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1. Introduction (brief summary of background of study, why the study, value addition, theoretical basis of the study) (0.5 page)
Data scarcity has been a huge problem in modelling various catchments especially in the tropical region. Satellite data and different statistical methods are being used to improve the quality of conventional meteorological data. However, the potential of using this data needs to be further investigated. The usage of multiyear global gridded representations of weather known as reanalysis datasets is now into play to aid in hydrological modelling for catchments (Nkiaka, Nawaz, & Jon, 2017). National Centers for Environmental Prediction (NCEP)/National Center for Atmospheric Research (NCAR) (Tarana & Slobodan, 2010), Climate Forecasting System Reanalysis (CFSR) (Daniel, et al., 2014), European Center for Medium-Range Weather Forecasts (ECMWF) ERA-Interim (Peng, et al., 2020), Tropical Rainfall Measuring Mission (TRMM) (Liu, et al.,2012) and Modern-Era Retrospective Analysis for Research and Applications(MERRA) (Gelaro, et al., 2017) are some of the widely used datasets. 
This study evaluates the performance of two reanalysis data sets i.e CFSR and MERRA-2 and TRMM satellite product in hydrological modelling of the Manafwa Catchment, Uganda. The novelty of the study is the comparison of the three generated models which has not been done before for tropical catchments. The study goes on evaluate the performance of these models when subjected to generated bias correction factors by seeing how best they can improve the reanalysis datasets to produce models close to those obtained by observed data. 
This study will be useful in validating the use of these datasets in runoff modelling for data scarce catchments especially in the tropical region. The proposed methodology will contribute to the bias correction of these datasets and hence, the hydrologic simulation modelling at the river basin scale with increased accuracy. Additionally, this study will broaden the knowledge of the hydrology of Manafwa catchment as well as provide other possible sources of data in data-scarce areas like Uganda. 
2. Methodology (approach used in the study) (0.5 page)
The study mainly dealt with reanalysis datasets namely CFSR, MERRA-2 as well as satellite product, TRMM. The aim was to obtain bias corrections to be used when working with reanalysis datasets to run hydrological models. The SWAT model was used which was then calibrated and validated using SWAT-cup. The models were then evaluated basing on different model performance indicators namely Nash Sutcliff Efficiency (NSE≥0.5), Coefficient of Determination (R2≥0.5) and PBIAS±25%.
The datasets used in this study included meteorological data such as precipitation and air temperature; hydrological data including runoff; and spatial data such as Digital Elevation Model (DEM). The data collection methods to be use were for specifically the SWAT model; land cover maps were obtained from Landsat images, DEM at a spatial resolution of 30-m was obtained from the SERVIR-ESA, soil maps from the available soil data, and weather data was obtained from the available weather stations which was used as the reference material to correct the reanalysis datasets. The reanalysis datasets were obtained from available websites.
Before comparison, CFSR and TRMM 3B42 were resampled to horizontal 0.5x 0.5grid sizes to obtain a uniform spatial resolution with MERRA-2 using bilinear interpolation, a common procedure in meteorology and climate studies (Sempewo, Bahati, & Ogenrwoth, 2021).
Two bias corrections were used for this study. For precipitation, the Local Intensity Scaling (LOCI) method was used whereas for temperature, the Linear Scaling (LS) method was used. Both are conducted on a monthly basis for each calendar month during the period 2000-2013.
3. Results (>0.5 page)
Firstly, we evaluated the performance of the reanalysis rainfall datasets against the rain gauge data. The results showed that TRMM and CFSR estimates are close to those from the rain gauges’ data. This was confirmed by the statistical values (including mean, standard deviation, and maximum rainfall). 
Model performance indicators indicated that, at monthly time steps, all the three datasets produced values of Nash Sutcliff Efficiency (NSE≥0.5), Coefficient of Determination (R2≥0.5) and PBIAS±25%., however, the R2 of the observed data were higher than that of the reanalysis datasets for the calibration and validation periods. In addition, it is worth noting that MERRA-2 underperformed compared to TRMM and CFSR. This showed that the CFSR, TRMM and MERRA-2 weather data provided sufficient accuracy to build the hydrological model. The poor performance of MERRA-2(R2 of 0.64) dataset can be attributed to the high variability in annual rainfall produced by this dataset compared to the other two datasets. Hence, the need to cautiously incorporate bias corrections in the reanalysis datasets before application.
Despite a general underperformance compared to TRMM, CFSR performed better than MERRA-2. On applying generated bias-corrections for precipitation and temperature climate data, overall results showed that biased corrected data outperformed the original data. We conclude that, in the absence of gauged hydro-meteorological data, bias-corrected TRMM, CFSR and MERRA-2 data could be used for hydrological modelling in data-scarce areas such as the tropical catchments in Uganda.
4. Conclusion and recommendations (0.5 page)
It is obvious that the different reanalysis datasets can be used drive hydrological models of various tropical catchments in the absence of gauged data. This is so basing on their ability to drive hydrological models close to that of the observed data set. However, hydrological modelling using these datasets is exposed to significant amounts of model uncertainty due to the differences between them and the true observed data. Original Reanalysis datasets are very biased, and this precludes their direct use in hydrological modelling of various catchments. 
The results of our study showed that the bias-corrected datasets significantly out-performed the non-corrected datasets in simulating streamflow in the study area. This highlights the importance of bias correcting global reanalysis datasets before using them for hydrological modelling. It is concluded that from our study, the TRMM rainfall dataset matched best with the gauged data followed by CFSR and MERRA-2 reanalysis datasets.
Results of model evaluation indices showed that all the three datasets performed better after application of bias corrections. This is not surprising given that the corrected sets had the best rainfall and temperature input because of reduced variability in these climate estimates. This demonstrates the importance of post-processing or bias correcting global reanalysis datasets before using them for hydrological modelling. 
For future research, there is still need to exhaustively investigate the potential of using bias corrections on reanalysis datasets for this catchment for other periods other than those used in this study. A comparison of models would greatly confirm how dependable the corrections can be when it comes to hydrological modelling. There is also another gap to try the datasets and their computed bias corrections using the LS and LOCI bias correction methods on other catchments to see how best the methods are.
5. Experience/lessons learnt in the CAWESDEA internship programme (>0.5 page)
From my internship programme, I learnt how to create hydrological models using ArcGIS and ArcSWAT as well as calibrating and validating them. I also learnt how to work with satellite data and reanalysis datasets and how to make them as accurate as possible using different bias correction methods.  With this knowledge, I can ably advise on which reanalysis datasets are more suitable for use especially in tropical climatic regions. 
In addition, I have learnt how to write a journal paper and make it suitable for publication in journals like IWA. This has greatly improved my report writing skills. I have already put in my manuscript in the IWA Journal of Water and Climate Change to which I have received comments that am addressing. 
I do recommend all young engineers interested in the water sector to undertake internship programmes such as CAWESDEA because they will not only grow their technical and problem-solving skills but also, they get to meet and be mentored by some of the best professionals in the field. 
To sum it all up, I am grateful to all the partners on this program for giving us a once in a lifetime opportunity to jump start our careers with an all-round internship programme especially as we are starting out as young water engineers. 
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