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ABSTRACT 
 
Ethiopia, as well as the downstream countries of Sudan and Egypt, are highly dependent on the water coming 
from the Nile, in particular from its tributary Blue Nile. In the last decades, an increasing human pressure, 
combined with climate change, altered the natural environment, with significant consequences on the local water 
resources and population. Indeed, the combined effect of soil degradation due to Land Use / Land Cover (LULC) 
changes and more frequent extreme rainfall events caused severe erosion and sediment transport, which 
contribute to negative impacts on downstream flooding, pollution and effective capacity of reservoirs. Using the 
Ethiopian Fincha River as a case study, this paper provides a general overview on the actual knowledge of 
LULC changes in the basin, proposing future studies that are needed for the future management of 
sedimentation within the Fincha Dam reservoir. 
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1 INTRODUCTION 
Since millennia the whole Nile Basin benefited from the water coming from the Ethiopian highlands, 
particularly from the Blue Nile. Besides Ethiopia, the downstream people living in Sudan and Egypt used the 
water in multiple and sometimes concurrent ways; agriculture, livestock, industry and power generation. To 
maximize the benefits, the local populations altered the natural environment, changing the coverage and the 
use of the majority of the land, particularly close to watercourses.  

Therefore, evaluating the future effects of Land Use/ Land Cover (LULC) changes is important to generate 
and provide helpful information to policymakers and development practitioners (Ayana et al., 2014), 
specifically in the case of countries highly dependent from the local environment, such as Ethiopia. Indeed, 
bare land expansion, increased surface runoff production and soil erosion are major environmental damages 
attributed to LULC in the Fincha River basin (Gessesse & Bewket, 2014; Dibaba et al., 2020), north-western 
from the capital city Addis Ababa. These degradation processes have adverse impacts on the local 
agricultural productivity, water resource availability and food security. In addition, the increasing frequency of 
heavy rains due to climate change can cause severe erosion and sediment transport, which ultimately leads 
to the degradation of soil and contributes to negative impacts on downstream flooding, pollution and siltation 
of water bodies and reservoirs (Yan et al., 2013). LULC changes may result in a high rate of soil erosion and 
increased sediment transport by changing the magnitude and pattern of runoff, peak flow, sediment yield and 
groundwater levels, adversely affecting the useful life of reservoirs (Leta et al., 2017). Using, as a case study, 
the Fincha Dam, the present work will emphasize how LULC changes affect the sediment yield and its 
consequences on the reservoir capacity, tackling a series of objectives: 

• quantification of the sediment yield deriving from different LULC types within the river basin; 

• assessment of the correlation between sediment yield and topography, flow discharge, drainage 
basin characteristics, and channel geometry; 

• evaluation of the impact of LULC changes on water flow and sediment yield at the catchment scale; 

• quantification of sediment volume entering the reservoir and evaluation of the effect on the useful 
lifetime of the dam; 



                                                                                                           
Proceedings of the 1st IAHR                                                                                                          
Young Professionals Congress                                                                                                                                                      
17-18 November 2020 

          

  

 

• development of recommendations and guidelines and consulting to policymakers on appropriate 
mitigation measures aiming to reduce the sediment yield in the watershed, and consequently the 
reservoir siltation. 

 
2 PROJECT FLOWCHART 
The proposed study, which will start in October 2020 and last for around four years, will assess the sediment 
yield and siltation impacts on the Fincha reservoir under LULC changes at the catchment scale. This will be 
performed combining spatially integrated hydrological parameters, digital elevation models (DEMs), land use 
and soil maps with the ArcGIS interface Soil and Water Assessment Tool (ArcSWAT). Remote sensed data 
like DEMs and LCLU maps will be acquired through the United State Geological Survey website, while 
additional information on the local climate, streamflow and soil conditions will be collected from different 
governmental offices in Ethiopia. To integrate and calibrate the remotely sensed information, field data will be 
also collected along the Fincha River and within the reservoir. 

Employing multiple simulations, the research will provide water managers and policymakers with multiple 
future scenarios forced by different LULC, and associated management strategies and mitigation measures 
for reducing the siltation in the Fincha Dam reservoir, and consequently extending the useful lifetime of the 
dam. The use of satellite remote sensing and Markov modeling will found to be beneficial in describing and 
analyzing the direction, rate and spatial pattern of LULC change to generate scenarios for the next decades 
(e.g., 2030-2040-2050). 

To achieve the main objectives of the project, some research questions will be tackled: 

• What is the actual sediment yield, based on the present LULC conditions of the basin? 

• How is the sediment yield affected by watershed characteristics (topography, LULC, etc.), the river 
flow discharge, the channel geometry, the local climate? 

• What is the impact of LULC changes on the sediment yield of the catchment, and do these effects 
vary seasonally? Is there any temporal trend, that could be linked to the local hydro-meteorological 
conditions? 

• Is the ArcSWAT model able to reproduce the observed sediment yield? If not, what additional data 
are needed for calibrating/validating the code? 

• What are the possible management strategies and mitigation measures that can be applied for 
reducing the sediment load coming from the basin hillslopes and consequently the siltation in the 
Fincha Dam reservoir? 
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