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[bookmark: _Toc101724336]Abstract

Climate changes alter regional hydrologic conditions and result in a variety of impacts on water
resource systems. Such hydrologic changes will affect almost every aspect of human well-being.
The goal of this thesis is to assess the impact of climate change on the hydrology of Gidabo 
subbasin located in the Rift Valley basin of Ethiopia. The RCP scenarios of types 2.6, 4.5, and 8.5 were used for the climate projection from the CORDEX Africa domain from CMIP5. The RCM of RCA4 was used to generate future possible local meteorological variables in the study area. These data were used as input to the Soil and Water Assessment Tool (SWAT) model to simulate the corresponding future streamflow Variability in the Gidabo subbasin. SWAT-CUP, a program for calibration and uncertainty was utilized for uncertainty analysis. The three projected time periods for this study were the 2040s, 2060s, and 2090s. The time series generated by RCM of RCA4 driven by MIROC5 indicate a significant increasing trend in maximum and minimum temperature values and a decreasing trend in precipitation for all RCP emission scenarios in Measso station for all time periods. The hydrologic impact analysis made with the downscaled temperature and precipitation time series indicates variation in an increasing and decreasing trend for the three RCP scenarios at different periods respectively. The model output shows that there may be a mean annual, seasonal, and mean monthly decrease in stream flow volume for all RCP scenarios in the Projected time periods in the future. It also shows most of the projections are within the uncertainty bandwidth of 95PPU.

Keywords: Climate Change; Gidabo subbasin; CORDEX; MIROC5; RCM; SWAT; SWAT-CUP
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3

[bookmark: _Toc101724337]Introduction
0. [bookmark: _Toc101724338]Background 
Climate changes can occur due to natural and manmade causes. As stated in Mélières & Maréchal, (2015) Bard, E. (2006) categorizes the natural causes into three classes namely astronomical, geological forcing, and intrinsic causes. The natural causes are all evolutionary and can make an influence measured in millions of years. Whereas anthropogenic or manmade causes are causes that make a change within a short period when compared to natural causes. There are also great forces that determine the change of climate at a worldwide level (Mathez & Smerdon, 2018). This includes the greenhouse gasses (which are mainly expressed by water vapor and carbon dioxide although there are others like methane, ozone, halogens…etc.), change in land cover, atmospheric aerosols, solar irradiance, and volcanic eruption. The effect of all these factors brings about intact evidence for the exhibition of climate change across the globe without a doubt.   
The discovery of a hole in the ozone layer in 1986 and other factors like the increment in the use of fossil fuels and production of industries, the mass act of deforestation, nuclear wastes, etc. led to the establishment of IPCC by WMO and UNEP in 1988, which was aimed at preparing a report that reconsiders the statistical data that was used previously by numerous scientists across the globe, compare with the past recorded climate data and prepare a forecasting model(Srivastav, 2019).  Since then, the IPCC has published five reports on world climate change. These numerous reports are getting out due to different changes that happened in the world like population growth.  Although the sixth one is now available(which come out at the final stage of composing these documents), the AR5, which is the latest (taking into consideration the beginning of this work) report by the IPCC(Pachauri & Mayer, 2015), has projected changes in climate change in different scenarios. Related to the period 1850-1900 the end of the 21st century i.e., 2080-2100 is projected to have a global warming change exceeding in the rise of 1.5 0c for RCP4.5,6 and 8.5 with high confidence. It is said that heat waves will occur most often and last longer and that extreme precipitation will become more intense and frequent in many parts of the world.   
If the change in the global climate of the past five decades from 1800-1900 has such adverse effects in the projected future, much more will be expected to be seen taking a recent decade of data for projection. The IPCC (Carabine et al., 2014) has reported the change seen in the past years and their projection in the future in east Africa. It is said that Temperature in east Africa has changed by 0.5 ⁰C or more over the last 50-100 years positively. It is also reported that the rainfall has shown a decline over the past 60 years, which is exhibited by summer monsoon rainfall. The impact of climate change has also been felt. The report shows a negative change in the eastern part of the continent. Not only this, but it also guarantees that there will continue to be a change in climate taking the increasing effect of global warming due to greenhouse gasses. Considering the high emission scenario by 2100 the global temperature is estimated to rise by 2.6⁰C -4.8⁰C.  The implication of this for east Africa is a rise in temperature and a decline in the amount of rainfall. Which in turn affects and creates an insurmountable risk on the socio-economic livelihood of the inhabitants. The forecast shows that Ethiopia will get warmer in all seasons, which means the country will get a frequent heatwave, by the end of the 21st century and high rainfall by the mid-21st century, which can be taken as an extreme event, namely flood causing rainfalls. 
The above report would not be good news for the subbasin under study as well as the country. To accommodate for such problems, the country should be economically strong unless otherwise, it would be difficult to control the danger that might be coming and hence leads to the catastrophic destruction of life and property in general. 
[bookmark: _Toc101724339]Statement of Problem 
Climate change harms social, economic, agricultural, water-related, and political aspects of life in the world. This impact has grown in recent years making life difficult for the inhabitants of the world(Srivastav, 2019). In the eastern part of the African continent, especially in Ethiopia, the impact of climate change has been projected, concerning the hydrological parameters like precipitation and temperature, to bring about a swift change which would result in a flood causing rainfall(Carabine et al., 2014). The Gidabo Subbasin which is located in Ethiopia is part of this forecast. It is evident that this flood-causing rainfall is occurring earlier than later in Dale woreda, Loka Abaya woreda, and Aleta Chucko woreda which are part of the Gidabo river subbasin. 
Although there are many research works(Adi, 2021; Meshesha, 2017; Kefale, 2016; Mechal et al., 2015) on the Gidabo subbasin, none of these works of literature are related to the assessment of climate change on the stream flow except  (Abdulkrim Jemal, 2019; Shanka, 2017). These researches deal with the Assessment of metrological drought under climate change and the assessment of climate change impact on runoff respectively. In the first work, though the titles do not meet, the study area and the use of RCM are similar to this work, the specific GCM and RCM are not specified, whereas the second work is similar but slightly different from the thesis at hand due to the usage of HadCM3 GCM with SRES scenarios which is now an outdated scenario after the publication of AR5 due to the introduction of RCM and coupled downscaled models in to the literature. Hence it is vital to assess the impact of climate change on the hydrologic response on this subbasin using new model and scenarios. 
In addition to that, the subbasin contributes to the runoff which flows through a drainage system through the cities encamped by the subbasin, for an efficient and well design of these structures for future use the change in precipitation and temperature has an impact if not a great impact. The surrounding cities which are included in this subbasin have agricultural lands which are affected by climate change. Hence it is vital to assess the impact of climate change on the hydrologic response on this subbasin using RCM.
[bookmark: _Toc101724340]Objective of The Study 
[bookmark: _Toc101724341]General objective
The general objective of this research was to assess the impact of climate change on the stream flow of Gidabo subbasin.
[bookmark: _Toc101724342]Specific objectives
To achieve the general objective of the study, the following specific objectives are set for
major milestones of the study:
· To assess the existence of climate change in Gidabo subbasin   
· To assess the impact of climate change on streamflow of Gidabo subbasin if it exists.
· To evaluate the future stream flow uncertainty on interpretation of climate change impact.
[bookmark: _Toc101724343]Research Questions
· Is there a significant change in the mean of annual seasonal and monthly values of the variables like Precipitation and Maximum and minimum temperature in Gidabo subbasin when compared to a reference period and a future time period? 
· Is the streamflow of Gidabo subbasin affected by the would-be impact of climate change?
· Does the future stream flow of Gidabo subbasin shows much uncertainty to affect climate change impact interpretation and make it less trustworthy?
[bookmark: _Toc101724344]Significance of the study
This study is important for the following reasons. First there are noticeable research gap in the previously done literature which is done by Shanka (2017) using the outdated climate scenario of “SRES” and second this research is handy for policy makers in governmental institutions concerning water utilization and construction works and finally it will be used as a reference for future works in the Gidabo subbasin.  
[bookmark: _Toc101724345]Scope and Limitation of the study 
This study focuses on the area of assessment of climate change impact on the stream flow of the Gidabo subbasin. Owing to data constraints, this study considered 1997 to 2006 as a baseline period. Three different RCP emission scenario data: RCP2.6, RCP4.5, and RCP8.5 divided into three future periods: 2040s, 2060s, and 2090s were used to generate future impacted flow. The followings are the limitations of the study: 
· In this study, the impact of climate change was assessed for the meteorological terms of
Precipitation, Maximum and Minimum Temperature, the other climate variables such as Relative Humidity, Solar Radiation, and Wind speed were assumed to remain the same in the future. 
· In addition, the Physiographic terms such as land cover and land use were assumed to remain the same for the future. However, in the real world, the above variables are changing and this research does not constitute for the work of Gidabo Dam which is located down stream of Measso gauging station.  
· Only data for 6 meteorological stations are available in the basin, and this shows an
indication of the data scarcity for the basin and this can cause a lower level of performance
by a hydrological model during the calibration and validation processes since according to WHO standard 48 station are needed.
· The climate variables used in this study are results of CORDEX-Africa ensemble RCMs
simulations scaled by downscaling the MIROC5 GCM model under different RCPs with a
the spatial resolution of 50km, which is a little bit coarser. 
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[bookmark: _Toc101724347]Overview of Climate Change
Climate, as defined by(Mathez & Smerdon, 2018; Neelin, 2011), is the average condition of the atmosphere, ocean, land surfaces, and the ecosystems that dwell in them, on time scales of seasons and longer. By definition, if it is an average condition this implies that it varies concerning time and spatial location. This by itself shows that climate is not something that is fixed but has a dynamic nature. Any systematic alteration or statistically significant variability and dynamics of climate elements through a finite period would be considered as climate change (Philander, 2008).
[bookmark: _Toc101724348]Global climate change
Climate change is not an abstract concept, rather a practical event that has been exhibited Globally.   Different reports have been generated in the past of these observed events (Srivastav, 2019). These events are summarized as chronic droughts, Receding glaciers, acidification of oceans, and the destruction of habitats in many parts of the world. Taking the change in climate globally different parts of the world are expected to have different events. For instance, by the end of the 21st century densely populated areas of the south, east, and south-east Asia will be prone to flooding and erosion due to sea-level rise, whereas small islands are expected to face exacerbated inundation, storm surge, erosion, and other coastal hazards that will threaten infrastructure, human settlements and livelihood support system. 
[bookmark: _Toc101724349]Climate change in Africa 
In the case of Africa, the observed signs of climate change include flood inundation, desertification, and drought(Toulmin, 2009). As stated by IPCC AR5 Africa’s temperature has increased by 0.50C in the last 50-100 years and by the end of the 21st century, it is projected that the mean annual temperature over all land areas is very likely to increase for RCP2.6(20C) and RCP8.5(40C). whereas Africa’s precipitation, though it is difficult to find a whole sum of sufficient data in areas where there happens to be sufficient data, for instance, there is a very likely decrease in annual precipitation over the past century in the western part of Africa and a very likely increase in the east. Although the projections made for Precipitation are more uncertain, nonetheless it is projected that there will be a very likely decrease and a very likely increase in the western and eastern part of Africa by the mid and late 21st century.  
[bookmark: _Toc101724350]Climate change in Ethiopia 
Ethiopia has experienced climate change in the past decades. A 20% and 38% increase of hot days and nights have been recorded in the second half decades of the 20th century with a rise in average temperature that ranges from 0.2 oC to 0.28 oC. simultaneously the number of cold days and nights has decreased (Eshetu et al., 2014). Concerning precipitation, Ethiopia has experienced both wet and dry periods from 1970-2010. It is stated that precipitation has shown a generally decreasing trend since 1990(Aragie, 2013). It is Projected by the IPCC that by the end of the 21st century Ethiopia will experience a more frequent heatwave and will have a wetter climate with more intense wet seasons and less severe drought draughts in October-November-December And March-April-May(Carabine et al., 2014). 
[bookmark: _Toc101724351]Climate Scenarios
[bookmark: _Toc101724352]Definition of Climate scenarios
Nebojša Nakićenović et al., (2000) defined scenarios as images of the future, or alternative futures that are neither prediction nor forecasts but an alternative image of how the future might unfold. As Linda O. Mearns et al., (2001) put it: “climate scenario refers to a plausible future climate that has been constructed for explicit use in investigating the potential consequences of anthropogenic climate change”.  A climate scenario is different from climate projection in that climate projection refers to a description of the response of the climate system to a scenario of greenhouse gas and aerosol emissions, as simulated by a climate model. The climate scenario is different from the climate change scenario. The latter is an interim step towards building climate scenario when combined with the description of the current climate as represented by climate observation. The Purpose of the climate scenario is to assist in climate change analysis, including climate modeling and the assessment of impacts, adaptation, and mitigation.  The goal of working with scenarios is not to predict the future, but to better understand uncertainties to reach decisions that are robust under a wide range of possible futures(Richard Moss et al., 2010).
[bookmark: _Toc101724353]Types of climate scenarios from 1990-present
When the IPCC published its first report in 1990, there were four scenarios used concerning the emission of GHG and concentration of Co2 in the atmosphere. These are 2030 high emission, 2060 low emission, control policy, and Accelerated policy scenarios(D. Tirpak & P. Vellinga, 1990).  In 1992 the IPCC again modified all the first scenarios and formulated six scenarios (IS92a-f). This is due to the foundation of new data that were not available when publishing the first Report. These data include revision of population size forecasting by the World Bank and the United Nations, Publication of IPCC Energy and industry sub-group scenario of greenhouse gas emission to 2025, and Political events and economic changes across the globe(J.T.Houghton et al., 1992).  In 1995 emission scenarios that were amended in the year 1992 were evaluated. This is because of the change in understanding of driving forces of emission such as the carbon intensity of energy supply and the income gap between developed and developing countries, and sulfur emissions. And hence in the following year, a new set of scenarios were presented by the IPCC. These scenarios are generally named SRES scenarios, which have a scenario group clustered with a scenario family which was established by different storylines (Figure 1). In 2001 the IPCC finally published the stabilized SRES scenarios making a lot of modifications in the years in between. These modifications include the use of different factors such as socio-economic change, land use and land cover, environmental change, climate change, and sea-level rise change. After nearly a decade, due to the need to include newly emerged economic data, technologies, and observation of environmental factors new scenario development was required. Not only this but also the information need for the end-users including the policymakers for a higher resolution of spatial and temporal improved representation of extreme events and scientific advances in the scientific community played a great role in bringing a new generation of scenarios called the Representative Concentration Pathways (RCPs).        
[bookmark: _Toc101724354]Representative Concentration Pathways (RCPs) 
The need for a new “Representative Concentration Pathways” is evident for the reasons mentioned above. These pathways are selected from works of literature based on different criteria. These are Range, Number, separation and shape, Robustness, Comprehensiveness, and near-term resolution. Four RCPs were defined in terms of radiative forcing level and pathway shape from the works of literature to meet the required criteria(Richard Moss et al., 2008).
[bookmark: _Toc101724355]2.2.3.1 Uses and limitations of RCPs
The intended Uses of RCP as described by Richard Moss et al. (2008) are they can be used as an input for climate models and facilitate pattern scaling of climate model outcomes. In addition to these, they are useful in exploring the range of socioeconomic conditions consistent with a given concentration pathway and the climate implications of spatial forcing patterns. Whereas the limitation of RCPs is they should not be considered forecasts or absolute bounds and policy-prescriptive.  The socio-economic scenarios underlying each RCP should not be considered unique and cannot be treated as a set with an overarching internal logic. There are uncertainties in the translation of emissions profiles to concentrations and radiative forcing. 
RCP 8.5
Riahi et al. (2011) signified RCP 8.5 as a scenario with high greenhouse gas emissions. This means that it assumes The RCP8.5 combines assumptions about high population and relatively slow income growth with modest rates of technological change and energy intensity improvements, leading in the long term to high energy demand and GHG emissions in absence of climate change policies. Since there is no policy intervention the adaptation required will be attained at a high cost. Energy generation will be with the help of coal-fired power and the transportation system is using fossil fuels with a rise in temperature of 3.70C and a large increase in extreme weather by the end of the 21st century relative to 1986-2005.
RCP 6.0
According to (Masui et al., 2011) RCP 6.0 is a climate intervention and stabilization scenario of long-term, global emissions of greenhouse gases (GHGs), short-lived species, and land-use/land-cover change which stabilizes radiative forcing at 6.0 Wm-2 in the year 2100 without exceeding that value in prior years. Assumes Using Both Renewable and Coal-Fired energy generation System with a moderate increase in temperature by 2.20C and a moderate increase in extreme weather by the end of 21st century relative to 1986-2005. Since there is a policy intervention the adaptation required will be attained medium level cost when compared to RCP 4.5,8.5 and 2.6.
RCP 4.5
Representative Concentration Pathway (RCP) 4.5 is a stabilization scenario of long-term, global emissions of greenhouse gases, short-lived species, and land-use-landcover which stabilizes radiative forcing at 4.5 Watts per meter squared (W/ m2, approximately 650 ppm CO2-equivalent) in the year 2100 without ever exceeding that value(Thomson et al., 2011). This differs from RCP 6.0 in that the energy generation is purely renewable and avoids coal-fired Power and is assumed to have a rise in temperature of 1.80C. 
RCP 2.6
The RCP 2.6 emission and concentration pathway is representative of the literature on mitigation scenarios aiming to limit the increase of global mean temperature to 2°C. These scenarios form the low end of the scenario literature in terms of emissions and radiative forcing(van Vuuren et al., 2011). Assumes about 70% of the emission is curbed and the cost Assumes Coal-Fired energy generation System with a low increase in temperature by 1.00C and a small increase in extreme weather by the end of 21st century relative to 1986-2005(Pachauri & Mayer, 2015). Since there is high-level a policy intervention the adaptation required will be attained low-level cost when compared to RCP 4.5,8.5 and 2.6.
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[bookmark: _Toc101724220]Figure 2‑1 Harmonized emission under the four RCP scenarios (Meinshausen et al., 2011)
[bookmark: _Toc101724356]Climate Models 
[bookmark: _Toc101724357]Definition of climate models. 
Stocker (2011) states that the climate system consists of five different parts. These are the Atmosphere, Hydrosphere, Cryosphere, land surface, and Biosphere. Climate models are nothing but the mathematical representations of the components of the climate system in Particular or ensemble form. Climate models are the primary tools available for investigating the response of the climate system to various forcing, for making climate predictions on seasonal to decadal time scales, and for making projections of future climate over the coming century and beyond(Flato, G. et al., 2013). Through time with the advancement of computer technology the climate models are improved and integrated to get a better understanding of the climate system. 
[bookmark: _Toc101724358]Types of climate model
Based on complexity climate models are grouped into four. These are the Energy balance model (EBM), Earth models of intermediate complexity (EMIC), and Global Circulation Models (GCM). Energy balance models do not include any explicit spatial dimension, providing only globally averaged values for the computed variables. Thus, they are called Zero dimensional models. Differing from EBMs EMIC always includes the representation of earth Geography, which means they give more detailed information than the EBMs and make them two-dimensional. Whereas GCMs give the most precise and complex description of the climate system. When compared to the other two GCMs need a more power full computer system because of the additional complex variables that it includes(Hugues Goosse, 2015). 
[bookmark: _Toc101724359]Global Circulation Models (GCMs) 
GCMs are the finest in the block of models. They provide reasonably global, hemispherical, or continental climate information and can be used to know the present climate and project the future climate based on different scenarios(Sylwia Trzaska & Emilie Schnarr, 2008). The spatial resolution of GCM is between 100-500 km grid by a height of 1km(Auffhammer et al., 2011; Kendon et al., 2010).
Although GCMs are the most important in representing the climate system globally they don’t do well for small spatial scales. Not only this but they are also Inadequate in representing Interactions Among Variables and they need a huge amount of Computer Power(Saini et al., 2015; the United States General Accounting Office, 1995). To avoid such problems new methods were set on a path- what is now called Downscaling. 
[bookmark: _Toc101724360]2.3.4 Downscaling of GCMs
Downscaling GCMs follows two methods namely dynamical and statistical downscaling. The first way of downscaling is now referred to as the regional climate model (RCMs). These models involve regionalizing GCM outputs into specific areas on the earth’s surface by combining the primitive equations associated with continuity, momentum and thermodynamic, processes with surface characteristics of the region of interest. It takes a large amount of computing time to attain fine resolution. Whereas the latter one involves a relationship between larger scale and local scale variables and unlike dynamical downscaling this one needs short computing time computer power. In addition to that, it can be used in a spatial level of stations (Le Roux et al., 2018; Lee & Singh, 2018).   
[bookmark: _Toc101724361]Coordinated Regional climate Downscaling Experiment (CORDEX)
As cited in Evans (2011) Giorgi, Jones, and Asrar (2009) defines CORDEX as a World Climate Research Program (WCRP) backed framework to produce ensembles of regional climate projections for all continents globally. CORDEX will bring together regional-scale climate projections produced using both statistical and dynamical techniques. It also provides an opportunity for generating high-resolution regional climate projections, which can be used for the assessment of the future impacts of climate change at regional scales. CORDEX essentially has the twofold purpose to provide a framework to evaluate and benchmark model performance (model evaluation framework), and design a set of experiments to produce climate projections for use in impact and adaptation studies (climate projection framework).  The spatial resolution provided from these projects of the first phase is 50km, but nowadays this resolution increased much higher getting up to 10km or less(Lee & Singh, 2018).
[bookmark: _Toc101724362]Previously done studies on the study area 
Two studies were done in the study area which are related with the effect of climate change. Summary of the works are discussed below. 
1. Shanka, (2017) : - used large scale climate variables from the A2a and B2a scenarios obtained from the Hadley Centre Coupled Model version 3 for the three future periods: 2011–2040, 2041–2070, and 2071–2099. The climate change might show both a runoff monthly change decrement and increment for both scenarios.    
2. Abdulkrim Jemal,(2019) : - Used climate variables downloaded from CORDEX Africa for future time horizons 2020s(2011-2040), 2050s(2041-2070) and 2080s(2071-2100) for RCP2.6, RCP4.5 and RCP 8.5. the change in temperature (maximum and minimum) under all emission scenarios showed an increasing trend for all time periods. Precipitation changes for all time periods under all emission scenarios showed variance. However, the GCM and RCM models are unspecified.  
[bookmark: _Toc101724363]Hydrological Modeling 
Devia, Ganasri, and Dwarakish (2015) state that Hydrological models are models that are mainly used for predicting system behavior and understanding various hydrological processes. This hydrological process includes precipitation, runoff, evaporation. Bizuneh et al. (2021) also states that hydrological models are a mathematical depiction of physical processes of the hydrological cycle in diverse physical environments within particular watersheds
[bookmark: _Toc101724364]Types of hydrological models
On their review on hydrological models Jajarmizad and et al., (2012) showed that there are different classifications of hydrological models based on different criteria that are all aimed to make the models simple to understand and operate yet these hydrological models are not so different in their concept except for their setting up and installment procedures. Based on the laws and assumptions to represent the real hydrologic system models are classified as Empirical and theoretical. Empirical models are the representation of certain data with no predictive capacity if the conditions are changed whereas theoretical models are models that are helpful in prediction under changed circumstances  (Woolhiser, 1973).   Based on the simulation capacity of a subbasin at different scales models can be divided into three. These are lumped, distributed and semi-distributed models. The lumped model assumes the complete subbasin as a homogeneous unit, fully distributed models are employed to calculate values for time-dependent variables at specific grid locations in a hydrological system. Semi distributed models lie in between the two having the disadvantage of lumped models(Jajarmizad et al., 2012). 
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[bookmark: _Toc101724221]Figure 2‑2 classification of Hydrological models based on criteria
[bookmark: _Toc101724365]Hydrological models used in climate change impact assessment 
Concerning the hydrologic response, the models used by researchers are of various kinds. The models employed by researchers are HBV(Shaka, 2008), (Flint & Torregrosa, 2020; Gebre, 2015),   SWAT (Abera, 2011; Andargachew, 2017; Flint & Torregrosa, 2020; Fontaine et al., 2001; Zuo et al., 2015), SLURP (Ahn et al., 2011). From this the frequently used model recently is SWAT. 
[bookmark: _Toc101724366]Comparison of SWAT model with other models 
Bizuneh et al. (2021) performed a comparative analysis of SWAT and HBV response to streamflow estimation in the upper Blue Nile Basin and found out that based on the statistics response evaluation index SWAT model responses were better than the HBV model in all watersheds. Though the SWAT model showed less appropriate performance when compared to two conceptual models i.e. TANK and AWBM, it can be used for spatial and climatic data-driven impact assessment of change due to climate and land use in the basin(R. K. Jaiswal et al., 2020). Emma Brännström (2019) stated that SWAT is more intuitive and demands less computer power, is easier to use and model for a novice user when compared to MIKE SHE. 
[bookmark: _Toc101724367]Estimation of mean areal meteorological data 
The three most frequently used methods for estimating MAR(Mean Areal Rainfall) data were the Arithmetic mean method, the Thiessen polygon method, and the Isoheytal method(Shaw & Lynn, 1972). Different researchers compared these methods and found out different results related to their topography. Balany, (2011) used the above three methods in Indonesia and found out that no method is consistently superior. Whereas Barbalho et al., (2014)  found out in the semi-arid areas of Brazil that the Thiessen polygon method was superior compared to other methods. Eruola, A. O et al., (2015) employed the above three methods in a tropical and wet climate of southwestern Nigeria and found out that both Isoheytal and Thiessen Polygon methods are superior when compared to the Arithmetic mean method. Kang et al., (2019) made a comparison of both methods and find out that for a mountainous area Isoheytal method is more suitable for it considers the locations of the rainfall stations and the orographic effect and because there are no errors with altitude. The Isoheytal method is similar to that of the Thiessen method in terms of Using the area as a weighting factor, but the difference comes in when the Isoheytal method uses the area weight to the average rainfall between Isohyets and does not directly weigh the observed rainfall.
[bookmark: _Toc101724368]Uncertainties in climate projection 
K. C. Abbaspour, (2015) states that the uncertainties in climate projection are due to four major reasons. These are model uncertainties due to (a) simplification in the conceptual model (b) processes that are occurring in the watershed but not included in the model (c) processes that are not occurring in the watershed but are included in the model and (d) processes unknown to the modeler and not included in the model either. In addition to this, he also states uncertainties due to inputs. Uncertainties in the combined use of hydrological model and climate model into traditional uncertainty and climate prediction uncertainty. The traditional uncertainty arises from hydrological models due to uncertainties in the model inputs, model structure and model parameters and the climate prediction uncertainties arise due to   due to the model uncertainty, scenario uncertainty and internal variability (Gaur et al., 2021). Due to the inherent nature of uncertainties, it is possible to find uncertainties in combined use of both climate and hydrological models. 
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[bookmark: _Toc101724222]Figure 3‑1 location of Gidabo Subbasin in Ethiopia
The Gidabo subbasin is located in the Rift Valley Basin situated in the southern part of Ethiopia. It is found in the southern Main Ethiopian Rift Valley System, Northeast of Lake Abaya comprising of three administrative regions of good part of  Sidama  Regional state and Gedeo Zone of the SNNPRS, and the Borena Zone of Oromiya Regional State. 
The Gidabo basin is bordered by the subbasin of Lake Hawassa to the North, River Bilate to
the West, River Galana to the South, and Genale-Dawa Rivers to the East (Debisso, 2009; Meshesha, 2017). The absolute geographical location of the area is between 6.1430 and 6.9420 N latitude, and 38.0130and 38.640E longitudes with an area and perimeter of 3299 square kilometers and 383.7 kilometers respectively.
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[bookmark: _Toc101724223]Figure 3‑2 Gidabo Subbasin elevation range and stream lines
[bookmark: _Toc101724372]Topography
The landscape of the subbasin can be broadly categorized into three groups. These are the edge of the Eastern high plateau, the large eastern escarpment of the Rift Valley, and the floor of the Rift Valley, with a wide range of elevation difference from 1171 m a.s.l. from Lake Abaya in the west to about 3213m a.s.l. in the northeast. This wide range of elevation is resulting from the late tertiary rifting activity and erosional processes (Mechal et al., 2015). The edge of the Eastern high plateau occupies a narrow strip in the Eastern and highest part of the subbasin ranging from 2410 to 3213m a.s.l. The large Eastern escarpment of the Rift Valley lakes in the entire eastern zone between the altitude of 1535 and 2410m a.s.l. The floor of the Rift Valley is formed by ignimbrites which are poured out through cracks opened after the formation of the Rift Valley (Debisso, 2009). According to Markoski (2018), the topographic relief of the Gidabo subbasin can be grouped under a mountainous landscape because of its elevation. 
[bookmark: _Toc101724373]Climate
Rainfall 
Meshesha (2017) states that the Climate in the Gidabo River Subbasin ranges from semi-arid in the rift floor to humid in the mountains of the escarpment. The Gidabo River Subbasin is characterized by a bimodal pattern of rainfall with four high rainy months (April, May, September, and October) separated by medium rainy months of June, July, and August and long dry months from November to March. 

[bookmark: _Toc101724224]Figure 3‑3 Average monthly rainfall of Gidabo subbasin (1988-2019)
Temperature 
Like in most parts of Ethiopia, the diurnal variation of temperature in the Gidabo River Subbasin is more visible than its seasonal variation (Debisso, 2009).  The mean maximum temperature varies from 27-22 oC and the mean minimum temperature varies from 14-9 C. 

[bookmark: _Toc101724225]Figure 3‑4 Mean monthly temperature of Gidabo Subbasin (1988-2018)
Other climatic data
Relative humidity, solar radiation, and wind speed are needed to calculate evaporation. Data for two class-I stations are available in the subbasin. The mean annual relative humidity, wind speed, and solar radiation of Dilla and Billate Agri Estate I stations were estimated at 67.8%, 1.364 m/s, and 20.8 MJ m-2day-1 and 60.8%, 0.84 m/s, and 20.29 MJ m-2day-1 respectively from collected records (Meshesha, 2017).
[bookmark: _Toc101724374]Land use/ land cover
As cited by Debisso, (2009) Raunet states that the population density generally decreases as we go from East (i.e. edge of Eastern high plateau) to West (i.e. shore of Lake Abaya) across the Subbasin. Based on their socioeconomic systems the human settlement in the study area can be broadly categorized into two distinct groups: They are Sidama-Gedeo and the Guji-Oromo. The areas of land cover for these two distinct populations are fairly well defined: The Sidama-Gedeo who live in the same socio-economic system, constituted by far the greatest part of the population of the Gidabo Subbasin. They are farmers who occupy the eastern rainy regions, with red soils and where the agricultural potential is greatest: The high plateau, the escarpment, and the rift floor area. This region is densely populated with more than one hundred inhabitants per square kilometer.   
The Guji-Oromo, on the other hand, are semi-nomadic breeders; they occupy the Eastern shore
of Lake Abaya (i.e. structural basaltic reliefs and part of the rift floor), but the population is
highly scattered and not numerous. Depending on the altitude and soil type, the vegetation
cover varies from east to west across the subbasin. In the high plateau (2,600-3,200 meters)
of the study area, the vegetation cover does not usually contain trees, except a few bamboos
plants, and towards the North patches of open forest consisting of Juniper trees. A few bamboos characterize the upper humid mountainous part (2,400-2,600 meters). The bamboos seem to be common at higher altitudes. There are no more large bamboo forests on the Gidabo Subbasin as the Sidama-Gedeo groups put them to intensive domestic use(Shanka, 2017).

[image: ]
[bookmark: _Toc101724226]Figure 3‑5 Land use/Landover map of Gidabo basin
[bookmark: _Toc101724375]Soil 
According to their texture, FAO classifies the soil types in the subbasin into three groups. These are the clay, loam, and clay-loam. Of all these three, loam soil comprises the largest portion, and Eutric Nitosol bing the dominant loam soil type.  
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[bookmark: _Toc101724227]Figure 3‑6 Soil map of Gidabo subbasin; Soil texture (left) Soil name (right)
[bookmark: _Toc101724376]Hydrology 
The Gidabo Basin is drained by some major rivers running from the east into Lake Abaya. The Gidabo River drains predominantly the Heleya Mountains as part of the Eastern Uplands in the Sidama Region. The Kolla River is another major river draining into the Gidabo Basin originating from the highlands of the Sidama Region. The Dara River also supplies the Gidabo Basin with ample water draining from the highlands of both the Sidama Region and Gedeo Zone. Chichu / Wallame River is the second largest river after Gidabo in the subbasin area. It originates from the highlands of the Gedeo Zone and supplies the basin with its annual flow as shown in Fig.13. 
The discharge gauging of the Gidabo River is found in Measso which is located at lat.6.7o N and long.38.3o E

[bookmark: _Toc101724228]Figure 3‑7 Discharge of Gidabo River at measso gauging station (1997-2006)
[bookmark: _Toc101724377]Data types and analysis
[bookmark: _Toc101724378]Data types and sources
In order to meet the first objective which is to assess the existence of climate change in Gidabo subbasin the meteorological data were collected from CORDEX- AFRICA, NMAE and Global weather data for SWAT. The list is summarized in table below. In order to meet the second objective other than meteorological data hydrological, spatial and climate scenario data were used as an essential input in SWAT model.      
Meteorological data 
The principal metrological data needed for SWAT Model are daily precipitation(mm), daily maximum and minimum temperature(0C), wind speed(m/sec), Relative humidity (%), and Sunshine duration(hr.) and were collected from the Ethiopian National Meteorology Agency as shown in Table 3-1 from six different stations that are stationed inside the subbasin. However, As shown in Table 3-2 below, the metrological data except for Precipitation are not adequate due to high Missing values in the entire modeling year. To fill the gap a comparison of data is done between data obtained from https://globalweather.tamu.edu  and NMAE considering the nearness of the GWDS data station and the NMAE data for the data available in accordance with the Parameter in the specified station.  
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[bookmark: _Toc101724229]Figure 3‑8 Station locations of GWDS and NMAE
These data was used as an input of the SWAT rainfall-runoff model to simulate the hydrological conditions of the study area of the subbasin.
	
	Station
	Lat.
	Lon.
	Class
	Est.
	End
	Available data
	Timestep

	1
	Aleta Wendo
	6.6
	38.42
	4
	1958
	Active
	Rainfall
	1997-2006

	2
	Aposto
	6.73
	38.37
	4
	1978
	Active
	Rainfall
	

	3
	Berra
	6.25
	38.26
	4
	N/A
	Active
	Rainfall
	

	4
	Dilla
	6.37
	38.3
	1
	1958
	Active
	Rainfall, min & max Temp, wind speed, sunshine hour 
	

	5
	Kebado
	6.43
	38.33
	4
	1990
	Active
	Rainfall
	

	6
	Yirgalem
	6.45
	38.23
	3
	N/A
	Active
	Rainfall, min & max Temp
	


[bookmark: _Toc100919793]Table 3‑1 Summary of selected Meteorological stations within the study area
	No.
	station
	Parameter
	time step
	Missing %

	1
	Aletawondo
	Precipitation
	1997-2006
	0.85

	2
	Aposto
	Precipitation
	1997-2006
	0.11

	3
	Berra
	Precipitation
	1997-2006
	22.62

	4
	Dilla
	Precipitation
	1997-2006
	1.12

	
	
	Maximum Temperature 
	1997-2006
	20.29

	
	
	Minimum Temperature 
	1997-2006
	0.33

	
	
	Relative Humidity
	1997-2006
	89.87

	
	
	Wind speed
	1997-2006
	3.37

	
	
	Sunshine Duration
	1997-2006
	92.88

	5
	Kebado
	Precipitation
	1997-2006
	0.05

	6
	Yirgalem
	Precipitation
	1997-2006
	0.60

	
	
	Maximum Temperature 
	1997-2006
	5.59

	
	
	Minimum Temperature 
	1997-2006
	7.89


[bookmark: _Toc100919794]Table 3‑2 Meteorological data description
Hydrological data 
Daily or monthly streamflow data is required for SWAT simulated results for calibration and validation. This data was obtained from the Ministry of Water, Irrigation and Energy, Hydrology and Water Quality Directorate, and Ethiopian Construction Design and Supervision Works Corporation (ECDSWCo). Based on the data availability Measso station was for the year 1997-2006. These years determined the data that must be used for SWAT model Calibration. 
	No.
	station
	Parameter
	time step
	Missing %
	Drainage area (NMAE) sq.km
	Drainage area (delineated) sq.km

	1
	Measso
	Streamflow
	1997-2006
	13.99
	Not given 
	1515

	2
	Aposto
	Streamflow 
	1997-2006
	6.5
	646 
	575

	3
	Bedessa
	Streamflow
	1997-2006
	6.98
	81
	232

	4
	Aletawondo
	Streamflow 
	1997-2006
	15.9
	81
	199


[bookmark: _Toc100919795]Table 3‑3 Streamflow data description
Spatial Data 
A soil data map for the Gidabo subbasin was obtained from the Ministry of Water, Irrigation and Energy for the year 2006. Digital Elevation Model (DEM) was obtained from https://search.asf.alaska.edu  which is 12.5m by 12.5m resolution size. Land cover/ land use data were obtained from MoWIE for the same year mentioned above. 
Climate scenario data 
The climate scenario data for this study was obtained from CORDEX-AFRICA, from the RCA4 (Rossby Centre regional Atmospheric model change number four), which downscaled the GCM MIROC5 (Model for Interdisciplinary Research on Climate Version Five) These data include daily values of precipitation, the daily value of the minimum and maximum temperature for RCP 2.6, RCP 4.5, and RCP 8.5.
	S.No
	Datatype
	Time step
	Source 

	I
	Metrological data

	1
	Rainfall
	


1997-2006
	


NMAE/(https://globalweather.tamu.edu)


	2
	Temperature
	
	

	3
	Sunshine duration
	
	

	4
	Relative Humidity 
	
	

	5
	Wind speed
	
	

	II
	Hydrological data

	1
	Streamflow 
	1997-2006
	MoWIE

	III
	Spatial data

	1
	Soil 
	2006
	FAO

	2
	Land use/ land cover 
	2006
	MoWIE

	3
	DEM
	
	https://search.asf.alaska.edu 

	IV
	Climate data

	1
	Precipitation
	1961-2100
	CORDEX-AFRICA

	2
	Temperature 
	1961-2100
	CORDEX-AFRICA


[bookmark: _Toc100919796]Table 3‑4 Data types and their source
[bookmark: _Toc101724379]Data Analysis 
Data Preparation 
K. Subramanya (2008) strongly advises that it is necessary to check any data for continuity and consistency before using the records of a station. Inconsistencies and non-homogeneities in the hydrological and meteorological time series could be identified by incorporating statistical tests that detect trends and change points. Inconsistency which reflects systematic errors during recording and the non-homogeneity that arises from either natural or manmade changes to the gauging environment are both important for adequate time series analysis(Wijesekera & Perera, 2012). 
Estimation of missing hydrological data 
Sattari, Rezazadeh-Joudi, and Kusiak (2017) list some methods to estimate missing rainfall data including Arithmetic mean, Multiple linear regression, and NIPALS. From these methods, Multiple linear regression was suggested to be used for subbasins with higher elevation differences. this method is also supported by other publications (Hasanpour Kashani & Dinpashoh, 2012). 
Sattari, Rezazadeh-Joudi, and Kusiak (2017) defined Multiple linear regression as a statistical method for estimating the relationship between a dependent variable and two or more independent or predictor variables.  Which can be given by the following Equation. 

Where ai, a1…an are the regression coefficients.  
Testing for Consistency and Homogeneity 
The consistency of time series data is analyzed based on the theory that a plot of two cumulative
quantities that are measured for the same period should be a straight line and their
proportionality remains unchanged which is represented by the slope. To check the consistency
of data, a double mass curve was used to correct rain gauge data for the station. As it is shown below the station data are relatively consistent with the population having no significant deviation from the course line. 
[image: Line Plot of aleta, aposto, Berra, Dilla, kebado, yergalem]
[bookmark: _Toc101724230]Figure 3‑9 Double mass curve of six stations (1997-2006)
[bookmark: _Toc77064403]Estimation of mean areal data 
Mean precipitation using the Isoheytal method can be determined by the following Equation. 

    
Where Pm is the average precipitation in the watershed, Pim is the average precipitation in the area between two adjacent isohyets, n is the number of area sections divided by the isohyets, and A1 ⋯An are the areas divided by the isohyets. 
For the study area at hand as specified in the image below though the Isoheytal method is preferred for its accommodation for altitude yet the station distribution fails the method by not covering all the inter Isoheytal areas. Although the station density is not as ideal as it gates (i.e. 100-250 sq.Km per station), it is as acceptable as per the standard of WMO as stated in K. Subramanya, (2008)(i.e. 25-1000 sq. Km per station) for all stations except the Dilla meteorological station which pass slightly the bar, hence Thiessen polygon method is selected, which is determined by the following formula.


        Where is the weighted area. 
This method is used to condense the precipitation data from NMAE to the nearest station of the global weather data that is generated to be used in SWAT. 
[image: ]
[bookmark: _Toc101724231]Figure 3‑10 Area partition by Thiessen Polygon
Comparison of Global weather data for swat(GWDS) and observed weather data
The data obtained from NMAE is found to be not so good data for this work. This is due to the exhibition of duplication of similar values for several days. Overall the data obtained from the global weather data for swat from https://globalweather.tamu.edu/ has a similar pattern and have a good Jaccard similarity index and RMSE of 0.894, 3.75, and 0.84, 2.75 for minimum temperature and maximum temperature with 1 being exact similarity and 0 no similarity at all with those of the highly judged good portions of the weather data obtained from NMAE. But in the case of precipitation, the index and RMSE values are 0.23, 7.5 which shows low similarity, and since precipitation has a low missing value percentage for this reason the observed data from NMAE is taken. A few instances which supplement the statement written above are given pictorially below. 
[image: Time Series Plot of GSWAT, NAME]
[bookmark: _Toc101724232]Figure 3‑11 comparison of Maximum Temperature data for Yirgalem and W67384 station 
As it is shown in the graph above in the case of Maximum temperature and Minimum temperature (below) GWDS and NMAE values can be used interchangeably. And hence all data for temperature are taken for modeling from GWDS except for Precipitation. In addition to that, the climate data is also corrected by the data obtained from GWDS for Maximum and Minimum Temperature. 
[image: Time Series Plot of GWDS, NAME]
[bookmark: _Toc101724233]Figure 3‑12 comparison GWDS and NAME of Minimum Temperature data for Gidabo subbasin 
[image: Time Series Plot of Yirga, swat]
[bookmark: _Toc101724234]Figure 3‑13 comparison of Precipitation data for Yirgalem and W67384 stations
Bias correction for climate data
Though Shrestha et al., (2017) state that there is no significant difference in the output of linear scaling and Quantile mapping, Luo et al., (2018) made a comparison on the methods of Bias correction such as Linear scaling, Daily translation, local intensity scaling, Daily Bias correction, Power transformation, Distribution mapping and Empirical Quantile mapping for Precipitation and Linear scaling, Daily translation, variance scaling, Distribution mapping and Empirical Quantile mapping for temperature and finding out that while linear scaling did show a poor result, Distribution mapping and Empirical Quantile mapping showed good result for precipitation. For the case of temperature, all methods showed a good result except for linear scaling. This is also supported by others (Willkofer et al., 2018). According to Soriano, Mediero, and Garijo (2019) for bias correction of the climate data, two methods are efficient. To correct the bias in temperature simple seasonal bias correction method is efficient, whereas to correct the bias in the Precipitation Quantile mapping correction method is efficient. Gupta et al., (2019) Used a developed climate data bias corrector tool that functions based on the Quantile mapping method in India. Furthermore, Ayugi et al., (2020)  suggested that using Quantile mapping on outputs from RCA4 is an important intermediate step to improve climate data before performing any regional impact analysis. The two-methods function is based on the following equation respectively. 
 
where Ti,j is the mean temperature in month j for the climate model i', ΔT is the difference between the mean temperature of the climate model i and the observations in month j, and Ti,j,corr is the corrected temperature in month j for the climate model i.



Where x is precipitation,  is bias-corrected model-simulated data; to categories between the wet and the dry threshold Value xth  is used (a day with Precipitation greater than 1mm is assumed to be a wet day); F is CDF, whereas F-1 is its inverse. (o= observed, m=model, h= historical period, s= simulation period. Here the simulated Period can either be a historical or future period (Gupta et al., 2019). 
Due to the limitation of long year consistent data a base or reference period of 10 years (1997-2006) was selected to be historical and for simulation of future impacted flow in SWAT model, as Mohamed (2017) did and the future climate data was divided into 10 years of:
· 2041-2050 (Recent)
· 2061-2070 (Middle)
· 2091-2100 (Last)
The climate data available as historical data for correction is only 9 years. To fill the missing data and use it as historical data, mean of the earlier data of the RCP Simulation values are used because as it is shown in Figure 2 the emission path for the all RCPs from 2000-2010 is similar and in Gidabo case the RMSE between all RCP data is 2.2, 1.9, 2.17 and 2.3, 2.4, 2.26 for RCP 8.5 Vs RCP 2.6, RCP 4.5 Vs RCP 2.6, RCP 8.5 Vs RCP 4.5 respectively for temperature maximum and minimum. Since the RMSE value for precipitation is 12.78, 10.8, and 13.0, which is a large RMSE  value so it is neglected and the Quantile mapping was done by filling the missing data for the historical precipitation data to compensate for the one year missing. 
[image: Time Series Plot of observed, HIstorical, corrected]
[bookmark: _Toc101724235]Figure 3‑14 Base Period Comparison of Maximum Temperature for bias correction of the Subbasin at station W67384 (1997-2006)
[image: Time Series Plot of observed, HIstorical, corrected]
[bookmark: _Toc101724236]Figure 3‑15 Base Period Comparison of Minimum Temperature for bias correction of the subbasin at station W67384 (1997-2006)


[image: Time Series Plot of corrected, observed, Historical]
[bookmark: _Toc101724237]Figure 3‑16 Time series plot of corrected, observed and Historical Precipitation data for station W67384 (1997-2006)
[bookmark: _Toc101724380]Methods Used 
In order to meet the first objective comparison of future and base period values of the variables was done using t-test to determine the significant value, for an alpha value of 5%. For this alpha value if the P-value is greater then the test showed that there is no significant change between the two compared samples whereas if it is less than the alpha value then the test showed that there is a significant change in the two samples with 95% certainty and hence reject the null hypothesis (Ho) which states that there is no significant change between the two samples. To meet the second objective SWAT model was selected and used by fitting it with real world using SWAT-CUP SUFI-2 algorithm where as to meet the third objective P-Factor and R-Factor test was used.  Below is the description of SWAT model.   
[bookmark: _Toc101724381]SWAT model setup for the study area 
SWAT is a watershed scale, physically based, a semi-distributed hydrological model developed to predict the impact of land management practices on hydrologic and water Quality Response of complex watersheds with heterogeneous soils and land use conditions(P. W. Gassman et al., 2007).  With all its drawbacks Arc SWAT has proven to be one of the best hydrological models in studying Impact assessment(Abu-Zreig & Hani, 2021; Bizuneh et al., 2021; Tan et al., 2019). The procedure to assess the impact of climate change will be discussed as follows.
· The first step will be to load the Digital Elevation Model in the ARCSWAT version-2012
interface.
· The stream network will be generated by the use of a threshold area that defines the origin of a stream. The smaller the number, the more detailed the stream network generated by the interface.
· The locations of the river gauging location for watershed delineation will be added manually as sub-basin outlets. This is to ensure that the model calibration will be done at the exact location. Once the entire watershed outlet is selected, the sub-basins will be delineated and their parameters will be calculated.
· Next, the land-use and soil maps will be loaded. The lookup table for each map will also be loaded for the interface to know which codes or names to assign to the different categories.
· Then slope classification will be done by assigning a multiple slope option. Once the land use, soil map, and slope will be loaded and reclassified, an overlay will be done, resulting in land use, soil, and slope distribution within the sub-basins.
· The HRUs will then be created by applying combination of land use, soil, and slope. 
· Then, the climate data defined in the user weather generator for metrological stations will be loaded.
· At the final step, the SWAT input files are built and the model is set to run.
[image: ]
[bookmark: _Toc101724238]Figure 3‑17 SWAT Simulation Process

[bookmark: _Toc101724382]Model Simulation, calibration, and validation 
3.4.2.1 Sensitivity analysis 
The ability of a hydrological model to produce satisfactory predictions are necessarily
correlated to adequate sensitivity analysis and model calibration (Moreira et al., 2018; Song et al., 2015). Sensitivity Analysis is a measure of the effect of change of one parameter on another(Mohammed, 2018). Sensitivity analysis will be undertaken by using a built-in tool in SWAT-CUP. 13 Sensitive parameters were selected for the task by comparing carefully parameters from different works of literature (for instance (Mechal et al., 2015, 2017; Zeiger & Hubbart, 2017)  with the default SWAT-CUP given parameters. 
Calibration 
Calibration is tuning of model parameters based on checking results against observations to
ensure the same response over time. The term calibration refers to a procedure where the difference between model simulation and observation is minimized(K. Abbaspour et al., 2017). The ArcSWAT for ArcGIS 10 interface for SWAT 2012 is used in this study to set up the model to simulate the discharge at the outlet. Calibration is achieved by SWAT calibration and uncertainty programs SWAT-CUP using Sequential Uncertainty Fitting version-2 (SUFI-2) algorithm with 4000 iterations and manual calibration. In SUFI-2, parameter uncertainty accounts for all sources of uncertainties such as uncertainty in driving variables (e.g., rainfall), conceptual model, parameters, and measured data. 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 R- factor, which is the average thickness of the 95PPU band divided by the standard deviation of the measured data. Theoretically, the value for P-factor ranges between 0 and 100%, while that of R-factor ranges between 0 to infinity a P-factor-1 and R-factor 0 is a simulation that exactly corresponds to the measured data.
The SUFI-2 is selected due to its capability in analyzing many parameters in the model runs in
iteration, the SUFI-2 measures the goodness of fit and the 95% prediction uncertainty (95PPU)
between simulated and observed streamflow(K. C. Abbaspour, 2015). 
Measured discharge data of the Gidabo River is collected from 1997 to 2006. Data from 1999 to 2003 is used for calibration from the Meaesso station. This station is selected due to its coverage of large area from the Gidabo Subbasin.  
Validation
Model validation is the process of demonstrating that a given site-specific model is capable of making sufficiently accurate simulations, although “sufficiently accurate” can vary based on project goals(J. G. Arnold et al., 2012). After finding the best parameter during the calibration period these best parameters ranges were then applied to validate the streamflow from 2004 to 2006. The statistical criteria (R2 and NSE) that will be used during the calibration procedure were also checked here to make sure that the simulated volume is still within the accuracy limits.
Model performance evaluation
The Performance evaluation parameters that will be used to check the performance of the SWAT model are the coefficient of determination (R2), Nash-Sutcliffe efficiency (NSE) and Percent Bias (PBIAS). Below are given the formula to find the performance indicators of R2, NSE and PBIAS.
                    
Where  and   are the observed and simulated flow data,   and  are mean of the observed simulated flow data respectively.  
According to D. N. Moriasi et al. (2015), the performance evaluation for watershed in monthly bases are expressed below as shown in  Table 3-5. 
	Measure
	Very good
	Good
	Satisfactory
	Not Satisfactory

	R2
	R2 ≥ 0.85
	0.85 < R2 ≤ 0.75
	0.75 < R2 ≤ 0.6
	R2 ≤ 0.6

	NSE
	NSE ≥ 0.8
	0.8 < NSE ≤ 0.70
	0.7 < NSE ≤ 0.5 
	NSE ≤ 0.5

	PBIAS
	PBIAS ≤  ± 5
	± 5 ≤ PBIAS < ± 10 
	± 10 ≤ PBIAS < ± 15 
	PBIAS ≥ ± 15 


[bookmark: _Toc100919797][bookmark: _Toc101724383]Table 3‑5 Performance evaluation criteria for recommended statistical performance measures for watershed for monthly scale
Impact of Climate Change on Streamflow
After finalizing the calibration and validation process for the observed climate data the model
will run for the historical period (1997-2006) and the data derived from an ensemble of downscaled climate data based on the Coordinated Regional climate Downscaling Experiment over African domain (CORDEX-Africa) under Representative Concentration Pathways of  RCP2.6, RCP4.5 and RCP8.5 climate scenarios. The input climate data (daily rainfall, minimum and maximum temperature) under each RCP scenario were used for future simulation. The impact of climate change was analyzed taking the historical simulated flow from (1997-2006) as the baseline against which the future flow will compare for three future periods of 10 years: early 21st (2041-2050), mid-21st (2061-2070), and late 21st 2091-2100.  



[bookmark: _Toc101724384]Result and Discussion
[bookmark: _Toc77064415][bookmark: _Toc101724385]Statistical Climate change detection and RCP Climate Projections Result
[bookmark: _Toc101724386]The existence of climate change in Gidabo Subbasin
After the comparison of the reference period taken from CORDEX- Africa (1961-1990) and the 30-year data from NMAE (1991-2019) for the variables maximum and minimum Temperature and Precipitation the following results were computed from a t-test as shown in table below. Since the P-values are less than the alpha value it implies that the null hypothesis should be rejected, which specifies that there is no significant change in climate variables in the time periods compared. 
	[bookmark: _Toc100919798]
	T-test for alpha = 5%
	

	
	
	mean
	t-value
	P-value
	

	Preciptation
	reference - Observed
	-1.25528
	-5.045
	0
	Reject Ho

	Tmax
	reference - Observed
	-5.09412
	-20.025
	0
	Reject Ho

	Tmin
	reference - Observed
	1.54217
	3.661
	0.004
	Reject Ho






Table 4‑1  comparison of climate variables between a reference and observed time period
[bookmark: _Toc101724387]Base period analysis for Temperature and Rainfall
The daily bias-corrected Rainfall and Maximum and Minimum Temperature data for the study area and the observed Rainfall and Maximum and Minimum Temperature data from stations have similar behavior in showing the frequency of the event for the base period having an R2 correlation value of 0.88, 0.97, and 0.86 respectively. And the statistical T-test showed that the null hypothesis should be accepted since the P-Value is greater than the alpha value for 95 % certainty which states that there is no significant change between the observed and bias corrected variables.  

	
	T-test for alpha = 5%
	

	
	
	Mean Difference
	t-value
	P-value
	

	Pricipitation
	Observed - Bias corrected
	0.744
	0.676
	0.51
	Accept Ho

	Tmax
	Observed - Bias corrected
	-2.673
	-1.387
	0.179
	Accept Ho

	Tmin
	Observed - Bias corrected
	1.144
	1.361
	0.187
	Accept Ho


[bookmark: _Toc100919799]Table 4‑2 comparison between the observed and Bias corrected climate variables
[bookmark: _Toc101724388]Analysis for Maximum and Minimum Temperature and Rainfall for RCP 2.6, RCP 4.5, RCP, 8.5
The future scenarios were developed by dividing the future time series into three equal periods of
10 years: 2040s (2041-2050), 2060s (2061-2070) and 2090s (2091-2100). The period from 1997-
2006 was taken as a base period. The Parameter obtained from CORDEX grid data for each meteorological station used in the study area were bias-corrected before using it in SWAT hydrological model in such a way the respective Parameters for the study area is calculated for each RCP climate date under each future time series and finally, a comparison is made with respect to the base period.
RCP 2.6 (Low emission scenario)
A. Rainfall 
For the RCP 2.6 scenario, the seasonal change of Rainfall when compared to the base period shows a decrease in all seasons except in Tsedey for the 2090s. In the table below, it is observed that there is a range of change with a minimum decrease value of -1.77% and a maximum decrease of -74.41% in Bega and Belg in the 2090s respectively. As indicated in the table below, the annual rainfall from RCP2.6 shows a decrement in change when compared with the base period rainfall with a maximum and minimum decrement value of -64.09% in 2091 and -4.12% in 2042 except in 2067 and 2097 with values +13.91% and +7.17%. The monthly rainfall also shows only decrement with a maximum and minimum decrement of -97.31% in November 2060s and -2.18% in May 2040s.  The statistical t-value shows that there exists a significant change as shown in Table 4-3. 
B. Maximum Temperature
For the RCP 2.6 scenario, the seasonal change of Temperature when compared to the base period shows an increase in all seasons for the three time periods taken into consideration. In the table below, it is observed that there is a range of change with a maximum increase of +9.47% and a minimum increase of +2.41% in Kiremt and Belg seasons in the 2060s and 2040s respectively. As indicated in the table below, the annual maximum Temperature from RCP2.6 shows an increment and decrement in change when compared with the base period maximum temperature. Minimum and maximum decrement is shown in 2096 and 2067 with -0.5% and -0.95% respectively. maximum and minimum increment shows a change of +16.84% and +0.01% in 2064 and 2097. The monthly Maximum Temperature also shows both increments with a maximum and minimum increment of +11.71% and +0.17% in March 2090s and may 2040s and decrement with a maximum and minimum decrement of -2.03% and -0.43% in June 2060s and august 2090s respectively. The statistical t-value shows that there exists a significant change as shown in Table 4-3. 
C. Minimum Temperature 
For RCP 2.6 scenario the seasonal change of Temperature when compared to the base period shows an increase in all seasons for the three time periods taken into consideration. In the table below, it is observed that there is a range of change with a maximum increase of +24.34% and a minimum increase of +10.53% in Bega and Kiremt seasons in the 2070s and 2090s respectively. As indicated in the table below, the annual minimum Temperature from RCP2.6 shows an increment except in 2067 with a value of -3.03% and showing a minimum and maximum increment value of +0.44% and +41.11% in 2049 in 2093 respectively when compared with the base period minimum temperature. The monthly Minimum Temperature also shows only increment with a maximum and minimum increment of +27.48 % and +7.65% in December 2060s and June 2060s respectively. The statistical t-value shows that there exists a significant change as shown in Table 4-3.           
	
	T-Value for alpha =0.05 for RCP 2.6
	
	

	
	
	Mean
	T
	P-Value
	

	Precipitation
	Observed Vs 2040s
	0.8025
	3.843
	0.003
	Reject Ho

	
	Observed Vs 2060s
	0.84
	3.125
	0.01
	Reject Ho

	
	Observed Vs 2090s
	0.7175
	2.159
	0.054
	Accept Ho

	Max. Temperature 
	Observed Vs 2040s
	-1.738
	-5.53
	0
	Reject Ho

	
	Observed Vs 2060s
	-1.926
	-6.36
	0
	Reject Ho

	
	Observed Vs 2090s
	-1.521
	-4.52
	0.001
	Reject Ho

	Min. Temperature
	Observed Vs 2040s
	-1.98
	-15.2
	0
	Reject Ho

	
	Observed Vs 2060s
	-2
	-14
	0
	Reject Ho

	
	Observed Vs 2090s
	-1.775
	-10.4
	0
	Reject Ho


[bookmark: _Toc100919800]Table 4‑3 T- values for climate variables of comparison of future time period with base period for RCP 2.6 
RCP 4.5 (medium to high emission scenarios)
A. Rainfall 
For the RCP4.5 scenario, the seasonal change of Rainfall when compared to the base period shows a decrease in all seasons. In the table below, it is also observed that there is a minimum decrease with a value of -2.3%  in Tsedey of the 2060s and a maximum decrease of -77.1% in Belg in 2090s. As indicated in the table below, the annual rainfall from RCP4.5 shows a decrement in change when compared with the base period rainfall with a maximum and minimum decrement of -56.73% and   -0.54% in 2042 and 2049 respectively, except for the years 2048, 2067, and 2068 with values  +0.69%, +25.84%, and 28.06% respectively. the monthly rainfall also shows both increment and decrement with a maximum and minimum increment of +24.65% and +6.22% in February 2090s and January 2090s and with a maximum and minimum decrement of -98.98% and -5% in November 2060s and February 2060s respectively.    The statistical t-value shows that there exists a significant change as shown in Table 4-4.
B. Maximum Temperature
For RCP 4.5 scenario the seasonal change of Temperature when compared to the base period shows an increase in all seasons for the three time periods taken into consideration. In the table below, it is observed that there is a range of change with a maximum increase of +13.19% and a minimum increase of +3.01% Kiremt and Tsedey seasons in the 2040s and 2090s respectively. As indicated in the table below, the annual maximum Temperature from RCP4.5 shows an increment with maximum and minimum values of +22.19% and +1.02 in 2094 and 2047 except in 2046 and 2067 with a value of -0.38% and -1.63% when compared with the base period maximum temperature. The monthly Maximum Temperature also shows only increment with a maximum and minimum increment of +16.36% and +0.88% in March 2090s and may 2060s respectively. The statistical t-value shows that there exists a significant change as shown in Table 4-4.      
C. Minimum Temperature 
For RCP 4.5 scenario the seasonal change of Temperature when compared to the base period shows an increase in all seasons for the three time periods taken into consideration. In the table below, it is observed that there is a range of change with a maximum increase of +34.54% and a minimum increase of +16.68% in Bega and Kiremt seasons in the 2070s and 2040s respectively. As indicated in the table below, the annual minimum Temperature from RCP4.5 shows an increment with a maximum and minimum value of +59.51% and +8.3 in 2043 and 2047 except in 2067 with a value of -0.92% when compared with the base period minimum temperature respectively. The monthly Minimum Temperature also shows only increment with a maximum and minimum increment of +35.01% and +11.05% in January 2060s and June 2040s respectively.  The statistical t-value shows that there exists a significant change as shown in Table 4-4.
	
	T- Value for alpha =0.05 for RCP 4.5
	
	

	
	
	Mean
	T
	P-Value
	

	Precipitation
	Observed Vs 2040s
	0.5933
	2.39
	0.036
	Reject Ho

	
	Observed Vs 2060s
	0.7883
	3.145
	0.009
	Reject Ho

	
	Observed Vs 2090s
	0.9642
	3.18
	0.009
	Reject Ho

	Max. Temperature 
	Observed Vs 2040s
	-2.147
	-6.36
	0
	Reject Ho

	
	Observed Vs 2060s
	-2.308
	-6.5
	0
	Reject Ho

	
	Observed Vs 2090s
	-2.773
	-7.65
	0
	Reject Ho

	Min. Temperature
	Observed Vs 2040s
	-2.436
	-14.3
	0
	Reject Ho

	
	Observed Vs 2060s
	-2.571
	-12.9
	0
	Reject Ho

	
	Observed Vs 2090s
	-2.954
	-17.8
	0
	Reject Ho


[bookmark: _Toc100919801]Table 4‑4 T- values for climate variables of comparison of future time period with base period for RCP 4.5
RCP 8.5 (High emission scenario)
A. Rainfall 
For the RCP8.5 scenario, the seasonal change of Rainfall when compared to the base period shows both increment and decrement. In the table below, it is observed that there is a minimum decrease with a value of -3.52% in Bega of 2040s and a maximum decrease of -68.82% in Belg in 2060s and a maximum and minimum increment of +33.65% and +12.39% in Kiremt and Tsedey 2090s. As indicated in the table below, the annual rainfall from RCP8.5 shows both increment and decrement in change when compared with the base period rainfall with minimum and maximum increment of +2.87% and +54.93% in 2048 and 2099 and maximum and minimum decrement of -57.22% and   -5.95% in 2070 and 2093 respectively. The monthly rainfall also shows both increment and decrement with a maximum and minimum increment of +109.72% and +0.04% in February 2090s and July 2040s and with a maximum and minimum decrement of -98.65% and -6.77% in November and March 2060s respectively.    
B. Maximum Temperature
For RCP 4.5 scenario the seasonal change of Temperature when compared to the base period shows an increase in all seasons for the three time periods taken into consideration. In the table below, it is observed that there is a range of change with a maximum increase of +18.75% and a minimum increase of +2.08% in Tsedey and Kiremt seasons in the 2090s and 2040s respectively. As indicated in the table below, the annual maximum Temperature from RCP8.5 shows an increment with a maximum and minimum value of +25.15% and +3.14% in 2064 and 2047 except in 2046 with a value of -0.99% when compared with the base period maximum temperature. The monthly Maximum Temperature also shows only increment with a maximum and minimum increment of +21.25% and +0.11% in March 2090s and June 2040s respectively.      
C. Minimum Temperature 
For RCP 8.5 scenario the seasonal change of Temperature when compared to the base period shows an increase in all seasons for the three time periods taken into consideration. In the table below, it is observed that there is a range of change with a maximum increase of +51.11% and a minimum increase of +15.03% in Bega and Kiremt seasons in the 2090s and 2040s respectively. As indicated in the table below, the annual minimum Temperature from RCP8.5 shows only increment with a maximum and minimum value of +63.35% and +8.51 in 2093 and 2049 when compared with the base period minimum temperature respectively. The monthly Minimum Temperature also shows only increment with a maximum and minimum increment of +53.53% and +11.72% in February 2090s and June 2040s respectively.   
	
	T- Value for alpha =0.05 for RCP 8.5
	
	

	
	
	Mean
	T
	P-Value
	

	Precipitation
	Observed Vs 2040s
	0.6642
	3.262
	0.008
	Reject Ho

	
	Observed Vs 2060s
	0.9933
	4.008
	0.002
	Reject Ho

	
	Observed Vs 2090s
	0.1275
	0.343
	0.738
	Accept Ho

	Max. Temperature 
	Observed Vs 2040s
	-2.151
	-5.58
	0
	Reject Ho

	
	Observed Vs 2060s
	-3.407
	-11.2
	0
	Reject Ho

	
	Observed Vs 2090s
	-4.719
	-14.4
	0
	Reject Ho

	Min. Temperature
	Observed Vs 2040s
	-2.613
	-10.7
	0
	Reject Ho

	
	Observed Vs 2060s
	-3.612
	-23.7
	0
	Reject Ho

	
	Observed Vs 2090s
	-5.291
	-55.4
	0
	Reject Ho


[bookmark: _Toc100919802]Table 4‑5 T- values for climate variables of comparison of future time period with base period for RCP 8.5
[bookmark: _Toc101724389]Summery of Projected Climate Variables
In general, the Projected both Maximum and Minimum Temperature showed an increment when compared to the base period in all the three time periods in all scenarios. Whereas in the case of Rainfall it showed both increment and decrement in change throughout the time periods for all scenarios.  This is shown in Figure 0-1 to 0-17 and Tables 0-1 to 0-16 in the Appendix section. 
[bookmark: _Toc101724390]Impact of climate change on stream flow availability 
The streamflow of a subbasin is dependent on many factors of which climate parameters are the major ones. From the climate Parameters, Precipitation and temperature can be listed among the influential (Fan & He, 2015). Hence some changes are observed in the Streamflow simulated at Measso gagging station. These changes are analyzed on a monthly, seasonal, and annual basis and discussed below as follows starting from the SWAT Hydrological model results. 
[bookmark: _Toc77064414][bookmark: _Toc101724391]SWAT Hydrological Model Results 
Watershed delineation
Using ArcSWAT, the Gidabo subbasin is delineated using DEM data. From the topographic report, a total area of 3263.35 km2 with 5 subbasins was generated by taking an outlet at Gidabo end to be the last station, which is located at Gidabo river. 
Determination of Hydrologic Response Unit
The subbasin delineation was followed by the determination of HRUs. From the five subbasin 118 hydrologic response units were further generated depending on distinct soil, land use land cover, and slope types regardless of their spatial Positioning. Figures 4-1 and 4-2 below show the delineated of the subbasin and defined HRU and Table 4-4 shows the topographic report of the subbasin. The topographic report, also found out that the elevation of the subbasin, ranges between 1187m-3201m, and the mean elevation was found to be 1976.76 m.
[image: ]
[bookmark: _Toc101724239]Figure 4‑1 Delineated Subbasin for the study area by ArcSWAT
[image: ][image: ][image: ]
[bookmark: _Toc101724240]Figure 4‑2 HRU defined for the study area using; Slope (Top right), Land Use Land Cover      (Top left), and  Soil type (Bottom middle)
	S.No
	Name
	Elevation (m)
	Area (km2)
	Number of HRU
	Number of subbasin

	
	
	Max.
	Min.
	Mean
	
	
	

	1.
	Gidabo subbasin 
	3201
	1187
	1976.76
	3263.35  
	118
	5


[bookmark: _Toc100919803]Table 4‑6 Topographic report of the subbasin
Performance evaluation of SWAT Hydrologic Model
Sensitivity analysis
For sensitivity analysis, 27 parameters were considered out of which 13 were found to be
relatively more sensitive. The t-stat offers a measure of sensitivity, the largest absolute value
represents higher sensitivity and p-value determined the significance of sensitivity a value close
to zero has more significance. Table 4-5 shows the sensitivity parameters in their Adjusted value. GW_DELAY.gw is the least important parameter because of the very high p-value and very low t-value. CN2.mgt is the most important influencing parameter on Streamflow with a very low p-value and very high t-value.
[bookmark: _Toc101724241]Figure 4‑3 Sensitivity Analysis for selected Parameters
[image: ]
Flow Calibration and Validation
After the completion of sensitivity analysis flow calibration was performed using observed flow
gauged at the first outlet of the watershed (Measso station) for a period of five years from January 1999 to December 2003 and a warm-up period of two years January 1997 to 
December 1998 and validated from January 2004 to December 2006 all-in monthly basis. 
	
	Parameter_Name
	Fitted_Value
	Min_value
	Max_value

	1
	R__CN2.mgt
	0.036757
	-0.052762
	0.272762

	2
	V__ALPHA_BF.gw
	-0.191221
	-0.255848
	0.605848

	3
	V__GW_DELAY.gw
	276.311218
	164.744827
	462.255188

	4
	V__GWQMN.gw
	1.080753
	-0.50971
	1.20971

	5
	V__GW_REVAP.gw
	0.281323
	0.093444
	0.296556

	6
	V__ESCO.hru
	0.742677
	0.718569
	0.911431

	7
	V__CH_N2.rte
	0.007016
	-0.008952
	0.203952

	8
	V__CH_K2.rte
	21.258202
	1.321731
	89.928268

	9
	V__ALPHA_BNK.rte
	0.056487
	-0.331755
	0.581755

	10
	R__SOL_AWC(..).sol
	0.281630
	-0.037174
	0.327174

	11
	R__SOL_K(..).sol
	-0.200526
	-1.326317
	0.126317

	12
	R__SOL_BD(..).sol
	0.387066
	-0.040392
	0.965392

	13
	V__SFTMP.bsn
	-2.400343
	-4.536696
	2.036696


[bookmark: _Toc100919804]Table 4‑7 Initial and final adjusted Parameter Values
Monthly Calibration and Validation Result
Table 4-6 shows model performance parameters (R2, NSE, and PBIAS) calculated using the observed and simulated discharge for calibration (1999-2003) and validation (2004–2006) period at Measso gauging station for Monthly bases. Accordingly, the results fulfilled the requirements suggested by Santhi et al. (2001) and (D. N. Moriasi et al., 2015) for R2 >0.6.

[bookmark: _Toc101724242]Figure 4‑4 Monthly Calibration and validation at Measso gauging station


	Performance indicators
	Calibration (1999-2003)
	Validation (2004-2006)

	NSE
	0.79
	0.79

	R2
	0.81
	0.8

	PBIAS
	-6.4
	9.18


[bookmark: _Toc100919805]Table 4‑8 Statistical analysis for calibration and validation at Measso station
[bookmark: _Toc101724243]Figure 4‑5 Regression line for Simulated vs Observed flow

D. N. Moriasi et al., (2015) suggested that when using R2 as performance indicator the regression line should also be shown with the intercept to be near zero and the gradient to be near one. And as such is shown in the Figure 4-5 above. In both cases, the NSE gives a value > 0.7, and R2 >0.75, which meets previously listed criteria’s  (D. N. Moriasi et al., 2015) and give a good result for both Calibration and Validation time periods. The Percent Bias also shows a good result which is in range. 
[bookmark: _Toc101724392]Impact of Climate Change on Monthly, Seasonal and Annual Flow
The impact of climate change was analyzed taking the 1996-2010 simulated river flow as the
the baseline against which the future flows for the 2040s, 2060s, and 2090s were compared. 
The result of the analysis for all the RCP Scenarios is presented as follows.
Flow analysis result for RCP 2.6 (Low Emission Scenario)
Concerning the mean monthly flow simulation for RCP 2.6 projection, it showed a change of decrement when compared to the base period in all months except for January, February, June, and August with a maximum and minimum values of +103.72% and +2.98% in January and August 2060s and a decrement value of -88.2% and -13.6% in November 2060s and March 2090s respectively. Whereas the Seasonal change also shows decrement with a maximum and minimum value of -72.94 % and -3.07% in Belg and Bega in 2090sexcept in bega 2090s with a value of +6.99%. The annual change has shown both a decreasing and increasing trend with maximum and minimum decreasing values of -84.27% and -0.46% in 2091 and 2096 and with maximum and minimum increasing values of +170.94% and +13.39% in 2067 and 2099 respectively.
Flow analysis result for RCP 4.5 (Medium to high Emission Scenario)
Concerning the mean monthly flow simulation for RCP 4.5 projection, it showed a change of increment and decrement when compared to the base period in January and August with a maximum value of +14.92% in the 2090s and a minimum value of +1.29% in January 2090s and the maximum and minimum decreasing values are -89.08% and -11.16% in June of 2040s and 2060s respectively. Whereas the Seasonal change shows only decrement with a maximum and minimum value of -77.34% and -7.77% in Belg 2090s and Kiremt 2040s and 2060s respectively. The annual change has shown both a decreasing and increasing trend with maximum and minimum decreasing values of -76.32% and -2.76% in 2042 and 2043 and 2063 and with maximum and minimum increasing values of +162.48% and +2.52% in 2067 and 2049 respectively.
Flow analysis result for RCP 8.5 (high Emission Scenario)
Concerning the mean monthly flow simulation for RCP 2.6 projection, it showed a change of decrement when compared to the base period in all months except for January, February, June, and August with a maximum and minimum values of +351.23% and +6.67% in January and August 2060s and a decrement value of -88.29% and -3.68% in November 2060s and July 2090s respectively. Whereas the Seasonal change shows decrement with a maximum and minimum value of -67.04% and -15.86% in Belg 2060s and Kiremt in 2060s and increment with minimum and maximum values of +74.79% and +3.23% Bega and Kiremt 2040s and 2090s respectively. The annual change has shown both a decreasing and increasing trend with maximum and minimum decreasing values of -81.52% and -8.92% in 2065 and 2050 and with maximum and minimum increasing values of +239.95% and +2.45% in 2048 and 2097 respectively.
[bookmark: _Toc101724393]Summary of Results for Impact of Climate Change on Streamflow for all RCPs
Generally, from the analysis result, all the climate scenarios (RCP2.6, RCP4.5, and RCP8.5) under three future time periods: 2040s, 2060s, and 2090s showed both increment and decrement with a maximum value of +239.95% in 2048 and -84.27 in 2091in RCP8.5 and RCP2.6 respectively. The monthly Streamflow change also shows both decreasing and increasing change in mean annual flow with a maximum increment value of +351.23% in January 2040s for RCP8.5 and with a maximum decreasing value of -89.08% and in November 2090s in Rcp8.5 and RCP 4.5 respectively. Figures 0-18 to 0-28 shows the percentage of change of monthly and annual Streamflow for all scenarios of the selected time period. The statistical t-value shows that there exists a significant change as shown in Table below which shows a change.
	
	T-Value for alpha =0.05

	
	
	Mean
	t
	P-Value
	

	RCP 2.5
	Observed Vs 2040s
	1.08847
	4.472
	0.001
	Reject Ho

	
	Observed Vs 2060s
	1.05409
	2.867
	0.015
	Reject Ho

	
	Observed Vs 2090s
	0.99822
	2.518
	0.029
	Reject Ho

	RCP 4.5
	Observed Vs 2040s
	1.10174
	3.73
	0.003
	Reject Ho

	
	Observed Vs 2060s
	1.11635
	3.493
	0.005
	Reject Ho

	
	Observed Vs 2090s
	1.12419
	2.937
	0.014
	Reject Ho

	RCP 8.5
	Observed Vs 2040s
	0.39344
	0.774
	0.455
	Accept Ho

	
	Observed Vs 2060s
	1.16038
	3.883
	0.003
	Reject Ho

	
	Observed Vs 2090s
	0.81405
	1.929
	0.08
	Accept Ho


[bookmark: _Toc100919806]Table 4‑9 T- values for climate variables of comparison of future time period with base period for all RCPs
[bookmark: _Toc77064418][bookmark: _Toc101724394]Significance and Uncertainties of climate change on Future flow 
This study on the impact of climate change on water availability of the selected Gidabo subbasin
involved a series of models and model outputs, which are based on simplified assumptions. Hence, it is unquestionable that the uncertainties presented in each of the models and model outputs kept on cumulating while progressing towards the final output. The types of uncertainties that existed throughout the whole process can be associated with the data quality of observed data, RCM models used to generate CORDEX-RCP Data, the Bias Correction adopted, the hydrologic modeling applied and the parameter selected for sensitivity analysis can be one source of uncertainty in the process of simulation. The assumptions involved in the hydrologic model simulations are also a portion of the uncertainty. As described in the previous section, the determination of the impacted flow was only based on the precipitation and temperature changes in the future. The other climatic variables as wind speed, solar radiation, and relative humidity were assumed to be constant throughout the future simulation periods. Not only that but also due to the scarcity of data the data used in the place of observed meteorological data such as sunshine hour wind speed and relative humidity are taken from global data for SWAT by comparison. Even though it is definite that in the future land-use changes will also take place, this is also assumed to be constant. Hence, these assumptions can lead to a certain level of additional uncertainty. As a result, it is clear that all types of uncertainties mentioned above are propagated on the future predicted flow volume and influence the model predictive capability for the future period. Thus, considering the assumptions and methods used in this study, the result shows that the future flow volume of the Gidabo River is affected by the climate change impact. The P-factor and R-factor showed values of 0.8 and 3.2, 0.93 and 3.1, and 0.95 and 4.8. all P-factor values are near 1. 
[bookmark: _Toc101724395]RCP 2.6
Accordingly, for RCP2.6 as it is shown in Figure 4-6 below, the seasonal future flow for the Gidabo River showed significant uncertainty in the Kiremt and Belg seasons of the 2040s whereas the others showed to fall inside the bandwidth. The mean monthly future flow also showed significant uncertainty in August of the 2060s and 2090s as shown in Figure 4-7, the rest fall in the 99PPU bandwidth. The annual future flow similar to the above flows showed significant uncertainty in the prediction of the flow for 2042 and 2046 as shown in Figure 4-8.
[bookmark: _Toc101724244]

Figure 4‑6 Seasonal future flow and uncertainty Band for RCP 2.6 in the 2040s, 2060s, and 2090s
       

[bookmark: _Toc101724245]




Figure 4‑7 Mean monthly future flow and uncertainty Band for RCP 2.6 in the 2040s, 2060s, and 2090

[bookmark: _Toc101724246]Figure 4‑8 Annual future flow and uncertainty Band for RCP 2.6 in the 2040s, 2060s, and 2090s
    


[bookmark: _Toc101724396]RCP 4.5
For RCP4.5 as it is shown in Figure 4‑9 below, the seasonal future flow for Gidabo River showed significant uncertainty in Kiremt of the 2060s and 2090s and Bega seasons of 2060s whereas the others showed to fall inside the bandwidth. The mean monthly future flow also showed significant uncertainty in July, August, and November of the 2040s, August and September of 2060s and August 2090s as shown in Figure 4‑10, the rest fall in the 99PPU bandwidth. The annual future flow showed no significant uncertainty in the prediction of the flow for all time periods as shown in Figure 4‑11.
[bookmark: _Toc101724247]




Figure 4‑9 Seasonal future flow and uncertainty Band for RCP 4.5 in all time periods

[bookmark: _Toc101724248]Figure 4‑10 Mean monthly future flow and uncertainty Band for RCP 4.5 in all time periods


[bookmark: _Toc101724249]Figure 4‑11 Annual future flow and uncertainty Band for RCP 4.5 in all time periods
         

[bookmark: _Toc101724397]RCP 8.5
For RCP8.5 as it is shown in Figure 4‑13 below, the seasonal future flow for the Gidabo River showed significant uncertainty in the Kiremt and Belg seasons of the 2060s whereas the others showed to fall inside the bandwidth. The mean monthly future flow also showed significant uncertainty in January, July, August, and September of the 2040s, July and August of 2060s, and August of 2040s, Figure 4‑15, the rest fall in the 99PPU bandwidth. The annual future flow showed significant uncertainty only in the prediction of the flow for 2045 and 2065 as shown in Figure 4‑16.
[bookmark: _Toc101724250]



Figure 4‑13 Seasonal future flow and uncertainty Band for RCP 8.5 in all time periods

[bookmark: _Toc101724251]Figure 4‑14 Mean monthly future flow and uncertainty Band for RCP 8.5 in all time periods


[bookmark: _Toc101724252]Figure 4‑15 Annual future flow and uncertainty Band for RCP 8.5 in the 2040s, 2060s, and 2090
      


	RCP
	Year
	P-factor
	R-factor

	2.6
	2040s
	0.5
	2.82

	
	2060s
	1
	6.35

	
	2090s
	1
	3.52

	4.5
	2040s
	0.75
	3.1

	
	2060s
	0.75
	1.45

	
	2090s
	0.75
	2.53

	8.5
	2040s
	1
	3.27

	
	2060s
	0.5
	2.3

	
	2090s
	1
	3.6


[bookmark: _Toc100919807]Table 4‑10 P-factor and R-factor for Seasonal future flow

	RCP
	Year
	P-factor
	R-factor

	2.6
	2040s
	0.92
	2.45

	
	2060s
	0.83
	3.18

	
	2090s
	0.92
	3.84

	4.5
	2040s
	1
	2.91

	
	2060s
	1
	3.61

	
	2090s
	0.92
	3.2

	8.5
	2040s
	0.83
	2.86

	
	2060s
	1
	2.67

	
	2090s
	0.92
	2.98


[bookmark: _Toc100919808]Table 4‑11 P-factor and R-factor for mean monthly future flow
	RCP
	Year
	P-factor
	R-factor

	2.6
	2040s
	0.9
	3.36

	
	2060s
	1
	5.1

	
	2090s
	1
	6.65

	4.5
	2040s
	1
	6.23

	
	2060s
	0.9
	3.86

	
	2090s
	0.9
	4.3

	8.5
	2040s
	0.9
	4.13

	
	2060s
	1
	4.34

	
	2090s
	1
	5.6


[bookmark: _Toc100919809]Table 4‑12 P-factor and R-factor for Annual future flow


[bookmark: _Toc101724398]Summary and Conclusion
[bookmark: _Toc101724399]Summary
Climate change has potential impacts on future hydrological and meteorological variables due to
increased greenhouse emissions. In the present study, the future impact of climate change on hydrometeorological Parameters like precipitation and temperature of the Gidabo basin has been studied for the 2040s (2041-2050), 2060s (2061-2070), and 2090s (2091-2100) using data derived from an ensemble of downscaled climate data based on the coordinated regional climate downscaling experiment over African domain (CORDEX-Africa) with coupled Model Intercomparison project Phase5 (CMIP5) simulations under representative concentration pathways viz. RCP2.6, RCP4.5 and RCP8.5 climate scenarios. 
The SWAT2012 hydrological model was used to simulate Streamflow in the basin to study
impacts of climate change on future runoff. The model was calibrated and validated for the
periods of 1999–2003 and 2004–2006 respectively, at Measso gauging station located in
the Gidabo River. Three model performance indicators (Coefficient of determination; R2, Nash
and Sutcliff Efficiency; NSE and Percent Bias; PBIAS) and graphical representations of differences between observed and simulated data were used to check the performance of the model.  The performance evaluation of the model confirmed that the statistical measure parameters for monthly simulation were good with values of R2= 0.81, NSE = 0.79 for calibration period and the corresponding value for validation period shows R2= 0.8, NSE = 0.79.  
Bias-corrected CORDEX RCPs data for temperature and precipitation under RCP2.6, RCP4.5
and RCP8.5 were fed into the SWAT model to simulate the Streamflow for future time periods.
In this study, the simulated Streamflow data was divided into three future periods (the 2040s, 2060s, and 2090s) and was compared with the baseline period (1997–2006). Different indicators:
changes in annual, Seasonal, mean monthly were used to investigate the change in river flow under each RCP scenario for Precipitation, maximum and minimum temperature and stream flow. 
[bookmark: _Toc101724400]Annual Precipitation, Maximum and Minimum Temperature Change
In the future, annual Precipitation will show decrement while maximum and minimum temperature show increment over the basin for all RCP scenarios. for RCP2.6 average annual precipitation may decrease by -38.55%, -33.2% and -22.02%for 2040s, 2060s and 2090s respectively. the annual average Maximum and minimum temperature may increase by +6.41%, +7.14%, +5.71% and +17.57%, +17.75%, +15.99% in 2040s, 2060s and 2090s respectively. For the 2nd emission scenario, RCP4.5 average annual precipitation may decrease by -20.68%, -26.8% and -34.98% in 2040s, 2060s and 2090s respectively. the annual average Maximum and minimum temperature may increase by +7.97%, +8.53%, +10.10% and +21.90%, +22.67%, +25.90% in 2040s, 2060s and 2090s respectively. For the 3rd emission scenario, RCP 8.5 average annual precipitation may increase by +9.33%, +37.18% in 2040s and 2090s and may decrease by -7.48% in 2060s respectively. the annual average Maximum and minimum temperature may increase by +7.95%, +12.38%, +17.03% and +23.25%, +31.69%, +45.76% in 2040s, 2060s and 2090s respectively.
[bookmark: _Toc101724401]Monthly Precipitation, Maximum and Minimum Temperature
For RCP2.6 The monthly rainfall also shows only decrement with a maximum and minimum decrement of -97.31% in November 2060s and -2.18% in May 2040s. The monthly Maximum Temperature also shows both increments with a maximum and minimum increment of +11.71% and +0.17% in March 2090s and may 2040s and decrement with a maximum and minimum decrement of -2.03% and -0.43% in June 2060s and august 2090s respectively.  The monthly Minimum Temperature also shows only increment with a maximum and minimum increment of +27.48 % and +7.65% in December 2060s and June 2060s respectively. Under RCP4.5 the monthly rainfall also shows both increment and decrement with a maximum and minimum increment of +24.65% and +6.22% in February 2090s and January 2090s and with a maximum and minimum decrement of -98.98% and -5% in November 2060s and February 2060s respectively. The monthly Maximum Temperature also shows only increment with a maximum and minimum increment of +16.36% and +0.88% in March 2090s and may 2060s respectively. The monthly Minimum Temperature also shows only increment with a maximum and minimum increment of +35.01% and +11.05% in January 2060s and June 2040s respectively. For RCP8.5 The monthly rainfall also shows both increment and decrement with a maximum and minimum increment of +109.72% and +0.04% in February 2090s and July 2040s and with a maximum and minimum decrement of -98.65% and -6.77% in November and March 2060s respectively. The monthly Maximum Temperature also shows only increment with a maximum and minimum increment of +21.25% and +0.11% in March 2090s and June 2040s respectively. The monthly Minimum Temperature also shows only increment with a maximum and minimum increment of +53.53% and +11.72% in February 2090s and June 2040s respectively.   
[bookmark: _Toc101724402] Seasonal Precipitation, Maximum and Minimum Temperature 
For the RCP 2.6 scenario, the seasonal change of Rainfall when compared to the base period shows a decrease in all seasons except in Tsedey for the 2090s. In the table below, it is observed that there is a range of change with a minimum decrease value of -1.77% and a maximum decrease of -74.41% in Bega and Belg in the 2090s respectively. The seasonal change of Maximum temperature shows an increase with a maximum increase of +9.47% and a minimum increase of +2.41% in Kiremt and Belg seasons in the 2060s and 2040s respectively. The seasonal change of minimum temperature change with a maximum increase of +24.34% and a minimum increase of +10.53% in Bega and Kiremt seasons in the 2070s and 2090s respectively. For RCP 4.5 the seasonal change of Rainfall shows a decrease with a value of -2.3% in Tsedey of the 2060s and a maximum decrease of -77.1% in Belg in 2090s. The seasonal change of Maximum temperature shows an increase with a maximum increase of +13.19% and a minimum increase of +3.01% in Kiremt and Tsedey seasons in the 2040s and 2090s respectively. The seasonal change of minimum temperature change with a maximum increase of +34.54% and a minimum increase of +16.68% in Bega and Kiremt seasons in the 2070s and 2040s respectively. For RCP 8.5 the seasonal change of Rainfall shows both decrement and increment with a value of -3.52% in Bega of 2040s and maximum decrease of -68.82% in Belg in 2060s and a maximum and minimum increment of +33.65% and +12.39% in Kiremt and Tsedey 2090s. The seasonal change of Maximum temperature shows an increase with a maximum increase of +18.75% and a minimum increase of +2.08% in Tsedey and Kiremt seasons in the 2090s and 2040s respectively. The seasonal change of minimum temperature change shows an increase with a maximum increase of +51.11% and a minimum increase of +15.03% in Bega and Kiremt seasons in the 2090s and 2040s respectively.
[bookmark: _Toc101724403]Annual Mean Streamflow Change
The result for projected mean annual Streamflow shows a decreasing trend under all RCP
scenarios. For RCP2.6 the projected change shows -23.36%, -25.07 and -13.68% for 2040s,
2060s and 2090s respectively. For RCP4.5 the results show -25.48%, -9.41% and -22.6%
for the 2040s, 2060s, and 2090s respectively. For RCP8.5 the only increase in runoff shows +29.03% in the 2040s, and a decrease of -16.81% and -7.41% for 2030s, 2050s, and 2090s respectively. 
[bookmark: _Toc101724404]Monthly Mean Streamflow Change
The result for projected mean monthly Streamflow shows a decreasing trend under all RCP
scenarios. For RCP 2.6 The mean monthly Streamflow change showed a change of decrement in all months except for January, February, June, and August with maximum and minimum values of +103.72% and +2.98% in January and August 2060s and a decrement value of -88.2% and -13.6% in November 2060s and March 2090s respectively. For RCP 4.5 The mean monthly Streamflow change showed a change of increment and decrement when compared to the base period in January and August with a maximum value of +14.92% in the 2090s and a minimum value of +1.29% in January 2090s and the maximum and minimum decreasing values are -89.08% and -11.16% in June of 2040s and 2060s respectively. For RCP 8.5 The mean monthly Streamflow change showed a change of decrement in all months except for January, February, June, and August with maximum and minimum values of +351.23% and +6.67% in January and August 2060s and a decrement value of -88.29% and -3.68% in November 2060s and July 2090s respectively. 
[bookmark: _Toc101724405]Seasonal Mean Streamflow Change
The result for projected mean seasonal Streamflow shows a decreasing trend under all RCP
scenarios except in RCP 8.5. For RCP 2.6 the Seasonal change shows decrement with a maximum and minimum value of -72.94 % and -3.07% in Belg and Bega in 2090s except in Bega 2090s with a value of +6.99%. For RCP 4.5 the Seasonal change shows only decrement with maximum and minimum values -77.34% and -7.77% in Belg 2090s and Kiremt 2040s and 2060s respectively. For RCP 8.5 the Seasonal change shows decrement with a maximum and minimum value of -67.04% and -15.86% in Belg 2060s and Kiremt in 2060s and increment with minimum and maximum values of +74.79% and +3.23% Bega and Kiremt 2040s and 2090s respectively. 


[bookmark: _Toc101724406]Conclusion  
The main conclusions of the study are the following: -
I. The projected future Maximum and minimum temperature increases for all future time under all RCPs (RCP2.6 RCP4.5 and RCP8.5) climate scenario. Whereas the projected precipitation shows both increments (especially in January) and decrements for all scenarios. The rise in precipitation is expected to be less than the rise in Maximum and minimum temperature. Therefore, there is a significant change from the past to the base period and from the base period to the projected time periods, hence climate change exists in the Gidabo subbasin. 
II. According to the study, the results obtained for the change in future Streamflow under
different RCP climate scenarios show a decrement when compared to the base period Streamflow. Therefore, climate change has a significant decreasing impact on the stream flow of Gidabo subbasin. 
III. Finally, the change in simulated Streamflow was compared with the change in Precipitation and Temperature projection under different RCP climate scenarios and it was found out that the decrease in Precipitation and an increase in temperature will lead to a decrease in Streamflow change. Therefore, this research concluded that a change in climate variables of precipitation and Maximum and Minimum Temperature would influence the hydrology response in the selected Gidabo subbasin.
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[bookmark: _Toc101724408]Appendix
	S.No
	Watershed
	Season
	Month order
	2040s
	2060s
	2090s

	
	
	
	
	% Change
	% Change
	% Change

	1
	Gidabo
	Kiremt/meher
	JJA
	-35.88
	-28.74
	-27.83

	
	
	Belg
	SON
	-60.60
	-66.85
	-74.41

	
	
	Bega
	DJF
	-52.40
	-33.04
	-1.77

	
	
	Tsedey
	MAM
	-5.32
	-4.18
	15.94


[bookmark: _Toc100919810]Table 0‑1 Percentage of change of seasonal Rainfall from the base period rainfall for RCP2.6
[bookmark: _Toc100744865][bookmark: _Toc101724253]Figure 0‑1 Monthly average rainfall for the base period and future time series of the study Area for RCP 2.6

[bookmark: _Toc100919811]Table 0‑2 Percentage of change of seasonal Rainfall from the base period rainfall for RCP2.6
	Year
	2040s
	2060s
	2090s

	1
	-62.55
	-56.16
	-64.09

	2
	-4.12
	-40.05
	-32.84

	3
	-15.59
	-15.35
	-17.81

	4
	-35.47
	-38.92
	-35.16

	5
	-44.80
	-44.56
	-33.36

	6
	-25.76
	-17.14
	-7.62

	7
	-27.23
	13.91
	7.17

	8
	-6.63
	-22.11
	-11.30

	9
	-38.58
	-32.83
	-27.40

	10
	-32.81
	-39.17
	-22.58



	S.No
	Watershed
	Season
	Month order
	2040s
	2060s
	2090s

	
	
	
	
	% Change
	% Change
	% Change

	1
	Gidabo
	Kiremt/meher
	JJA
	2.41
	2.83
	1.86

	
	
	Belg
	SON
	7.30
	9.03
	5.57

	
	
	Bega
	DJF
	9.45
	9.47
	6.03

	
	
	Tsedey
	MAM
	5.01
	5.59
	7.52


[bookmark: _Toc100919812]Table 0‑3 Percentage of change of seasonal Maximum Temperature from the base period Maximum Temperature for RCP2.6
[bookmark: _Toc100744866][bookmark: _Toc101724254]Figure 0‑2 Monthly average Maximum Temperature for the base period and future time series of the study Area for RCP 2.6


	Year
	2040s
	2060s
	2090s

	1
	10.50
	7.96
	4.41

	2
	5.01
	8.15
	8.26

	3
	8.21
	10.40
	12.16

	4
	15.29
	16.84
	15.22

	5
	7.34
	11.52
	6.28

	6
	1.18
	2.76
	-0.50

	7
	2.92
	-0.95
	0.01

	8
	3.14
	-0.61
	-0.58

	9
	1.31
	2.08
	2.71

	10
	9.19
	13.26
	9.09


[bookmark: _Toc100919813]Table 0‑4 Percentage of change of seasonal Maximum Temperature from the base period Maximum Temperature for RCP2.6
	S.No
	Watershed
	Season
	Month order
	2040s
	2060s
	2090s

	
	
	
	
	% Change
	% Change
	% Change

	1
	Gidabo
	Kiremt/meher
	JJA
	13.56
	13.73
	10.53

	
	
	Belg
	SON
	15.46
	15.62
	15.72

	
	
	Bega
	DJF
	24.11
	24.34
	16.52

	
	
	Tsedey
	MAM
	15.50
	15.81
	18.33


[bookmark: _Toc100919814]Table 0‑5  Percentage of change of seasonal Minimum Temperature from the base period Minimum Temperature for RCP2.6
[bookmark: _Toc101724255]Figure 0‑3 Monthly average Minimum Temperature for the base period and future time series of the study Area for RCP 2.6

	Year
	2040s
	2060s
	2090s

	1
	35.47
	25.47
	17.92

	2
	13.52
	15.61
	20.86

	3
	30.54
	35.98
	41.11

	4
	23.22
	24.13
	23.95

	5
	20.81
	32.44
	19.49

	6
	13.89
	20.34
	12.49

	7
	10.97
	-3.03
	0.89

	8
	16.07
	2.06
	9.83

	9
	0.44
	5.68
	2.98

	10
	10.73
	18.86
	10.37


[bookmark: _Toc100919815]Table 0‑6 Percentage of change of seasonal Minimum Temperature from the base period Minimum Temperature for RCP2.6
	S.No
	Watershed
	Season
	Month order
	2040s
	2060s
	2090s

	
	
	
	
	% Change
	% Change
	% Change

	1
	Gidabo
	Kiremt/meher
	JJA
	3.01
	3.93
	6.34

	
	
	Belg
	SON
	9.44
	10.16
	8.58

	
	
	Bega
	DJF
	10.06
	11.63
	10.58

	
	
	Tsedey
	MAM
	7.40
	6.50
	13.19


[bookmark: _Toc100919816]Table 0‑7 Percentage of change of seasonal Maximum Temperature from the base period Maximum Temperature for RCP 4.5
[bookmark: _Toc101724256]Figure 0‑4 Monthly average Maximum Temperature for the base period and future time series of the study Area for RCP 4.5


	Year
	2040s
	2060s
	2090s

	1
	2.19
	3.53
	6.05

	2
	13.42
	8.78
	9.07

	3
	17.55
	12.37
	13.70

	4
	17.33
	17.99
	22.19

	5
	5.72
	13.69
	10.88

	6
	-0.38
	1.26
	3.61

	7
	1.02
	-1.63
	5.27

	8
	6.49
	1.12
	8.36

	9
	4.86
	8.52
	7.07

	10
	11.45
	19.70
	14.79


[bookmark: _Toc100919817]Table 0‑8 Percentage of change of seasonal Maximum Temperature from the base period Maximum Temperature for RCP4.5
	[bookmark: _Hlk88137532]S.No
	Watershed
	Season
	Month order
	2040s
	2060s
	2090s

	
	
	
	
	% Change
	% Change
	% Change

	1
	Gidabo
	Kiremt/meher
	JJA
	16.68
	18.57
	22.28

	
	
	Belg
	SON
	20.40
	18.30
	25.08

	
	
	Bega
	DJF
	30.59
	34.54
	25.58

	
	
	Tsedey
	MAM
	17.23
	18.07
	27.91


[bookmark: _Toc100919818]Table 0‑9 Percentage of change of seasonal Minimum Temperature from the base period Minimum Temperature for RCP 4.5
[bookmark: _Toc101724257]Figure 0‑5 Monthly average Minimum Temperature for the base period and future time series of the study Area for RCP 4.5

	Year
	2040s
	2060s
	2090s

	1
	16.76
	21.29
	23.21

	2
	24.16
	17.70
	16.75

	3
	59.51
	41.80
	46.32

	4
	29.65
	31.05
	33.82

	5
	16.54
	36.79
	31.16

	6
	9.82
	17.57
	23.48

	7
	8.30
	-0.92
	14.93

	8
	24.53
	14.22
	30.08

	9
	13.25
	14.87
	15.77

	10
	16.49
	32.37
	23.50


[bookmark: _Toc100919819]Table 0‑10 Percentage of change of seasonal Minimum Temperature from the base period Minimum Temperature for RCP4.5

	S.No
	Watershed
	Season
	Month order
	2040s
	2060s
	2090s

	
	
	
	
	% Change
	% Change
	% Change

	1
	Gidabo
	Kiremt/meher
	JJA
	-19.40
	-28.03
	33.65

	
	
	Belg
	SON
	-50.41
	-68.82
	-64.01

	
	
	Bega
	DJF
	-3.52
	-58.33
	19.39

	
	
	Tsedey
	MAM
	-23.44
	-20.16
	12.39


[bookmark: _Toc100919820]Table 0‑11 Percentage of change of seasonal Rainfall from the base period rainfall for RCP 8.5
[bookmark: _Toc101724258]Figure 0‑6 Monthly average rainfall for the base period and future time series of the study Area for RCP 8.5


	Year
	2040s
	2060s
	2090s

	1
	-41.71
	-40.21
	-50.23

	2
	-43.83
	-47.12
	-28.38

	3
	12.56
	-15.37
	-5.95

	4
	-35.34
	-56.84
	-25.61

	5
	-48.92
	-52.04
	-33.21

	6
	4.18
	-6.72
	51.09

	7
	-21.43
	-12.11
	-7.88

	8
	2.87
	-40.62
	35.64

	9
	-15.93
	-30.15
	54.93

	10
	-36.52
	-57.22
	4.63


[bookmark: _Toc100919821]Table 0‑12 Percentage of change of seasonal Rainfall from the base period rainfall for RCP 8.5


	S.No
	Watershed
	Season
	Month order
	2040s
	2060s
	2090s

	
	
	
	
	% Change
	% Change
	% Change

	1
	Gidabo
	Kiremt/meher
	JJA
	2.08
	8.66
	15.24

	
	
	Belg
	SON
	9.60
	13.67
	15.12

	
	
	Bega
	DJF
	11.10
	15.30
	17.36

	
	
	Tsedey
	MAM
	7.06
	10.24
	18.75


[bookmark: _Toc100919822]Table 0‑13 Percentage of change of seasonal Maximum Temperature from the base period Maximum Temperature for RCP 8.5
[bookmark: _Toc101724259]Figure 0‑7 Monthly average Maximum Temperature for the base period and future time series of the study Area for RCP 8.5

	Year
	2040s
	2060s
	2090s

	1
	3.18
	7.40
	17.89

	2
	12.83
	9.43
	18.63

	3
	13.59
	16.03
	19.51

	4
	16.96
	25.15
	25.08

	5
	9.45
	16.79
	16.53

	6
	-0.99
	6.55
	7.82

	7
	3.14
	6.44
	14.39

	8
	5.63
	8.11
	14.80

	9
	3.48
	6.39
	12.90

	10
	12.17
	21.47
	22.77


[bookmark: _Toc100919823][bookmark: _Toc100919824]Table 0‑14 Percentage of change of seasonal Maximum Temperature from the base period Maximum Temperature for RCP 8.5

	S.No
	Watershed
	Season
	Month order
	2040s
	2060s
	2090s

	
	
	
	
	% Change
	% Change
	% Change

	1
	Gidabo
	Kiremt/meher
	JJA
	15.03
	28.85
	41.14

	
	
	Belg
	SON
	18.77
	26.59
	44.54

	
	
	Bega
	DJF
	36.89
	41.52
	51.11

	
	
	Tsedey
	MAM
	20.89
	27.67
	44.33


Table 0‑15 Percentage of change of seasonal Minimum Temperature from the base period Minimum Temperature for RCP 8.5
[bookmark: _Toc101724260]Figure 0‑8 Monthly average Minimum Temperature for the base period and future time series of the study Area for RCP 8.5

	Year
	2040s
	2060s
	2090s

	1
	18.43
	25.72
	56.72

	2
	27.67
	19.77
	45.72

	3
	54.15
	54.64
	63.35

	4
	30.06
	46.80
	47.84

	5
	27.89
	46.54
	44.23

	6
	11.26
	26.17
	36.00

	7
	15.58
	15.30
	38.41

	8
	25.14
	26.29
	52.88

	9
	8.51
	17.56
	32.22

	10
	13.82
	38.15
	40.23


[bookmark: _Toc100919825]Table 0‑16 Percentage of change of seasonal Minimum Temperature from the base period Minimum Temperature for RCP 8.5
[bookmark: _Toc101724261]Figure 0‑9 Mean monthly Rainfall change of the Study Area for all RCP scenarios
and projected period

[bookmark: _Toc101724262]Figure 0‑10 Mean monthly Maximum Temperature change of the Study Area for all RCP scenarios and projected period

[bookmark: _Toc101724263]Figure 0‑11 Mean monthly Minimum Temperature change of the Study Area for all RCP scenarios and projected period 




[bookmark: _Toc101724264]Figure 0‑11 Mean monthly Minimum Temperature change of the Study Area for all RCP scenarios and projected period 

[bookmark: _Toc101724265]Figure 0‑12 Annual Rainfall change of the Study Area for all RCP scenarios and projected period




[bookmark: _Toc101724266]Figure 0‑13 Annual Maximum Temperature change of the Study Area for all RCP scenarios
and projected period



[bookmark: _Toc101724267]Figure 0‑14 Annual Minimum Temperature change of the Study Area for all RCP scenarios
and projected period


[bookmark: _Toc101724268]Figure 0‑15 Seasonal Rainfall change of the Study Area for all RCP scenarios and the projected period

[bookmark: _Toc101724269]Figure 0‑17 Seasonal Minimum Temperature change of the Study Area for all RCP scenarios and the projected period





[bookmark: _Toc101724270]Figure 0‑18 Monthly average Streamflow change for the base period and future time series of the study Area for RCP 2.6






[bookmark: _Toc101724271]Figure 0‑19 Seasonal Streamflow change for the base period and future time series of the study Area for RCP 2.6


[bookmark: _Toc101724272]Figure 0‑20 Annual Streamflow change for the base period and future time series of the study Area for RCP 2.6


[bookmark: _Toc101724273]Figure 0‑21 Monthly average Streamflow change for the base period and future time series of the study Area for RCP 4.5





[bookmark: _Toc101724274]Figure 0‑22 Seasonal Streamflow change for the base period and future time series of the study Area for RCP 4.5

[bookmark: _Toc101724275]Figure 0‑23 Annual Streamflow change for the base period and future time series of the study Area for RCP 4.5

[bookmark: _Toc101724276]Figure 0‑24 Monthly average Streamflow change for the base period and future time series of the study Area for RCP 8.5






[bookmark: _Toc101724277]Figure 0‑25 Seasonal Streamflow change for the base period and future time series of the study Area for RCP 8.5

[bookmark: _Toc101724278]Figure 0‑26 Annual Streamflow change for the base period and future time series of the study Area for RCP 8.5 for all climate scenarios and the three future time period.

[bookmark: _Toc101724279]Figure 0‑27 Mean monthly Streamflow changes under all RCP and Projected period





[bookmark: _Toc101724280]Figure 0‑28 Annual Streamflow changes under all RCP and Projected period
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Rainfall (cm)


Tmax.	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	29.274999999999999	29.740000000000002	30.024999999999999	27.990000000000002	26.68	28.585000000000001	25.95	25.274999999999999	25.535	26.325000000000003	27.42	28.22	Tmin.	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	10.02	10.4	12.105	13.164999999999999	13.045	13.085000000000001	13.58	13.484999999999999	12.89	12.635000000000002	11.280000000000001	9.9600000000000009	Month

Temperature (oC)



Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	15.82	15.8	15.82	15.98	16.09	16.07	16.100000000000001	15.97	15.93	16.13	16.02	15.74	Months

Stream flow (m3/s)


Observed	36161	36192	36220	36251	36281	36312	36342	36373	36404	36434	36465	36495	36526	36557	36586	36617	36647	36678	36708	36739	36770	36800	36831	36861	36892	36923	36951	36982	37012	37043	37073	37104	37135	37165	37196	37226	37257	37288	37316	37347	37377	37408	37438	37469	37500	37530	37561	37591	37622	37653	37681	37712	37742	37773	37803	37834	37865	37895	37926	37956	37987	38018	38047	38078	38108	38139	38169	38200	38231	38261	38292	38322	38353	38384	38412	38443	38473	38504	38534	38565	38596	38626	38657	38687	38718	38749	38777	38808	38838	38869	38899	38930	38961	38991	39022	39052	4.7	3.07	5.9	6.69	17.62	9.5399999999999991	9.82	9.98	14.32	27.55	14.54	9.36	3.55	1.62	1.37	3.71	7.96	11.93	9.65	15.09	16.690000000000001	37.04	17.62	8.56	3.89	2.86	2.46	7.28	26.72	22.91	28.88	39.19	42.88	28.2	14.65	8.02	7.29	3.12	2.67	11.33	18.239999999999998	20.059999999999999	8.2200000000000006	9.1199999999999992	12.32	19.72	12.22	12.35	6.75	3.13	2.74	13.45	12.84	13.49	10.85	27.19	7.96	35.659999999999997	12.62	10.23	13.45	38.94	19.57	12.62	4.87	12.62	10.75	14.85	25.02	29.31	19.57	6.36	3.38	3.23	3.24	13.45	38.729999999999997	20.13	14.51	16.170000000000002	38.450000000000003	38.94	17.34	10.25	4.87	3.12	7.56	21.41	24.69	29.02	26.93	3.38	13.45	38.94	12.62	3.12	Simulated	36161	36192	36220	36251	36281	36312	36342	36373	36404	36434	36465	36495	36526	36557	36586	36617	36647	36678	36708	36739	36770	36800	36831	36861	36892	36923	36951	36982	37012	37043	37073	37104	37135	37165	37196	37226	37257	37288	37316	37347	37377	37408	37438	37469	37500	37530	37561	37591	37622	37653	37681	37712	37742	37773	37803	37834	37865	37895	37926	37956	37987	38018	38047	38078	38108	38139	38169	38200	38231	38261	38292	38322	38353	38384	38412	38443	38473	38504	38534	38565	38596	38626	38657	38687	38718	38749	38777	38808	38838	38869	38899	38930	38961	38991	39022	39052	5.8289999999999997	4.6500000000000004	8.2799999999999994	9.2200000000000006	15.638	6.0739999999999998	2.3860000000000001	11.41	12.85	25.79	11.73	14.04	5.73	1.05	1.3	7.3630000000000004	5.3769999999999998	24.266999999999999	5.4349999999999996	11.74	19.309999999999999	33.18	21.94	6.46	1.87	1.25	8.8070000000000004	8.6189999999999998	26.497	24.419	28.363	37.08	46.34	28.77	13.65	7.57	5.63	5.07	8.65	9.6460000000000008	16.858000000000001	16.027999999999999	7.423	12.71	19.649999999999999	26.28	11.58	27.49	5.95	3.53	11.65	16.5	6.0529999999999999	14.193	5.25	19.686	12.94	36.380000000000003	18.8	17.52	8.36	20.89	8.5359999999999996	7.1280000000000001	8.2710000000000008	7.7160000000000002	5.1050000000000004	13.77	20.79	20.25	20.95	6.63	5.65	3.35	5.76	17.61	38.08	23.11	10.31	15.34	35.78	34.18	19.37	9.68	2.71	10.43	5.64	26.73	28.07	31.77	16.79	1.5	17.170000000000002	34.549999999999997	11.61	4.8	CL	38139	38139	0	70	
flow (cms)



y = 0.9379x + 0.9674
R² = 0.8
5.8289999999999997	4.6500000000000004	8.2799999999999994	9.2200000000000006	15.638	6.0739999999999998	2.3860000000000001	11.41	12.85	25.79	11.73	14.04	5.73	1.05	1.3	7.3630000000000004	5.3769999999999998	24.266999999999999	5.4349999999999996	11.74	19.309999999999999	33.18	21.94	6.46	1.87	1.25	8.8070000000000004	8.6189999999999998	26.497	24.419	28.363	37.08	46.34	28.77	13.65	7.57	5.63	5.07	8.65	9.6460000000000008	16.858000000000001	16.027999999999999	7.423	12.71	19.649999999999999	26.28	11.58	27.49	5.95	3.53	11.65	16.5	6.0529999999999999	14.193	5.25	19.686	12.94	36.380000000000003	18.8	17.52	8.36	20.89	8.5359999999999996	7.1280000000000001	8.2710000000000008	7.7160000000000002	5.1050000000000004	13.77	20.79	20.25	20.95	6.63	5.65	3.35	5.76	17.61	38.08	23.11	10.31	15.34	35.78	34.18	19.37	9.68	2.71	10.43	5.64	26.73	28.07	31.77	16.79	1.5	17.170000000000002	34.549999999999997	11.61	4.8	4.7	3.07	5.9	6.69	17.62	9.5399999999999991	9.82	9.98	14.32	27.55	14.54	9.36	3.55	1.62	1.37	3.71	7.96	11.93	9.65	15.09	16.690000000000001	37.04	17.62	8.56	3.89	2.86	2.46	7.28	26.72	22.91	28.88	39.19	42.88	28.2	14.65	8.02	7.29	3.12	2.67	11.33	18.239999999999998	20.059999999999999	8.2200000000000006	9.1199999999999992	12.32	19.72	12.22	12.35	6.75	3.13	2.74	13.45	12.84	13.49	10.85	27.19	7.96	35.659999999999997	12.62	10.23	13.45	38.94	19.57	12.62	4.87	12.62	10.75	14.85	25.02	29.31	19.57	6.36	3.38	3.23	3.24	13.45	38.729999999999997	20.13	14.51	16.170000000000002	38.450000000000003	38.94	17.34	10.25	4.87	3.12	7.56	21.41	24.69	29.02	26.93	3.38	13.45	38.94	12.62	3.12	Observed flow (cms)

SImulated flow (cms) 


L95PPU	Kiremt	Belg	Bega	Tsedey	3.8651899999999996E-2	3.8651900000000017E-2	8.5157600000000055E-2	0.96876589999999996	U95PPU	Kiremt	Belg	Bega	Tsedey	1.5074240999999999	1.5074240999999999	3.3211463999999999	2.4375380999999998	RCP2.6 2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	1.78169	1.7459066666666665	0.386519	1.68564	
Stream flow (cm)



L95PPU	Kiremt	Belg	Bega	Tsedey	8.242996666666666E-2	8.2429966666666687E-2	0.12761264444444453	-0.66251581111111069	U95PPU	Kiremt	Belg	Bega	Tsedey	3.2147686999999996	3.2147686999999996	4.9768931333333333	2.4698229222222219	RCP2.6 2060s	Kiremt	Belg	Bega	Tsedey	2.1797800000000001	1.4245706666666669	0.82429966666666654	1.3086103333333334	
Stream flow (cm)



L95PPU	Kiremt	Belg	Bega	Tsedey	9.0508500000000006E-2	0.44959350000000015	0.44959350000000031	6.3909611111111264E-2	U95PPU	Kiremt	Belg	Bega	Tsedey	3.5298315000000002	2.372779833333333	2.372779833333333	2.4924748333333331	RCP2.6 2090s	Kiremt	Belg	Bega	Tsedey	2.4233899999999999	1.0382666666666667	0.90508500000000003	1.5940166666666669	
Stream flow (cm)



L95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	6.5898599999999988E-2	0.13661791999999995	-1.1653929999999924E-2	3.5778679999999952E-2	5.5888103999999994E-2	5.3573839999999651E-2	7.0300299999999982E-2	8.216373999999993E-2	1.4297328799999998	1.0856931200000011	-0.18369495999999996	6.4808750000000082E-2	U95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.5700453999999993	1.4890500800000004	1.9668149299999995	2.0644269199999994	2.1796360559999992	2.7584381599999999	2.7417116999999993	3.2043858599999995	2.33135432	2.4381252799999995	2.5211693599999996	2.5275412499999996	RCP2.6 2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.4284389999999999	0.21966199999999997	0.8076899999999998	1.9234000000000002	2.3258299999999998	1.9851199999999998	1.3550600000000004	2.0048899999999996	2.5923499999999997	2.27705	0.36831999999999993	0.51145600000000013	
Stream flow (cm)



L95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	4.9263299999999996E-2	4.9554884999999979E-2	-0.24565002000000002	-6.510123000000001E-2	8.6023327499999969E-2	0.3771437849999999	6.0071849999999927E-2	6.3892331999999996E-2	-1.77948314	-1.4518942400000001	-0.39269012999999964	9.3820909090909232E-2	U95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	1.9212686999999999	1.9168116150000003	2.8680274199999998	3.6694122299999998	3.3549097724999992	2.2444005149999997	2.3428021499999994	2.4918009479999994	3.1998681399999995	3.5274570399999994	3.3418233299999991	3.6590154545454538	RCP2.6 2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	1.8276709999999994	0.48101699999999992	0.97646099999999991	1.2234	1.7259700000000002	1.3782100000000002	1.7210300000000003	3.4400999999999997	2.8791099999999998	1.15842	0.23618200000000003	0.164211	
Stream flow (cm)



L95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.8833999999999987E-2	1.9248599999999949E-2	0.20328379999999996	-0.32865340000000021	9.7986450000000058E-2	-1.0244574000000011	6.6742999999999997E-2	6.409614545454545E-2	-1.0244573999999997	-1.917405866666666	0.2031396571428572	0.10204909090909098	U95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	3.0745259999999992	3.9853313999999997	2.9352481999999993	3.6374293999999998	3.8214715499999996	2.9416254000000004	2.6029770000000001	2.4997496727272726	2.9416253999999995	3.3707045333333325	3.6026391999999996	3.9799145454545446	RCP2.6 2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	1.4468259999999999	0.72124600000000005	1.3661400000000001	1.4150500000000004	2.0008600000000003	1.4003799999999997	2.12799	3.7418	2.0395700000000003	0.81244999999999989	0.26277999999999996	0.54718300000000009	
Stream flow (cm)



L95PPU	1	2	3	4	5	6	7	8	9	10	11	12	0.15124145833333333	0.5010517708333333	0.24452420833333333	0.36942729166666655	5.9844930555555509E-2	1.1822661805555557	5.5291296296296144E-2	6.2988634259259157E-2	0.12003354166666647	7.0544979166666799E-2	U95PPU	1	2	3	4	5	6	7	8	9	10	11	12	5.8984168749999997	1.8172965625000002	2.4469551250000001	1.9489210416666671	2.3339522916666668	2.0597627083333334	2.1563605555555561	2.4565567361111116	2.7525231250000006	2.7512541875000003	RCP2.6 2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.60496583333333331	2.8217991666666671	1.8632	1.9778916666666666	0.99054166666666665	0.84226000000000001	0.74887999999999988	1.2718591666666665	0.99528333333333319	1.8827083333333332	
Stream flow (cm)



L95PPU	1	2	3	4	5	6	7	8	9	10	11	12	0.17958750000000001	0.65915039062500003	-7.1692187499999949E-2	0.3828855468750002	9.9328906250000015E-2	0.59995078125000012	7.538390624999991E-2	6.939765625000005E-2	1.5208335937499997	5.5035416666666892E-2	U95PPU	1	2	3	4	5	6	7	8	9	10	11	12	7.0039125000000002	1.4090121093750001	3.2028984375	2.6324707031249996	3.8738273437500004	2.0996742187499997	2.9399723437499996	2.7065085937499997	2.0207414062499995	2.1463812499999992	RCP2.6 2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	1.590695	0.75792000000000004	1.3216475000000001	1.8521333333333334	1.8879166666666665	0.71835000000000004	0.7342466666666666	1.2435075000000002	1.9812749999999999	1.9046416666666666	
Stream flow (cm)



L95PPU	1	2	3	4	5	6	7	8	9	10	11	12	0.12786937499999998	0.12786937499999995	9.9617187499999593E-3	0.71781589843750004	0.10157695312499992	0.36998831249999986	6.0376930803571538E-2	6.0199042968750005E-2	1.2484003515624991	5.995000000000017E-2	U95PPU	1	2	3	4	5	6	7	8	9	10	11	12	4.9869056249999995	4.9869056249999995	9.3494889062500004	4.0781841015625	3.9615011718750002	2.1621846874999999	2.3547003013392858	2.34776267578125	2.3685230859374999	2.33805	RCP2.6 2090s	1	2	3	4	5	6	7	8	9	10	0.51147749999999992	1.4398383333333333	1.1881000000000002	1.3151749999999998	2.3980000000000001	1.1850833333333333	1.5448833333333332	1.2968249999999999	2.191405	1.8311083333333331	
Stream flow (cm)



L95PPU	Kiremt	Belg	Bega	Tsedey	6.4753350000000001E-2	0.13688754999999986	0.13688754999999997	5.9410075925925954E-2	U95PPU	Kiremt	Belg	Bega	Tsedey	2.5253806499999998	2.292948227777778	2.292948227777778	2.3169929611111115	RCP4.5 2040s	Kiremt	Belg	Bega	Tsedey	2.3496866666666669	1.4870499999999998	0.64753349999999998	1.0596400000000001	
Stream flow (cm)



L95PPU	Kiremt	Belg	Bega	Tsedey	2.9721433333333332E-2	2.9721433333333325E-2	0.79841435833333319	5.4037390740740765E-2	U95PPU	Kiremt	Belg	Bega	Tsedey	1.1591358999999999	1.1591358999999999	1.8764446972222224	2.1074582388888889	RCP4.5 2060s	Kiremt	Belg	Bega	Tsedey	2.5667833333333334	1.2857366666666665	0.2972143333333333	1.3385166666666668	
Stream flow (cm)



L95PPU	Kiremt	Belg	Bega	Tsedey	5.5982016666666676E-2	5.598201666666669E-2	0.12714532777777787	5.9085335185185217E-2	U95PPU	Kiremt	Belg	Bega	Tsedey	2.1832986500000002	2.1832986500000002	2.2832060055555559	2.3043280722222228	RCP4.5 2090s	Kiremt	Belg	Bega	Tsedey	2.4958866666666668	0.87992666666666663	0.55982016666666679	1.5212390000000002	
Stream flow (cm)



L95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	8.0667000000000003E-2	0.17827080000000001	-0.17126039999999965	-0.17126040000000009	-0.17126039999999998	-0.17126039999999998	-0.17126040000000153	-0.17126040000000153	-0.17126040000000176	7.0205580000000101E-2	1.3433748000000003	7.145025000000027E-2	U95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	3.1460129999999999	1.6540692000000004	2.7803363999999986	2.7803363999999995	2.7803363999999995	2.7803363999999995	2.7803364000000004	2.7803364000000004	2.7803364000000004	2.7380176200000004	2.8191732000000003	2.7865597500000003	RCP4.5 2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	1.1398509999999999	0.31707650000000004	0.72011000000000014	0.86688000000000009	1.5919300000000001	1.3949100000000001	2.7961400000000003	2.8580099999999997	2.2928600000000001	1.8993999999999995	0.26889000000000002	0.48567299999999997	
Stream flow (cm)



L95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	4.7618999999999988E-2	7.325323333333332E-2	-0.13456812000000007	-0.39992172499999989	7.5463019999999936E-2	-1.1966873000000016	6.6345833333333326E-2	6.4273745454545228E-2	-1.1966872999999998	-2.1369317333333324	-0.46402929999999998	0.10423690909090899	U95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	1.8571409999999995	1.4653034333333332	1.8977965199999995	2.7321912249999993	2.9430577799999997	2.9794632999999999	2.5874874999999999	2.5066760727272723	2.9794632999999995	3.4312690666666659	3.7121212999999993	4.0652394545454538	RCP4.5 2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.47896299999999997	0.25395000000000001	0.81633	1.2998700000000001	1.8993500000000001	1.5689300000000002	2.3094000000000001	3.8220199999999998	2.1807599999999998	1.43275	0.24369999999999997	0.15872999999999998	
Stream flow (cm)



U95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.558322	2.1555954000000006	2.1555953999999993	1.7513129333333333	2.6443548000000003	2.27778525	3.0063988000000004	3.0063988000000004	3.1753526666666678	3.313240036363637	3.7304868000000009	3.7431225000000006	L95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	6.559799999999999E-2	9.1944599999999932E-2	9.1944600000000209E-2	0.37554573333333308	-1.4829468000000019	-0.30177824999999991	-1.1209028000000019	-1.1209028000000019	-3.7034833333333363	8.4954872727272868E-2	-0.3968148000000018	9.5977500000000049E-2	RCP4.5 2090s	0.90873550000000003	0.33766500000000005	1.1277269999999999	1.10015	2.3358400000000001	1.1354100000000003	2.51315	3.8390999999999997	1.6348500000000001	0.78626999999999991	0.21865999999999999	0.43306000000000006	
Stream flow (cm)



L95PPU	1	2	3	4	5	6	7	8	9	10	11	12	0.17958750000000001	0.17958750000000001	-7.1692187499999949E-2	0.3828855468750002	9.9328906250000015E-2	0.59995078125000012	6.2819921874999851E-2	6.939765625000005E-2	1.5208335937499997	5.5035416666666892E-2	U95PPU	1	2	3	4	5	6	7	8	9	10	11	12	7.0039125000000002	7.0039125000000002	3.2028984375	2.6324707031249996	3.8738273437500004	2.0996742187499997	2.4499769531249997	2.7065085937499997	2.0207414062499995	2.1463812499999992	RCP4.5 2040s	1	2	3	4	5	6	7	8	9	10	1.4581370833333331	0.75792000000000004	1.3216475000000001	1.8521333333333334	1.8879166666666665	0.71835000000000004	0.7342466666666666	1.2435075000000002	1.9812749999999999	1.9046416666666666	
Stream flow (cm)



L95PPU	1	2	3	4	5	6	7	8	9	10	11	12	0.15979854166666665	0.48764205729166654	0.48764205729166638	0.48764205729166699	0.99281575520833354	0.6290906927083334	0.28557257812500048	0.59878027083333363	0.4876420572916671	6.2659722222222491E-2	U95PPU	1	2	3	4	5	6	7	8	9	10	11	12	6.2321431249999995	2.4073021093750007	2.4073021093750011	2.4073021093749998	1.6327024392361111	1.7808867239583335	2.2052326302083332	2.1345083124999999	2.4073021093749998	2.4437291666666665	RCP4.5 2060s	1	2	3	4	5	6	7	8	9	10	1.7990333333333333	1.3085083333333334	1.3216583333333334	1.0650916666666668	0.98795833333333338	2.2144275000000002	2.2557500000000004	1.2985666666666666	0.63919416666666662	0.83043916666666673	
Stream flow (cm)



L95PPU	1	2	3	4	5	6	7	8	9	10	11	12	0.21309791666666664	0.78003033854166648	0.7800303385416667	0.32174192708333338	0.8765121093749999	0.72696536458333338	0.76194000651041649	0.32174192708333327	0.51470546874999834	5.9902499999999748E-2	U95PPU	1	2	3	4	5	6	7	8	9	10	11	12	8.3108187499999993	1.6966071614583336	1.6966071614583331	2.1548955729166663	1.7930889322916665	1.8268575520833332	1.9076610351562497	2.1548955729166663	2.3478591145833336	2.3361974999999999	RCP4.5 2090s	1	2	3	4	5	6	7	8	9	10	1.0684554166666667	1.5964	2.3961000000000001	0.8922500000000001	1.5477833333333335	1.1254083333333333	0.95703749999999987	0.85239166666666655	1.4268550000000004	1.7794999999999999	
Stream flow (cm)



L95PPU	Kiremt	Belg	Bega	Tsedey	0.11373466666666665	0.11373466666666676	6.6511222222222166E-2	9.5110888888888745E-2	U95PPU	Kiremt	Belg	Bega	Tsedey	4.4356519999999993	4.4356519999999993	2.5939376666666663	3.7093246666666668	RCP8.5 2040s	Kiremt	Belg	Bega	Tsedey	3.7113166666666668	1.9857433333333334	1.5454726673746668	1.1373466666666665	
Stream flow (cm)



L95PPU	Kiremt	Belg	Bega	Tsedey	3.0640426666666665E-2	3.0640426666666665E-2	0.10202561777777774	5.7803602962963163E-2	U95PPU	Kiremt	Belg	Bega	Tsedey	1.1949766399999999	1.1949766399999999	3.978999093333333	2.2543405155555551	RCP8.5 2060s	Kiremt	Belg	Bega	Tsedey	2.4479600000000001	1.4888366666666666	0.30640426666666665	1.0689200000000001	
Stream flow (cm)



L95PPU	Kiremt	Belg	Bega	Tsedey	9.9381133333333302E-2	9.9381133333333316E-2	5.4820214814814916E-2	7.6513385185185356E-2	U95PPU	Kiremt	Belg	Bega	Tsedey	3.8758641999999988	3.8758641999999988	2.1379883777777775	2.9840220222222227	RCP8.5 2090s	Kiremt	Belg	Bega	Tsedey	2.9461966666666668	1.2710899999999998	0.99381133333333305	1.4863366666666664	
Stream flow (cm)



L95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.8290999999999999E-2	0.13649996666666672	-1.1793260999999986	7.4264950000000107E-2	-1.7127691000000025	-0.53919449999999935	-1.1793261000000044	-1.1793261000000044	-2.4729253750000026	0.12350492727272666	-0.64588310000000426	0.13988500000000048	U95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	3.0533490000000003	2.1635833666666664	4.901924099999996	3.1148900499999987	4.3684811000000003	3.8045556428571414	4.9019241000000005	4.9019241000000005	5.1286373750000003	4.8166921636363638	5.4353671000000006	5.4555150000000001	RCP8.5 2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	4.0482430000000003	0.327205002124	0.50800000000000001	1.1243599999999998	1.7796799999999997	1.5753999999999997	5.5953999999999997	3.9631500000000002	3.2383999999999999	2.2842100000000003	0.43462000000000006	0.26097000000000004	
Stream flow (cm)



L95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.2844039999999988E-2	5.7596787999999927E-2	5.759678800000001E-2	5.7596788000000343E-2	5.1098132571428589E-2	0.11263786500000017	-0.34039253799999947	-2.2117891559999991	-1.1363711900000006	7.8705309818181579E-2	-0.39966754400000459	8.9082249999999696E-2	U95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.0609175599999996	1.9882684120000007	1.988268412	1.9882684119999998	1.9928271702857143	2.525977395	2.5556148979999995	3.5802257159999993	3.6903078699999998	3.0695070829090909	3.4616757040000006	3.4742077500000006	RCP8.5 2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.22540000000000004	0.17614679999999999	0.70768000000000009	0.92924000000000029	1.5698399999999997	1.0279799999999999	2.7526099999999998	3.5632900000000007	2.6138299999999997	1.6183699999999999	0.23431000000000002	0.51766599999999996	
Stream flow (cm)



L95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	9.5102999999999979E-2	0.17651124999999993	0.17651125000000023	-0.76683749999999939	7.6064249999999944E-2	0.24174281250000007	-0.29516312499999975	-0.19480687500000027	-1.1682625000000013	9.6229363636363807E-2	-0.36541250000000369	0.10828150000000036	U95PPU	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	3.7090169999999989	2.46463375	2.4646337499999991	3.8094074999999981	2.9665057499999996	3.1018959374999993	3.1370206249999986	3.2373768749999994	3.4079824999999997	3.7529451818181818	4.2108325000000004	4.2229785	RCP8.5 2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.0734339999999998	0.5909899999999999	1.5403899999999999	0.98089999999999988	1.9377199999999999	1.4783500000000001	3.0289799999999998	4.3312599999999994	2.3992499999999999	1.0852799999999998	0.32874000000000003	0.31700999999999996	



L95PPU	1	2	3	4	5	6	7	8	9	10	11	12	0.28184583333333335	1.0071673177083333	0.12066328124999992	0.8869513020833335	1.9127946354166665	0.9190089062500002	0.97711331380208355	1.1808126736111111	1.5013887152777776	0.10255532407407397	U95PPU	1	2	3	4	5	6	7	8	9	10	11	12	10.9919875	2.5299035156249996	4.7058679687499998	3.9324236979166658	2.5218891145833329	2.7462923437499995	2.8805335611979159	3.2111276041666659	3.5317036458333324	3.9996576388888876	RCP8.5 2040s	1	2	3	4	5	6	7	8	9	10	1.18185000177	2.4346649999999999	2.2185666666666668	2.0970750000000002	1.1823416666666666	2.3512500000000003	1.1273833333333334	3.6919916666666666	2.3651583333333335	2.2994166666666667	
Stream flow (cm)



L95PPU	1	2	3	4	5	6	7	8	9	10	11	12	0.16167624999999999	0.47020937499999993	0.11025406250000003	0.52904124999999991	0.7937846875000002	0.63493862500000009	0.53639523437499981	0.4113775000000004	0.23488187500000057	7.0259027777777927E-2	U95PPU	1	2	3	4	5	6	7	8	9	10	11	12	6.3053737499999993	2.7058206250000003	4.2999084375000001	2.0194487500000005	1.9115903125	1.9763053749999999	1.9336522656249999	2.1998664999999997	2.4704931249999995	2.7401020833333329	RCP8.5 2060s	1	2	3	4	5	6	7	8	9	10	1.4270973333333334	1.5992666666666666	2.529325	0.91947499999999993	0.64670499999999997	1.3194666666666668	1.5256166666666668	0.95495000000000008	1.6838583333333335	0.67454166666666671	
Stream flow (cm)



L95PPU	1	2	3	4	5	6	7	8	9	10	11	12	0.19893000000000005	0.62779296875000012	0.12745283854166656	0.45986593750000015	0.85169567708333327	0.43187809895833329	0.65578080729166688	0.930061625	1.0569398263888889	7.1859490740740828E-2	U95PPU	1	2	3	4	5	6	7	8	9	10	11	12	7.7582700000000013	2.7548686979166663	4.9706607031250005	4.7140173958333333	2.9787714062500004	3.6224916927083335	2.4283439149305557	2.6317222083333331	2.4749903124999997	2.8025201388888883	RCP8.5 2090s	1	2	3	4	5	6	7	8	9	10	0.79572000000000009	2.5869416666666667	1.7870916666666667	1.8387	1.6185833333333335	1.6933166666666664	0.88044166666666668	1.2578833333333332	2.1414750000000002	2.1434333333333333	
Stream flow (cm)



Base Period	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.71645388035645152	0.43459100115206278	1.6921465434911291	4.6654283892424999	4.5391089084282248	3.1898440503216667	3.0491140361330649	3.299471590276613	3.5261229731100001	3.8775957676112904	1.4301435346275002	0.73644608981935489	2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.44935483870967741	0.31388546798029554	1.5925806451612901	4.2978333333333341	4.4399999999999986	2.6554166666666665	1.3087903225806452	2.1841935483870967	2.6654999999999998	1.5220967741935483	4.7833333333333339E-2	5.7903225806451616E-2	2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.54193548387096768	0.49730295566502464	2.1054032258064517	3.9117500000000001	3.5948387096774193	2.2116666666666669	1.5699193548387096	3.0668548387096779	2.7812500000000004	0.69298387096774205	3.85E-2	7.9596774193548395E-2	2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.66346774193548397	0.68460591133004933	2.6059677419354839	4.6371666666666664	4.285322580645162	1.9052500000000001	1.8383064516129035	3.1833064516129035	1.7845833333333332	0.4183870967741935	0.21983333333333333	0.32822580645161292	Month

Rainfall (cm)



Base Period	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	29.770974596774192	30.585539177955674	30.429349596774195	29.55259375	28.045029435483865	27.263135416666664	25.224513306451612	26.230748387096774	26.619561249999997	27.447967338709674	28.790326957999998	28.737012499999999	2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	31.999763442419351	33.790478143294337	32.824857304032264	31.539946458833334	28.16689326080645	27.076107458166668	26.388662813548386	27.097676982741937	28.351219848333336	28.996042366774198	31.600729236516123	31.724363161451613	2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	32.192830044838708	33.688704401268474	32.727824005000002	31.792717455666672	28.502200721774194	27.146242552333337	26.629948569838707	27.106887384193548	28.8074104395	29.664891597580645	31.894115060349463	31.651093312741931	2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	30.805056224193549	32.771547475680421	33.992425803709679	32.518275722916663	28.272901289435488	28.685200481499997	25.824609176854835	25.698999283629028	28.138238480333332	28.334135785806456	31.02498458101612	30.881534425564514	Month

Temperature (oC)



Base Period	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	10.847167338709678	10.620832820197043	12.167800806451611	12.530740208333336	12.858156155913978	12.541000831820934	12.649059139784949	12.405317540322581	12.101671874999999	12.127137096774197	10.829682656161294	9.5432818548387068	2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	13.247809262741933	13.393601987912561	14.235469921209676	14.694542969666665	14.430199039059143	13.627714854621896	14.33610523946237	14.723261982822578	13.892251565166665	13.804649808790316	12.750546791903234	11.843812095806447	2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	13.331210878387097	13.025492761231529	14.32497790177419	14.623591124833334	14.52885774244624	13.500118925038567	14.392211313494627	14.857760627741939	13.496664206999998	13.962269902177416	13.015865981236558	12.166220463467742	2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	11.931754654838711	12.101150208386697	14.920051057096774	15.248073544333337	14.231329962284951	13.998957530121899	13.834794752688174	13.720848141612901	13.635037211416664	14.242025277177413	12.675757667153231	11.987247148387095	Month

Temperature (oC)



Base Period	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	29.770974596774192	30.585539177955674	30.429349596774195	29.55259375	28.045029435483865	27.263135416666664	25.224513306451612	26.230748387096774	26.619561249999997	27.447967338709674	28.790326957999998	28.737012499999999	2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	32.057108381612899	33.960827308830048	33.503537523548388	32.599623789333329	28.547499243064514	27.612778399833324	26.531237197983863	26.902466080241929	28.896303057083326	29.58748681177418	32.239910476016121	32.02788548419354	2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	32.574262654677412	34.315272065932881	33.280649146129029	32.282873908499987	28.292084832983857	27.738862384166662	26.718611979516119	27.312035014274187	29.155819658749994	29.719497389596768	32.443802635432789	32.555233317499997	2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	32.018929956774187	34.49143459865148	35.406783023225799	34.188111335499997	30.156876411129026	28.995861693666662	27.581291342741924	27.100205023387094	28.75348221416666	29.135959358387094	32.125461290182791	32.016161369032247	Month

Rainfall (cm)



Base Period	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	10.847167338709678	10.620832820197043	12.167800806451611	12.530740208333336	12.858156155913978	12.541000831820934	12.649059139784949	12.405317540322581	12.101671874999999	12.127137096774197	10.829682656161294	9.5432818548387068	2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	13.825750371935484	13.783689360418716	14.408035403548388	15.081235169416669	14.520936660672046	13.927385266955232	14.809013504946236	15.123379325645157	14.272393168499997	14.185960647096769	13.676237607403232	12.83985750919355	2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	14.644716528548386	14.302244758734606	14.465589930564514	15.066646951999999	14.797976613897848	14.316236379371901	14.818683833333335	15.432127632983869	14.226503477916669	14.182284384919353	13.03916465190323	12.782593316935484	2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	12.773923747580644	13.500147044027093	16.095024874032259	16.499138913333336	15.4017747714785	15.022456879121901	15.48761575978495	15.460250863870964	14.871948832249998	15.378125208548379	13.595942603819898	12.585254030161289	Month

Rainfall (cm)



Base Period	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.71645388035645152	0.43459100115206278	1.6921465434911291	4.6654283892424999	4.5391089084282248	3.1898440503216667	3.0491140361330649	3.299471590276613	3.5261229731100001	3.8775957676112904	1.4301435346275002	0.73644608981935489	2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.9747580645161289	0.44194889162561574	1.024032258064516	3.9814999999999996	3.804758064516129	1.9144999999999999	3.0503225806451613	2.6969354838709676	3.1607499999999997	1.5049193548387096	0.29066666666666668	0.38080645161290327	2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.26725806451612905	0.27556958128078818	1.5754032258064519	3.2004999999999995	3.5318548387096769	1.5145	2.2930645161290322	3.0759677419354841	2.5738333333333334	0.74411290322580648	1.9333333333333334E-2	0.1788709677419355	2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.79379032258064508	0.91141317733990124	2.4852419354838711	3.7529166666666662	4.9866935483870964	4.1745833333333326	4.7675000000000001	3.7525000000000004	2.9324166666666662	0.71967741935483864	8.9499999999999996E-2	0.277258064516129	Month

Rainfall (cm)



Base Period	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	29.770974596774192	30.585539177955674	30.429349596774195	29.55259375	28.045029435483865	27.263135416666664	25.224513306451612	26.230748387096774	26.619561249999997	27.447967338709674	28.790326957999998	28.737012499999999	2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	32.343430846612911	34.127806288903948	33.911612280161293	32.106058113833328	28.348919001451616	27.292448606666664	25.798014973225804	27.244110171935482	29.046567338999999	29.769924043870969	32.021409368182802	32.497398913225808	2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	33.916538951451614	35.50067724143473	34.000899233709688	33.229218107500003	29.882778943225798	29.212053913333335	27.656785925483867	28.643485644516126	29.901350867499996	30.908336029274192	33.420178088349466	33.308263269354839	2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	34.204369429354834	36.374442579150255	36.896491310967747	35.565857917333332	32.156401515322578	32.572068563000002	29.48289400935484	28.690520514677427	30.9591828975	30.850662925967743	33.585365262182798	33.98871922370968	Month

Rainfall (cm)



Base Period	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	29.770974596774192	30.585539177955674	30.429349596774195	29.55259375	28.045029435483865	27.263135416666664	25.224513306451612	26.230748387096774	26.619561249999997	27.447967338709674	28.790326957999998	28.737012499999999	2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	32.343430846612911	34.127806288903948	33.911612280161293	32.106058113833328	28.348919001451616	27.292448606666664	25.798014973225804	27.244110171935482	29.046567338999999	29.769924043870969	32.021409368182802	32.497398913225808	2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	33.916538951451614	35.50067724143473	34.000899233709688	33.229218107500003	29.882778943225798	29.212053913333335	27.656785925483867	28.643485644516126	29.901350867499996	30.908336029274192	33.420178088349466	33.308263269354839	2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	34.204369429354834	36.374442579150255	36.896491310967747	35.565857917333332	32.156401515322578	32.572068563000002	29.48289400935484	28.690520514677427	30.9591828975	30.850662925967743	33.585365262182798	33.98871922370968	
Rainfall (cm)



RCP 2.6	2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	-37.280702773762144	-27.774512783694881	-5.8839997465243794	-7.8791276007314366	-2.1834441611259998	-16.754028573939468	-57.076373429428237	-33.801716771139603	-24.407060663313757	-60.746378286584438	-96.655347370724414	-92.137479361095558	RCP 2.6	2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	-24.358636511069925	14.430108848714754	24.422038617454351	-16.154537726488833	-20.802986176372261	-30.665366965396302	-48.512278116376834	-7.0501213664771551	-21.124418484277371	-82.128516934228031	-97.307962517900151	-89.19177176796839	RCP 2.6	2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	-7.3956105024660896	57.528782122781848	54.003667824124555	-0.60576907880526232	-5.591104617733051	-40.271374714764725	-39.710144329522251	-3.5207194693248054	-49.389645598226231	-89.210141493631454	-84.628582515628977	-55.431115598410685	RCP 4.5	2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	6.2243373876537413	11.991657382324171	-16.883580898287654	-13.003701667383266	15.547760925911994	-21.801297263572263	-20.606234370853237	-8.6779480032524372	-18.033204682852197	-71.806607187291434	-96.107616800773371	-82.98278959212044	RCP 4.5	2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	-50.900650663881983	-5.003825092606311	9.6907971356083937	-11.281816201976385	-5.3121668222756391	-22.94294137194159	-33.812079923066214	-8.2599925154317404	-35.001794204436884	-79.564157732540991	-98.980288832537937	-92.674058067650307	RCP 4.5	2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	-24.943956585686642	24.653610624276311	22.263108694686245	-29.597390436709009	-7.8368203722436842	-51.622504350610718	-22.113811371606555	-18.79931452410278	-53.428548034491982	-89.054158573820814	-88.829792525572685	-75.777304104099372	RCP 8.5	2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	36.053148882544313	1.6930609363856657	-39.483240266425284	-14.659498167831616	-16.178304128119773	-39.981391886323095	3.9635923674048425E-2	-18.2615940134563	-10.361889698581487	-61.189369778846682	-79.675699702241801	-48.291333625477947	RCP 8.5	2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	-62.697101398465136	-36.591052150118777	-6.8991257367000776	-31.399654373011455	-22.190568458233663	-52.521189872988415	-24.795711509788816	-6.7739285587360172	-27.006705297539813	-80.809941318762029	-98.648154337993148	-75.711600589011042	RCP 8.5	2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	10.794336431776596	109.71745271389064	46.869190794579644	-19.559012515975908	9.8606279115223643	30.871079196249855	56.356893953570186	13.730332185870028	-16.837368151108233	-81.440112314797048	-93.741886892261377	-62.351885854382296	Month


Change %



RCP 2.6	2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.4864490525837795	10.478608687234134	7.8723592156962052	6.7247996086073982	0.43452914037022561	-0.68601045199541233	4.6151515113634396	3.3050090026086174	6.5052108938622721	5.640035230883143	9.7616198753699681	10.395480954923949	RCP 2.6	2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	8.1349552067634825	10.145857508862836	7.5534785944602252	7.5801255369223632	1.6301330235435403	-0.42875796399363164	5.5717041843880866	3.3401219979211785	8.2189528555809819	8.0768248938582019	10.780662918060445	10.140514128745751	RCP 2.6	2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	3.4734557448159751	7.1471955586785878	11.709340666660864	10.035267963295651	0.81252135775371548	5.2160730711992427	2.3790186280808747	-2.0271976064904038	5.7051174362738042	3.2285394257483877	7.7618348213832151	7.4625778360381574	RCP 4.5	2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.6790693479225887	11.035568512413509	10.102706654959484	10.310533366748322	1.7916537001202111	1.2824753199623344	5.1803730587659462	2.5608026245853543	8.5528900559295646	7.7948193637171714	11.981744851485903	11.451687903165094	RCP 4.5	2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	9.4161783276217221	12.194432363204461	9.3702283720750312	9.2387158352216954	0.88092400854251107	1.744945914068174	5.9232011928744113	4.1222103586999088	9.527799443914569	8.2757678295673696	12.68994160004701	13.286770214892723	RCP 4.5	2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.5508289212794883	12.770399102563326	16.357344118124892	15.685653938581945	7.530200602938768	6.3555649433510748	9.3432051895626635	3.3146467018760921	8.0163641471238112	6.1497887943667759	11.58421832808	11.410889942133853	RCP 8.5	2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	8.640819740303213	11.581509452353679	11.443763108746339	8.6404069484876533	1.083577275847875	0.10751951142816817	2.2735886310540172	3.8632591410818935	9.1173782550604692	8.459485092313761	11.222805544710841	13.0855161552573	RCP 8.5	2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	13.924852682271984	16.070137050327393	11.73718690758383	12.440953198904928	6.5528528396434025	7.1485486422638189	9.6424957321581211	9.1981258857494375	12.328488763127153	12.607012562581948	16.081273189789069	15.907188575551617	RCP 8.5	2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	14.891668454350901	18.926929381604282	21.252973855475148	20.347669711168187	14.659895755491043	19.47293686216241	16.881914236236511	9.3774378499648332	16.302378565687306	12.396894623447295	16.655032473851076	18.275061555927852	Month
Season

Change %



RCP 2.6	2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	22.131509997685932	26.106890247276077	16.992956637338651	17.26795644437934	12.226036642291986	8.6652894563533209	13.337324784664597	18.685087543835028	14.796134853612253	13.83271829640926	17.737030684358139	24.106279956525732	RCP 2.6	2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	22.900389217862919	22.640973469252611	17.728570097718897	16.701734149018481	12.993321641717969	7.6478592584414207	13.780884051897269	19.769289092744867	11.527269507957961	15.132448744983368	20.186956483267647	27.484660398027884	RCP 2.6	2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	9.9988068982629894	13.937865450387443	22.619126450408896	21.685337743997671	10.679399050068278	11.625521103559896	9.3741012655537599	10.604570153196669	12.670690068736185	17.43930297420134	17.046436812639712	25.609274992849869	RCP 4.5	2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	27.459547181468331	29.779741323176147	18.411170865888597	20.353905026194489	12.93171808302615	11.054814952380456	17.076008114845521	21.910457160711232	17.937366968148755	16.97699575665073	26.284749439287193	34.54341708123593	RCP 4.5	2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	35.00959348425102	34.662177635795452	18.884177680609049	20.237485587485128	15.086303467326223	14.155453550776977	17.152459084678391	24.399295566783049	17.558165721764539	16.946681411656687	20.402093633693895	33.943369915815254	RCP 4.5	2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	17.76276099286363	27.11006069462481	32.275545351616501	31.669307950067388	19.782141270656531	19.786746533056906	22.440851834362281	24.625998597928223	22.89168790779166	26.807548111573183	25.543314938086436	31.875535288525708	RCP 8.5	2040s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	31.449438826163899	38.655829986367181	23.711991039986732	22.244723094221197	16.715906487723885	11.715140306048086	13.602212482405065	19.785825502065613	15.428251238128073	16.346743946471989	24.530063869555281	40.572468055942636	RCP 8.5	2060s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	36.894887274531868	43.542405241174706	27.881407690697163	29.330751537639415	25.784014927021925	24.587980597823101	28.505587315347046	33.461638777270565	25.354104409643817	24.907243825996677	29.511035256485645	44.126344527367465	RCP 8.5	2090s	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	46.498237279503726	53.531900247749995	46.806242672606352	47.487012809315736	38.699297282353953	40.967097779507704	41.435739094454249	41.013445971034571	41.609945930852305	45.505843248113777	46.515928545015505	53.305188292608584	Month

Change %



RCP 2.6	2040s	18.43098484947653	44.566678093178162	-2.0880762066708796	-7.9526946347329082	-33.521465948295166	-27.266713542522119	-9.2467897319889563	1.3676293583854284	-8.2373920396716755	8.6054145312659056	RCP 2.6	2060s	38.62032771590178	-9.6094081140380148	-1.804725877830295	-12.872292155120372	-33.228642468959926	-18.823084882708461	42.053736837194386	-15.438184171148764	0.34499107023472503	-1.6780450998130125	RCP 2.6	2090s	13.533186322520121	1.2564501924021756	-4.6659213449708519	-7.5078379326019684	-19.742478114415132	-9.4924622577901729	33.648968997484644	-3.699718053197719	8.4649543046945155	25.149759619243767	RCP 4.5	2040s	91.629993300019862	-34.754593410474307	8.8565440566269729	4.8863863402209065	-4.0815805598673975	-26.462857444994103	13.48974827886636	9.3079171909617351	48.587206664757502	22.975627030318581	RCP 4.5	2060s	97.515384368220438	-19.079805018259858	-12.284067277402423	-29.450522999880675	-30.729806826845792	23.28481971266396	59.697486019721282	-2.320591323888257	-28.228120011995106	-21.56118499480484	RCP 4.5	2090s	38.880160204498118	-13.605911664373499	4.6489136778204863	-37.029728277601969	-27.67984401279492	-25.28968021247681	-1.3923269217206906	-28.167674955065188	0.88600938417722241	5.9615995615389323	RCP 8.5	2040s	84.320692823166908	-15.315363861075804	30.562948108051057	-7.7712204670285807	-38.473064075433022	2.0694417141848702	-2.0110330260687315	11.675919948759514	25.596441371772507	2.6153471081692761	RCP 8.5	2060s	89.041709458872461	-20.26174985240317	-1.8332206109254308	-38.437562435607461	-42.238353581244112	-8.6125207581080172	9.5998759770972129	-35.533196370460281	4.3587907130440735	-30.852273639432237	RCP 8.5	2090s	57.36779142235936	7.9818843186683655	9.1018824925846893	6.1104093171642146	-19.556849063802794	48.023150205876547	14.875851272348022	47.260581489649198	131.46724399292069	69.129292253493531	Year

Change %



RCP 2.6	2040s	10.498485238841649	5.0105609548686809	8.211851889016085	15.291161590061023	7.3423948926400975	1.1786051745854544	2.9190177082430377	3.1401482188305927	1.3073336639611013	9.1898802001781945	RCP 2.6	2060s	7.9583197862475323	8.1541369643970505	10.395217678107208	16.839102347950107	11.516183750448802	2.7641256996990728	-0.945702908699949	-0.61070941214862096	2.0827111714774507	13.263582327385853	RCP 2.6	2090s	4.4057529305151171	8.2595198525322058	12.159188237550893	15.215462714144792	6.2836270580774913	-0.50286638629573532	8.0971796914345376E-3	-0.57791832051767145	2.7106195175224905	9.09233708545122	RCP 4.5	2040s	2.1890899056209721	13.420732512805378	17.54541443372608	17.329890972526414	5.7228576518204095	-0.37752396920782838	1.0204951150871746	6.4902485036981759	4.8574430510891666	11.451710240594661	RCP 4.5	2060s	3.5277877732506608	8.777174270873731	12.366637193419258	17.994993289807976	13.694600144305898	1.2564413549199205	-1.6326066086988149	1.1220984212606511	8.5230427772698896	19.702300523858391	RCP 4.5	2090s	6.050289976929597	9.0722894327786516	13.699888178342043	22.193208737452331	10.880203490362895	3.6060135514504212	5.2661185934755812	8.3603557939075124	7.0693638495924889	14.789908914285371	RCP 8.5	2040s	3.1845348997969425	12.834428399090775	13.590668495441077	16.955135329641827	9.454876025792208	-0.98671911049614747	3.14331362559453	5.6322870405485519	3.4761786461109314	12.166861101584072	RCP 8.5	2060s	7.4042499808068847	9.4322052234093707	16.030793112085895	25.154816604970897	16.794076377129375	6.5499874658168142	6.4429806129867959	8.1100172607978394	6.3914691322458932	21.467906057905694	RCP 8.5	2090s	17.887845964467552	18.631356512886374	19.505889956627776	25.077804840902161	16.527639069462278	7.8236772424465153	14.391277557500834	14.795683142928365	12.90335559780941	22.766881423405135	Year

Change %



RCP 2.6	2040s	35.470950417991567	13.524194580838037	30.540245561719065	23.215620055146378	20.808840601387931	13.889904973689045	10.97472321682819	16.070909730855572	0.44354998794567807	10.731306059679524	RCP 2.6	2060s	25.4661401893073	15.609163793132083	35.976713493797043	24.127915687291292	32.437482322818433	20.341275377723683	-3.0333327706205968	2.0639086610766224	5.680314237193552	18.860459847777726	RCP 2.6	2090s	17.922051412107404	20.864108886330833	41.108700515374586	23.946475355400214	19.485399453139504	12.489761953879492	0.88720591490101164	9.8267173918922719	2.9787809479565133	10.366269982061132	RCP 4.5	2040s	16.759397991409713	24.163315443688656	59.514090751146675	29.647417371094225	16.541971890708208	9.8237820218744201	8.2969273880847112	24.530501929018538	13.254312207939808	16.487121400782392	RCP 4.5	2060s	21.288271463540383	17.704426460120683	41.798271375048223	31.048558038078976	36.789873603772271	17.571961614657681	-0.91598796074259581	14.21920388854328	14.87171158792269	32.366340639664443	RCP 4.5	2090s	23.21296641419779	16.751516632464739	46.315803964702987	33.820207612346501	31.161873621763153	23.478265454968568	14.927044886351673	30.079217118864076	15.767161267240541	23.503700450046654	RCP 8.5	2040s	18.428284057064019	27.670835481741889	54.148033585230401	30.06369289397534	27.889132109857233	11.257810475738715	15.580393838519873	25.143124215743228	8.5116771682743284	13.819754000567109	RCP 8.5	2060s	25.719859342000273	19.774158435408875	54.635053994188546	46.795509532642178	46.539996325740418	26.166604463854476	15.29614525177567	26.294653456182676	17.564543614196886	38.153531180275216	RCP 8.5	2090s	56.718480404335267	45.721622005126989	63.350273438776526	47.839397148909683	44.231709037206791	35.996125505246788	38.405651322398676	52.878748477712797	32.215837871948082	40.231630173782797	Year

Change %



RCP 2.6	2040s	Kiremt	Belg	Bega	Tsedey	-35.877372924835775	-60.602928773540874	-52.397564972850866	-5.3155238361272721	RCP 2.6	2060s	Kiremt	Belg	Bega	Tsedey	-28.74258881608343	-66.853632645468522	-33.040099810107854	-4.178495095135581	RCP 2.6	2090s	Kiremt	Belg	Bega	Tsedey	-27.834079504537261	-74.40945653582888	-1.7659813260316426	15.935598042528747	RCP 4.5	2040s	Kiremt	Belg	Bega	Tsedey	-17.028493212559312	-61.982476223639004	-21.588931607380839	-4.7798405465863096	RCP 4.5	2060s	Kiremt	Belg	Bega	Tsedey	-21.671671270146515	-71.182080256505273	-49.526177941379537	-2.3010619628812101	RCP 4.5	2090s	Kiremt	Belg	Bega	Tsedey	-30.845210082106686	-77.104166377961832	-25.355883355169905	-5.0570340380888164	RCP 8.5	2040s	Kiremt	Belg	Bega	Tsedey	-19.401116658701781	-50.408986393223323	-3.5150412688493229	-23.440347520792226	RCP 8.5	2060s	Kiremt	Belg	Bega	Tsedey	-28.030276647171082	-68.821600318098334	-58.333251379198316	-20.163116189315065	RCP 8.5	2090s	Kiremt	Belg	Bega	Tsedey	33.652768445230024	-64.006455786055554	19.386634430428312	12.390268730042033	season

Change %



RCP 2.6	2040s	Kiremt	Belg	Bega	Tsedey	2.4113833539922149	7.3022886667051283	9.453512898247288	5.0105626548912765	RCP 2.6	2060s	Kiremt	Belg	Bega	Tsedey	2.8276894061052111	9.0254802224998745	9.4737756147906911	5.5879123849753762	RCP 2.6	2090s	Kiremt	Belg	Bega	Tsedey	1.8559646975965711	5.5651638944684692	6.0277430465109063	7.5190433292367445	RCP 4.5	2040s	Kiremt	Belg	Bega	Tsedey	3.0078836677712117	9.44315142371088	10.055441921167064	7.4016312406093396	RCP 4.5	2060s	Kiremt	Belg	Bega	Tsedey	3.9301191552141646	10.164502957842982	11.632460301906301	6.4966227386130795	RCP 4.5	2090s	Kiremt	Belg	Bega	Tsedey	6.3378056115966102	8.5834570898568625	10.577372655325556	13.191066219881868	RCP 8.5	2040s	Kiremt	Belg	Bega	Tsedey	2.0814557611880264	9.5998896306950225	11.102615115971398	7.0559157776939552	RCP 8.5	2060s	Kiremt	Belg	Bega	Tsedey	8.6630567533904586	13.672258171832723	15.300726102716999	10.243664315377387	RCP 8.5	2090s	Kiremt	Belg	Bega	Tsedey	15.244096316121253	15.118101887661894	17.36455313062768	18.753513107378126	Season

Change %



RCP 2.6	2040s	Kiremt	Belg	Bega	Tsedey	-35.877372924835775	-60.602928773540874	-52.397564972850866	-5.3155238361272721	RCP 2.6	2060s	Kiremt	Belg	Bega	Tsedey	-28.74258881608343	-66.853632645468522	-33.040099810107854	-4.178495095135581	RCP 2.6	2090s	Kiremt	Belg	Bega	Tsedey	-27.834079504537261	-74.40945653582888	-1.7659813260316426	15.935598042528747	RCP 4.5	2040s	Kiremt	Belg	Bega	Tsedey	-17.028493212559312	-61.982476223639004	-21.588931607380839	-4.7798405465863096	RCP 4.5	2060s	Kiremt	Belg	Bega	Tsedey	-21.671671270146515	-71.182080256505273	-49.526177941379537	-2.3010619628812101	RCP 4.5	2090s	Kiremt	Belg	Bega	Tsedey	-30.845210082106686	-77.104166377961832	-25.355883355169905	-5.0570340380888164	RCP 8.5	2040s	Kiremt	Belg	Bega	Tsedey	-19.401116658701781	-50.408986393223323	-3.5150412688493229	-23.440347520792226	RCP 8.5	2060s	Kiremt	Belg	Bega	Tsedey	-28.030276647171082	-68.821600318098334	-58.333251379198316	-20.163116189315065	RCP 8.5	2090s	Kiremt	Belg	Bega	Tsedey	33.652768445230024	-64.006455786055554	19.386634430428312	12.390268730042033	
Change %
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