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ABSTRACT 

Soil erosion is one of the most important environmental issues in natural and synthetic 

territories. It can lead to loss of fertility, slope instability, soil truncation; etc. which causes 

irreversible effects on the poorly renewable soil resource. Therefore, understanding the key 

parameters and factors to model soil erosion will enable the conservation of soil system goods, 

services and resources, and will avoid the damage outside of fields caused by transported and 

accumulated sediments and water. In view of this, a review was carried out on previous studies 

to examine the concept of soil erosion and review various soil models widely used in literature. 

It was found that several models are used for soil assessment and prediction and these models 

are classified into physical (e.g. WEPP), conceptual (SEDNET) and empirical (USLE). The 

Universal Soil Loss Equation (USLE) and its modifications were found to be the most 

commonly used soil erosion models due to its simplicity, ease of use and the ability to integrate 

the various ecosystem parameters successfully. Furthermore, it was found that one of the 

major limitations associated with the use of models is lack of data for validation especially in 

large areas where obtaining ground data is not feasible. Although some researchers have 

suggested the use of correlation between modeled erosion results with factors such as land 

cover and management factor and soil erodibility factor as well as results of land use change 

analyses as alternatives for validation purpose. Others correlate the predicted soil erosion 

results with that of sediment yield. Some validated their soil erosion data with results of land 

use change analyses, slope length and slope steepness factor, land cover and management 

factor and soil erodibility factor. However, there is still ambiguity in the knowledge of our 

understanding as to which soil erosion prediction model to use. 
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INTRODUCTION 

Soil erosion is a process that occurs 

naturally aimed at preserving stability 

among diverse ecosystem functionaries. It is 

influenced by key factors such as land use 

changes, rainfall and slope steepness. Soil 

erosion is a known serious threat worldwide 

regarded as the greatest form of land 

degradation that serves as a precursor of 

irreversible effects on soil by causing loss of 

fertility, slope instability and soil truncation 

among others (Weifeng  Bingfang, 2008; 

Buttafuoco et al., 2012; Prasannakumar et 

al., 2012). Soil erosion triggered by human 

activities mainly land use  changes results to 

serious land degradation problems which 

has been a topic of growing concern for 

many years among researchers and policy 
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makers alike (Bathrellos et al., 2012; 

Bathrellos et al., 2013; Klein et al., 2013; 

Adhikary et al., 2014). Land use changes 

along with other factors such as rainfall, soil 

type, elevation, etc. may cause spatial 

variation in erosion from one location to 

another (Mallick et al., 2014; Mondal et al., 

2017; Abdulkareem et al., 2017; 

Abdulkareem et al., 2018a; Abdulkareem et 

al., 2019). Soils are mostly subjected to the 

influence of erosion by human activities 

because of deforestation, poor agricultural 

practices, overgrazing, forest fires and rapid 

increase in urbanization. These are along 

with other improper land management 

practices are responsible for triggering 

erosion (Weifeng and Bingfang, 2008; 

Terranova et al., 2009; Buttafuoco et al., 

2012). 

 

Land use change plays a crucial role in the 

most provocative decisions carried out by 

humans, as this can be evident in the rapid 

urbanization witnessed worldwide over the 

past decades (Glaeser and Kahn, 2004; 

Koomen et al., 2008; Brueckner, 2009; 

Abdulkareem et al., 2017; Abdulkareem et 

al., 2018b; Abdulkareem et al., 2019). Land 

transformation affect soil, water as well as 

the atmosphere, which has a direct influence 

on global environmental problems. Some 

examples of land use changes that exert 

great influence on soil degradation, 

biodiversity and materials needed for human 

survival are; rapid deforestation for 

agricultural purposes in tropical areas or the 

growing number of urban areas (Lambin, 

2004; Koomen et al., 2008). Furthermore, 

land use change plays a major role in the 

regulation of hydrological activities in a 

catchment (Hörmann et al., 2005; Elfert and 

Bormann, 2010b; Nejadhashemi et al., 2011; 

Abdulkareem et al., 2017; Abdulkareem et 

al., 2018a; Abdulkareem et al., 2019). The 

hydrology of a watershed is influenced by 

its unique characteristics such as soil 

properties, topography and drainage area. 

Land use changes and climate are reported 

to cause variations on a short-term basis. 

Climate change has a profound effect on 

rainfall distribution, which in turn affects a 

watershed hydrologic processes such as 

surface runoff, streamflow, 

evapotranspiration and floods (Neupane and 

Kumar, 2015). Soils and vegetation cover 

serve as carbon sink by storing carbon 

dioxide produced by plants during 

photosynthesis. Long-term land use changes 

can result to emission of carbon dioxide 

along with other greenhouse gases (methane 

and nitrous oxide) which plays a vital in 

global warming. Furthermore, land use 

changes are also presumed to play a role in 

the hydrological dynamics of a watershed 

which when not controlled can result to 

significant land degradation problems such 

as soil erosion and sedimentation problem. 

For example, land use change influences soil 

erosion in areas with natural vegetation 

cover such as forest or grassland areas 

which when compared with arable lands 

record lower soil losses (Serpa et al., 2015; 

Abdulkareem et al., 2017).   

 

Relatively little attention has been given to 

the modeling of soil transport across the 

landscape, in connection with soil, nutrient, 

and carbon delivery to stream and open 

waters. Whereas spatially- distributed 

sediment routing using transport and 

deposition laws may offer better 

perspectives to understand sediment 

delivery, such modeling approaches have 

been relatively simple (Van Rompaey et al. 

2001) and need further improvement to fully 

account for the complexity of real 

landscapes. Mitigating and controlling 

erosion require advance-modeling tools to 

evaluate the appropriateness and efficiency 

of alternative approaches and methods. In 

view of this, a careful review of previous 

modelling studies in soil erosion becomes 

vital in order to fully understand the extent 

of studies carried out and type of models 

utilized. 

 

Erosion and transport processes  

The process of erosion can be described in 

three stages: detachment, transport and 

deposition. Detachment of sediment from 
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the soil surface was originally considered to 

be exclusively the result of raindrop impact 

(e.g. Hudson, 1975), although the 

importance of overland flow as an erosive 

agent has now been recognized. Rainfall 

detachment is caused by the locally intense 

shear stresses generated at the soil surface 

by raindrop impact (Loch and Silburn, 1996; 

Merritt et al., 2003). Likewise, overland 

flow causes a shear stress to the soil surface, 

which if it exceeds the cohesive strength of 

the soil, termed the critical shear stress, 

results in sediment detachment. In different 

situations, the major processes leading to 

sediment detachment will differ (Merritt et 

al., 2003). 

 

There are four main types of erosion 

processes: sheet, rill, gully and in-stream 

erosion. Sheet erosion refers to the uniform 

detachment and removal of soil, or sediment 

particles from the soil surface by overland 

flow or rain- drop impact evenly distributed 

across a slope (Hairsine and Rose, 1992; 

Merritt et al. 2003). Together with rill 

erosion, sheet erosion is often classified as 

‘overland flow’ erosion, detaching sediment 

from the soil surface profile only. For 

purposes of simplification, the two processes 

are often considered together in erosion 

modelling (Merritt et al. 2003). 

 

Soil Erosion modeling 

Soil loss prediction to determine 

environmental, social, and economic effects 

of soil prediction is essential at catchment 

level for carrying out sustainable 

conservation practices (Zhang et al., 2009; 

Demirci and Karaburun, 2012). A detailed 

knowledge of potential hazard and spatial 

distribution is of utmost importance in order 

to achieve sustainable soil conservation 

measures (Bewket and Teferi, 2009; Wang 

et al., 2009; Demirci and Karaburun, 2012). 

The use of models can be used to predict 

soil loss over a wide range of conditions. 

Several models are used for soil assessment 

and prediction. Soil erosion models are 

classified into physically based and 

empirical models (Bhattarai and Dutta, 

2007). Table 1 shows a summary of 

characteristics of soil erosion models.  

 

Table 1: Characteristics of soil erosion models (modified after Meritt et el., 2003) 
Physically based model Conceptual model Empirical model 

White box model or mechanistic 

WEPP, TREX 

Grey box model or parametric, 

SEDNET 

Black box model or metric USLE, 

MUSLE, RUSLE 

 

Spatial distribution driven, 

assessment of parameters outlining 

physiographic feature 

Involve reservoir modelling comprise 

semi-empirical equations that are 

physically based 

Mathematical equations with values 

derived from time series 

Initial model data required as well 

as watershed morphological 

features 

Parameters are extracted from field 

data and calibration 

Features and processes of the system 

are minimally considered 

Complex model and not easy to 

use. Require skills and 

computational capability  

 

Simple and easy to use in computer 

code 

High degree of forecasting ability, 

low explanatory depth 

Challenges with scale related 

problems 

Large data sets required (hydrological 

and meteorological data) 

 

Differ from one catchment to the 

other 

Valid for several conditions Curve fitting as part of the calibration 

process giving difficulties in physical 

interpretation 

Valid within the boundary of a 

certain domain 
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Physically based soil erosion models 

Soil erosion assessment by these models is 

done by combining individual elements of a 

watershed. Inadequate data to calibrate and 

validate these models is what limit their 

application to most watersheds even though 

their results provide adequate information 

on spatial and temporal situations of soil 

erosion (Bhattarai and Dutta, 2007). 

Example of these models include, Water 

Erosion Prediction Project (WEPP), 

European Soil Erosion Model (EUROSEM), 

Two-dimensional Runoff, Erosion, and 

Export (TREX), AGNPS, ANSWERS, 

SHETRAN, PERFECT, TOPOG, CREAMS 

etc. Physically based soil erosion models 

have been widely utilized in soil erosion 

prediction from around the word by many 

researchers e.g. Velleux et al. (2008), 

Bayley et al. (2010), Sukhanovskii (2010), 

Bathurst (2011) Alatorre et al. (2012) Shi et 

al. (2012), Mullan (2013), Khaleghpanah et 

al. (2017) etc. 

 

Conceptual soil erosion models 

Conceptual models are typically based on 

the representation of a catchment as a series 

of internal storages. They usually 

incorporate the underlying transfer 

mechanisms of sediment and runoff 

generation in their structure, representing 

flow paths in the catchment as a series of 

storages, each requiring some 

characterization of its dynamic behavior. 

Conceptual models tend to include a general 

description of catchment processes, without 

including the specific details of process 

interactions, which would require detailed 

catchment information (Sorooshian, 1991). 

This allows these models to provide an 

indication of the qualitative and quantitative 

effects of land use changes, without 

requiring large amounts of spatially and 

temporally distributed input data (Merritt et 

al. 2003). 

 

Traditionally, conceptual models lump 

representative processes over the scale at 

which outputs are simulated (Wheater et al., 

1993). Recently developed conceptual 

models have provided outputs in a spatially 

distributed manner. Alternatively, lumped 

conceptual models may be applied in a 

semi-distributed manner by disaggregating a 

catchment into linked sub catchments to 

which the model is applied (Merritt et al. 

2003). Example of conceptual models 

include SEDNET.  

 

Empirical soil erosion models 
Empirical models are the most widely used 

class of erosion models due to their 

simplicity and limited data requirement at 

catchment scale. Example of such models 

include Universal Soil Loss Equation 

(USLE), Modified Universal Soil Loss 

Equation (MUSLE), and Revised Universal 

Soil Loss Equation (RUSLE) (Bhattarai and 

Dutta, 2007; Zhang et al., 2009; Demirci 

and Karaburun, 2012). Ever since various 

limitations to the use of USLE model were 

discovered, several revisions and 

modifications were offered to effectively 

suit the model under different climatic 

conditions. 

 

USLE and its Modifications 

The USLE model is a straight forward 

empirical model developed by United States 

Department of Agriculture (USDA) in the 

1970s for the prediction of long-term 

average annual soil loss in cultivated lands 

using factors such as rainfall, soil type, 

topography, cropping system as well as 

management practices (Zhou and Wu, 2008; 

Kouli, et al. 2009; Demirci and Karaburun, 

2012). The model was later applied to other 

parts of the world due to its ease of 

application (Bhattarai and Dutta, 2007; 

Demirci and Karaburun, 2012). There are 

various limitations associated with the use of 

USLE model. One of them is that, it cannot 

perform simulation on event bases, as such it 

does not have the capability to predict 

events that lead to extreme soil erosion 

(Merritt et al., 2003). Another limitation is 

the fact that the model does not have the 

capability to detect large gullies as well as 

sediment yield deposition (Demirci and 

Karaburun, 2012; Merritt, et al., 2003). 
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Furthermore, the use of USLE in other parts 

of the world is impaired by unavailability of 

data needed to effectively simulate the 

model under new sets of conditions different 

from that of the United States (Merritt et al., 

2003). For the USLE model to effectively 

adapt to a new set of environmental 

conditions, dedication in time and resources 

are necessary for the successful simulation 

of the model. Owing to rainfall variability 

from one part off the world to another. 

Evans et al. (1992) pointed out that at least 

10 years data must be used for the USLE 

model to successfully run in mine spoils. 

 

One of the modifications include MUSLE, 

which has the capability to predict soil loss 

better than USLE for short duration analysis. 

However, the MUSLE cannot offer proper 

estimates of spatial distribution of soil 

erosion (Wang et al., 2009). Zhang et al. 

(2009) incorporated the MUSLE into a GIS 

environment and produced a tool called 

ArcMUSLE, an extension of ArcGIS® 

software. The tool was developed to help 

conservation planners in soil loss prediction 

as well as mapping of hazard prone areas for 

soil erosion control measures. It can also be 

utilized in most watersheds for the 

prediction of curve number (CN) for runoff 

estimation, peak flow as well as soil loss for 

rainfall events if provided with the 

appropriate data.  

 

The RUSLE model is the basic and modified 

version of MUSLE, which has some its 

factor values modified from those of USLE. 

The major modification in RUSLE is in the 

form of slope length factor (L) which 

permits the estimation of soil erosion based 

of Horton’s forest biomass. Bagherzadeh 

(2014) utilized USLE model to predict soil 

loss caused by rill, splash and sheet erosion 

in an agriculture-dominated watershed. A 

good correlation was obtained between land 

use factors of dry farming and soil losses. 

The model was designed with some 

enhancements for the estimation of major 

factors related to soil erosion, specifically 

the topographic factor and the impacts of 

climate change on soil erosion have also 

been evaluated since long term average 

rainfall data are used in computing the 

rainfall erosivity  (Lee, 2004; Pradhan et al., 

2012; Segura et al., 2014; Correa et al., 

2016; Mello et al., 2016; Abdulkareem et al. 

2017). It is an empirical and parametric 

model that is built on the most appropriate 

water erosion process. Generally, erosion 

depends on the intensity and amount of 

rainfall as well as runoff, the cover given to 

the soil through land use change on the 

forces exerted by rainfall impact and that of 

surface runoff.  In other words, the 

susceptibility of a soil to the influence of 

erosion is dependent upon soil properties, 

the manner in which land use modified the 

soil properties, and the topography of the 

landscape which is defined by slope length, 

steepness, and shape (Lee, 2004). Even with 

its limitations, the RUSLE can give an 

insight of the methodological changes 

connected to the topographic factor 

estimates and the use of map algebra tool to 

overlay the layers of the equation in a 

geographic information system (GIS) 

environment. 

 

USLE model inputs, outputs and 

structure 

Input data requirements are low compared 

with most other models. The input 

requirement include nnual rainfall, an 

estimate of soil erodibility, land cover 

information and topographic information is 

required. The typical output from the USLE 

is an annual estimate of soil erosion from 

hillslopes. The basic USLE is an empirical 

overland flow or sheet-rill erosion 

regression equation based primarily on 

observations. Model outputs are both 

spatially and temporally lumped. As with 

most empirical models, the USLE is not 

event responsive, providing only an annual 

estimate of soil loss. It ignores the processes 

of rainfall- runoff, and how these processes 

affect erosion, as well as the heterogeneities 

in inputs such as vegetation cover and soil 
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types. USLE model is represented by 

following equation; 

             ….. (1) 

where A is the soil erosion rate (ton ha
-1

 yr
-

1
), R defined as rainfall runoff erosive factor 

(MJ mm ha
-1

 yr
-1

), K means soil erodibility 

factor (t ha MJ
-1

 mm
-1

), LS as terrain factors 

represent the slope length (L) and slope 

steepness (S) (dimensionless), C indicates 

land cover and management factor 

(dimensionless) and P stands for 

conservation practices factor 

(dimensionless). 

 

Rainfall Erosive Factor (R) 

The rainfall erosivity factor is a major factor 

used to define the type of erosion caused by 

rainfall and runoff on soil surface of a 

specific location. This factor depends on the 

intensity and volume of rainfall for its 

development.  Therefore, a direct 

relationship exists between rainfall and 

erosivity factor in a way that if one increase 

the other one increases (Pradhan et al., 

2011; Demirci and Karaburun, 2012; 

Khosrokhani and Pradhan, 2013; 

Bagherzadeh, 2014). There exists a 

multitude of equations for the calculation of 

R factor namely; Wischmeier-Smith (WS), 

Fournier index (MFI), Sicily, Morocco and 

Arnoldus equation (Kouli et al., 2008; 

Khosrokhani and Pradhan, 2013). 

 

Soil Erodibility Factor (K) 

The susceptibility of soil to erosion is 

dependent upon its soil erodibility factor, 

which defines its ability to resist detachment 

and transport by falling raindrops and runoff 

alike. Different soils differ in their ability to 

be vulnerable to erosion more than others 

do. Soil erodibility is subject to soil inherent 

properties like texture, permeability, 

structure, organic matter content and 

cohesiveness. 

 

Land cover and Management Factor (C) 

The land cover and management is the most 

crucial factor in soil erosion prediction. Soil 

erosion can be controlled in an area by 

reforestation (Lee, 2004; Kouli et al., 2009). 

 

Conservation Practice Factor (P) 

Conservation practice factor is used to 

designate changes in practices such as; 

sediment basins, concave slopes, terraces, 

contouring, strip cropping, among others. 

 

Previous studies on soil erosion prediction 

using USLE 

Demirci and Karaburun (2012) carried out a 

study at Buyukcekmece Lake, Turkey using 

RUSLE to predict spatial soil loss. The 

result of the prediction provides an in depth 

of soil degradation as well mapping of areas 

of erosion priority. It was also found that 

about 50% of the study area is in need of 

efficient soil conservation practices to be 

implemented to control erosion.  

 

CONCLUSIONS 

One of the major limitations associated with 

the use of soil erosion prediction models, is 

lack of data for validation especially in large 

watersheds where obtaining ground data is 

not feasible. Although some researchers 

have suggested the use of correlation 

between modeled erosion results with 

factors such as land cover and management 

factor and soil erodibility factor 

(Bagherzadeh, 2014) as well as results of 

LULC analyses as alternatives for validation 

purpose. Others like Teh, (2011) correlate 

the predicted soil erosion results with that of 

sediment yield while Rizeei et al. (2016) 

validated their soil erosion results with 

results of LULC analyses, slope length and 

slope steepness factor, land cover and 

management factor and soil erodibility 

factor. Khosrokhani and Pradhan, (2014) 

utilizes results of LULC analyses, slope 

length and slope steepness factor, cover and 

management factor and soil erodibility 

factor for validating USLE results. Pradhan 

et al., 2011 validated their soil erosion 

results obtained from USLE by correlating 

with landslide events. However, there is still 

ambiguity in the knowledge of our 

understanding as to how soil erosion 

validation should be carried out. 
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