
Land degradation is a major watershed problem causing 

significant loss of soil fertility and productivity in the 

Ethiopian highlands. Soil erosion by water is the dominant  

form of land degradation. Blue Nile Basin (BNB) is a hotspot 

area where soil loss from the highlands is very high and a 

threat to planned reservoirs (such as the Grand Millennium 

Dam) in the basin. Identification of hotspots runoff and 

sediment sources areas through efficient modeling practices  

is therefore essential for developing appropriate soil erosion 

management and conservation practices. 

 

 Objective  
The main objective of this poster is to describe the newly 

developed  erosion model that was tested for watersheds 

ranging from 1 km2 to 180,000 km2 in the Ethiopian Highland 

of Blue Nile Basin.  

Study Area Description 
Anjeni and Debre Mawi are upland sub watersheds in BNB 

and are sub-humid in climate, while the Blue Nile flows from 

humid  to semi-arid climates on the way to the Ethiopian 

Sudan border. 
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Hydrology model: 
The erosion model is based on hydrology model 
developed by Steenhuis et al. (2009) that simulates 
surface runoff, base flow and interflow. In this simple 
saturation excess water balance model the watershed is 
divided into three zones. Two surface runoff (Q1 & Q2) 
zones consisting of different areas: one that becomes 
saturated during the wet monsoon period and the other the 
degraded hillsides. The remaining hillsides are the third 
zone where the rainwater infiltrates and becomes either 
interflow, QIF (zero order reservoir) or base flow, QBF (first 
order reservoir) depending on its path to the stream. The 
model has nine parameters as shown in Table 2.  
 
Table 2: Hydrology parameters in Steenhuis et al. (2009) model 

 
 
 
 
 
 
 
 
 
 

 
Erosion model: 
The erosion model developed here is a simplification of 
Hairsine and Rose (1992) in which sediment concentration 
is a linear function of velocity. we assume for simplicity that 
the erosion process is transport limiting. The mean 
suspended sediment concentration C (kg/m3) is a function 
of Q (flow rate per unit area) and a coefficient dependent 
on the slope, Manning’s roughness coefficient, slope 
length, and the effective depositability. 
 

C = a Qn  
 
Using the kinematic flow approximation and assumption of 
turbulent flow, n will be 0.4 (Ciesiolka et al., 1995). The 
coefficient a is assumed constant through out the erosion 
period. 
 
Assuming surface flow transports sediment and the 
subsurface components (interflow and baseflow) dilutes 
the concentration, the sediment concentration at the outlet 
of the watershed will be 

The simple hydrology and erosion model was able to 
simulate the discharge and sediment concentration patterns 
(Figure 2 to 4) quite well in various scale with similar 
parameters (Table 3).  
 
The daily sediment concentration simulation for the two 
upland watersheds and the 10-day model simulation for 
Blue Nile basin compares well with the measured data with 
Nash Sutcliffe efficiency in the range of 0.64 to 0.8 while the 
hydrology model was in the range of 0.7 to 0.9.  
 
The results suggested that sediment producing areas are 
only 15 to 40% and the higher erosion parameters (Table 3) 
in Debre Mawi and Anjeni might be due to agricultural 
activities as shown in Table 1 and the availability of active 
gullies as shown in Figure 5. 

Introduction 

Figure- 1: Location of Blue Nile Basin & upland watersheds 

(Anjeni & Debre Mawi) 

Table- 1: Watersheds characteristics 

We calibrated first daily and 10-day discharge values of the 
water balance model and subsequently the sediment 
concentrations with the erosion model  in Anjeni (1988-1997) 
and Blue Nile Basin (1993-1994 & 2003), respectively. We 
then tested the model in Debre Mawi watershed where we 
collected 45 storm runoff events and corresponding 
sediment concentration for 2010 and 2011 summer period. 

Methodology 

Figure 2: Daily Streamflow (above) sediment concentration 

simulation (below) for Anjeni 

Figure 3: 10 days stream flow (left) and sediment 

concentration (right) 

Conclusion 
 

   Simplified models that require very few calibration parameters to simulate runoff and sediment transport are important in data 
limiting environments. Using these models, it was possible to identify the proportion of runoff source areas which are also sources 
of sediment. The analysis showed that the model could capture the variability in discharge and sediment concentrations quite 
well with parameters that were nearly scale independent. 
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Watersheds Area 

(km2) 

Annual 

Rainfall 

(mm) 

Elevation  

(m.a.s.l.) 

Slope 

range 

(%) 

Agricultural 

area 

(%) 

Anjeni 1.13 1690 2405-2507 8 to 30 70 

Debre Mawi 0.95 1240 2212-2306 6 to 30 70 

Blue Nile 180,000 1150-1760 470-4260 0 to 70 26 

Parameters 
Saturated 

area (Q1 ) 

Degraded 

area (Q2 ) 

Hillside 

(QBF & QIF) 

Area proportion  A1 A2 A3 

Maximum storage, Smax Smax1 Smax2 Smax3 

Base flow half-life t½, 

Base flow reservoir storage BSmax 

Interflow; duration of the period 

after the rainstorm until the 

interflow ceases 

dQ/dt = -aQb derived for b =0 

(Brutsaert and Nieber, 1977) 
τ* 

a1 and a2  are to be calibrated with existing field data 

Parameters Unit 
Calibrated values 

Anjeni Debre Mawi Blue Nile 

Area A1 % 2 10 20 

Smax in A1 mm 200 200 200 

Area A2 % 14 30 20 

Smax in A2 mm 10 10 10 

Area A3 % 50 60 60 

Smax in A3 mm 100 60 300 

BSmax mm 20 80 20 

t½ days 70 65 35 

τ* days 10 5 140 

a1 (g/l)(mm/day)-0.4 0.2 0.2 0.2 

a2 (g/l)(mm/day)-0.4 3.4 10 1.2 

Table 3: : Input parameters for daily and 10-days 

stream flow and sediment concentration modeling 

 

Figure 4: Storm Runoff (above) and Sediment 

Concentration (below) for 2010 summer 

Figure 5: Gullies on saturated areas of Debre Mawi 
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