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1. Introduction 
Water is life. It is an important element of the social and economic well-being of society. Kenya is a water-scarce country, ranked as 21st globally for the worst levels of water accessibility. The town of Eldoret is currently experiencing rapid population growth, resulting in ever-growing water demand. On the other hand, climate variability, land cover, and land use changes have altered the hydrologic response of the Kaptagat catchment, one of the major sources of water for Eldoret. This study uses the SWAT model in seeking to evaluate the impact of land use change and climate variability on the catchment yield, resulting in high variations in river flows and storage reservoir levels, and suggests possible mitigation measures to improve the yield. The model was customized for the study area, calibrated, and validated, and simulations were done to establish the changes in yield and river flow over time. This study observes that with time, land use changed due to increased settlement in the catchment, resulting in a decrease in forest cover (natural and planted) from approximately 37% in 1989 to 26% in 2019. Rainfall events also decreased but became more intense. The results of the changing land use and climate variability were changes in the catchment hydrologic response, occasioned by increased surface runoff and decreased baseflow and groundwater recharge, hence the high variations in water levels at the Elegirini and Two Rivers dams in the catchment during the dry and wet seasons, as modeled. The modeling of the catchment management scenarios indicates groundwater recharge increased by 17% and surface runoff decreased by 9%. Therefore, if the ongoing afforestation, reafforestation, and terracing practices by farmers (although small-scale) increasing vegetation cover in the catchment are adhered to, the catchment response regime will improve significantly with time, despite the increasing climatic variability.

2. Methodology 
The Kaptagat forest catchment, source of Sosiani River, is in the Eastern part of the town of Eldoret (Figure 1). The river is fed by two main tributaries, the Elegerini and the Endoroto. The catchment has an area of approximately 269 km2, with an altitude varying between 2600 m and 2184 m above mean sea level. It lies between latitude 000 17′ N and 000 30′ N and longitude 350 20′ E and 350 37′ E
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Figure 1: Map of Kaptagat catchment, Uasin Gishu Kenya.
The SWAT model is a time-continuous, semi-distributed, process-based model developed by the Agricultural Research Service of the United States Department of Agriculture (Arnold et al., 2012). SWAT can model changes in the hydrologic response of the catchment, water quality, and erosion, and is also good at estimating the effects of land use changes and climate variability on a catchment (Yang et al., 2016). The model works by dividing the catchment into subbasins and further into Hydrologic Response Units (HRUs). These subdivisions are characterized by the different combinations of land use, soil characteristics, slope, and the different catchment management practices applied. The SWAT model uses a hydrological cycle based on the water balance approach (Tuo et al., 2016). The hydrological cycle is controlled by climatic variables such as rainfall, temperature, wind speed, solar radiation, and relative humidity. SWAT uses daily time series inputs from climatic variables to simulate daily, monthly, and annual catchment hydrologic responses. SWAT documentation gives detailed literature on how the model works (Neitsh et al., 2011). The summary of the model set-up is as illustrated in Figure 2.
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Figure 2: The process of SWAT modelling.

3. Results 
Changes in catchment flows and yield are observed in line with land cover changes where forest cover is converted into agricultural farms and the land is fragmented into smaller sizes for mixed farming. The catchment yield decreases progressively. During the early years, the catchment was observed to have a high yield with continuous flows having a little variation. However, this changed with 2019 receiving heavy rains; the yield remained below that of 1989. The low flows of 2016 was observed to have impacted negatively on the storage of the two reservoirs in the catchment, resulting in water levels dropping below the inlet point for water treatment works. This further occasioned an acute shortage of water in Eldoret in late 2016 through to 2017. The land use for 2019 improved the catchment yield slightly in comparison to the previous years.
The change in hydrologic response of the Kaptagat catchment over time for the period of 1989–2019 can be attributed to the change in forest cover. The decreased forest cover from 1989–2009, because of charcoal burning and illegal logging, is most likely to have led to the decrease in the infiltration and, hence, percolation because of decreased surface roughness. Evapotranspiration also was likely to have been reduced and hence, affected the hydrological cycle of the catchment. Therefore, the effect of these changes was likely a reduction in precipitation, an increased proportion of the rainfall converted to runoff, and decreased groundwater recharge.
The occurrence of the described phenomenon is observed to have been gradual. At first, when the forest cover decreased, groundwater increased due to decreased evapotranspiration, as observed in the year 2000. However, the groundwater continued to replenish streamflow for some time. However, because of the low levels of infiltration and the spaces available in the river networks in the catchment, resulting from subsided flow levels, the replenishment of groundwater was low, and it started to deplete. With little groundwater and variability in rainfall, combined with increased bare land, surface streamflow in the catchment varied greatly, as observed by the community.
The above-observed phenomenon can be summarized to be because of the increased proportion of rainfall being converted to runoff and the decline in evapotranspiration due to reduced forest cover. Xu et al., (2010) observed that the SWAT model is sensitive to the shallow aquifer threshold level in defining the relationship between streamflow and groundwater, which is in line with the observed phenomenon. The effect of land management practices, where farmers were encouraged to plant bamboo plantations and forest land was reclaimed for reafforestation, hence increasing vegetation cover, could be observed by the decreased runoff and groundwater recharge and increased catchment yield in 2019. However, the practice needs to be improved and sustained until the groundwater aquifers are recharged to sustainable levels.
The increasing human settlement and agricultural activities in the catchment translate to increasing water demand. With the high variability in river flows and reservoir storage levels, flower farms and a few intensive agricultural farms and industries have resorted to sinking boreholes. This further depletes the diminishing groundwater in the catchment, hence the continuous observed decrease. Inter-annual rainfall variability remains high. With the decreasing rainfall events and increasing rainfall intensity (Caroline et al., 2020), there is a likelihood of increased water demand vis-a-viz the availability. Therefore, there is a need to enact additional mitigation measures in addition to the simulated measures already being enacted, such as planting trees in the open spaces and bush areas that were previously forests and destroyed, and planting trees for commercial purposes in agricultural land. Further mitigation measures, such as harvesting surface runoff (e.g., water pans), terracing and the planting of strips of tea plantations on agricultural land with slopes ≥25% to recharge groundwater and for use in agricultural activities will hasten the process of recharging the diminished aquifers in the catchment. To ensure sustainability, the cost of these mitigation measures should be offered by downstream users to the upstream farming communities for their efforts in providing watershed protection ecosystem services.

4. Conclusion and recommendations 
To target and implement land use management practices in the Kaptagat catchment to improve its yield, SWAT modeling is an important decision-making tool. However, the availability of observed accurate streamflow data is necessary for the calibration and validation of simulated streamflow. The availability of land use, climate, and flow data made it possible for the modeling and understanding of the changing hydrologic response of the Kaptagat catchment that has been taking place over time. However, bias is observed between the observed data and the model output attributed to inadequate observed data, which limiting the model’s ability for its application in day-day management decisions, even though it may be sufficient to hypothetically examine the impacts of land use and climate on river discharge. Furthermore, Kibiiy and Kosgei (2018) observed a decline in monitoring networks, suggesting the adoption of short planning periods. However, it is a predicament since long-term planning cannot be done.
The method applied involved obtaining the available climate and streamflow data from the Meteorological Department and Water Resources Authority (WRA). Sentinel land use data were used for the identification of dominant land use to be used for the supervised classification of Landsat images. The model was calibrated and validated for the simulation of land use change for at least the last three decades, 1989 to 2019. The study illustrated the effects of land use change on catchment yield, flow, and groundwater. The positive effects of management measures already in place were also observed. The Kenya Forest Service, in collaboration with ELDOWAS, local administration, and the Ministry of Agriculture at a County level, should continue working with the local community within the catchment to realize an increase in forest cover, terracing and the planting of tea plantation strips on agricultural lands with steep slopes and the protection of natural springs. Environmental conservation initiatives should also be implemented through payments for environmental services by downstream users offering incentives to upstream farming communities, in exchange for managing their land and resources for providing environmental services.
Further, there is a need for modeling of sediment transport and groundwater in the catchment, as they play a role in the amount of water stored in the catchment reservoirs and river flows. In the current state, the hydrologic response of the Kaptagat catchment is significantly improving and management practices taking place should be sustained.
5. Experience/lessons learnt 
The CAWESDEA internship was a well thought, planned and executed programme imparting pertinent skills and experience to the author. As a greenhorn having just completed their bachelors, the internship offered an opportunity of integrating Academia and practice at the Industry. This led to the identification of engineering problems being experienced in the day to day activities at the field of choice. The identified challenge had to be converted into a research idea through the identification of knowledge gaps, further sharpening research skills.
In order to effectively carry out the research in a field full of technocrats used to fixed way of doing things, communication skills was learnt, enabling the author get answers to questions of interest while not upsetting the status quo. It is during this process that it was acknowledged that research is as important as the data collected. Data collection being a skill in itself, it was learnt that the data entry clerk or dam watchman and community had native knowledge of the catchment that are not in print that would inform research. Striking a good rapport with all the stakeholders involved, played a pivotal role in data collection.
To effectively carry out the research, data cleaning, sorting and analysis skills had to be developed. Further, modelling was also learnt through a continuous process hence the outcome. Having successfully modelled the study catchment, report writing and publishing were necessary, further improving the skills thereof. In conclusion, this internship not only equipped the necessary skills hence competency, but also played a pivotal role towards the identification of a personal Niche in research. Given another opportunity to work with GWP, I will be more than happy to do so. I highly recommend this internship programme.
I was able to publish a journal paper courtesy of CAWESDEA internship programme and can be accessed via the link: 
https://www.researchgate.net/publication/349181673_Application_of_Soil_and_Water_Assessment_Tool_SWAT_to_Evaluate_the_Impact_of_Land_Use_and_Climate_Variability_on_the_Kaptagat_Catchment_River_Discharge

6. References 
1. Arnold, J.; Moriasi, D.; Gassman, P.; Abbaspour, K.; White, M.; Srinivasan, R.; Santhi, C.; Harmel, R.D.; van Griensven, A.; van Liew, M.W.; et al. SWAT: Model use, calibration, and validation. Trans. ASABE 2012, 55, 1491–1508.
2. Caroline, M.; Declan, L.; Mary, K.; Emily, B.; John, H. Extreme Rainfall in East Africa, October 2019-January 2020, and context under climate change. Weather (January) 2020, doi:10.1002/wea.3824.
3. Kibiiy, J.K.; Kosgei, J.R. Long Term Water Planning: A Review of Kenya National Water Master Plan. In Water Resources Management, Water Science and Technology Library; Springer Nature Singapore Pte Ltd: Singapore, 2018; Volume 78, pp. 193–208, doi:10.1007/978-981-10-5711-3_14.
4. Neitsch, S.L.; Arnold, J.G.; Kiniry., J.R.; Williams, J.R. Soil and Water assessment tool theoretical documentation, Texas Water Research Institute Technical Report No. 406, Texas, USA 2011.
5. Tuo, y.; Duan, Z.; Disse, M.; Chiogna, G. Evaluation of precipitation input for SWAT modeling in Alpine catchment: A case study in the Adige river basin (Italy). Sci. Total Environ. 2016, 573, 66–82.
6. Xu, H.; Taylor, R.G.; Kingstone, D.G.; Jiang, T.; Thompson, J.R.; Todd, M.C. Hydrological modelling of River Xiangxi using SWAT 2005: A comparison of model parameterizations using the station and gridded meteorological observations. Quat. Int. 2010, 226, 54–59.
Yang, Q.; Zhang, X. Improving SWAT for simulating water and carbon fluxes in forest ecosystems. J. Environ. 2016, 569–570, 1478–1488.
image2.png
35200 352230°E 35250 352730°E 35300 353230°E 35350 353730°E

< Eldoret Met Station N
00| ®Sabor Station L300

Two Rivers dam

02730

ko273
Kaptagat's
Kaptarakwa
0°25'0"N W =25
2230 bo223
Legend
D Basin
— Reach
Watershed

00N | @8 Forest Station

& Weather Stations

Fo=200

®  River Gauges
(*)  Shopping Centers

~ LongestPath 0 25 5 10 Kilometers

01730 |——— Reach | L | ] Kipkabus Station

&

35200 352050 35250 352730 35300 3553150 35550 353730

Fo=173





image3.png




image1.jpeg




