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Introduction Results

Climate changeis likely to exacerbatewater availability and quality, which will havewide range of implications for ScenariosDevelopedfor the Future Time Series(20122100: The generated future scenariosfor
business(IPCC2007). Water resource is now changing around the world, being redistributed more erratically due the three climate variables(precipitation, maximumtemperature, and minimum temperature) are
to the impact of climate change (Arnell 1999 Gleick2000). Climate changewill have a profound impact on natural graphicallyplotted in order to observethe trend. The generated future scenariosresults show an
resources,of which water is one of the most important . With climate changethe amount of rainfall in many parts Increasingtrend for average minimum and maximum temperature (Fig. 4b) and decreasingtrend
of Africa is expected to decline while variability may increasedramatically (IPCC2007). With climate changeand for total annualprecipitation (Fig. 43).

Increasesin climate variability, the need for managing water resourcesrequires immediate action or attention.
Climate change has the potential to reduce water resource availability in the Nile basin countries in the
forthcoming decades(Setegn et al. 2011 Becauseof fast growing population rates, increasing resources and
Industrial development, water is becoming avery scarceand valuableresource (Chekol2007).

Upper Awash sub-basin is normally endowed with land features that are characterized by large intensive
downstream irrigable lands, high head hydropower plant and several towns, including the capital, Addis Ababa
and industrial enterprises lie within the basin. Sincedownstream irrigation and industrial enterprises in the area
has been expanding from time to time there is an increasing demand for water which leadsto competition for Figure 4 Future trend of (a) total annual mean precipitation, and (b) annual mean maximum and
water among different sectors. Unlessthe available water resources are utilized with the balanced approach minimum temperatures of Upper Awash sukbasin.
between supply and demand and with a careful consideration of sustainability, satisfying the needsof the future
will remain point of concern.

Therefore, assessingthe impacts of climate change on surface water availability, essentially involves taking
projections of climatic at a global scale,downscaling these global-scaleclimatic variablesto local-scalehydrologic
variables,and computing hydrological impact is crucial for the future water resourcesplanning and management
The objective of this study is to assessthe impacts of climate change on Surface water resource availability of

upper Awash River basin by using the Regional climate model and Soil and Water AssessmentTool (SWAT)
hydrology model. SWAT Model Calibration and Validation

Theresults of the model calibration and validation showed reliable estimates of monthly stream
flow with R2 = 0.85 and ENS= 0.80 during the calibration period and R2 = 0.83 and ENS=0.78
during the validation period (Figureb).

Changesn Temperature and Rainfall: Averageannualmaximumtemperature changesfor the sub-
basinwere 2020s: 0.53°C,2050s:1.18C,and 2080s:187°Crelative to the historical climate data 1981
2010 Averageannualminimum temperature changefor the three bench mark were 0.58°C,0.82°C
and 2.14C in 2020s, 20505 and 2080s respectively. Basinaverage annual rainfall based on the
ECHANb downscaling were increasedby 2.40%in 2020s while reduced by -2.14 and -1011%for
future periodsof 2050s and 2080s respectively

Materials and Methods

In order to obtain the objectives outlined a conceptual SWATmodel was applied to a number of catchments
throughout the basin Dynamicallydownscaleddata from a suite of GCM run usingarange of emissionsscenariosis
Incorporated to force the SWATmodel for three future time periods, the 2020s, 20505 and 2080s. The historical
climate data and stream flow data have been collected from National Metrological Agency(NMA) and Ministry of
Water Resources(MoWR) that used to calibrate and validate SWATmodel. Changesin sub-basin hydrology as a

result of climate changeare assessedor sub-basin, with the uncertainty in future impacts derived from different Figure 5: Calibration and validation results of  Figure5: Scatter plot of monthly simulated versus
GCM emissionscenariosand the SWATmodel employed highlighted. average monthly simulated and gaugedlows. gauged flow (a) calibration and (b) validation periods
The procedures consist of using climatic output data from GeneralCirculation Models (GCM)to retrieve climate Seasonal and annual impacts of Climate Change on Stream Flow and Surface runoff

scenarios The weather generator was then usedto produce daily temperature and rainfall data to serve asinput

. 0 .
datafor the hydrologicalmodel to simulate stream flow The annual stream flow of Upper Awash sub-basin is reduced by 2.46%and 1814%in 2050s and

2080s respectively,while the streamflow increasedin 2020s by 4.90%for A1B scenario(Fig. 6). The

Thegeneralprocedureto evaluateclimate changeimpactson the water resourcesare presentedbelow: simulatedflow at; 2050s and 2080s with AIB scenariofrom RCMshows reduction of runoff by 152%
1 Precipitation, and temperature, is extracted at the grid nodes from a long time period of GeneralCirculation and 3.50%iIn the subbasin and it is directly related to the reduction in precipitation, while the
Model simulations annualrunoff increasein 2020s by 8% Fig. 7).

2. GCMdownscaledto RCM. Biascorrected downscaledRCMwith historical met data.

3. Using meteorological data and observed stream flows, a Hydrologicalmodel (SWAT)is calibrated and validated,
and it is forced with downscaled GCMscenariosto produce stream flows sequencesfor different climates GCM
scenarios

4. With the stream flow sequencesproduced, a water resource simulation model is used to assessthe climate

scenariosand their impact on hydrology and the water resourcessystem
Figure 6: Change in seasonal and annistteam Figure 7:change in projected mean annual and

5. Finally,evaluatesomewater managementpoliciesin order to mitigate the impactson water resourcessystem
at ™ seasonalrunoff.

Resu |tS Adaptation Strategies. In general, adaptation to climate change problems causing reduction in the

_ _ _ _ , _ _ water availability includesDevelopment of watershed based integrated water resource management,
Bias correction RCM for baseperiod (1981-:2010: Sincethe outputof RCM is not directly usedfor climate introducing new farming techniques, crop calendar shift, constructing water storage structures to

changeimpact assessmenbvn water resource,bias correctionshave beendone for the baseperiod using the store excess water flowing during rainy, growing drougHblerant crops, irrigation farming, awareness
measuredveatherdataof selectedstations Fig. 1a, b showsthe comparisorof observedRCM andbiascorrected creating among the community of the future climate change in the watershedea.

monthly meanprecipitationdata(19812010. (Fig. 1a, b) showthatthereis considerablaliscrepancyetweerthe
RCM dataand observedata Therefore,to adjustand minimize the variation in estimatedprecipitationa bias
correctionis necessary

Discussion and Conclusions

T E“’ The SWATmodel is able to capture daily and patterns which can be proven by the regression
£ o | £ coefficient and the NashSutcliffe simulation efficiency values obtained during calibration and
g oo £ validation periods. The result of climatic projections of bias corrected results revealed that the
2 e : climatic variablesgenerally follow the sametrend with the observed meteorological data. . For all
g 100 : o time period, the projected minimum and maximum temperature increasesin all time periods for A1B
= NN - emissionscenaria The climate models predicted an increasein precipitation for the 2020s, while
e C S e T N reducesfor the time period of 20505 and 2080s. Generally,the analysescarried out in this study
Figure 1Bias corrected precipitation for base period (1982010) at (a) Addis Ababa and (b) Debrazeit revealedthat climate changewould haveasignificantimpacton the Surfacerunoff and streamflow,
and other hydrological parameter causinga possiblereduction on the total water availabilityin the
Bias correction for minimum and maximum temperature Temperature cannot be corrected using a similar upper awashsub-basin
power law as was used for correcting precipitation, because temperature is known to be approximately normally References

distributed and therefore, linear bias correction was applied As shown in the (Fig. 2a,b) and Fig. 3a,b), the
estimated maximum and minimum temperature at selected station was over estimated for all months and need tc
apply a bias correction to minimize the variation with the observed.
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