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Abstract 

Despite the general concerns of soil erosion as a major cause of land degradation 

emanated by human activities and natural settings, information on soil loss is not readly 

available in some areas under different land use systems since no studies have been done 

to establish the erosivity of the land. An attempt was made to identifiedpotential 

vulnerable areas to soil loss  in the Copperbelt province using RUSLE model with remote 

sensing and GIS. The study revealed insignificant risk of soil loss for the entire study 

watershed.  The cell soil loss value estimated for the entire study watershed was 

0.0000000011 ton/ha
-1

/yr
-1

and the area location, which exhibited high vulnerability to soil 

loss thus high erosion hotspot was found in the Mpongwe District and we recommend 

that detail study is required in the district in order to detect actual areas to soil loss. This 

may help to appropriately design soil conservation strategy to surmount the soil erosion 

problem in the district. 
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Introduction 

The environmental degradation is 

perceived to be caused by human 

interaction and natural settings. This is 

through modification and conversion of 

landcover pretty much forest cover, 

which predisposes soil to high erosion 

risk and eventually reduces the 

productive potential of the soil (Watson 

and Zakri 2003; Sharma et al., 2011). It 

is argued that changes in particular 

vegetation cover percentage strongly 

affect the amount of soil loss 

(Wijitkosum, 2012; Alkharabsheh et al., 

2013). The biggest environmental 

problem in the temperate and tropical 

countries is the soil erosion resulting 

from human environment interaction 

antecedent by natural settings (ISCO, 

2002). 

In the tropical region of Africa, 

especially Sub-Saharan Africa, soil 

erosion is widely recognized as a more 

serious problem than in non-tropical 

areas (Lal, 2001; Sanchez and 

Swaminathan, 2005), dominating on 

areas with sparse vegetative cover and 

cultivated lands (Ravi et al., 2010). 

Studies by Lal (2009), Lobell et al. 

(2008) and Podwojewski et al. (2011) 
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showed that prevalence of high erosivity, 

the fragile soil of high erosivity, steep 

slopes, poor land management and 

resources by poor farmers who cannot 

afford to adopt conservation effective 

measures in the tropical world influenced 

soil erosion. 

Soil erosion is the reason of the 

contemporary prime natural resources 

degradation influenced by runoff water 

(Angima et al., 2003), and is responsible 

for about 84% of the global extent of 

degraded land, making erosion a key 

significant environmental problem 

worldwide (Blanco and Lal, 2010; Toy et 

al., 2002). Soil erosion contributes 

significantly to the terrestrial food 

insecurity (Lobell et al., 2008; St. Clair 

and Lynch, 2010). For instance, in Africa 

about 105 million hectares of croplands 

are affected by soil erosion and has 

resulted to about 280 million tons of 

cereal crops loss per year and could be 

prevented if managed (UNEP, 2015). 

Eswaran et al. (2001) reported that the 

past soil erosion in Africa has led to crop 

yield reduction and may range from 2 to 

40% while productivity of some lands 

has declined by 50%. 

The extensively applied model at 

varying scale used to detect soil erosion 

in the recent decades is Revised 

Universal Soil Loss Equation (RUSLE) 

developed by Renard et al. (1997). 

Siakeu and Oguchi (2000) mentioned that 

this model uses common physical 

parameters which include slope, 

precipitation, vegetation cover and soil 

erodibility. RUSLE model was evolved 

from Universal Soil Loss Equation 

(USLE) Wischmeier and Smith (1978), 

however, Trojacek and Kadlubiec (2004) 

elucidated that RUSLE has reasonably 

many augmentations and is broadly 

applied to different situations including 

forests, rangelands and disturbed areas. 

Further they explained that the input 

variables for RUSLE are derived from 

standard meteorological data, available 

FAO soil maps (FAO-UNESCO, 1987), 

multi-temporal satellite imagery, digital 

elevation models and a limited amount of 

field data. Despite sedimentation 

procedures ignored in the RUSLE 

equation (Siakeu and Oguchi, 2000), it is 

widely applied due to its simplicity and 

robustness (Renard et al., 1978). Many 

studies adopted RUSLE model  and 

yielded significant results in detecting 

soil loss. For instance, Boggs et al. 

(2001) used RUSLE model to assessed 

soil erosion risk areas. In Uta, Bartsch et 

al. (2002) also adopted RUSLE to detect 

erosion hotspot areas in Camps William 

plots. This study adopted the RUSLE 

model to map the soil erosion potential 

areas in the Copperbelt watershed. 

Just like many other provinces in 

Zambia, Copperbelt watershed land 

resources is greatly mediated by her 

anthropogenic activities such as 

agriculture expansion, built up expansion, 

opening out of nutrient mining among 

others. These anthropogenic activities are 

generally perceived to drive the land 

cover change which may lead to land 

degradation caused by soil erosion.  The 

activities by humans may expose the 

fragile soil on which all life depend at 

risk of erosion. For instance, studies have 

shown that the value humans attached on 

land resources which were supported by 

natural settings have largely resulted in 

deforestation, biodiversity loss, soil loss, 

global warming (Mas et al., 2004; 

Dwivedi et al., 2005; Zhao et al., 2004). 

In India, Sharma et al. (2011) concluded 

that the decreased rate of anthropogenic 

LULC, in particular forests, have resulted 

in high erosion risk. Likewise, 
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Paiboonvorachat and Oyana (2011) also 

noted that in Nan watershed of Thailand, 

the rapid expansion of built environment 

and agriculture which were underpinned 

by exponential rate of population increase 

have reflected deforestation, and have  

led to serious environmental degradation 

caused by soil erosion. 

However, information on soil loss is 

not readily available in some areas under 

different land use system since no studies 

have been done to establish the erosivity 

of the land. Information on soil loss at the 

spatial scale requires ascertaining 

vulnerable areas to soil loss via spatial 

variability of factors affecting soil 

erosion processes (Yang et al., 2003). 

Hence, there is a need to analyse soil 

erosion potential areas. Once potential 

areas have been detected, such 

information can inform decision making 

by designing intermediaries to abate the 

problem of soil loss. On the other hand, 

detecting soil loss areas using RUSLE 

can be cost-effective when combined 

with GIS and Remote sensing data. 

Therefore, this study aimed at detecting 

potential vulnerable areas at the spatial 

scale to soil loss using RUSLE model in 

the GIS environment. 
 

Materials and Methods 

Study Area 
Copperbelt Province is the second 

smallest province in Zambia (CSO, 

2012). The districts in the Copperbelt 

Province are: Chililabombwe, Chingola, 

Kitwe, Luanshya, Lufwanyama, Masaiti, 

Mufulira, Mpongwe, Kalulushi and 

Ndola see below Figure 1.

 

 
Fig. 1: Study Location Copperbelt Province 
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The Copperbelt province in 2010 had 

population of 1,972,317(CSO, 2012) and 

covers 31,328 km
2 

approximately 

3,132,800 hectares (CSO, 2012) of land 

represented by the following 

geographical coordinates: Lat -13.0570° 

South, Lon 27.5496° East (USGS and 

EROS, 2006; 2015). The province is one 

of the wettest in the country and has 

abundant vegetation type mainly miombo 

woodlands, lies in the agro-ecological 

region III and has vast land for 

agricultural purposes (Jaicaf, 2008).  

The soils in the Copperbelt Province 

are highly weathered and strongly 

leached (Jaicaf, 2008), with occurrences 

of strong acidic soils in some parts that 

are moderately suitable for production of 

all types of cereals, legumes and tubers 

(Fewsnet, 2014). The main soil type  in 

the watershed include Arenosols and 

Ferralsols, which are highly weathered 

and characterized by weakly structured, 

loamy top soils, clayey sub soils (Soil 

Survey Unit, 1999). And has been 

reported by Jaicaf (2008) as well-drained, 

deep red, clayey soils (Ferralsols) with 

lower pH and lower mineral contents.  

The watershed is characterized by  

three distinct seasons in the year 

(Strasser, 2013). The watershed has 

warm and temperate climate (Aregheore, 

2006). The rainfall pattern ranging from 

early November to April with the annual 

average rainfall above ˃1300 mm. 

Maximum annual temperature may vary 

from 24°C to 30°C and annual minimum 

temperature range between 11°C and 

15°C (Aregheore, 2006). 

Data Used 
1. Precipitation data 

2. FAO-unesco Harmonized World 

Soil Data (HWSD) 

3. Digital Elevation Model (DEM) 

data 

4. Landsat 8 data (2015) 

Data Processing  
Ortho rectified Landsat 8 2015 were 

obtained and processed. It was subjected 

to composite band to bring the raw 

satellite data into completely multi-

spectral image, which allowed 

classification manipulation. This has 

been proved by Ashutosh (2002) and 

Monger (2002) that it result to new 

component images that may be more 

interpretable than the original data and 

aid to reduce information without losing 

important facts. The  composited imagery 

were mosaicked and  were subsided to 

original size of the watershed  using 

Spatial Analyse ExtensionTool ‘Extract-

by-Mask’ within ArcToolbox in ArcMap. 

The data were converted to real world 

coordinates to Universal Transverse 

Mercator (UTM) Zone35S. 

Analytical Methodology of Soil Erosion 

Risk Study 
The Figure 2 below presents the 

analytical methodology of the soil 

erosion risk study based on RUSLE 

model (Renard et al., 1997). 
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Fig. 2: Flow Chart for Soil Erosion Risks Analysis 

 

Valuation of Revised Universal Soil 

Loss Equation (RUSLE) Factors for 

Soil Erosion Risk Study 
Below is the RUSLE equation model: 

A = R * K * L/S * C * P  (1) 

Where: 

A = computed average annual soil loss 

(tons/ha
-1

/year
-1

) 

R= rainfall-runoff erosivity factor 

(MJ/ha/mm/yr) 

K = soil erodibility factor (tons/MJ/mm) 

L/S = slope length slope steepness factor 

(dimensionless) 

C = cover management factor 

(dimensionless) 

P = conservation practice factor 

(dimensionless) 

 

Rainfall and Runoff Erosivity Factor 

(R) 
The rainfall and runoff erosivity (R) 

is determined as a function of  storm 

effect on surface soils (Lee and Lee 

2006).The annual average rainfall was 

estimated based on the (20yrs) rainfall 

collected from active meteorological 

stations mainly Kafironda and Ndola. . 

The R index was computed using (Lee 

and Lee, 2000) equation below.  

R = 38.5 + 0.35 * Pr   (2) 

Where, Pr is the annual average rainfall 

(mm/yr) 

Soil Erodibility Factor (K) 
Soil erodibility factor (K) reflect the 

rate at which different soil types erode 

and it is a measure of the vulnerable soil 

particles to transport by runoff. This 

influenced by amount of organic matter, 

soil structure, texture and percentage silt 

and clay (Wischmeier and Smith, 1978; 

Williams et al., 1984). Geleta (2011) 

proposed an alternative method for 

estimating soil erodibility ERFAC-K for 

dynamic environment in which data 

sources are scarce. The input data sources 

include % clay, % silt, and % sand 

(Geleta, 2011). The study adopted 

ERFAC-K equation and estimated (K) 
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from the FAO-UNESCO soil map of the 

world. The soil textural percentages were 

calculated based on % T_clay, % T-silt 

and % T-sand in the textural classes with 

below equation. 

ERFAC -

K  (3) 

Where, 

ERFAC-K = Proposed alternative soil 

erodibility factor 

% Silt = percentage silt content in the soil 

% Clay = percentage clay content in the 

soil 

% Sand = percentage sand content in the 

soil 

 

Slope Length and Slope Steepness Factor (LS) 
The Slope Length and Steepness Factors (LS) express the effect of topography on soil 

erosion (Karaburun, 2010). The L/Sindex is the measure of distance from the point of 

origin to the point where either deposition begins or slope gradient reduced and influenced 

by watershed slope (Wischmeier and Smith, 1978). Using the watershed DEM, slope, flow 

direction and flow accumulation were generated through the spatial analyst tool in 

ArcMap. These were used as input to generate L/S with below equation. 

 

(4) 

 

Where  

Fac = Flow accumulation 

S = slope 

 

Cover management Factor (C) 
The C index is the function of variety 

of influence of land cover e soil 

erodibility. And has been extensively 

elucidated by Karaburun (2010) as the 

combined effects of cover management in 

reducing runoff, protection of surface 

pores and soil cover. The C factor was 

calculated based on LULC via supervised 

classification on the Landsat 8 image for 

2015. Based on Provincial Forestry 

Action Programme (PFEP) classification 

Zambia, correlated to Anderson level 1 

land classes, maximum likelihood 

classifier was used to map 5 major land 

cover see below Figure 3 and Table 1. 
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Figure 3: LULC Map 2015 based on PFEP and Anderson level 1 Classification 

 

Table 1: LULC Classes for Copperbelt Watershed 
Land Use Land Cover Classes Description  

Cropland land All crop, green gardens, corn and fruit garden  

Forest  

 

Areas consisting of arid land with short vegetation, mixed 

forest with higher density of tress and tree plantation. 

Built-up Settlement, industries. 

Bare land Areas with no vegetation cover, stone quarry sites, mining 

tailings, stony areas, uncultivated agricultural lands 

Water   Rivers, streams, lakes, reservoir, ponds. 

 

The 2015 LULC  map generated were 

used to estimate C index  based on Lee 

and Lee (2006) guidebook see below 

Table 2.  

 

Table 2: Cover Management Factor  
Land Use C Factor 

Forest  0.054 

Cropland 0.3 

Bare land 0.500 

Water 0.002 

Built-up 0.003 

 

Support Practice Factor (P) 
The (P) index is the function of soil 

conservation measures that may be 

adopted to mitigate soil loss. And has 

been noted by Mishra et al. (2006) as 

practice that retained eroded particles and 

prevents them from further transport. 

Shin (1999) support practice was adopted 

for P-value estimation which relates 

cultivation method to slope.  

The P value ranges from 0 to 1, 

where 1 represents no conservation and 0 

means high resistant (Renard et al., 

1997). Hence 1 was assigned for both 

minimum and maximum P since there 

were no adopted conservation methods in 

the study watershed (Morgan, 1995). 
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Table 3: Support Practice Factor According to the Type of Cultivation 

Slope % 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 
Sources: Shin (1999)  

 

Soil Erosion Risks 
The parameters considered were 

integrated in the ArcMap using Fuzzy 

overlay tool. FAO (1986) basic 

desertification classification was adopted 

and modified to categorized erratic 

erosion potentials to suit the study area 

features. Potential areas were  

categorized into five classes including 1 

very low erosion range 0-5 t/ha/yr, 2 

moderate erosion range 5-10 t/ha/yr, 3 

low erosion range 10-20 t/ha/yr, 4 high 

erosion range 20-40 t/ha/yr and 5 very 

high erosion >40. 

 

Result and Discussion 

Vulnerable areas to soil loss was 

analysed on the basis of the factors 

defined by the RUSLE  (Renard et al., 

1997). The results are presented in the 

form of Maps and Tables. 

Rainfall and Runoff Erosivity Factor (R) 
The annual R index calculated for the 

catchment area ranged from maximum of 

453.64 to minimum of 430.314 

MJ/ha/mm/yr and were generated from 

20 years precipitation data. These values 

indicated the available rainfall energy to 

erode Copperbelt soil see below Figure 4.

 
Figure 4: Rainfall Erosivity Index Map 
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Soil Erodibility Factor (K) 
The variety of soil type found in the 

study watershed from FAO-UNESCO 

soil map include RhodicFerralsols, 

HaplicFerralsols, CambicArenosols, 

EutricGleysols and OrthicFerralsols. 

CambicArenesols recorded highest 

erodibility while RhodicFerralsols 

recorded least erodibility see below Table 

4and Figure 5 for K factor. 

 

Table 4: Soil Textural Classes against K Index 

Soil Textural Classes ID T_Sand T_Silt T_Clay K_ Factor 

OrthicFerralsols  537 42 38 20 0.73 

RhodicFerralsols 570 0 0 0 0 

EutricGleysols 621 74 16 10 0.60 

CambicArenosols 874 35 54 11 0.87 

RhodicFerralsols 31468 42 26 32 0.104 

HaplicFerralsols 31473 43 29 28 0.81 

RhodicFerralsols 31474 35 37 28 0.80 

 

 
Figure 5: Soil Textural Classes Map 

 

Slope Length and Steepness Factor (L/S) 
The computed L/S factor ranges from 

minimum of 0 to maximum of 

0.0000000021.Slope was estimated for 

the entire study area prior to the L/S 

factor derivation. The Copperbelt 

province had a land surface slope 

dominantly ranges from 0-8 see below 

Figure 4 and 5. 
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Figure 6 and 7: Slope and L/S Factor Map 

 

Cover Management Factor (C) 
The LULC classified for the study area was used as input to generate C factor. The 

result shows zero impact of the various LULC on soil erodibility in the study area.  

 
Figure 8: Cover Management Factor Map 

 

Support Practice Factor (P) 
The P factor values generated for the 

study area were indicated by 1 see below 

Figure 6. This explained no soil erosion 

conservation method adopted in the area 

and indicated as poor erosion resistance
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Figure 9: Support Practice Factor Map 

 

Soil Loss Risk Estimation 
The potential soil loss area was 

identified by product of R, K, L/S, C and 

P factors. The annual soil loss values 

estimated for the entire watershed ranges 

between 0 and 0.0000000011 t/ha
1
/yr

1
. 

The soil loss value in the study area was 

insignificant and the result shows that 

largest part of the study watershed has 

very low risk to soil loss based on FAO 

basic desertification classification. 

However, the southern part of the 

watershed exhibited very high soil loss 

risk on grid basis. The grid based soil 

loss risk area was found in Mpongwe 

District and is evident in the erosion risk 

map Figure 9. The reason for this soil 

loss could be related to the fact that the 

District is dominated to intense 

agriculture activities and could be in part 

how agriculture practices were been 

conducted and has been elucidated by 

García-Ruiz (2010) that agricultural land  

generate the highest erosion yield. 

Despite insignificant loss of soil in the 

Copperbelt province, the pixels areas or 

the district which depicted maximum loss 

of soil needs conservation measures.  
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Figure 10: Soil Erosion Risk Map 

 

Conclusion 

The creed behind this study was to 

identify potential erosion hotspot areas in 

order to inform decision makers in 

designing conservation measures. Spatial 

distribution of vulnerable areas to soil 

loss was detected using RUSLE model. 

All the parameters included in the model 

were calculated with Fuzzy overlay tool. 

The RUSLE model adopted for the 

study permitted isolating the priority area 

of soil loss in the Copperbelt watershed. 

The study revealed vast areas with 

minimal risks to soil loss, which means 

that the soil erosion problem is 

insignificant in the Copperbelt watershed. 

This study predicted the erosion potential 

area for the entire Copperbelt province in 

Mpongwe district. The reason for this 

soil loss could be related to the fact that 

the district is dominated to intense 

agriculture activities and could be in part 

how agriculture practices were been 

conducted. The research suggest that due 

to the nature of diverse inextricable 

human activities in the hotspot area, soil 

loss value is anticipated to rise with time 

and could impinge on the productive 

potential of soil in the district. Therefore, 

the study results may set as basis for 

adopting measures to combat the soil 

erosion problem in the area. Since the 

study finding prioritizes Mpongwe 

district as vulnerable to soil loss 

appropriate measures should be taken by 

land managers to promote management 

practices that ensure effective soil 

conservation to protect soil surface from 

erosive agents. The study recommended 

detail erosion study in the Mpongwe 

district in order to detect the actual areas 

vulnerable to soil loss.  
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