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Abstract
[bookmark: _Toc294176812][bookmark: _Toc396224501] Zingin watershed is one of the most erosion-prone watersheds in the highlands of Ethiopia which received little attention. This study was, therefore, carried out to spatially predict the soil loss rate of the watershed with a Geographic Information System (GIS) and Remote Sensing (RS). Revised Universal Soil Loss Equation (RUSLE) adapted to Ethiopian conditions was used to estimate potential soil losses by utilizing information on  rainfall erosivity (R) using interpolation of rainfall data, soil erodibility (K) using soil map, vegetation cover (C) using satellite images, topography (LS) using Digital Elevation Model (DEM) and conservation practices (P ) using satellite images. Based on the analysis, the mean and total annual soil loss potential of the study watershed was 9.10 and 57750.15 tons year-1, respectively. About 78.31% (4,969.63 ha) of the watershed was categorized none to slight class which under soil loss tolerance (SLT) values ranging from 5 to 11 tons ha-1year-1. The remaining 21.69% (1376.48 ha) of land was classified under moderate to high class about several times the maximum tolerable soil loss (11 tons ha-1 year-1). The study demonstrates that the RUSLE together with GIS provide a good estimate soil loss rate over areas.
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[bookmark: _Toc398471504][bookmark: _Toc401537176]1 Introduction
 Agriculture is the mainstay of the Ethiopia’s economy where its production is highly dependent on natural resources [1]. It accounts for the employment of 90% of its population, over 50% of the country’s gross domestic product (GDP) and over 90% of foreign exchange earnings [5]. However, low productivity characterizes the country’s agriculture.
Land degradation is a major cause of poverty in Ethiopia [17]. The degradation mainly manifests itself in terms of lands where the soil has either been eroded away and/or whose nutrients have been taken out to exhaustion without any replenishment. Soil erosion by water and its associated effects are recognized to be severe threats to the national economy of the country and mainly occur in the highlands of the country [12, 25, 26]. In the Ethiopian highlands only, an annual soil loss reaches 200-300 tons ha-1 year-1 [6, 2]. The average crop yield from a piece of land in Ethiopia is very low mainly due to soil fertility decline associated with removal of topsoil by erosion [24].
Despite the severity of soil erosion and its consequences in the study watershed, there have been few studies at regional level to quantify erosion rates at watershed scale. In addition, the soil loss estimated by different researchers could vary for the same environment. This implies that there is a need to have site specific at watershed level information on soil erosion in order to support timely information for decision makers. It was, therefore, essential to assess rates of soil loss and develop a soil loss intensity map of the study watershed using RUSLE within a GIS environment and identify severity areas for specific soil conservation plans.
[bookmark: _Toc396224504][bookmark: _Toc398471505][bookmark: _Toc401537177][bookmark: _Toc283569635][bookmark: _Toc284836132][bookmark: _Toc292384476]2 Materials and Methods 
[bookmark: _Toc396224505][bookmark: _Toc398471506][bookmark: _Toc401537178]2.1 Description of the Study Watershed
Zingin watershed is located in Awi Zone at about 450 km northwestern of Addis Ababa. The watershed lies within 810°50'10"-11°0'6" latitude, 36°53'59"-36°58'21" longitude and has altitudes ranging from 2315 up to 2874 meter above sea level (Figure 1) with the total area of 6346.17 ha. 
[bookmark: _Toc391946194][image: ]
Figure 1: Location map of Zingin watershed
[bookmark: _Toc401537179]
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2.2 Methods
[bookmark: _GoBack]The input thematic data included rainfall, soil units, slopes and land use/cover and determined as follow. 
2.2.1 Rainfall Erosivity Factor
The monthly amounts of precipitation for the watershed were collected over 15 years by the Amhara Regional Meteorological Agency. Monthly rainfall records from these meteorological stations covering the period 1998-2012 were used to calculate the rainfall erosivity factor (R-value). The mean annual rainfall was first interpolated to generate continuous rainfall data for each grid cell by “3D Analyst Tools Raster Kriging Interpolation” in ArcGIS environment (Figure 1). Then, the R-value corresponds to the mean annual rainfall of the watershed was found using the R-correlation established in [11] to Ethiopia condition.
R= -8.12 + 0.562P                                                                                                      Equation (1)
Where R is the rainfall erosivity factor and P is the mean annual rainfall (mm). 
[bookmark: _Toc398471507]
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2.2.2 Soil Erodibility Factor
“Spatial Analyst Tool Extract by Mask” in GIS environment was used to obtain soil units map of the study watershed from Amhara Regional digital soil map at 1:50,000 scale developed by [4]. The soil erodibility (K) factor for the watershed was estimated based on soil unit types referred from [8]  soil database adapted to Ethiopia by [11, 10]. Finally, the resulting shape file was changed to raster with a cell size of 30x30 m. The raster map was then reclassified based on their erodibility value as shown in Table 1. 
[bookmark: _Toc391864610]
Table 1: Soil types and their coverage 
	No
	Soil Type
	Erodibility (K factor)
	Area coverage

	
	
	
	Hectare (ha)
	Percent (%)

	1
	Chromic Vertisols
	0.2
	248.17
	3.91

	2
	Dystric Nitosols
	0.15
	5990.63
	94.40

	3
	Pellic Vertisols
	0.2
	107.37
	1.69

	Total
	
	6346.17
	100


2.2.3 Slope Length and Slope Steepness
The 30 m spatial resolution DEM (digital elevation model) was used to generate slope as shown figure 6 by using “Spatial Analyst Tool Surface Slope” in ArcGIS 10.1 environment. The flow accumulation and slope steepness were computed from the DEM using ArcGIS. Flow accumulation and slope maps were multiplied by using “Spatial Analyst Tool Map Algebra Raster Calculator” in Arc GIS 10.1 environment to calculate and map the slope length (LS factor) as shown in equation (2) and Figure 4 and defined by [28]. 
LS = (X/22.13) m (0.065 + 0.045 S + 0.0065 S2)                                                        Equation (2)
Where, Slope length X = over land flow length; Over land flow length = Lo =1/2D; D = Total Stream Length/Watershed Area = L/A; D = Drainage Density; L = 59.38 km; A =63.46 km2; D = 0.935708 and Lo = 534.355m
2.2.4 Land Use/Cover Data and Crop Management Factor
A land-use and land-cover map of the study area was prepared from LANDSAT satellite image acquired on 2014 and supervised digital image classification technique was employed using ENVI 5.0 software. A field checking effort also was made in order to collect ground truth information. The LAND SAT satellite image acquired on 2013 was used to classify the current land use and land cover map of the watershed. Digital image processing operations were carried out using ENVI 5.0 software. In addition, ground truth data were used as a vital reference for supervised classification, accuracy assessment and validation of the result. In supervised image classifications technique, land use and land cover types were classified so as to use the classified images as inputs for generating crop management (C) factor and support practice (P) factor.  Based on the land cover classification map, a corresponding C value obtained from [11] was assigned in a GIS environment. 
2.2.5 Erosion Management Practice Factor (P-value)
The P-factor was assessed using major land cover and slope interaction adopted by [11] for Ethiopia condition. The data related to management or support practices of the watershed were collected during the field work. Therefore, values for this factor were assigned considering local management practices and it was taken the weighed value for similar land use types. The corresponding P values were assigned to each land use/land cover classes and slope classes and the P factor map was produced. 
[bookmark: _Toc398471509][bookmark: _Toc401537181]2.2.6 Soil Loss Analysis
The overall methodology involved the use of the RUSLE in a GIS environment with factors obtained from meteorological stations, soil map, topographic map, Satellite Images and DEM as shown in Equation 3 and Figure 2.  Annual soil loss rate was determined by a cell-by-cell analysis of the soil loss surface by superimposing and multiplying the respective RUSLE factor values (R, K, LS, C and P) interactively by using “Spatial Analyst Tool Map Algebra Raster Calculator” in ArcGIS 10.1 environment as shown Equation (3) adopted from the recommendations of [11, 9]. For the purpose of identifying priority areas for conservation planning, soil loss potential of the watershed was then categorized into different severity classes following [6] guide line.
A= LS* R* K* C* P                                                                                                  Equation (3)
Where A is the annual soil loss (metric tons ha-1 year-1); R is the rainfall erosivity factor [MJ mm h-1 ha-1 year-1]; K is soil erodibility factor [metric tons ha-1 MJ –1 mm-1]; LS = slope length factor (dimensionless); C is land cover and management factor (dimensionless); and P is conservation practice factor (dimensionless). Ground truth data collected by GPS were used for checking and validation of results. 
[bookmark: _Toc289305712]
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Figure 2: Flow Chart showing the GIS based soil loss estimation
[bookmark: _Toc391864526][bookmark: _Toc401537182][bookmark: _Toc398471510]2.2.7 Sediment Yield
The sediment delivery ratio (SDR) denotes the ratio of the sediment yield at a given stream cross section to the gross erosion from the watershed upstream from the measuring point [13].  To generate the sediment yield at the outlet, empirical equations were carried out.
SDR = A-0.2                                                                                                                Equation (4)
Where, SDR denotes the sediment delivery ratio and area of the watershed. The SDR physically means the ratio of the sediment routed to the outlet over the watershed, both overland and channel. Sediment yield is commonly estimated by the following empirical formula:
Sy=E*(1/A0.2)                                                                                                            Equation (5)
Where, Sy= Sediment yield (tons) at the watershed out let; E = total erosion (tons); A = watershed area (ha).
[bookmark: _Toc401537183]3 Results and Discussion
[bookmark: _Toc401537184][bookmark: _Toc398471511]3.1 Rainfall Erosivity Factor (R)
Soil loss is closely related to rainfall partly through the detaching power of raindrops striking the soil surface and partly through the contribution of rain to runoff [18]. The soil loss is closely related to rainfall partly through the detaching power of raindrop striking the soil surface and partly through the contribution of rain to runoff. The annual rainfall of the watershed is ranging 1500-2000 mm. The result showed that R-factor value in the watershed ranged between 915.88 to 1055.88 MJmmha−1year−1 with higher values occurring in the watershed (Table 2 and Figure 3).
[bookmark: _Toc391946225]
Table 2: Rainfall erosivity 
	No
	Rainfall class mm
	Rainfall erosivity factor
 (MJ·mm·ha−1·year−1)
	Area (ha)
	Area (%)

	1
	1500-1800
	915.88
	897.95
	14.15

	2
	1800-2000
	1055.88
	5448.23
	85.85

	Total
	6346.17
	100



[image: ]
[bookmark: _Toc391946203]Figure 3: Erosivity factor map

3.2 Soil Erodibility Factor (K)
The erodibility of a soil is an expression of its inherent resistance to particle detachment and transport by rainfall. It is determined by the cohesive force between the soil particles, and may vary depending on the presence or absence of plant cover, the soil’s water content and the development of its structure [28]. The soil erodibility factor (K) represents the effect of soil properties and soil profile characteristics on soil loss [21]. Erodibility depends essentially on the amount of organic matter in the soil, the texture of the soil, the structure of the surface horizon and permeability [23]. The results indicated that soil erodibility value in the study watershed ranged from 0.15 Mgh MJ−1 mm−1 to 0.20 Mgh MJ−1 mm−1 (Table 3 and Figure 4).

[bookmark: _Toc391946226][bookmark: _Toc401537185]Table 3: Soil type and erodibility coverage 
	No
	Soil Type
	Erodibility (K factor)
	Area coverage

	
	
	
	Hectare (ha)
	Percent (%)

	1
	Chromic Vertisols
	0.2
	248.17
	3.91

	2
	Dystric Nitosols
	0.15
	5990.63
	94.40

	3
	Pellic Vertisols
	0.2
	107.37
	1.69

	Total
	
	6346.17
	100


[bookmark: _Toc391864628][image: ]
Figure 4: Soil erodibility factor map
[bookmark: _Toc398471514][bookmark: _Toc401537186]3.3 Slope Length and Slope Steepness Factor
The influence of topography on erosion is complex. The local slope gradient (S sub-factor) influences flow velocity and thus the rate of erosion. Slope length (L sub-factor) describes the distance between the origin and termination of inter-rill processes. In RUSLE, the LS factor represents a ratio of soil loss under given conditions to that at a site with the "standard" slope steepness of 9% and slope length of 22 m plot [23]. The steeper and longer the slope, the higher is the erosion. Some researchers have argued that upslope drainage area is a better parameter when describing the influence of slope length on erosion, not slope length [3]. The upslope drainage area for each cell in a DEM was calculated with multiple flow algorithms.  As slope length increases, total soil erosion and soil erosion per unit area increase due to the progressive accumulation of runoff in the down slope direction. The slope length and slope steepness can be used in a single index, which expresses the ratio of soil loss as defined by [28].

[bookmark: _Toc391864629][image: ] 
Figure 5: LS factor map
[bookmark: _Toc398471515][bookmark: _Toc401537187]3.4 Land Use and Land Cover and Crop Factor 
[bookmark: _Toc391864615][bookmark: _Toc289305737][bookmark: _Toc398471483]The attribute and spatial information on the present status of land use/land cover is a pre-requisite to identify and prioritize areas for soil conservation measures and minimizing further land degradation. The C- value is a ratio comparing the soil loss from land under a specific crop and management system to the corresponding loss from continuously fallow and tilled land. It represents the ratio of soil loss under a given crop to that of the base soil [18]. The cover management factor (C) measures the combined effect of cropping and management practices in agricultural system and the effect of ground cover, tree canopy and grass covers in reducing soil loss in non-agricultural condition [28]. It also reflects the effect of cropping and management practices on the soil erosion rate [21]. The results indicated that six land-use and land-cover classes were recognized in the watershed, dominantly by woodland (40%) and crop cultivation (26%) (Table 4 and Figure 5). These include built-up area, cultivated land, forest land, woodland, grass land and rockout crop. Crop management C factor values of the watershed were ranging from 0.01 to 0.15 similar with the work of [19]. 

Table 4: Cover management (C) factor values of the study area
	No
	Land cover type
	Cover factor (C value)
	Area coverage

	
	
	
	Hectare
	Percent

	1
	Built Up Area
	0.01
	274.14
	4.34

	2
	Cultivated Land
	0.37
	2648.99
	41.74

	3
	Forest Land
	0.001
	618.56
	9.75

	4
	Grass Land
	0.12
	1215.05
	19.15

	5
	Shrub and Bush Land
	0.72
	1572.76
	24.78

	6
	Water Body
	0
	16.66
	0.26

	
	Total
	
	6346.17
	100



[bookmark: _Toc391864630][image: ] 
Figure 6: Derivation of cover factor from cover type
[bookmark: _Toc398471516][bookmark: _Toc401537188]3.5 Management Practice Factor
The conservation practices factor (p-values) reflects the effects of practices that will reduce the amount and rate of the water runoff and thus reduce the amount of erosion. It depends on the type of conservation measures implemented and requires mapping of conserved areas for it to be quantified. In the study area, there is only a small area that has been treated with terracing through the agricultural extension programme of the government, and these are poorly maintained as implementation was performed without participation of the local people. As data were lacking on permanent management factors and there were no management practices, I used the P-values suggested by [2, 27]. Thus, the agricultural lands are classified into six slope categories and assigned P-values while all non-agricultural lands are assigned a P-value of 1.00 ((Table 5 and Figure 7). Results indicated that most of the watershed is covered by wood land and crop cultivation.
[bookmark: _Toc391864616][bookmark: _Toc398471517][bookmark: _Toc391864569]Table 5: Land management factor (P) values
	[bookmark: _Toc276083356]Land Use Type
	Slope (%)
	P-factor

	Cultivated Land
	0-5
	0.1

	
	5-10
	0.12

	
	10-20
	0.14

	
	20-30
	0.19

	
	30-50
	0.25

	
	50-100
	0.33

	Other land use
	All
	1

	Total
	
	


[image: ]
[bookmark: _Toc391946207]Figure 7: Derivative of management factor from land cover and slope 
[bookmark: _Toc401537189]3.6 Soil Loss Estimation and Prioritization for Soil Conservation Planning
The Revised Universal Soil Loss Equation (RUSLE) has been used widely all over the world [16] including Ethiopia [14, 2] because of its simplicity and limited data requirement. The advent of geographical information system (GIS) technology has allowed the equation to be used in a spatially distributed manner because each cell in a raster image comes to represent a field-level unit. Even though the equation was originally meant for predicting soil erosion at the field scale, its use for large areas in a GIS platform has produced satisfactory results [16]. By delineation of micro-watersheds as erosion prone areas according to the severity level of soil loss, priority is given for a targeted and cost-effective conservation planning [14].
[bookmark: _Toc289305746][bookmark: _Toc311949251][bookmark: _Toc275960295][bookmark: _Toc391946229][bookmark: _Toc391864632]As shown in Table 6 and Figure 8, Based on the analysis, the mean and total annual soil loss potential of the study watershed was 9.10 and 57,750.15 tons year-1, respectively. About 78.31% (4969.63 ha) of the watershed was categorized none to slight class which under SLT values ranging from 5 to 11 tons ha-1 year-1 [20]. The remaining 21.69% (1376.48 ha) of land was classified under moderate to high class about several times the maximum tolerable soil loss (11 tons ha-1 year-1) (Table 6 and Figure 8). [15] estimated average soil loss from croplands in the highlands of Ethiopia as a whole at 100 metric tons ha-1 year-1.  In the highlands of Ethiopia and Eritrea soil losses are extremely high with an estimated average of 20 metric tons ha-1 year-1 [11] and measured amounts of more than 300 metric tons ha-1 year-1 on specific plots. [12] estimated mean soil loss from cultivated fields as 42 metric tons ha-1year-1. The average annual soil loss estimated by USLE from Zingin watershed was 24.95 tons ha-1 year-1. Thus, the estimated soil loss rate was generally realistic, compared to results from previous studies.


Table 6: Soil loss summary of the watershed
	Soil loss rating
	Area coverage

	Class
	Tons ha-1 year-1
	mm/year
	Descriptions
	Hectare (ha)
	Percent (%)

	I
	0-5
	0-0.5
	Non to slight
	3546.34
	55.88

	II
	5-15
	0.5-1
	Non to slight
	1423.29
	22.43

	IV
	31-50
	2.5-4
	Moderate
	1129.01
	17.79

	V
	51-100
	4-6.5
	High
	246.80
	3.89

	VII
	>200
	>16.5
	Very High
	0.67
	0.01

	Total
	6346.17
	100


[bookmark: _Toc289305724][bookmark: _Toc276083357][image: ]
Figure 8: Soil loss map of the watershed
[bookmark: _Toc401537190]3.7 Sediment Yield
Even though sediment yield is not as such important for diversion projects, it tells us how our top soils are being eroded by running water. Similar to the soil losses, sediment yields are also very high at the out let of the watershed. The transporting ability of the runoff to move all the eroded sediments is insufficient. As a result deposition occurs in reservoirs, depressions, at the toe of the hills where changes slope. Thus the amount of erosion in the watershed is generally more than the amount of sediment leaving the watershed at the outlet point. Hence, the sediment yield cannot be estimated from erosion estimates within the watershed unless additional data are available. Similar to that of erosion estimates, sediment yield is also calculated using empirical equation. The most common method for estimating sediment yield is sediment delivery ratio (1/A0.2), which is developed from reservoir survey, or measurement of suspended and bed loads at the gauging station and compared with that of erosion in the watershed. 
Sy=E*(1/A0.2)
Where, Sy= Sediment yield (tons) at the watershed out let, E = total erosion (tons), A = Watershed area (ha), Sy = 57750.15 *(1/6346.17 0.2) and Sy = 10024.22 tons year-1
[bookmark: _Toc391946209][bookmark: _Toc181500754]
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Figure 9: Land capability map of the watershed
[bookmark: _Toc222077138][bookmark: _Toc222906529][image: ]
[bookmark: _Toc391946214]Figure 10: Soil water conservation development map of Zingini watershed
[bookmark: _Toc398471518][bookmark: _Toc401537191][bookmark: _Toc398471520][bookmark: _Toc288079461]4 Conclusions
The predicted amount of soil loss and its spatial distribution could facilitate comprehensive and sustainable land management through conservation planning for the watershed. Areas characterized by high to very high soil loss should be given special priority to reduce or control the rate of soil erosion by means of conservation planning. On the other hand, the management of moderate erosion hazard should be to protect them from further erosion, vegetation degradation and removal and stabilization through plantations. The study demonstrates that the RUSLE together with GIS and RS provides great advantage to estimate soil loss rate over areas. The parameter values of the factors are location specific and need to be calibrated to the specific area to enable reasonable prediction of the rate of soil loss.
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