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Abstract: Substantial runoff is a feature of the Ethiopian Nile River Basin because its soils are erodible and poorly 

organized, resulting in high soil loss and sedimentation rates. The rate of soil erosion and sedimentation in the basin was 

reported to be quite variable, which could be owing to the methodology utilized and data quality used. By reviewing recent 

studies, this review primarily aimed to give information on the range of soil erosion and sedimentation rates. Recent studies at 

small watersheds and basin levels were reviewed. Soil loss and sedimentation rates in Ethiopia's Blue Nile River Basin ranged 

from 16 to 67.37ton ha
-1

 year
-1

 and 4.2 to 18ton ha
-1

 year
-1

, respectively. Similarly, at watersheds level soil loss and 

sedimentation rates were reported to range from 8.25 to 100ton ha
-1

 year
-1

 and 1.1 to 43.34ton ha
-1

 year
-1

 respectively. Hence it 

is concluded that high soil erosion and sedimentation rates are serious problems in the basin. So, appropriate soil and water 

conservation measures are recommended throughout the basin to reduce both on-site and off-site effects of soil erosion. It is 

also highly advised to utilize uniform techniques and a common data source for soil erosion and sedimentation rates estimation 

at different levels. 
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1. Introduction 

In the Blue Nile River Basin system, the Ethiopian Plateau 

is the primary supplier of sediment [1].
 
Land degradation 

caused by erosion is the most common problem in Ethiopia's 

highlands, where a large amount of fertile soil is lost each 

year [2-4]. The Blue Nile Basin has higher runoff than the 

White Nile through the catchment area
 
[5], and its soils are 

erodible and poorly structured
 
[6], which could lead to 

increased soil erosion and sedimentation in the river basin. In 

the upper Blue Nile Basin, poor land-use practices and a lack 

of soil conservation methods are important contributors to 

downstream reservoir sedimentation
 
[7]. 

In Ethiopia, average annual soil loss has been recorded as 

42ton ha
-1

 year
-1

 for many decades, and it has recently been 

reported as 12ton ha
-1

 year
-1

, with estimates ranging from 

300ton ha
-1

 year
-1

 in very exposed locations to 100ton ha
-1

 

year
-1

 in Ethiopia's highlands. The estimated sediment 

delivery ratio (SDR) at the basin level reveals that about 55% 

of sediment remains in the landscape and does not enter the 

stream system [8]. 

There are various research papers on soil loss and 

sedimentation rates in Ethiopia's Blue Nile Basin at the basin, 

sub-basin, catchment, and watershed levels. Though the risk 

of soil erosion and sediment yields varies by location, some 

environmental (e.g., landforms; soil characteristics; rainfall 

amount, intensity, and distribution; vegetation type and 

cover; lithology) and socio-economic factors, such as the 

implementation of anti-erosive land use and management 

practices, generally control the course of action [9, 10]. 

Different watersheds in the basin have reported significant 

soil loss rates that are beyond the acceptable level, and the 

outcome varies from place to place due to various variables. 

Also, different reports from the same location exist, which 

could be related to data quality or methodology used. Only a 

handful of the various research on soil erosion/sediment load 

in the Blue Nile Basin questioned the methodology employed 

to estimate the amount and/or rate of soil loss and sediment. 

The major goal of this review is to determine the rate of soil 

loss and sedimentation in Ethiopia's Blue Nile basin by 

evaluating recent research findings at the basin, sub-basin, 

catchment, and watershed levels. 
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2. Description of the Study Area 

The Blue Nile River (known as the Abay River in 

Ethiopia) rises in the Ethiopian highlands in the region of 

West Gojam and flows northward into Lake Tana. It leaves 

the south-eastern corner of the lake, flowing first south-east 

before looping back on itself, flowing west and then turning 

north-west close to the border with Sudan. In the highlands, 

the basin is composed mainly of volcanic and Precambrian 

basement rocks with small areas of sedimentary rocks [11]. 

The catchment is cut by deep ravines in which the major 

tributaries flow. The valley of the Blue Nile River itself is 1300 

m deep in places. The primary tributaries in Ethiopia are the 

Bosheilo, Welaka, Jemma, Muger, Guder, Finchaa, Anger, 

Didessa and Dabus on the left bank and the North Gojam, 

South Gojam, Wombera and Beles on the right bank [11]. 

3. Soil Loss Rate in Blue Nile River Basin 

The average annual soil loss in Ethiopia is 12tons ha
-1

 per 

year [12], but it can be as high as 300tons ha
-1

 year
-1

 in very 

exposed locations with steep slopes and no vegetation cover 

[13]. Soil erosion rates in Ethiopian Highlands range from 

0.4 to 88tons per ha per year, with an average of 12tons ha
-1

 

year
-1

; the main hotspot locations for soil erosion are steep 

slopes, gullies, community grazing, and cultivated lands [14]. 

In contrast, the Ethiopian Highlands Reclamation Study 

(EHRS) of 1984, on the other hand, concluded that 100ton 

ha
-1

 year
-1

 soil is eroded and lost from the highlands, 

resulting in an annual soil loss of 8mm depth [5]. The most 

severe erosion (50-100tons ha
-1

 year
-1

) is found mostly south 

of the Abay, and includes the top and middle steep and 

cultivated slopes of the Middle Abay Gorge Sub-basin in 

East Wellega, as well as two subsidiary sections of the Upper 

Didessa Valley with high erosion danger
 
[11]. 

Estimation of potential soil loss for conservation planning 

in Ethiopia's upper Blue Nile Basin was reported as 28.68 

[15]. Amdihun A. et al. [16] used an empirical model to 

calculate a soil loss rate of 67.37tons ha
-1

 year
-1

 in Ethiopia's 

Blue Nile basin, resulting in a total soil loss of 1.3 billion 

tons per year. According to
 
Alamirew T. [17], the average 

soil erosion rate in the Blue Nile river basin was predicted at 

30.5ton ha
-1

 year
-1

 based on small watersheds, but this 

number is too high for a basin the size of Abbay (Blue Nile), 

and 7 to 10ton ha
-1

 year
-1

 is a reasonable estimate. According 

to Mengistu D. et al. [18], the Blue Nile Basin's antecedent 

mean annual soil loss was 16ton ha
-1

 year
-1

 and when 

compared to the findings of Amdihun A. et al. [16], this 

result is more than 70% lower. 

The upper Blue Nile River Basin topsoil loss rate was 

reported to be 27.5ton ha
-1

 year
-1

, with gully erosion 

accounting for 10% of the total, and roughly 39% of the 

river basin area suffering from severe to very severe 

(>30ton ha
-1

 year
-1

) soil erosion [19]; and at Agew Mariam 

watershed it was reported 25ton ha
-1

 year
-1

 and more than of 

the 33% of the watershed encounters over tolerable soil loss 

rate [20]. 

In the Andessa watershed, soil loss was estimated at 55 

tons per hectare per year, with an increasing trend since 1985 

[21]. Similarly, the Gilgel Abbay watershed saw a 32.8 ton 

ha
-1

 year
-1

 soil loss rate [22]. On non-treated, previously 

treated, and recently constructed soil bund treated sites in the 

Gumara watershed Upper Blue Nile Basin, respectively, 58.1, 

45.64, and 23.5ton ha
-1

 year
-1

 soil loss was found [23]. The 

upper Beles watershed had a 13.2ton ha
-1

 year
-1

 soil erosion 

rate, according to Kebede Y. S. et al. [24]. 

In North-Western Ethiopia, Olika G. and Iticha B. [25] 

reported a 33.7ton ha
-1

 year
-1

 topsoil loss rate, and about 45.3 

percent of the North Gojjam sub-basin of the upper Blue Nile 

river basin was reported to be at high to very high soil loss 

risk, with an average soil loss of 46ton ha
-1

 year
-1

 [26]. 

The mean annual soil loss in the North Showa of the 

Ajema watershed is 8.25ton ha
-1

 year
-1

 [27]; contrarily, the 

mean annual soil loss in the Chereti watershed, North Eastern 

Ethiopia, is 38.7ton ha
-1

 year
-1

 [28]. Similarly, more than 

75% of the Koga watershed is prone to soil erosion or is in an 

erosion hotspot [29]. According to Gashaw T. et al. [30], the 

Gelleda watershed's mean soil loss was estimated to be 

23.7ton ha
-1

 year
-1

, with estimates ranging from nil to 237ton 

ha
-1

 year
-1

. Soil erosion in the Chomega watershed is 

projected to be greater than 125tons ha
-1

 year
-1

, with more 

than 58 percent of the region experiencing severe or very 

severe erosion of more than 80 tons per hectare per year [31]. 

Soil erosion rates in the semi-arid highlands of Northern 

Ethiopia's Agula watershed were decreased by 64 percent, 

from 28 to 10tons ha
-1

 year
-1

, due to watershed management 

methods implemented in the area [32]. More than 13.4% and 

27.93% of the Rib watershed in the Lake Tana sub-basin, and 

in the northwestern section of Ethiopia's highlands, are at risk 

of soil erosion, respectively [33]. 

In the Hanger river watershed of North West Ethiopia, 

mean soil erosion potential was assessed at 55.5tons ha
-1

 

year
-1

 in 2005 and 70.5tons ha
-1

 year
-1

 in 2017, with an 

upward trend [34]. Soil erosion rates in the Guder watershed 

in Central Ethiopia ranged from 25 to 30tons ha
-1

 yr
-1

 [35]. 

According to this, the estimated annual mean soil loss rate of 

the Blue Nile basin's Beshilo catchment was determined to be 

37ton ha
-1

 year
-1

, which is more than two times higher than 

the maximum tolerated soil loss value (16tonha
-1

 year
-1

) [36]. 

In the Anjeb watershed in North Western Ethiopia, annual 

soil loss was estimated to be 17.3tonha
-1

 year
-1

 [37]. 

4. Sedimentation Rate in Blue Nile River 

Basin 

The Nile tributaries that originate on the Ethiopian plateau 

transport significant amounts of sediment, estimated to be 

between 160 and 180 million tons per year. Due to 

sedimentation, dam reservoirs built on these tributaries are 

losing capacity at an alarming rate, with the Great Ethiopian 

Renaissance Dam (GERD) reservoir estimated to have an 

annual sediment load of 245 million tons [38]. The Ethiopian 

Highlands are a major source of sediment in the Nile [39]; 
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and Ethiopia's Blue Nile Basin is a major source of sediment 

load (122 million tons year
-1

) in the reservoir of Rosaries 

Dam on the Ethio-Sudan border [5]. 

The Blue Nile river basin's 17 year simulation resulted in an 

annual average suspended sediment yield of 4,842,000 tons 

year
-1

, or 7.5tons ha
-1
 year

-1
 [40]. According to Fetene F. et al. 

[41], the average annual sediment yield of the Blue Nile river 

basin was 4.26ton ha
-1

 year
-1
, with a total of 91.3M tonnes year

-1
 

from the entire Blue Nile river basin of Ethiopia; and according 

to Betrie G. et al. [42], it is 6.34ton ha
-1
 year

-1
, with the result 

reduced by 44 percent, 41 percent. Easton Z. et al. [43] showed 

that the sediment export rate in the Blue Nile river basin ranged 

from 0 to 12ton ha
-1

 year
-1

. The mean silt deposition rate in the 

Blue Nile basin reservoir is estimated to be between 13 and 20 

million m
3
 per year [44], which is equivalent to 1800ton km

-2
 

year
-1

 or 18ton ha
-1
 year

-1
. The projected mean annual 

sedimentation rate in the Angereb reservoir was reported as 

1200ton km
-2

year
-1
, or 12ton ha

-1
 year

-1
. 

The mean sediment yield in the Guder watershed in 

Ethiopia's Central Highlands was 6.79, 8.65, and 9.44 tons 

ha
-1

 year
-1

 in 1973, 1995, and 2015, respectively, indicating 

an upward trend [35]. These results reveal that the rate of 

sedimentation in the watershed is increasing. Similarly, in 

2015, the Andessa watershed of the upper Blue Nile Basin 

silt yielded 22.1ton ha
-1

 year
-1

 an increase from 1985 [21]. 

The Nashe catchment had a high sediment yield of 25-27tons 

ha
-1

 year
-1

, which covered about 60% of the catchment area 

[45]; while the Gumera watershed's average annual sediment 

yield is reported to be 11 to 12-tons ha
-1

 year
-1

 [46]. 

The sediment yield in Shina and Selamko reservoirs in the 

Tana Sub-basin of Lake Tana was found to be more than the 

global average at 24.99 ton ha
-1

 year
-1

 and 43.34 ton ha
-1

 

year
-1

, respectively [47]. More than 18.4 percent of the Lake 

Tana sub-basin has considerable erosion potential, with 

sediment yields exceeding 30 tons ha
-1

 year
-1

 [48]. With an 

annual average of 31.02M suspended load and bed load, the 

rate of sedimentation in Lake Tana was observed to be 9.8 kg 

m
-2

 year
-1

, which is equivalent to 9.8ton ha
-1

 year
-1

 [49]. 

Hurni H. [50] observed a sediment export rate of 1.1ton ha
-1

 

year
-1

 in vegetation-rich catchments in South-Western 

Ethiopia. Similarly, the average annual sediment yield in the 

Anjeb watershed in north-western Ethiopia was calculated to 

be 2.11tons ha
-1

 year
-1

 [37]. Contrarily, the average sediment 

yield for 11 reservoirs in the Ethiopian Blue Nile basin was 

determined to be 9.89ton ha
-1

 year
-1

 [51]. Also, in the May 

Zegzeg catchment, Northern Ethiopian highlands, Jan Nyssen 

[52] reported a 5.6ton ha
-1

 year
-1

 mean sediment yield, and 

Asfaw A. T. [7] reported 13.6ton ha
-1

 year
-1

 sedimentation for 

Megech Dam in the area. 

5. Conclusion 

Soil erosion from Ethiopia's highlands is a constant threat 

to Ethiopians living in the Blue Nile river basin's biophysical 

environment as well as their socioeconomic well-being. The 

Blue Nile river basin in Ethiopia transports a lot of sediment, 

which puts dams, reservoirs, and irrigation infrastructure in 

Ethiopia and downstream countries at risk. Many studies 

show that both soil erosion and sedimentation rates are 

higher than national records, which are also higher than the 

allowed limit. Mean soil loss rates at small watersheds and 

basin levels reported to be 8.25 to 100ton ha
-1

 year
-1

 and 16 

to 67.37ton ha
-1

 year
-1

, respectively; whereas sedimentation 

rates were reported to be 1.1 to 43.34ton ha
-1

 year
-1

 and 4.2 to 

18ton ha
-1

 year
-1

 at small watersheds and basin level, 

respectively. 

To reach such results, researchers frequently used GIS-

based USLE, RUSLE, MUSLE, SWAT, SDR, and field 

measurement. These studies differ, which could be due to the 

method used and the quality of the data collected, as well as 

other aspects including location, climate, soil, and human-

environmental interaction. By using standardized methodology 

and validated data as an input, soil erosion and sedimentation 

rate report variance based on methodologies and data quality 

must be avoided as much as possible in the basin. 
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