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Introduction 
[bookmark: _Hlk76337889]Freshwater ecosystems are a proven bedrock for prevalence and sustainability of biodiversity (Dudgeon, 2020). The already meagre freshwater resource is finite in both space and time (Dessu et al., 2014). Its spatial variability and availability largely influence the siting of local water sources, and in turn the land use patterns and population distribution (Nsubuga et al., 2014). Further, the volume of Freshwater is largely influenced by precipitation and potential evaporation (Jiménez 2014). (Trenberth, 2011) argues that human-induced climate change (global warming), has significantly altered the precipitation patterns and the hydrological cycle resulting into extreme flood and drought events. 
The above constraints combined, resonate the paradox for the management, equitable allocation and sustainable utility of the freshwater resource in the face of the competing demands. Also to note, is the lack of fully developed basin water allocation plans in most tropical catchments in Africa, but yet with soaring water demand coupled with declining quantity and quality. There is evidenced need for the development and implementation of robust approaches to reliably derive the water demands in a catchment, estimate the water availability and determine the extent to which this meets the demand. 
This study focuses on the application of SWAT-WEAP modelling approach to assess the spatial and temporal availability of water and its corresponding demand within a tropical catchment and develop a suitable allocation framework with River Mitano Catchment in Southwestern Uganda is the selected case for application of this methodology. The objective of the study is to assess the water availability, demand and allocation for the baseline situation and two scenarios; (1) population growth, and (2) a changing climate for the Mitano catchment. With a valid challenge of availability of hydrological data, the study utilizes a SWAT-WEAP model-coupling approach taking advantage of SWAT’s capability to represent hydrological processes (Requirements, 2012) and WEAP’s strength for water allocation using scenarios. The results shall aid basin-wide allocation and distribution of the finite resource to address the competing demands and enhance sustainable development.
Methodology (approach used in the study) 
SWAT Modelling
ArcSWAT 10.4 was used in the study through ArcGIS 10.4 user interface. Weather data (rainfall, temperature, wind speed and relative humidity) obtained from Uganda National Meteorological Authority and reanalysis data from SWAT website (globalweather.tamu.edu/) for the period 1982 to 2019 was used. Basin defined from 3 arc-second SRTM DEM data, Land-cover derived from FAO Africover data set, Soil data from FAO global data base and River Mitano stream flow data obtained from Ministry of Water and Environment were also used for SWAT modelling. Stream flow records from 1990 to 2019 were obtained but data for the period 1990 to 1997 and 2010 to 2019 had gaps thus data for 1998 to 2009 period that had no gaps was used in this study as SWAT input for calibration and validation. The Representative Concentration Pathway (RCP) 8.5 was used as the criterion for selecting the RCM future daily climatic data because it is likely to be worse than the others and if this case can be managed, the other scenarios will be also manageable (Strandberg et al., 2014); (Bjørnæs, 2013).
The SWAT model for Mitano River Catchment was built with an SRTM3 DEM. The automatic delineation was carried out with an area of 2,098km2 and 35 sub basins and 361 HRU’s were generate. Calibration and validation of the model was done using SWAT-CUP. Calibration was done for the period 1998 to 2005 with a warm up period of 2 years and validation was done for the period 2006 to 2009. The optimization objective functions used were; Nash-Sutcliffe Efficiency (NSE), Standard deviation ratio (RSR) and coefficient of correlation (R2
WEAP Modelling
Population data, water use (demand site) and River head flows (discharge) obtained from the SWAT model were used for WEAP Modelling. Three scenarios were considered that is reference scenario that considered Uganda’s current population growth rate of 3.03% (UBOS, 2014), high population growth scenario that considered an estimated growth rate of 5.0% and the climate change scenario which considered Representative Concentration Pathway (RCP) 8.5 as the criterion for selecting the RCM future daily climatic data because it is likely to be worse than the others and if this case can be managed, the other scenarios will be also manageable (Strandberg et al., 2014); (Bjørnæs, 2013). 
To evaluate the impact of various water management scenarios on efficient water use, three water management scenarios were considered that is demand management programs, re-use of water and reduction of non-revenue water scenarios.
Results 
SWAT Modelling
The optimization objective functions used were; Nash-Sutcliffe Efficiency (NSE), Standard deviation ratio (RSR) and coefficient of correlation (R2) which were 0.55, 0.67 and 0.65 respectively for calibration and 0.55, 0.68 and 0.60 respectively for validation which shows the model performance was a reasonable fit since 0< R2 < 1 and -8< NS <1. However, due to the typical flow behavior of the stream in the study area, which are characterized by extreme low flows during dry seasons and extreme high flows during the wet seasons, it can be seen that the model struggled to balance between these extreme flow behaviors. This could be due to uncertainties inherent in: input data, non-uniqueness of parameters or some processes that were not captured by the SWAT model. 
Water balance results show that 57% of the total flow comes from base flow while surface runoff accounts for 43%. Also, 23% of precipitation percolates to shallow aquifer, 1% percolates to deep aquifer and 55% of precipitation is lost through evaporation. 
It is observed that there are two wet seasons that is; one that starts in March to May and one in September to December as per the rainfall data. In November, the highest rainfall is observed and in July, the lowest rainfall is observed thus availability of rainfall leads to increase in surface runoff that leads to increase in stream flow thus water availability is higher during high rainfall seasons.
WEAP results
· For the reference scenario, domestic, industrial and agriculture demands had unmet demands of 70%, 14.6% and 15.3% respectively. 
· Population growth scenario; increasing population by 5.0%, a total of 209Mm3 demands were unmet.
· Climate change scenario, the unmet demand increased by 58.8% from the reference scenario.
· For water management Scenarios; Demand management scenario, Reuse of water scenario, Reduction of non-revenue water reduce unmet demand by 47.5%, 85.8% and 62.8% respectively.
Conclusion and recommendations 
· Stream flow is lower in the months of February, March and June to August due to low rainfall received and increases as rainfall increases thus stream flow is highly dependent on rainfall in the catchment.
· Domestic demand had the most unmet demand of 70% as compared to industrial and agriculture that had 14.6% and 15.3% respectively. Future Climate change and high population growth rate will lead to increase in unmet water demands.
· The implementation of demand management programs that focus on reusing wastewater and reducing water conveyance losses improve the water availability evidenced by the reduction in the unmet water demand by 85.8%.
The following recommendations were made following the study;
· Water infrastructures and technology should be developed to maximize the available water and distribute water to all users fairly in the Catchment. 
· Water allocation planning is imperative in dealing with increasing water demand and water conflict. In addition, water permits or licensing should be strictly implemented pursuant to the water law for both groundwater and surface water uses.
· Water coordination mechanisms need to be improved and/or developed for coordinating among different water users particularly hydropower dam developers, water suppliers, fishermen, farmers, and business operators. 
· More encouragement of public participation and local awareness of water issues should be implemented. In particular, water data and information, including results of water monitoring, should be accessible for locals to increase their knowledge and involvement in more effective water management.
Experience/lessons learnt in the CAWESDEA internship programme 

· CAWESDEA   provided me with a platform whereby I was put on a team at Ministry of Water and Environment (my host institution) to come up with a concept note for developing a water resources allocation plan for basins in the country.
· I learnt how to use the models (SWAT and WEAP) in carrying out hydrological analysis and water resources planning and allocation.
· My confidence in approaching water engineering challenges, analyzing them and coming up with solutions has greatly improved.
· I have gained skills in research paper writing which definitely will be a lifetime achievement.
· The internship programme has given me a chance to interact with professionals in the engineering sector and make career networks that I somehow need to build up my career and achieve my ambitions. 
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