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Abstract  

This study examines the impact of climate change on streamflow and simulated sediment flux to the Gilgel 

Gibe 1 hydropower reservoir. The Soil and Water Assessment Tool (SWAT) model was used to assess the 

future changes in streamflow and sediment flux due to change in future precipitation and temperature. For 

the future period of 2041 – 2070 here after represented as 2050s the average temperature and precipitation 

data, simulated by the General Circulation Models ECHAM5 and HadCM3 under emission scenarios A2 

and B1 were used. The predicted results show a decrease in streamflow and a drastic increase in sediment 

flux. This will aggravate the sedimentation problem of Gilgel Gibe 1 reservoir and reduce its storage 

capacity 
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1. Introduction  

According to the IPCC 2007 fourth assessment report,  the climate is expected to change mainly by an 

increase in anthropogenic greenhouse concentrations: global mean surface temperature increases,daily 

minimum temperatures are projected to increase faster than daily maximum, and the magnitude of mean 

precipitation generally increases with projected increase in intensity particularly in tropical regions and high 

latitudes. This change in climate is expected to change  the regional hydrological conditions and result in a 

variety of impacts on water resource systems throughout the world (Zhang et al., 2007). Hydropower 

projects would  be  affected by changes in climate, particularly by regional climate change. The projected 

change in  the mean rainfall will affect the  streamflow.  In addition, the projected increase in the intensity of 

rainfall has a significant impact on soil erosion rates (Nearing et al., 2004). Several  studies have indicated 

the impact of climate change on soil erosion and hydrology (e.g. O`Neal et al.,2005; Zhang and Liu,2005; 

Zhang and Nearing,2005). The severe erosion rates from upper catchments will result in  subsequent 

sedimentation of reservoirs reducing their storage capacity. Sedimentation due to soil erosion is the  major 

problem threatening the lifespan of  reservoirs in Ethiopia. Some preliminary studies indicate that the levels 
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of some reservoirs (e.g., Koka reservoir), and lakes (e.g., Alemaya, Awassa, Abaya, and Langano) in 

Ethiopia have decreased. The problem is so challenging that the initial water carrying capacity of the dams 

has been reduced (Gizaw et al.,2004). Some studies in the Gilgel Gibe basin also  indicated that the  

challenges such as deforestation, land degradation due to poor land management practices associated with 

the rugged topography and the erosive rainfall in the basin pose a major threat to the lifespan of Gilgel Gibe 

1 hydropower (Nebiyu,2010). The problem of sedimentation in the Gilgel Gibe 1 reservoir is a very severe. 

Devid et al. (2007) conducted a cross – sectional study on siltation and nutrient enrichment of Gilgel Gibe 1 

and pointed out that siltation is the major problem. In addition to the Gilgel Gibe 1 hydropower plant, the 

power generation of the cascade hydropower plant to Gilgel Gibe 1, namely Gilgel Gibe 2 which has an 

installed capacity of 420MW and uses the water released from the same reservoir, will be significantly  

affected. 

Hydropower generation plays a significant role for the sustainable economic growth of Ethiopia. The 

country is endowed with high hydropower potential and there is a plan of  generating and exporting power to 

neighbouring countries. For instance, the government of Ethiopia is constructing a cascade of hydropower 

scheme Gibe 3 downstream of Gilgel Gibe 1 and 2. There is also a plan to construct Gibe 4 and 5 farthest 

downstream. These are an indication for the ongoing efforts of the government to enhance the role of 

hydropower in the overall  development of the country. However, the potential threats to the hydropower 

projects such as sedimentation is not addressed. These threats might be  exacerbated due to the changing 

climate and has not been studied.  

Therefore, the objective of this study was to evaluate the potential impacts of climate change on  the 

streamflow  and simulated sediment flux to the Gilgel Gibe 1 hydropower reservoir.  This  is the first study 

that has been conducted for Gilgel Gibe1. The study result is based on hydrologic modelling under climate 

change and might provide an insight to planners and decision makers regarding the impact of climate 

change. 

Several mathematical models are available to evaluate potential future implications due to the factors driving 

the changes. Of these, the Soil and Water Assessment Tool (SWAT) model has been employed widely to 

evaluate the impact of climate change on soil erosion and sediment yields (Shrestha et al.,2012). It has also 

been used to evaluate the impact of climate change on streamflow. For instance,  Fontaine et al.(2009), 

Githui et al.(2009), Ficklin et al.(2009), and Li et al. (2011) used SWAT model to evaluate the impact of 

climate change on streamflow. Several researchers have applied the SWAT model in Ethiopia. For instance, 

the SWAT model was applied by Setegn et al. (2010) for the simulation of sediment yield in the Anjeni 

gauged catchment within the Blue Nile River basin. Mengistu and Sorteberg (2012) used the SWAT model 

to investigate the  sensitivity of SWAT simulated streamflow to climatic changes within the Eastern Nile 

River basin. All the SWAT model applications in Ethiopia concentrate on the Blue Nile River Basin and 

none has been applied on Gibe basin in general and Gilgel Gibe basin in particular.  Based on the previous 

experiences of SWAT model application and the acceptable results obtained in Ethiopia, the SWAT model 

is preferred for this study. 

The SWAT model was calibrated and validated for the streamflow. Following the calibration and validation 

of the model, the future temperature and precipitation changes projected by ECHAM5 and HadCM3 under 

emission scenarios A2 and B1 were used to construct future climate series. The delta change (change factor) 

approach was used to develop the future  climate series.  

 

2. Study area description 

The Gilgel Gibe 1 project is located  in the south-western part of Ethiopia, in Oromia Regional state. The 

reservoir is located at 7
o
49`52.45``N latitude and 37

o
19`18.79´´E longitude.The project is purely a 
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hydropower scheme, with an installed capacity of 180MW. The reservoir has a live storage capacity of 

657x10
6
m

3
. The catchment area of the Gilgel Gibe basin  is about 5125km

2
 at its confluence with the great 

Gibe River and about 4225km
2 

 at the dam site. The Gilgel Gibe basin which drains in to the Gilgel Gibe 1 

reservoir is located in between  7
o
 19´07.15´N and  8

o
12´09.49´´N latitudes and 36

o
31´42.60´´ E to 

37
o
25`16.05´´E longitudes. The basin is generally characterised by high relief hills and mountains with an 

average elevation of about 1700m above mean sea level. The basin is largely comprised of cultivated land. 

In general terms, the Gilgel Gibe basin is characterised by a wet climate with an average annual rainfall of 

about 1550 mm and an average temperature of 19 
o
C. The seasonal rainfall distribution takes a uni-modal 

pattern with its maximum during the summer and minimum during the winter, influenced by the inter-

tropical convergence zone (ITCZ).  Figure 1 shows the location map of Gilgel Gibe 1 and cascade 

hydropower projects. 

 

3. Materials and Methods 

 

3.1.Observed weather data and spatial data 

The SWAT model requires daily weather data and spatial data.  The daily weather data required to run the 

SWAT model were obtained from the National  Meteorology Agency (NMA) of Ethiopia. The daily data for  

rainfall , minimum and maximum temperature, wind speed and relative humidity  for Jimma and Sekoru 

stations were obtained. These data  covers a period of 26 years  from 1980 to 2005. 

The land use/land cover and soil data which was provided by Dr Abbaspour of Eawag 

(http://www.eawag.ch/index_EN) is  extracted from http://www.waterbase.org/resources.html.  

The land cover classes in this area include: Dryland Cropland and Pasture (CRDY, 36.68%), Grassland 

(GRAS, 15.56%), Savanna (SAVA,14.45%), Evergreen Forest (FOEB,22.65%), Mixed Forest 

(FOMI,9.92%)  and Cropland/woodland mosaic (CRWO,0.74%). Soil properties for two layers, 0 – 30 cm 

and 30 – 100 cm depth, are also provided (Leon, 2011). The soil types in the area are nitosols.   

To delineate the catchment and extract the topographic parameters a 90 m Digital Elevation Map (DEM) 

was obtained from the Consortium for Spatial Information (http://srtm.csi.cgiar.org). 

 

3.2.Climate change scenario and GCM model  

After evaluating the long term emissions scenarios developed in 1990 and 1992, the IPCC developed a new 

set of scenarios which can be used in the analysis of possible climate change, assessment of impacts, and 

adaptation and mitigation. The Special Report on Emission Scenarios (SRES) scenarios cover  a wide range 

of the main deriving forces of future emissions, from demographic to technological and economic 

developments and they also include range of emissions of all relevant types of green house gases (GHGs) 

and sulphur and their deriving forces (Nakicenovic et al., 2000). 

Among all the SRES scenarios are A1,A2,B1 and B2 are the widely used scenarios (Van Vuuren and 

O´Nell, 2006).  

The A1 and B1 story-line and scenario family describes a convergent  world with population growth that 

peaks in the middle of the century and declines there after. The A2 and B2 story line and scenario family 

emphasises local solutions to economic, social, and environmental sustainability projecting a more 

differential  world. In this study, the A2 and B1 scenarios, which represent high and low GHG emission 

scenarios (IPCC, 2007), were adopted. 

GCMs are  the most advanced tools currently available for simulating the response of the global climate 

system to increasing greenhouse gas concentrations (www.ipcc-data.org/ddc_gcm-html). For this study, the 
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out puts from ECHAM5-OM developed by Max-Planck-Institut for Meteorology Germany and HadCM3 

developed by UK Met.Office were used under the A2 and B1 IPCC emission scenarios. 

The monthly average values of 2m surface air temperature and total precipitation for baseline period of 1971 

– 2000 and the future period of 2041 – 2070 were downloaded from the World Data Center for Climate, 

Hamburg.  

The spatial resolution of GCMs is too coarse to resolve regional hydrometeorological processes. Therefore, 

the raw outputs from GCM simulations  are inadequate for assessing hydrologic impacts of climate change 

at regional scale (Hay et al., 2000). Hence, the GCM data corresponding to the grid box closest to  the study 

area was extracted  and linearly interpolated  in both longitudinal and latitudinal directions to Jimma station 

located in the catchment. Then the delta change method (change factor) method was applied  to construct 

future temperature and precipitation series. Delta change method is the difference between the future and the 

present day estimates (Raghavan et al.,2012). For this study changes are the difference between future 

climate projections 2041 – 2070 (2050s) and the 1971 – 2000 baseline current climate simulations. These 

changes were used to adjust the observed time series of temperature and precipitation. Temperature was 

modified by the absolute difference between the monthly future and simulated climate, where as 

precipitation was modified by the relative difference  between the monthly future and actual simulated by 

the GCM. The results of the delta change method are presented in Table.1 and Table 2. 

 

3.3 SWAT model description 

SWAT  is a physically based and spatially distributed model  which was developed to assess the impact of 

management  practices on water supplies and non-point source pollution in watersheds and large river basins 

(Arnold et al., 1998). It simulates streamflow, sediment yield , and nutrient and pesticide transport at 

catchment scale, on  a continuous, daily time step (Neitsch et al., 2011). For modelling purposes,  the 

watershed is delineated and divided into subbasins.  The subbasins are further divided into hydrologic 

response units (HRUs) based on the land use, the soil types and  the slope classes. The model estimates 

relevant hydrologic components such as  surface runoff and peak rate of runoff, evapotranspiration, 

groundwater flow and sediment yield for each HRU unit.  Since the objective of this study was to examine 

the streamflow and sediment flux responses to climate change, the surface runoff  and sediment yield 

components of the SWAT  was  described briefly. 

The land phase of the hydrologic cycle is simulated based on the water balance as Eq. (1). 

 

)(
1

0 gwseepsurf

t

i

dayt QwEaQRSWSW −−−−+= ∑
=

                                         (1) 

 

 

Where:  SWt is the final soil water content (mm H2O), SWo is the initial soil water content in day i (mm 

water), t is the time (days), Rday is the amount of precipitation in day I (mm H2O ), Qsurf is the amount of 

surface runoff in day i (mm H2O), Ea is the amount of evapotranspiration in day i (mm water), Wseep is the 

amount of water entering the vadose zone from the soil profile in day i (mm H2O ), and Qgw is the amount of 

return flow in day i (mm H2O ). 

To estimate surface runoff two options are available : The SCS curve number procedure of USDA Soil 

Conservation Service (USDA SCS, 1972) and the Green & Ampt infiltration method (Green and Ampt, 

1911). In this study, the SCS curve number method was used to estimate surface runoff. The SCS curve 

number is determined as: 
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Where Qsurf is the accumulated runoff or rainfall excess (mm), Rday is the rainfall depth for the day (mm), Ia 

is the initial abstraction which includes surface storage, interception and infiltration prior to runoff (mm 

H2O)  and S is the retention parameter (mm H2O).  

The retention parameter is defined by Eq.(3). 



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


 −= 1
100

254
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S                                                                                                       (3) 

Where CN is the curve number for the day. The initial abstraction, Ia, is commonly approximated as 0.2S 

and eqaution 2 becomes 

)8.0(

)2.0( 2
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Q

day
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−
=                                                                                              (4)        

The SCS curve number is a function of the soil’s permeability, landuse and antecedent soil moisture 

conditions.  

SWAT model calculates the surface erosion within each HRU with the Modified Universal Soil Loss 

Equation (MUSCLE) (Williams, 1975). The MUSCLE is: 

( ) CFRGLSPCKareaqQsed USLEUSLEUSLEUSLEhrupeaksurf .......8.11 .

56.0=                (5) 

 

Where: sed sediment yield on a given day (tons), Qsurf  is the surface runoff volume (mm  water/ha), qpeak is 

the peak runoff rate (m
3
/s), areahru is the area of the HRU(ha), KUSLE is the USLE soil erodibility factor 

(0.013 metric ton m
2
hr/(m

3
.metric ton cm)), CUSLE is the USLE cover and management factor, PUSLE is the 

USLE support practice factor, LSUSLE is the USLE topographic factor and CFRG is the coarse fragment 

factor. 

Sediment transport in the channel network is a function of two processes, deposition and degradation, 

operating simultaneously in the reach. SWAT computes the maximum concentration of sediment in the 

reach at the beginning of the time step. Depending on the concentration of sediment in the reach and 

transport capacity of the channel deposition or degradation process will occur.  

the final amount of sediment in the reach is determined as: 

deg, sedsedsedsed depichch +−=                                                                           (6)                                                              

where  sedch is the amount of suspended sediment in the reach (metric tons day−1), sedch,i is the amount of 

suspended sediment in the reach at the beginning of the time period (metric tons day−1), seddep is the amount 

of sediment deposited in the reach segment (metric tons day−1), and seddeg is the amount of sediment 

reentrained in the reach segment (metric tons day−1). 

The amount of sediment transported out of the reach is calculated as: 

ch

out

chout
V

V
xsedsed =                                                                                                 (7) 

where  sedout is the amount of sediment transported out of the reach (metric tons day−1), sedch is the amount 

of suspended sediment in the reach (metric tons day−1), Vout is the volume of outflow during the time step 

(m3/s ), and Vch is the volume of water in the reach segment (m
3
). A detailed description of the model 

components can be found in (Neitsch et al.,2011). 
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3.4. Sensitivity analysis, calibration and validation of the SWAT model 

There are several calibration and uncertainty analysis techniques common among researchers (Setegn et al., 

2010). For this study, the Sequential Uncertainty FItting 2 (SUFI2) was used to calibrate and validate the 

SWAT model. In SUFI-2, parameter uncertainty accounts for all sources of uncertainties and it expresses the 

total uncertainty of the model interms of the final parameter ranges which also corresponds to the model 

output ranges (Abbaspour et al., 2007).  

The degree to which all uncertainties are accounted for is quantified by a measure referred to as the P-factor, 

which is the percentage of measured data bracketed by the 95% prediction uncertainty (95PPU). Another 

measure quantifying the strength of a calibration/uncertainty analysis is the so-called R-factor, which is the 

average thickness of the 95PPU band divided by the standard deviation of the measured data. An ideal 

situation would lead to a P-factor of about 100% and a R-factor near zero. The average thickness of the 

95PPU band (P) and the R-factor are calculated by using Eq.8 and Eq.9. 

 

                                                                          (8) 

X

P
factorR

σ
=−                                                                                         (9) 

Where : n is the number of observed data points, QU and QL are the 97.5th percentiles and 2.5th percentiles 

of the cumulative distribution of every simulated point respectively. Xσ is the standard deviation of the 

measured variable Q.  

Further performance of fit was quantified by the Nash-Sutcliffe-efficiency (NS) and R²  coefficient between 

the observation and the final best simulation. 
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Where: obs

iQ
 
is observed streamflow in m

3
/s, sim

iQ
 
is simulated streamflow in m

3
/s, and 

meanQ mean of n 

values, sim

meanQ
 
is

  
mean of simulated values, obs

meanQ mean of observed values, and n  number of observations. 

Before applying SUFI-2 for calibration, the most sensitive parameters were identified by running the 

sensitivity analysis. To find the sensitive parameters Latin hypercube simulation, the One At -a- Time (LH-

OAT) method was used (van Griensven et al.,2006). All the 27 flow-related parameters were considered for 

sensitivity analysis the  most sensitive parameters are as depicted in Table 3.  

The mean monthly discharge data of the period 1980 to 1992 and 1993 to 2000  were used to calibrate  and 

validate the model. The selected period for streamflow calibration and validation  was preferred as this data  

period was relatively free of gaps. 

 

4. Results and discussions 

4.1.  Monthly and seasonal rainfall and temperature changes 
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For future period of the 2050s, Fig.2 shows the predicted monthly temperature change for the GCM 

scenarios. The  graph indicates that the temperature increase for the future period of 2041 – 2070 is in the 

range of 1°C to 2.5°C, except for ECHAM5-A2. The ECHAM5 model under emission scenario A2 

predicted a temperature increase of 3.12°C for June. 

 As it is shown in Fig. 3, both models  and scenarios predicted a change in mean monthly rainfall within the 

range of  -20% to 60%  for all months except ECHAM5 model under A2 scenario predicting greater than 

60% for the month of August. 

Figure 4 shows the seasonal temperature change. The temperature increases from 1°C to 2.25 °C.  ECHAM5 

model predicted the temperature increase in the rainy season to be slightly greater than the dry season. 

However, the HadCM3 model predicted  the dry season temperature to be slightly greater than the wet 

season. Figure 5, shows the seasonal rainfall change. The seasonal rainfall increases in the range of 2.45% to 

45 % for rainy season and 11.45 % to 24% for dry season. 

The increase in the rainy season rainfall predicted by the ECHAM5 model is considerably greater than the 

dry season increase. In the contrary, the increase in seasonal rainfall predicted by HadCM3 model for dry 

season is greater than that of the rainy season. The difference in the results obtained for both models under 

the same emission scenarios shows the unceratainty in GCM models simulations. Therefore, multiple GCMs 

should be used to provide a range of possible outcomes for decision makers so as to enable them to make 

proper decisions to safeguard the water resources projects. Generally, rainfall and temperature is expected to 

increase over the basin in the future period of the 2050s.  

 

4.2. SWAT model calibration and performance evaluation 

As stated in section 3.4 the model was calibrated and validated for monthly streamflow. However, it was not 

done for  sediment yield due to the lack of data. The SUFI-2 calibration resulted in the P-factor and R-factor 

of 0.61 and 0.56 respectively. For measuring the goodness of fit, the  NS of 0.707 and R
2
 of 0.775  was 

obtained for calibration and the NS of 0.707 and R
2
 of 0.767 for validation. Figure 6 shows the calibration 

and validation graphs and Table 3 shows sensitive parameters and fitted values by SUFI2. 

The simulation results were considered to be good if NS ≥0.75, and satisfactory if  0.36≤NS≤0.75 (Van 

Liew and Garbrecht, 2003). The coefficient of determination R
2
 value indicates the strength of linear 

relationship between simulated and observed value and it ranges from 0 to 1. The higher value of R
2
 

indicates a better agreement. As shown in Fig.6, the simulated monthly flow closely matched the observed 

values for the calibration period. For the validation period, the rising limb of the hydrograph and the peak 

discharge is simulated well and is  an acceptable value.  

 

4.3. Impact of climate change on streamflow and simulated sediment flux. 

 Figure 7 shows the change in mean monthly discharge with respect to control perod of 1981 – 2000 of 

SWAT model simulation results due to climate change  inputs of the ECHAM5 model and HadCM3 model 

under A2 and B1 scenarios. The SWAT model simulation for observed data of 1981 – 2000 is used as a 

control period for assessing the climate change impact. The ECHAM5 model inputs under both A2 and B1 

scenarios predicted a decrease in  discharge for all the months except August. In August, the discharge  

increases by 3.8%  and 4.5% for A2 and B1 scenarios respectively.  The model simulation results due to 

climate change input of the HadCM3 model under A2 scenario show an increase in discharge during May – 

September, with a maximum increase of 6.4% in June. Under B1 scenario, the model simulated a 2.8%  

increase in discharge only for August.  The discharge is expected to decrease during October – April under 

A2 scenario with a maximum decrease of 6.1% occurring in December.  The maximum decrease of 11.3%  

is simulated for B1 scenario and it occurrs in January.  
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As climate changes,  the average annual streamflow is predicted to decrease within the range of 1.3%  to 

3.5%  for the future period of 2050s. Figure 8 shows the change in annual streamflow. 

Figure 9 shows the predcicted mean monthly sediment flux that slightly decreases during March – May, and 

increases during July – February, with the highest increase taking place in August for both emission 

scenarios and models. The highest increase in sediment flux coincides with an increase in discharge. It is 

important to note that the predicted change in sediment flux increases in contrast to predicted discharge 

which decreases. More than 80% of the sediment flux will be delivered to the reservoir during the months of 

the rainy season June – September  and the following two months October and November. Figure 10  shows 

the mean annual sediment flux. The sediment flux due to climate change increases within the range of 12% - 

22.3%. Generally, this study result indicate a decrease in predicted streamflow and an increase in predicted 

sediment flux for the future period of 2050s.  An increase in sediment flux might be due to the predicted 

increase in rainfall over the catchment. An increase in temperature might also increase sediment flux. Li et 

al., (2011) indicated that increase in temperature as a result of global warming may increase the soil loss. 

The increase in soil loss from the upper catchment will increase the sediment flux to the reservoir.  The 

predicted increase in temperature causes increased evaporation loss which in turn result in a decrease in 

streamflow. 

Note: For Figure 7 – Figure 10, E stands for ECHAM5 and H stands for HadCM3. Followed by the future 

period and emission scenario.   

 

5.Conclusions 

In this study, the impact of climate change was examined on the future streamflows and simulated  sediment 

flux to the Gilgel Gibe 1 hydropower reservoir. The future period 2050 was considered  and  future  average 

temperature and precipitation data using the delta change method was constructed. Generally  both the 

ECHAM5 and HadCM3 models predict an increase in average temperature and rainfall in the study area. 

The absolute monthly difference for temperature and relative difference for precipitation between the future 

period and baseline period was determined and superimposed on the historical (observed data) to run the 

calibrated and validated SWAT hydrological model. The results from the SWAT models as compared to the 

control period of 1981 – 2000, shows the decrease in streamflow for the 2050s. But the SWAT output results 

for simulated sediment flux show a drastic  increase for the future period. This  predicted increase in 

sediment flux due to climate change will exacerbate reservoir sedimentation.  The sedimentation might 

significantly reduce the life span of the reservoir and the hydroelectric power generation. Therefore, decision 

makers and all concerned stakeholders should plan and implement an integrated watershed development  

programme in advance to alleviate the problem. In order to obtain more reliable results on future changes in 

streamflow and sediment flux, studies should be carried out by considering future changes in land use and 

other climate variables. The decrease in streamflow indicate as the government should also look in to other 

alternative sources of energy that might not be affected by climate change in addition to hydropower.  
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Table 1 : Changes in mean monthly, rainy season,dry season and annual average temperatures under scenarios A2 and B1, and models ECHAM5, and HadCM3 

with respect to their 20th century run (20c3m) 1971 – 2000  baseline. 

 

 

 

 

 

 

 

 

 

Table 2: Changes in mean monthly, rainy(wet) season, dry season and annual average precipitation under scenarios A2 and B1, and models  ECHAM5 and 

HadCM3 with respect to their 20th century run (20c3m) 1971 – 2000.  

 

 

 

 

 

 

 

 

 

 

 

Note: The western half of Ethiopia in which the study area is located has two distinct seasons: the wet season from June to September and dry from November 

to February, with the rainfall peak occurring from July to August. 

source:http://www.fas.usda.gov/pecad2/highlights/2002/10/ethiopia/baseline/eth_annual_rainfall. 

 

Period  Model Scenario                                                                               Month   Season  

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Rainy Dry A

nnual 

2041-2070 ECHAM5 A2 2.14 2.08 2.1 1.83 2.5 3.12 2.46 1.93 1.83 1.93 2.12 2.34 2.34 2.17 2.20 

2041-2070 ECHAM5 B1 1.46 1.47 1.67 1.32 2.01 2.06 1.74 1.5 1.3 1.58 1.65 1.69 1.65 1.57 1.62 

2041-2070 HadCM3 A2 2.48 2.21 2.01 2.26 2.24 2.43 2.33 2.11 2.16 2.15 2.25 2.51 2.26 2.36 2.26 

2041-2070 HadCM3 B1 1.77 1.44 1.17 1.42 1.64 1.77 1.59 1.44 1.54 1.58 1.67 1.97 1.59 1.71 1.58 

Period  Model Scenario                                                                               Month   Season  

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Rainy Dry An

nual 

2041-2070 ECHAM5 A2 6.6 -7.9 4 -

11.8 

-14.8 12.3 46.3 86.4 38.7 -

14.3 

-25.5 13.2 45.93 11.45 16.05 

2041-2070 ECHAM5 B1 5.3 47.2 -18.6 -2.9 -5 14.1 51.2 65.9 46 -

16.1 

5.5 6.1 44.30 16.03 16.56 

2041-2070 HadCM3 A2 2.9 34.9 52 17.1 -5.8 -1.8 5.2 11.3 4.7 -4.4 17.9 17.7 4.85 18.35 12.64 

2041-2070 HadCM3 B1 24.1 19.9 41 16.8 -9.5 -9.3 2.5 11 5.6 -6.8 25.2 25.5 2.45 23.68 12.17 
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Table 3: Flow-sensitive parameters and fitted values using SUFI-2 

 

 

 

 

 

 

 

 

 

 

 

 

Note: 

*m-sensitive parameter shows multiply by 1+ the given fitted value. 

**v-sensitive parameter shows replace the value by the given fittedvalue. 

 

 
a)                                                 b)                                                  c) 

 

Figure 1. Location map of Gilgel Gibe basin in Ethiopia.  

Source for Fig.1c): http://www.internationalrivers.org/resources/maps-gibe-dam 

 

 
 

Figure 2. Future  period 2050s temperature change in °C with respect to 1971 – 2000 baseline 
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No Sensitive parameter Lower and Upper bound Fitted value 

1 *m-CN2 -0.2  to  0.2 -0.190 

2 **v-ALPHA_BF 0  to 1 0.824 

3 v-GW_DELAY 30 to 450 55.410 

4 v-GW_REVAP 0 to 0.2 0.190 

5 v-GWQMN 0 to 2 0.875 

6 v-ESCO 0.8 to 1 0.913 

7 m-SOL_AWC -0.2  to 0.4 0.389 

8 v-CANMX 0 to 100 76.250 
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Figure 3. Future period 2050s  rainfall change in % with respect to 1971 – 2000  baseline 

 
 

Figure 4. Future period 2050s  seasonal temperature change in ° C with respect to 1971 – 2000  baseline 

 
 

Figure 5.Future period 2050s seasonal rainfall change in % with respect to 1971 – 2000  baseline 
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Figure 6. Monthly flow calibration (top) and monthly flow validation (bottom). 

 

 
 

Figure 7. Percentage change in monthly streamflow. 

 
 

    Figure 8. Percentage change in average annual streamflow 

 

 
 

   Figure 9. Percentage change in monthly sediment flux . 
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Figure 10. Percentage change in annual sediment. 

0

5

10

15

20

25

E2050-A2 E2050-B1 H2050-A2 H2050-B1

ch
a

n
g

e
 in

 %
 

change in annual sediment flux
E2050-A2 E2050-B1

H2050-A2 H2050-B1


