenarios, 
respectively (Table 12). The modest decline in mean annual 
streamflow from RCP4.5 to RCP8.5 scenario could likely be 
attributed to annual and seasonal decline in precipitation from 
the baseline period together with a rise in temperature through-
out the watershed.

The wet and dry season streamflow projection showed a 
consistent increase during both near and midterm periods 

under both climate scenarios. If all other factors remain con-
stant, therefore, under both RCP scenarios, mean streamflow 
during both the wet and dry seasons could rise during the next 
century. A rise in river flow, therefore, could be expected 
because of climate and LULC change, but the consequences 
associated with this should be adequately planned for and min-
imized, according to modeling results.

When we compared the impact of future climate and LULC 
changes on streamflow, climate change impact showed a greater 
influence. This is because streamflow is more responsive to cli-
mate change than to changes in LULC. The combined impact 
showed higher streamflow changes than under only LULC 
change and climate change.

The results of this study agrees with other climate impact 
studies conducted at small and large areal scales. For instance, a 
study by Birhan et al. (2021) reported an increasing streamflow 
trend under combined climate and LULC change scenarios, 
due to temperature and precipitation increase in the Lake Tana 

Table 11. Changes in Projected Seasonal and Annual Streamflow (M3/s) During near and Mid-Term Climate Projection Period Under RCP4.5 and 
RCP8.5 Scenarios With Historical lUlC Change (2015).

SEASOnS BASElinE SiMUlATED 
STREAMflOW in (M3/S)

% CHAnGE Of STREAMflOW

RCP4.5 RCP8.5

nEAR-TERM MiD-TERM nEAR-TERM MiDTERM

Annual 581.14 7.63 8.25 5.76 6.07

Wet season 416.99 8.48 9.36 6.23 7.21

Dry season 164.15 5.46 5.41 4.57 3.16

Figure 7. Percentage change of flow for near-term and midterm period 

under RCP 4.5scenarious (a) and RCP 8.5 scenarios (b).
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Basin, upper Blue Nile River Basin. The Kesem sub-basin of 
the Awash River basin had a similar analysis that revealed an 
increase in mean annual streamflow under both scenarios con-
current with increases in rainfall and temperature from the 
2050s to 2080 timeframe (Tessema et  al., 2021). Similarly, 
Dagnenet Fenta et al. (2018) indicated that under future cli-
mate, the predicted LULC change, and under the combined 
projection, streamflow and lateral flow reported to rise by up to 
25% in the Upper Blue Nile River Basin. A similar study from 
Pakistan by Babur et al. (2016) reported the mean annual flow 
increase between the years 2011 & 2040, 2041 & 2070, and 
2071 & 2100 under both scenarios. However, there are contra-
dictory findings that reported the decline in streamflow under 
the combined impact of climate change and LULCC in Fincha, 
Bilate, Meki watersheds of Ethiopia (Dibaba et  al., 2020a; 
Kuma et al., 2021; Yifru et al., 2021). Generally, this study and 
previous studies demonstrated that the magnitude of the 
change of stream flow due to climate and land use and land 
cover change varies from basin to basin depending on the basin 
characteristics such as geography, geology, topography, climate 
conditions, and intensity of land cover changes (Wedajo et al., 
2022). Hydrological responses to land cover and climate 
changes varies from region to region and can exhibit spati-
otemporal variability even within a basin (Luo et  al., 2016). 
Thus, understanding the separate and combined impacts of 
climate and LULC change on streamflow on annual and sea-
sonal basis at different spatial scales are the base to formulate 
and implement sustainable land and water resource manage-
ment strategies at different spatial scales.

Conclusions
The LULC prediction results showed that by 2035 & 2055, 
agricultural land, grassland, settlement areas and woodland will 
increase while there will be major decreases in scrub/bush land 
and forestlands. These predicted changes in LULC contrib-
uted to the projected annual and wet season streamflow increase 
while it contributes to a decrease for a dry season streamflow.

The mean annual rainfall is projected to increase during the 
near and midterm period under both scenarios. The wet and 
dry season rainfall projections exhibited similar increasing 

tendency. However, the mean monthly rainfall projections 
showed mixed results, with April, May, June and December 
months projected consistent decrease whereas the remaining 
months showed an increasing tendency.

The temperature projection consistently indicated a warmer 
future, as is the case from other several previous studies. The 
highest mean annual projected temperature was 2.0°C under 
RCP8.5 scenario during the midterm period. The previous 
studies in Ethiopia reported a consistent increasing trend of 
Tmax and Tmin during all time horizons in the future.

The streamflow response to the projected climate change 
was a consistent increase of flow. Overall, the streamflow pro-
jections indicated large streamflow increase annually and during 
both wet and dry seasons under both scenarios. When we com-
pared the impact of LULC change and climate change on 
streamflow, it is obvious that the latter had a greater influence 
and increased streamflow relative to the baseline period. This is 
because streamflow is more responsive to climate change than 
to changes in LULC. The dry season flow has a higher mid-
term growth tendency than the rainy season flow. In general, 
the outcome of projected streamflow in the future indicates 
that the combined LULC and climate change impact on 
streamflow were somewhat greater than climate change alone. 
Thus, in the future climate change will be the primary driver of 
future streamflow than LULC.
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Table 12. Change in Mean Annual and Seasonal Streamflow During near and Mid-Term Period Under Both Scenarios for Combined Climate and 
lUlC Change.

SEASOnS BASElinE STREAMflOW 
SiMUlATiOn (M3/S)

% CHAnGE Of STREAMflOW

nEAR-TERM CliMATE PROjECTiOn WiTH 
2035 lUlC PREDiCTiOn

MiDTERM CliMATE PROjECTiOn WiTH 
2055 lUlC PREDiCTiOn

RCP4.5 RCP8.5 RCP4.5 RCP8.5

Annual 581.14 8.13 6.26 8.96 6.77

Wet season 416.99 8.72 6.46 8.39 6.25

Dry season 164.15 6.62 5.76 10.42 8.07
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