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Abstract: Deforestation and natural grassland conversion to agricultural land use constitute a major
threat to soil and water conservation. This study aimed at assessing the status of land cover and
land use (LCLU) in the Lake Kivu basin, and its related impacts in terms of soil erosion by water
using the Universal Soil Erosion Equation (USLE) model. The results indicated that the Lake Kivu
basin is exposed to soil erosion risk with a mean annual rate of 30 t·ha−1, and only 33% of the total
non-water area is associated with a tolerable soil loss (≤10 t·ha−1·year−1). Due to both natural
factors (abundant tropical precipitation and steep slopes) and anthropogenic activities without prior
appropriate conservation practices, all land-use types—namely settlement, cropland, forestland,
and grassland—are exposed to a severe mean erosion rate of 41 t·ha−1·year−1, 31 t·ha−1·year−1,
28 t·ha−1·year−1, and 20 t·ha−1·year−1, respectively. The cropland that occupied 74% of the non-water
area in 2015 was the major contributor (75%) to the total annual soil loss in the Lake Kivu basin.
This study showed that conservation practices in the cropland cells would result in a mean erosion
rate of 7 t·ha−1·year−1, 18 t·ha−1·year−1, and 35 t·ha−1·year−1 for terracing, strip-cropping, and
contouring, respectively. The adoption of terracing would be the best conservation practice, among
others, that could reduce soil erosion in cropland areas up to about 23%. The erosion risk minimization
in forests and grasslands implies an increase in overstorey canopy and understorey vegetation, and
control of human activities such as fires, mining, soil compaction from domestic animals grazing,
and so on. Soil erosion control in settled areas suggests, among other things, the revegetation of
construction sites, establishment of outlet channels, rainfall water harvesting systems, and pervious
paving block with grass.
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1. Introduction

Forest clearance on slopes, accompanying the introduction of widespread agriculture, appears to
be the most likely cause of the first landscape instability [1]. These unsustainable land-use activities,
together with natural factors such as abundant tropical rainfall and steep topography, increase soil
erosion rates in the highland of tropical areas [2,3]. In most of sub-Saharan African countries more
than 50% of the population depends on agriculture for their livelihood [4]. It has been forecasted
that 1 × 109 ha of natural ecosystems will be converted to agriculture by 2050 [5], and this would be
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harmful to freshwater and near-shore marine ecosystems due to 2.4- to 2.7-fold increases in nitrogen
and phosphorus, respectively [5]. Agricultural intensification without soil conservation practices can
have significant detrimental effects on soil, such as increased erosion and lower fertility, further leading
to groundwater pollution and eutrophication of rivers and lakes [6,7]. For instance, Mediterranean
lands have suffered from changes in land uses that resulted in organic matter exhaustion, inappropriate
ploughing, deforestation, erosion, soil degradation, salinization, and crusting. Both traditional land
use and human activities such as agriculture, grazing, mining, and charcoal and biomass production
resulted in low soil fertility and highly eroded terrain [8,9]. Across the Lake Kivu zone, approximately
346,000 ha of forest cover were lost between 1988 and 2011 [10]. Since the 1960s, nutrient fluxes and
soil mineral inputs have increased considerably, and diatom assemblages have altered the Kivu lake
water [11–13]. Inland waters and freshwater biodiversity constitute a valuable resource, in economic,
cultural, aesthetic, scientific, and educational terms. Their conservation and management are critical
to the interests of humans, nations, and governments [14,15]. One of the major threats to freshwater
ecosystems is the habitat degradation associated with changes within the basin, such as forest clearance
that increases surface runoff and river sediment loads that lead to habitat alterations (i.e., shoreline
erosion, smothering of littoral habitats, clogging of river bottoms, or floodplain aggradation) [14].

Lake Kivu’s degradation was suggested to be related with intensified cropland expansion,
deforestation, and urbanisation, which enhanced soil erosion, caused landslides, and increased the
influx of minerals and nutrients [11–13]. In face of the problem, various studies have focused on the
density stratification and the gas concentrations in Lake Kivu and their influence on the safety of the
lake [16]; the structure, chemistry, and biology of the Lake [17]; phytoplankton ecology; and other
factors [18]. However, the relationship between land use and related soil erosion risk are not clear for
the Lake Kivu basin, while the estimation of soil loss is essential for the adoption of proper land-use
planning and development strategies [19,20].

Therefore, the objectives of this study are to: (1) assess the current status of land cover and land use
(LCLU) in the Lake Kivu basin; (2) estimate the potential and soil erosion risk; and (3) predict the rates
of soil erosion in cropland areas under various conservation practices (i.e., terracing, strip-cropping,
and contouring). To achieve these goals, we used the Universal Soil Erosion Equation (USLE) model,
developed by the United States Department of Agriculture (USDA), to (1) identify situations where
erosion is serious under various influences, such as land use, relief, soil properties, and climate, and
(2) guide the development of conservation plans to control erosion [21]. The input datasets used in this
study are the Landsat 8 images, precipitation dataset, soil properties, digital elevation model (DEM),
and the normalised difference vegetation index (NDVI).

2. Materials and Methods

2.1. Description of the Study Area

The Lake Kivu basin (Figure 1) is located in the tropical zone, East African Rift Valley, between
the Democratic Republic of the Congo and Rwanda. The basin covers an area of about 7392.09 km2

(32% or 2365.47 km2 and 68% or 5026.62 km2 of the Lake Kivu surface and land coverage, respectively).
Elevation varies from 4483 m in the east catchment on the Congo Nile Ridge and volcanic range,
decreasing towards Lake Kivu to 1432 m with a mean slope of 27% (Figure 1). Lake Kivu has a volume
of about 560 km3 and a maximum depth of 485 m [16]. This basin experiences tropical climate with a
mean annual rainfall of 1285 mm, a mean annual temperature of 18 ◦C, and two rainfall seasons per
year (March to May and September to December) [22]. Lake Kivu occupies a deep and steep-sided
basin, divided into two parts by the large Ijwi Island (279.32 km2). Aside from its very shallow and
broad aspect ratios [23], more than 127 rivers enter the lake (2.4 km3·year−1) from the catchment,
and the Ruzizi River (3.6 km3·year−1) is its outflow [12]. Precipitation (3.3 km3·year−1) is nearly
equal to lake surface evaporation (3.4 km3·year−1). The water inputs and outputs (7 km3·year−1) are
thus in equilibrium [11]. Geologically, the basin comprises acrisols (33%), andosols (16%), ferralsols
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(11%), cambisols (6%), and regosols (2%), with the remainder (32%) covered by water [24]. Average
population density in the Lake Kivu basin was more than 400 inhabitants/km2 in 2008 [12].
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Figure 1. The Lake Kivu basin.

The Lake Kivu basin (Figure 1) was delineated from the Advanced Spaceborne Thermal Emission
and Reflection Radiometer (ASTER) global digital elevation model (GDEM) version 2 (30 m resolution)
acquired from the United States Geological Survey (U.S.G.S.) EarthExplorer (EE) database [25], using
the hydrology toolset of the ArcGIS software version 10.2 (Environmental Systems Research Institute
(Esri) Inc., Redlands, CA, USA).

2.2. Parameterisation of the USLE Factors

All necessary datasets for the USLE model were resampled to the common spatial resolution
of 30 m. The statistics of soil erosion rates were computed using the Zonal Statistics as a Table Tool
available in the Spatial Analyst Zonal Toolset of the ArcGIS software version 10.2 (Environment
Systems Research Institute (Esri) Inc., Redlands, CA, USA).

The estimation of soil erosion based on the USLE model (Equation (1)) counts five input
parameters derivable from precipitation, soil properties, topography, cover and crop management,
and conservation practices [21,26].

A = R × K × LS × C × P (1)

where A = annual soil loss (t·ha−1·year−1); R = rainfall erosivity factor (MJ·mm·ha−1·h−1·year−1);
K = soil erodibility factor (t·ha·h·ha−1·MJ−1·mm−1); LS = slope length factor and slope steepness
factor (unitless); C = crop and cover management factor (unitless); and P = conservation supporting
practices factor (unitless).

Because extensive measurement of soil erosion is expensive and time consuming [19], erosion
models that make use of secondary data available in a geographic information system (GIS) can offer
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a useful alternative. Data on climate, soils, topography, and land cover are derived from the existing
secondary data sources [27–29].

2.2.1. Rainfall-Runoff Erosivity Factor (R)

Rainfall erosivity factor (R) has significant impacts on soil erosion due to its contribution to about
80% of soil loss [30,31]. The R factor is usually calculated as an average of kinetic energy intensity (EI)
values estimated over 20 years to accommodate apparent cyclical rainfall patterns [26,32,33]. Since
these data are generally not available worldwide [30,34]—including the area under investigation,
where long-term rainfall records are quasi-inexistent due to the destruction of meteorological stations
by the 1994 genocide against Tutsi in Rwanda [35]—we calculated R factor (Figure 2a) using an
alternative empirical regression (Equation (2)) proposed by Lo et al. (1985) [3,36].

R = 38.46 + 3.48 × P (2)

where P is the mean annual precipitation in mm
This equation was obtained based on well-estimated R factors for various meteorological stations

using Wischmeier and Smith’s (1978) method and the mean annual precipitation [3,30]. This approach
has been adopted by the Land Degradation Assessment in Drylands (LADA) project while assessing
the global land degradation [37]. The present project estimated the mean annual precipitation for a
period of 35 years (1981–2015) using monthly average precipitation provided by the Climate Hazards
Group InfraRed Precipitation with Station (CHIRPS) data. CHIRPS incorporates 0.05◦ resolution
satellite imagery with in situ station data to create gridded rainfall time series for trend analysis and
seasonal drought monitoring [38].

2.2.2. Soil Erodibility Factor (K)

Soil erodibility factor (K) describes soil susceptibility to detachment and transport of soil particles
under an amount and rate of runoff for a specific storm event, predicted under the standard plot [26,33].
The present study utilised the K factor (Figure 2b) estimated using soil properties (sand, clay, silt,
and organic carbon fractions) compiled by the Africa Soil Information Service (AfSIS) with a spatial
resolution of 250 m [39], and the following Equation (3) as proposed by Williams (1995) [40–42].

KUSLE = fcsand × fcl−si × forgc × fhisand (3)

where fcsand (Equation (4)) is a factor that gives low soil erodibility factors for soils with high-coarse
sand contents and high values for soils with little sand, fcl−si (Equation (5)) is a factor that gives low
soil erodibility factors for soils with high clay-to-silt ratios, forgc (Equation (6)) is a factor that reduces
soil erodibility for soils with high organic carbon content, and fhisand (Equation (7)) is a factor that
reduces soil erodibility for soils with extremely high sand content.

fcsand = 0.2 + 0.3 × exp
[
−0.256 × ms ×

(
1 − msilt

100

)]
(4)

fcl−si =

(
msilt

mc + msilt

)0.3
(5)

forgc = 1 − 0.0256 × orgC
orgC + exp [3.72 − (2.95 × orgC)]

(6)

fhisand = 1 −
0.7 ×

(
1 − ms

100
)(

1 − ms
100
)
+ exp

[
−5.51 + 22.9 ×

(
1 − ms

100
)] (7)
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where ms is the percent sand content (0.05–2.00 mm diameter particles), msilt is the percent silt content
(0.002–0.05 mm diameter particles), mc is the percent clay content (<0.002 mm diameter particles), and
orgC is the percent organic carbon of the layer (%).

2.2.3. Slope Length and Steepness Factors (LS)

The effect of topographic factors on soil erosion rates is dependent on slope length (L), slope
steepness (S), and slope morphology on rill and interrill erosion and sediment production. As the slope
length increases (L), the total soil erosion loss per unit increases as a result of progressive accumulation
of runoff in downslope. As the slope steepness increases, the soil erosion also increases as a result
of the increasing velocity and erosivity of runoff [26,33]. LS factor layer (Figure 2c) was derived
from the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) global digital
elevation Model (GDEM) version 2 (30 m resolution) acquired from the United States Geological
Survey (U.S.G.S.) EarthExplorer (EE) database [25]. The slope length factor (L) was estimated using
the Desmet and Govers (1996) algorithm (Equations (8)–(10)), improved from the USLE calculation
methodology. It considers the upstream contribution area, where the slope length effect is a function
of the erosion ratio of rill to interrill, and has better accuracy for the areas with complex slopes [43,44].

m =
β

1 + β
(8)

where the slope-length exponent m is related to the ratio β of rill erosion (caused by flow) to interrill
erosion (principally caused by raindrop impact); and β is the ratio of rill-to-interrill erosion for
conditions when the soil is moderately susceptible to both rill and interrill erosion [21,44].

β =
sin θ/0.0896

3 (sin θ)0.8 + 0.56
(9)

where θ is the slope angle in (degrees).

Li.j =

(
Ai.j−in + D2)m+1 − Am+1

i.j−in

Dm+2.xm
i.j. (22.13)m (10)

where Li.j = slope length factor for the grid cell with coordinates (i.j); D = the grid cell size (m);
xi.j =

(
sin ai.j + cos ai.j

)
; ai.j = aspect direction for the grid cell with coordinates (i.j); Ai.j−in = flow

accumulation or contributing area at the inlet of a grid cell with coordinates (i.j) (m2). The mean
values of the slope angle (θ), F factor, the slope length exponent (m), flow accumulation, L factor, and
slope steepness factor (S) were 14.26 degrees, 1.59, 0.57, 1717.7, 1.33, and 3.63, respectively. The slope
steepness factor (S) that reflects the influence of slope gradient on erosion (ranges from 0.03 to 15.57
for the Lake Kivu basin) has been estimated using Equation (11), developed by McCool et al. [44–47].

Si.j =

{
10.8sin θi.j + 0.03, tan θi.j < 9 %
16.8sin θi.j − 0.50, tan θi.j ≥ 9 %

(11)

The LS factor for the Lake Kivu basin has been obtained by the multiplication of L and S factors
using the Raster Calculator tool from the Spatial Analyst extension of ArcMap 10.2 (Environment
Systems Research Institute (Esri) Inc., Redlands, CA, USA).

2.2.4. Crop and Cover Management Factor (C)

The C factor reflects the effects of cropping and cover management practices on soil erosion
rates in agricultural lands, and the effects of vegetation canopy and ground covers on reducing the
soil erosion in forested regions [21]. Vegetation cover dissipates the kinetic energy of the raindrops
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before impacting the soil surface. Thus, proper management of vegetation cover and cropping systems
significantly reduces runoff and erosion rates [33,48]. Normalised difference vegetation index (NDVI)
(Equation (12)) is positively correlated with the amount of green biomass. Its value varies between −1
and 1, where low values can be found at water bodies, bare soil, and built-up areas [49–51].

NDVI =
NIR + IR

NIR
(12)

where NIR is near-infrared wavelength and IR is infrared. NDVI can been used to estimate the C factor
using Equation (13) [51,52].

C = exp
[
−a × NDVI

β − NDVI

]
(13)

where α = 2 and β = 1 are the parameters that determine the shape of the NDVI–C curve.
As it has been recommended to utilise the NDVI image acquired during rainfall season when soil

erosion is strongly active [53,54], the C factor layer (Figure 2d) utilised in our study has been generated
using the biweekly mean Moderate Resolution Imaging Spectroradiometer (MODIS) NDVI acquired
by the NASA’s Terra satellite [55] for the rainy seasons (March to May and September to November,
2014–2015), using Equation (13) [51].
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2.2.5. Support Practice Factor (P)

Erosion control practices (P) factor expresses the effects of conservation practices that reduce the
amount and rate of water runoff, which reduce erosion due to agricultural management practices
such as contour tillage and planting, strip-cropping, terracing, and subsurface drainage [26,56].
Unfortunately, due to the lack of financial means, these conservation practices are still undeveloped in
developing countries, including the area of interest in this study [28,57,58]. Furthermore, establishment
of a P factor map at the large watershed scale with a land-use complex system is nearly impossible to
be assessed using the Wischmeier and Smith [26] method, in which P factor is estimable based on the
slope gradient and different support practices (such as terracing, contour tillage, etc.) [51,59,60].

Alternatively, the Land Degradation Assessment in Drylands (LADA) project estimated P factor
using a management index related to overall crop performance, and developed a global map for the
parameter [3]. First, LADA estimated the cropland management index by comparison of downscaled
crop yields with potential crop yields under a low cropland management scenario. A management
index of less than 1.0 represents areas where current yield levels are below its potential at low-level
input and management circumstances. Then, LADA transformed the management index to P
factor by considering that areas with very low management are less protected than those that are
well managed—as conservation practices are not applied—and over-management also decreases
soil protection. Based on quartile classification, the management index was converted as follows:
0–0.97 range was converted to P factor 0.75, 0.97–1.93 to 0.25, above 1.92 to 0.5 [3]. According to the
LADA project, the lands of Rwanda as well as most African countries (except for Egypt and South
Africa) were poorly managed (i.e., management index < 0.97) and were assigned a high P factor value
of 0.75 [3]. Since the Lake Kivu basin is one of the most poorly managed land areas in the Democratic
Republic of the Congo and Rwanda [3,28], we assigned it a high P factor value of 0.75 following the
LADA project.

The mean values of the R factor, K factor, LS factor, C factor, and P factor were
4623 MJ·mm·ha−1·h−1·year−1, 0.02 t·ha·h·ha−1·MJ−1·mm−1, 4.79, 0.15, and 0.75, respectively (Figure 2).

2.3. Land Cover and Land Use

Usually, soil erosion rates are different for various land cover/use types [20,61]. However, in some
locations, including that of the present study, it is nearly impossible to distinguish crop types by means
of moderate remote sensing imagery due to complex agricultural land use (crop diversity per plot),
subsistence farming systems in rough hilly areas, and land segmentation of less than 1 ha per household
that has been accelerated by rapidly increasing population density [28]. Consequently, the analysis
of soil erosion rates according to land cover/use categories has been limited to four LCLU classes
(settlement, cropland, forestland, and grassland). Land cover/use information for the catchment was
obtained from two Landsat 8 images (path; row: 173/61; 173/62 acquired on 21 September 2015)
delivered by the U.S.G.S. global visualisation [62]. These images were radiometrically corrected, the
cloud shadows were masked, and the gap-filling algorithm was used to obtain a cloud-free image using
ENVI software version 5.2 (Exelis Visual Information Solutions, Inc., a subsidiary of Harris Corporation,
Boulder, CO, USA) [10]. This software was also used for the classification of the LCLU map of the Lake
Kivu basin (Figure 3) using the supervised maximum likelihood classification method [63], which
is the most commonly used supervised classification method with remote sensing image data, due
to its applicability and reliability for satellite image classification purposes [63,64]. The LCLU map
was classified into five classes (settlement, cropland, forestland, grassland, and water/Lake Kivu)
according to the U.S.G.S. classification system category one [65]. Based on the accuracy assessment
methods [66,67] and the rule of thumb [68], 50 points were randomly sampled for each land cover/use
class using the primary Landsat image used to generate the classified image. Then, the accuracy
verification was achieved by Google Earth Pro (Google Inc., Amphitheatre Parkway Mountain View,
CA, USA) [33,69]. In this study, the classification was successfully achieved with an acceptable overall
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accuracy of 90.4% (Table 1) compared to the recommended overall accuracy of at least 85% [65,70,71]
and 70% for each land cover/use class [70].Forests 2016, 7, x FOR PEER REVIEW   8 of 16 
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Table 1. Error matrix of the 2015 land cover and land use map (Figure 2) for the Lake Kivu basin.

(1) (2) (3) (4) (5) ∑∑∑ User Accuracy Commission Error

Settlement (1) 47 3 0 0 0 50 94% 6%
Cropland (2) 3 43 2 5 0 53 81% 19%
Forestland (3) 0 1 44 3 0 48 92% 8%
Grassland (4) 0 3 4 42 0 49 86% 14%
Lake Kivu (5) 0 0 0 0 50 50 100% 0%

∑ 50 50 50 50 50 250
Producer accuracy 94% 86% 88% 84% 100%

Omission error 6% 14% 12% 16% 0%
Overall accuracy 90.4%

Kappa 88%

2.4. Conservation Practice Methods

Soil loss prediction under various conservation practices is primordial for policy makers in
agricultural land management and ecosystem protection [28,29]. P factor values for agricultural land
use on slopes greater than 25% are important for subsistence farmland located in hilly tropical regions
with rapidly increasing population density [72]. This study predicted the rate of soil loss for the
2015 cropland cells in the Lake Kivu basin under three assumed conservation practices (contouring,
strip-cropping, and terracing) using slope ranges and their corresponding P factor values proposed by
Shin (1999) (Table 2) [56,73].
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Table 2. P factor values under different conservation support practices.

Slope (%)
Conservation Support Practices (P Factor)

Contouring Strip-Cropping Terracing

0.0–7.0 0.55 0.27 0.10
7.0–11.3 0.60 0.30 0.12
11.3–17.6 0.80 0.40 0.16
17.6–26.8 0.90 0.45 0.18

>26.8 1 0.50 0.20

3. Results

Figure 4a presents the potential soil erosion map for the Lake Kivu basin that is usually under
high vulnerability based on natural factors such as precipitation, soil properties, and topography (R
× K × LS) which cannot be easily controlled [26,74], while Figure 4b illustrates that the area is also
greatly exposed to soil erosion risk (R × K × LS × C × P) because of intensive agricultural land
use and urbanisation without prior land conservation practices in an area that is naturally vulnerable
to soil erosion by water due to high rainfall intensity and steep slopes.Forests 2016, 7, x FOR PEER REVIEW   9 of 16 
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Figure 5 indicates that the cropland occupied the largest part of the non-water area (74%), with
a mean steep slope of 27% in the Lake Kivu basin, and is the major land-use category that greatly (75%)
contributed to the total soil loss, with a mean soil erosion risk of 31 t·ha−1·year−1.
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The topographic factor has a significant impact on soil erosion likelihood in the Lake Kivu basin.
Based on four categories of slope gradient: very gentle to flat (<5%), gentle (5%–15%), steep (15%–30%),
and very steep (>30%) [75], this basin comprised only a small fraction (8%) of very gentle to flat slope
associated with a tolerable mean soil erosion rate of 5 t·ha−1·year−1, and the highest mean erosion rate
of 44 t·ha−1·year−1 occurred on very steep slopes (>30%) that cover 39% of the total non-water area in
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4. Discussion

The Lake Kivu basin is greatly vulnerable to potential soil erosion by water with a rate of 360
t·ha−1·year−1 (Figure 4a) due to two main natural factors, including a high mean tropical precipitation
of 1285 mm/y and a mean steep slope of 27%. When land-use factors are considered, this basin
is still exposed to a severe mean soil erosion rate of 30 t·ha−1·year−1, with only 33% of the area
associated with tolerable soil loss (Figure 4b) based on the maximum threshold of soil loss tolerance of
10 t·ha−1·year−1 for highlands of tropical areas [76,77]. Estimated mean soil erosion rates for settlement,
cropland, forestland, and grassland in the Lake Kivu basin are 41 t·ha−1·year−1, 31 t·ha−1·year−1,
28 t·ha−1·year−1, and 20 t·ha−1·year−1, respectively (Figure 5). Mean soil erosion rates in the Lake
Kivu basin range from 5 t·ha−1·year−1 to 44 t·ha−1·year−1 for very gentle slopes (<5%) and very
steep slopes (>30%), respectively (Figure 6). The severe erosion rates occur especially on marginal
and steep lands which have been converted from forests to agriculture to replace the already eroded
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and unproductive cropland [78,79]. These results are congruent with the erosion estimates for other
tropical areas with similar topographic and climate condition. For instance, the estimated soil erosion
rate in the Chemoga watershed, Blue Nile Basin in Ethiopia ranged from 0 in the downstream part
of the watershed to over 80 t·ha−1·year−1 in much of the midstream and upstream parts, and to well
over 125 t·ha−1·year−1 in some erosion hotspot areas [80]. Soil losses predicted for different land-use
types within a microcatchment of the Lake Victoria basin were 93 t·ha−1·year−1 cropland, followed by
rangeland (52 t·ha−1·year−1), banana–coffee (47 t·ha−1·year−1), and banana (32 t·ha−1·year−1). In the
terrain units, high soil loss was within the back slopes (48 t·ha−1·year−1) followed by the summits
(42 t·ha−1·year−1) and valleys (0 t·ha−1·year−1) [2]. Land-use types with crop cultivation are much
more exposed to soil loss than land-use types under semi or natural vegetation such as grassland,
rangeland, shrubland, forest, and post-fire; however, there are large variations within each of these
land-use types due to topographic differences [20].

The erosion rate on undisturbed forestland is usually very low. These severe erosion rates
observed in the forestland and grassland areas located in the Lake Kivu basin are the evidence
of increased ecosystem disturbance, as previous studies indicated that the reduction of overstorey
canopy; removal or alteration of vegetation; mining, destruction of forest, human-caused fires, and soil
compaction from domestic animals grazing significantly increase soil erosion risk [20,26]. The study of
Panagos et al. (2015) has shown that in southern Spain, very high soil loss rates (40.16 t·ha−1·year−1)
existed mainly in high attitudes with scattered vegetation [81]. The highest soil erosion rate of
41 t·ha−1·year−1 estimated in a settled area of the Lake Kivu basin falls within the erosion rates
that occur in construction sites, which can vary from 20 to 500 t·ha−1·year−1 due to land surface
disturbance without biomass coverage [78]. In Utah and Montana, as the amount of ground cover
decreased from 100% to less than 1%, erosion rates increased by approximately 200-fold [78,82]. In 2015,
due to cropland expansion, the forest covered a small space (24%) of the non-water area in the Lake
Kivu basin, while a minimum of 60% forest cover is necessary to prevent serious soil erosion and
landslides [78].

The present study examined the status of soil erosion rates in cropland areas under some
conservation practices (i.e., contouring, strip-cropping, and terracing) and found that terracing is
the best method that could reduce soil erosion up to 23% in the study area (Figure 7). Cover and
crop management factor (C factor), can also reduce soil erosion by water in arable lands, hence
preventing the loss of nutrients and preserving soil organic carbon [74]. The increase of grass margins,
the maintenance of stone walls, and the application of contour farming foreseen by the common
agricultural policy can further reduce soil loss rates in arable lands [81].

Usually, conservation practices are not profitable when market prices are applied in low-income
countries [83]. For example, in Rwanda, bench terracing investment costs were estimated at
800,000 Rwandan Francs (RWF) per hectare; the net present value (NPV) is negative (loss of
FRW 47,384); and the internal rate of return (IRR) (11%) is lower than the discount rate of 13%,
during a period of 20 years [58].

Planners should be aware that soil loss control involves both land owners and their governments
because the benefits from soil erosion control increase food security, and sustain social and ecological
services (i.e., water quality protection and flood prevention). For example, the total investment for
U.S. erosion control was estimated at around $8.4 billion per year. Given that erosion causes about
$44 billion in damages each year, it would seem that the investment is a small price to pay: for
every $1 invested, $5.24 would be saved. This small investment would reduce U.S. agricultural
soil loss by about 4 × 109 tons, and help in protecting their water and soil resources, as well as in
ensuring current and future food supply [28,84]. Many efforts have been made in 2003 at the European
level to promote a more environmentally friendly agriculture, and results show a 10.8% decrease,
from 8.33 t·ha−1·year−1 to 7.43 t·ha−1·year−1, in soil loss potential due to the adoption of the good
agricultural and environmental conditions conservation practices [9].
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Figure 7. Maps of soil erosion risk by water for 2015 cropland cell in the Lake Kivu basin under assumed
different conservation practices: (a) current minor conservation practice (P = 0.75); (b) contouring;
(c) strip-cropping; and (d) terracing.

5. Conclusions

The USLE model and GIS are prominent tools for soil erosion modelling with available geospatial
data. This study highlighted the relationships between cropland expansion on steep slopes and extreme
soil erosion risk by water and identified erosion hotspots that require significant management efforts.
The results indicated that the Lake Kivu basin is exposed to severe overall mean soil erosion risk of
30 t·ha−1·year−1 and comprises a small fraction (33%) of now-water area associated with a tolerable
soil loss ranging from 0 to 10 t·ha−1·year−1. Based on the findings of this study, it is suggested to
increase terracing in cropland areas, since it could reduce soil erosion by up to about 23%, and further
conservation practices are recommended—such as increase of the overstorey canopy and understorey
vegetation, and control of human activities such as fires, mining, soil compaction from domestic
animals grazing, and so on. Soil erosion control in settled areas consists of revegetation of construction
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sites, establishment of outlet channels, installation of rainfall water harvesting systems, and pervious
paving block with grass among others.
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