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Abstract:  

Soil erosion (by water) is a major land degradation process that may threat the Sustainable Development Goals (SDG) by 

its negative impact on environment and human well-being. Soil erosion research demands scientific methods, tools and 

techniques to assess soil erosion with more accuracy and reliability. Soil erosion research has had experienced crude field-

based techniques in early twentieth century to model-based approaches since the 1970s and very recent machine learning 

and artificial intelligence models to predict soil erosion susceptibility and risk. The paper aims to review the trend in 

methodological development in soil erosion by water through time. The brief background of different approaches, their 

relative advantages and disadvantages are reviewed. Depending on the time of establishment and wide application the 

approaches are classified and represented as erosion plot/runoff approach, erosion pin technique followed by 

environmental tracer method and model approach in combination with Remote Sensing (RS) and Geographic Information 

System (GIS). Recent advancement in artificial intelligence and application of statistical techniques have a great potential 

to contribute in soil erosion research by identifying various degrees of susceptibility in large scale and also to quantify 

the erosion rate with high accuracy. The Remote sensing (RS) and Geographic Information System (GIS) contribute to 

develop regional scale data base with exploration of real time data and spatial analysis. The combination of RS & GIS and 

process-based models must be more effective than the traditional soil erosion model in the context of prediction with 

greater reliability and validity. The future research on soil erosion is better to focus on the theoretical analysis and 

development of erosion prediction model with more quantitative refinement and to model the future. 
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1.0 Introduction: 

Soil erosion (by water) is a major land degradation process that may threat the Sustainable 

Development Goals (SDG) by its negative impact on environment and human well-being. It is a 

Global environmental concern and the greatest challenge for sustainable land management. Soil 

erosion research has had a very long history of methodological development. Soil erosion by water 

has a huge on-site and off-site impacts and costs for a wide range of dimension, from an individual 

farmer to the society as a whole (Phai et al., 2006). Scientific methods and models can provide 

effective information on soil erosion process, susceptibility and causative factors to guide 

conservation and management decisions.  
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To review the research trends in a scientific domain is very necessary to make some generalisation 

of approaches and methods, to understand the progress, to explore the critical issues and finally 

to recommend the areas for future research. Previously, such review on soil erosion study, 

contemporary methods and models were contributed by Boardman (1986, 1996, 2006), Merritt et 

al. (2003), Brazier (2004), Vrieling (2006), Li et al. (2017), Igwe et al. (2017) et al. 

Research on Soil erosion has had experienced a wider range of approaches, different 

methodologies and multiple tools and techniques through time. Throughout its history, 

confusions, contradictions and controversies regarding the scope, methods and dimensions of soil 

erosion study actually complemented towards its development. Research on soil erosion had 

experienced a change in its approach that was developed gradually from crude to precise and 

semi-quantitative to quantitative. These approaches also progressed from outdoor field based to 

laboratory monitoring forecast and simulation and from small-scale single-slope to large-scale 

regional comprehensive monitoring. The paper aims to review the trend in methodological 

development in soil erosion by water through time (Fig. 1). Present research status, brief 

background and the respective research gap and future direction of comprehensively classified 

methods are aimed to analyse.  

 

Fig. 1: Methodological 

development in soil erosion study 

through time 

 

 

 

 

 

 

 

 

 

 
(Source: Prepared by the authors) 

2.0 Methodological development: Literature Review and Discussion: 

2.1 Erosion Plot/Run off Plot: 

2.1.1 Brief Description: 

Field soil erosion research was started more than hundred years back in 1917 at Missouri 

Agricultural Experiment Station in Missouri by Miller and his associates 

(http://www.ars.usda.gov/Research/docs.htm?docid=18093). Numerous soil erosion and run off 

plots of varying size were prepared and used through times in various parts of the world. 

Measurement on erosion and runoff plots were used to provide quantitative data on runoff and 

soil loss from slope segments under different land use and land cover conditions. Such field scale 

monitoring units act as samples to study soil loss in broad and the data derived from field was 

used for model building, e.g., Universal Soil Loss Equation (USLE: Wischmeier and Smith, 1965, 

1978).  

Different types and description of erosion plots were used by researchers through time, like 

‘experiment’ and ‘observation’ (Roels, 1985), ‘open plot’ (Bryan and Harvey, 1985), ‘small plot’ and 

‘large scale plot’ (Ciesiolka and Freebairn, 1982; Millington, 1981). However, erosion plot data has 

http://www.ars.usda.gov/Research/docs.htm?docid=18093
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had important application for providing information for particular land use, conservation 

practices and raindrop impact and sheet wash (inter rill) measures but the extrapolation of 

information to nature and to other localities needs considerable caution (Temple, 1972).   

2.1.2 Critical Review: 

The transferability of plot scale soil loss data to the larger landscape soil erosion study and 

modelling was the fundamental to soil erosion research. Non standardization of plot design, rarely 

tested assumptions about the typicality of chosen sites, variations in the time and length of study 

periods and variations in sampling technique were the critical issues examined and addressed  in 

the same time by Sheng (1990), Wendt et al. (1986), Roels and Jonker (1983), The major advantages 

of this frequently applied method are its ease of installation or establishment, representing more 

or less a homogenous area and briefness in obtaining results (Fiener et al., 2019; Nearing et al., 

1999; Sheng, 1990).   

There are several disadvantages and lacunas in plot measurement techniques. It considers the 

runoff generation only caused by surface sealing ignoring the other latent process of runoff 

generation. Ephemeral gully erosion and erosion driven by relatively large rills are not considered. 

Furthermore, diversity in soil properties, variations in slope, diversity along the flow path are 

excluded (Fiener et al., 2019).  

 

2.2 Erosion Pin Technique: 

2.2.1 Brief Description: 

Erosion pin is a widely popular and simple technique to measure soil erosion by temporal 

assessment of ground slope altitude. Colbert (1956) and Schumm (1956) used this technique for 

bad land erosion assessment in North America and the technique was followed by Ranwell, 1964, 

Clayton and Tinker, 1971, Lawler, 1993, Keay-Bright and Boardman, 2009; Boardman et al., 2015 

in different studies. Erosion pin was applied in various environments with different objectives like 

gully erosion assessment by Harvey (1974), Vandekerckhove et al. (2001) and Sun et al. 

(2009),badland erosion study by Clarke and Rendell (2006), Hancock and Lowry (2015), river bank 

erosion assessment by Lawler (1978, 1993), bare soil study by Slaymaker (1972). A variety of 

erosion pins in their material and design have been employed over the years from wooden stakes 

(Colbert,1956; Schumm,1956), steel rod (Hadley and Schumn, 1961; Schumn and Lusby, 1963), iron 

nails with washer (Leopold et al., 1966; Emmett, 1974; Harvey, 1974) and iron pins with washer 

(Kirkby and Kirkby, 1974; Bridge and Harding, 1971) through time in combinations with movable 

contour plotting frame mounted on four modified erosion pins (Campbell, 1970; 1974) and 

portable contour plotting bar (Streeter, 1975). 

 

2.2.2 Critical Review: 

Hancock and Lowry (2015) compared the dataset derived from various erosion pin measurements 

with independent hillslope erosion study report and with regional scale erosion data and 

demonstrated that erosion pin technique can be considered as an important quick to measure tool 

to quantify erosion. It is less expensive, readily manageable and low maintenance technique in soil 

erosion assessment with adequate reliability. Their small size and minimal exposure over surface 

minimizes the potential influence on adjacent water and sediment movement unlike controlled 

runoff plot.  Despite of its simplicity and ease of operation the issues like lower degree of 

automation, greater probability of human interferences in populated areas, requirement of close 

and minute contact observation must be considered. The subjectivity and human bias sometimes 

limit the accuracy of this technique. 
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2.3 Environmental Tracers Method: 

2.3.1 Brief Description: 

Traditional soil erosion assessment methods like runoff plot method and erosion pin technique 

are important to study the erosion rate at specific location and time. But to understand the process 

along with soil mass movement and sediment distribution at large, tracer method has a great 

potential (Stocking, 1987; Loughran, 1989; ZHU Ming-yong et al., 2010). The tracer elements are 

found in very well integration with soil particles and its solubility is limited. They are moved with 

soil at the same rate of soil particle movement without any interference to sediment transportation 

and most importantly the physicochemical characters of soil are not substantially altered with 

traces (Zhang et al. 2001, 2003; Stevens and Quinton 2008). These tracers are readily available in 

natural environment and found in aggregation with soil particles at relatively low level. There are 

number of radionuclides like Caesium-137 (137Cs), lead (210Pb) and Berrylium (7Be) which are 

widely used in environmental radionuclide tracing method for soil erosion process and sediment 

migration study (Table 1). ZHU Ming-yong et al. (2010) advocated for the use of multiple tracers 

by which the bias of single tracer particle can be exceled and information regarding sediment 

redistribution will be more accurate. 

 
Table 1: Soil erosion study with the application of environmental tracer method 

Tracer Type Reference Description 

137Cs tracing 

method 
Menzel (1960) 

Study the relationship between soil erosion and radionuclide transportation and 

deposition 

137Cs tracing 

method 

 Rogowski and 

Tamura (1965, 

1970) 

Study to establish the exponential relationship between soil erosion and tracer 

particle by measuring 137Cs loss with runoff, and soil erosion. 

Soil erosion assessment by runoff measurement and migration and loss of 137Cs 

tracer particles 

137Cs tracing 

method 

Ritchie et al.  

(1974) 

established a quantitative relationship between the amount of soil erosion and the 

rate of 137Cs loss 

137Cs tracing 

method 

Elliott et al. 

(1990) 
Erosion estimation on non-tillage soil environment based on 137Cs loss model. 

7Be tracer method 
Bai and Wan 

(1997) 

Studied the seasonal variation of 7Be tracer distribution in karst environment and 

proposed the potential of usage of such tracer element to estimate soil erosion.  

210Pbex tracer 
Walling and 

He (1999) 

Soil erosion estimation in UK and proposed a quantitative model to predict soil 

erosion rate based on 210Pbex tracer method. 

Combination of 
137Cs and 7Be tracer 

method 

Walling et al. 

(1999) 

Investigated the seasonal variation of soil erosion in agricultural land by 7Be tracer 

technique and 137Cs tracer was used to assess the impact of plough on soil erosion. 

137Cs tracing 

method 

Collins et al. 

(2001) 

Soil erosion estimation, tracer redistribution in commercial in communal farming 

in southern Jambia 

7Be tracer method 
Blake et al. 

(2002) 

Soil erosion study on slope with special emphasis on erosion rate, movement and 

redistribution of fine sediments 

210Pbex tracer 
Zhang et al. 

(2003) 

Investigated the distribution of traces in various soil profile depth in UK and China 

and proposed a stable-state model of erosion rates in agricultural land. 

Combination of 7Be 

and 210Pbex tracer 

method 

Matisoff et al. 

(2005) 
Analysis of suspended sediment distribution and their age of deposition. 

137Cs tracing 

method 

Othman and 

Ismail (2012) 

Retrospective estimate and investigate medium-term soil erosion rates and soil 

redistribution in agricultural land  
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137Cs tracing 

method 

Alewell et al. 

(2014) 
Soil erosion estimation in mountain grassland 

Combination of 
137Cs and 210Pbex 

tracer method 

Bai et al. (2013) 
Investigated the soil erosion in karst environment and explored the impacts of land 

use change on soil erosion. 

Combination of 
137Cs and 210Pbex 

tracer method 

Porto et al.  

(2013) 
River basin sediment analysis 

7Be tracer method 
Zhang et al. 

(2014) 

Rill erosion rate estimation and its relative contribution to total erosion. The study 

has contributed to the development of erosion prediction model with due 

consideration to erosion mechanism. 

(Source: Prepared by the authors) 

2.3.2 Critical Review: 

Tracer element approach has a great potential to contribute information to build process-based 

model for soil erosion prediction as it indicates the soil movement, redistribution and deposition 

of soil particles to which they are tagged on. Several attempts have been carried out to distinguish 

between sheet and rill development and their relative contribution to soil erosion process (Song et 

al. 2003; Xue et al. 2004; Shen et al. 2007). 

The complexity in sample processing and relative expensiveness are considered as the limitations 

of this very scientific method of soil erosion estimation. Moreover, in regions with high rainfall 

and leaching potential and in extreme erosion condition the tracer elements remain in the soil in 

very limited amount. It has some regional limits (Garcia-Ruiz et al. 2015). And most importantly 

there is a lack of complete database of the background values of various tracer elements in different 

regions with varying environment. The success of this method requires some assumptions 

including mixing of tracer element throughout soil profile by which tracer bonded soil particles 

are markedly changed in their physical properties from original. Polyakov et al. (2004) advocated 

against its reliable applications in natural areas or no-till fields as it does not reflect the erosion 

characteristics of original soil.The research progress with the application of this technique in the 

field of soil erosion study is relatively slow and the research by Walling (1999b), Matisoff (2005), 

Porto (2013) shows that single radionuclide tracing possesses some limitations to assess soil 

erosion process with high accuracy and reliability. 

 

2.4 Model Approach: 

Prediction is very important to visualize the future and scientific research always aims to make 

some predictive statement through modelling. Natural processes and the system components vary 

in time and space. So, it is difficult to set the initial conditions for model simulation, to replicate 

the process and to generate output as the natural system does. Moreover, to predict the natural 

processes shaped and reshaped with inevitable impact of anthropogenic activities seems more 

difficult. The development of soil erosion prediction model somehow started in late 1960s and 

early 1970s (Meyer & Wischmeier, 1969) and a wide range of empirical statistical models, physical 

process-based models, and distributed models came forward with their specific objectives and 

scale. 

Review of field-scale and catchment scale model shows that the model complexity, consideration 

of input layers and model output are varied with scale. The important field-scale models are USLE 

(Wischmeier and Smith, 1978), WEPP (Flanagan and Nearing, 1995), CREAMS (Knisel, 1980), 

CSEP (Kirkby and Cox, 1995), EPIC (Williams, 1985) and the examples of catchment scale models 
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are AGNPS (Young et al., 1989), ACRU (Schulze, 1989; New and Schulze, 1996), MEDRUSH 

(Kirkby, 1998) (Table 2). 

 

2.4.1 Model Types: 

2.4.1.1 Empirical Models: 

The empirical models are based on identifying statistically significant relationships between 

assumed important variables where a reasonable data base exists. This is considered as the 

simplest model form that consider comparatively less computational data requirement. Merritt et 

al (2013) noted that parameter values are mainly calibrated and mostly they are obtained by 

calibration at experimental sites.  Empirical models are criticised for the assumption of stationarity 

in the catchment and for ignoring the inherent non-linearities of the interacting components in a 

catchment system (Wheater et al., 1993). Despite of its limitations in some aspects empirical models 

are most widely applied in situations with limited data and parameter inputs and are particularly 

important as a primary step to identify sources of sediment generation (Merritt et al., 2013). 

Thewell-recognized empirical models are USLE (Wischmeier and Smith, 1978), RUSLE (Renard et 

al., 1997) SLEMSA (Soil Loss Estimator for Southern Africa; Elwell, 1978), The Morgan, Morgan 

and Finney Method (Morgan et al. 1984, 2001).  

 

2.4.1.2 Physically Based Models: 

Empirical models possess severe limitations with its inability to simulate the movement of water 

and sediment over the land or be used on scales ranging from individual fields to small catchments 

and they cannot be universally applied (Morgan 2013). To overcome such limitations and 

shortcomings a new generation, more physically based approach to soil erosion prediction 

modelling was developed. Such models are based on derivation of standard mathematical 

equations describing operating individual processes and the heterogeneity in a catchment is 

addressed by incorporating large number of parameters which are calibrated against observed 

data (Wheater et al., 1993). But this generates additional uncertainty in calibrated parameter value. 

Beven (1989) advocated that the equations used in physically based models are mostly derived 

from a small-scale controlled experiment and application of these in large scale real field condition 

with more complexity may contribute additional error. Widely applied and well recognized 

physically based models are WEPP (Water Erosion and Prediction Project; Nearing et al. 1989), 

GUEST (Griffith University Erosion System Template; Rose et al. 1998) and EUROSEM (European 

Soil Erosion Model; Morgan et al. 1998). 

 

2.4.1.3 Conceptual Models: 

Conceptual models are considered as an intermediary between empirical model and physical 

process-based model (Beck, 1987). This type of model generally provides a simple description of 

catchment processes without consideration of specific process interaction in catchment system 

(Merritt et al., 2013). Parameter values are mostly calibrated against observed data and 

identification of parameter value is a serious issue to be considered as there would be more than 

single ‘possible best’ option parameter sets available (Spear, 1995).  

 

2.4.2 Review on Specific models: 

USLE and Revised USLE (RUSLE) are the most widely used erosion prediction models during 

the history of soil erosion prediction research (Price 1993; Alewell et al., 2019) based on run-off 

plot data collected in the United States (USLE: Wischmeier and Smith, 1978; RUSLE: Renard et al. 

1997). The USLE group of models are statistically calibrated models that combine erosion-

controlling factors climatic (rainfall erosivity), edaphic (soil erodibility) and topographic (slope 

length and slope steepness) factors, as well as soil and vegetation management practices. 
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USLE was actually developed as a soil conservation planning tool that can estimate long term 

mean annual soil loss by rill and inter-rill erosion in field sized scale. Data accessibility, high 

degree of flexibility, extensive literature base, parsimonious parametrization, simplicity in model 

simulation and ease of output comparability are the major advantages and triggering points 

behind its worldwide application (Alewell et al., 2019).However, it was developed for US type of 

soil monitoring tool but the careful consideration of model parameters and proper scientific 

adaptation of site specific pedo-climatic, topographic and conservation and management factors 

would provide suitable condition for the model to be applied. The studies by Schwertmann et al. 

(1987), Kinnell (2010), Stolpe (2005), Yue et al. (2016) confirmed that the issue of uncertainty can 

be normalized with appropriate parameterization and the model can be applied in different site 

and regions. 

 

It is not recommended to be used to estimate gully erosion or land sliding at stream bank and not 

suitable for sediment yield estimation from drainage basin (Morgan, 2005). The model cannot 

predict the sediment delivery ratio or it doesn’t consider the sediment deposition factor (Trimble 

and Crosson, 2000). And for a large-scale erosion modelling, the limitation of this model to 

quantify gully erosion and stream bank erosion is widely criticized (Belyaev et al. 2005; Quinton, 

2013; Evans and Boardman, 2016, 2016a). Jahun et al. (2015) recommended further scope of 

investigation to derive soil conservation and management factor consideration.   

 

The Morgan, Morgan and Finney (MMF) model was developed by Morgan (1984) and revised by 

Morgan (2001) to estimate annual soil loss from field-sized areas on the hillslopes. This is a process-

based model (Ande et al. 2009) that retains the simplicity of USLE in combination with its stronger 

physical consideration. The model considers two different phases of soil erosion process: water 

phase and a sediment phase. The water phase determines the runoff volume and the available 

energy of rainfall used to detach the soil particles. In the sediment phase of the model, the 

detachment of the soil particles is taken as a function of the soil erodibility, energy of rainfall and 

the interception of rainfall that is affected by vegetation (Mondal et al. 2016). MMF considers the 

impact of landcover change in erosion and with its proper application the source areas of sediment 

and the deposition sites can be predicted. Hence, it is able to provide information regarding 

sediment delivery ratio (Morgan, 2001). The model is not preferable to consider for soil loss 

estimation from single storm event or from gully erosion (Morgan, 2005). The model was further 

modified and revised as the Revised MMF (Morgan, 2001) and the Modified MMF (Morgan and 

Duzant, 2007) to consider the impact of vegetation cover in soil erosion and to enable the model to 

incorporate particle-size selectivity analysis in the process of soil erosion, transport and 

deposition. 

 

Watershed Erosion Prediction Project (WEPP) was developed by Lane and Nearing (1989), 

Nearing et al. (1989) and Flanagan and Nearing (1995) as a continuous simulation model on 

hillslope profile. The model was supported by USDA and is a very well documented programme 

that predicts net soil erosion or net soil deposition on a two-dimensional hillslope. The model was 

widely applied (Bjorneberg et al. 1999; Cochrane and Flanagan, 2003; Covert et al., 2005; Issa et al., 

2011) to simulate soil erosion in both at the watershed and slope scales. Han et al. (2016) advocated 

the applicability of the model as a reasonable vegetation restoration model. WEPP is a distinct 

model as it considers the sediment continuity equation that is applied within rills rather than 

utilizing uniform flow hydraulics (Han et al.,2016). However, spatial variability of vegetation 

cover and soil must be considered for simulation in larger scale (Igwe et al. 2017). The lack of input 

data file outside the U.S. demands experimental parameter determination.  
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Griffith University Erosion System Template (GUEST) (Mishra and Rose, 1990) was another 

model developed in the same time to determine the non-dimensional soil erodibility parameter β 

by analysing runoff plot data. Soil erodibility factor (β) is more precisely described for the runoff 

plot slope segment where flow-driven erosion process is dominant over rainfall impact. However, 

the hypothesized requirement of constant slope of experimental plot was greatly criticized (Rose, 

2014). The soil erodibility factor is widely varied across world and within same soil with different 

conservation and management initiatives, and also varied with degree and duration of soil erosion 

process (Rose et al., 1997). 

 

The Agricultural Non-Point Source model (AGNPS) is a non-point source event-driven model 

developed by USDA, Agricultural Research Service (USDA-ARS) in cooperation with the Soil 

Conservation Service (SCS) and the Minnesota Pollution Control Agency in the USA. The 

advantage of this model is the ability of spatial assessment of soil erosion along with its impact on 

soil quality and nutrient loss in catchment scale. However large number of input parameters and 

complex modelling process for simulation are considered as the disadvantages of this model. 

AnnAGNPS is the modified version of AGNPS developed by USDA with the improved 

consideration of daily step simulated results of surface runoff, sediment, soil nutrients and impact 

of pesticides (Shen et al., 2016) in larger watershed scale. 

 

European Soil Erosion Model (EUROSEM) (Morgan et al., 1998 was developed to predict soil 

erosion, sediment transport and deposition for single storm events and in single slope segments. 

Some features of WEPP, like sediment concentration assessment, were also considered in this 

model. Consideration of concentrated overland flow, effects of soil and vegetation treatment 

differs it from other process-based erosion models (Quinton, 1997). Moreover, the simulation of 

impacts of conservation measures by describing micro-topography, soil and vegetation is an 

important strength of this model.  

 

The Soil and Water Assessment Tool (SWAT) method (Arnold et al., 1998) was developed to 

simulate watershed management of soil erosion and the deposition effect and to predict the impact 

of land management practices on water, sediment, and agricultural chemical yields in large and 

complex watersheds with varying soils, land use, and management conditions over long periods 

of time (Gassman et al., 2007). Besides its obvious advantage as a hydrological modelling tool that 

includes modularity, computational efficiency, ability to predict long-term impacts as a 

continuous model along with its ability to use readily available global datasets, availability of a 

reliable user and developer support have contributed to its acceptance as one of the most widely 

adopted and applied hydrological model worldwide (Gassman et al., 2010; Tibebe and Bewket 

2011;).  Despite its ability to incorporate multi-disciplinary coverage of processes representing the 

hydrology, soil science, erosion/sediment transport, crop growth, in-stream water quality and the 

agricultural management, the model suffers for lack of validation for a spatially distributed 

process and the parameters of the distributed model need to be evaluated (Griensven et al. 2012). 

 
Table 2: Soil erosion and water quality prediction models 

Model Reference 
Model 

Input 
Model Output Remark 

USLE 

(Universal Soil Loss 

Equation) 

Wischmeier 

and Smith 

(1978) 

High Soil erosion rate 
Hillslope scale, empirical erosion 

model 

SLEMSA 

(The Soil Loss Estimator 

for Southern Africa) 

Elwell, 1978 High Soil erosion 
Field plot scale, empirical erosion 

prediction model 
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ANSWERS 

(Areal Nonpoint 

Source Watershed 

Environment Response 

Simulation) 

Beasley et al. 

(1980) 
High, sediment, nutrients 

Catchment scale, physically based 

water quality assessment model 

CREAMS 

(Chemical Runoff and 

Erosion from Agricultural 

Management Systems) 

Knisel (1980) High 
Soil erosion, sediment 

deposition 

Field scale model for water quality 

assessment 

AGNPS 

(The Agricultural Non-

Point Source model) 

Young et al. 

(1987) 
High 

Erosion, its impact on 

soil quality, nutrient loss 

Small catchment scale, conceptual 

model for water quality assessment 

WEPP 

(Watershed Erosion 

Prediction Project) 

Laflen et al. 

(1991) 
High 

Soil loss, runoff; 

sediment deposition, 

form of sediment loss 

Applicable in both hillslope and 

catchment scale, physically based 

model for soil erosion prediction 

TOPOG 

TOPOG 

Homepage; 

Gutteridge 

Haskins and 

Davey (1991) 

High 
Sediment, water flux 

and solute transfer 

Catchment scale, physically based 

model for erosion prediction 

PERFECT 

(Productivity, Erosion and 

Runoff, Functions to 

Evaluate Conservation 

Techniques) 

Littleboy et 

al. (1992) 
High 

Erosion, Runoff and 

crop yield 

Field scale physically based model for 

water balance and runoff prediction, 

erosion and crop yield estimation 

EUROSEM 

(European Soil Erosion 

Model) 

Morgan, 1994 High 

Soil erosion, sediment 

transport and 

deposition, protection 

measure 

Individual event-based erosion 

prediction from single slope. 

Combine some features of GUEST 

and WEPP 

GUEST 

(Griffith University 

Erosion System Template) 

Yu et al. 

(1997) 
High 

Runoff, sediment 

concentration 

Plot scale erosion model for soil 

erodibility assessment 

SWAT 

(Soil and Water 

Assessment Tool) 

Arnold et al. 

(1998) 
High 

Assess the Quality and 

quantity of ground and 

surface water, predict 

the possible impact of 

climate change, land use 

and land management 

practices 

Hydrological water balance 

simulation, simulation of sediment 

dynamics using runoff 

Applicable in large watershed 

LASCAM 

Viney and 

Sivalapan 

(1999) 

High runoff, sediment 
Catchment scale, conceptual model, 

water quality assessment model 

SEDENT 
Prosser et al. 

(2001) 

Modera

te 

Suspended sediment, 

relative contributions 

from overland flow, 

gully and bank erosion 

processes 

Catchment scale, 

Empirical/Conceptual model for soil 

erosion prediction 

(Source: Prepared by the authors) 

 

2.5 Applications of Remote Sensing and GIS: 

2.5.1 Brief Description: 

Remote Sensing & Geographic Information Systems (GIS) have emerged as a powerful decision 

support tool for handling spatially geo-referenced information for preparation and visualization 

of input and output in a wide range of scale from small field plot to regional scale soil and water 

conservation and for interaction with models (Renschler and Harbor, 2002). Satellite data has had 

been widely applied to directly detect erosion or to detect erosion consequences (Table 3). GIS 

enables the integration of the spatial analytical functionality of parameters that are spatially 

distributed. The application of GIS to soil degradation assessment has been in the areas of analysis 

and display of relevant attribute data, model parameterization for simulation and representation 

of interrelations of model parameters to make decision as per model objective.  
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Surface soil features differentiation and detection over a wide range of wavelength, repetitive 

coverage, wide scale monitoring with high resolution of polar orbiting satellites provide a broad 

scope of monitoring soil erosion and degradation through time. Soil surface differentiation from 

canopy coverage by spectral separation (Huete, 1989), usage of aerial photo for erosion feature 

identification (Frazier and Hooper, 1983), erosion phase determination (Bergsma, 1974), different 

erosion class separation by colour composite image interpretation (Raina et al., 1993) are the 

examples of RS application around 1980s-1990s. Land use landcover classification and change 

detection, hydrological modelling using Digital Elevation Model (DEM), derivation of vegetation 

and mineral indices, small to large scale digital soil mapping are the potential areas to contribute 

soil erosion research.   

In the 1990s, the soil erosion model was integrated with GIS to monitor global and regional soil 

erosion, to understand the impacts of soil erosion, and to analyse soil erosion dynamics.  Remote 

sensing provides detailed and easily-available high-quality data over large regions for a wide 

spectral range with regular overpasses and can therefore bears a huge potential to regional scale 

soil erosion assessment (e.g. Zinck et al., 2001; Haboudaneet al., 2002; King et al., 2005). Multicriteria 

decision making model in combination with RS & GIS contributed new dimension in geo-

hydrological parameter modelling, thematic mapping and in applied morphometric analysis 

(Arabameri, 2014; Arabameri et al. 2018; Arabameri et al. 2019). 

Table 3: Application of RS & GIS in soil erosion monitoring 

Area of Contribution References 

Detection of erosion features 

and eroded areas 

Langran, 1983; Millington and Townshend, 1984; Vrieling and Rodrigues 2004; Dwivedi 

and Ramana, 2003; Sujatha et al., 2000; Servenay and Prat 2003 et al. 

Detection of erosion 

consequences 
Khan and Islam 2003; Goel and Jain, 1996; Goel et al., 2002; Liu et al. 2003 et al. 

Erosion controlling factors 

assessment 

Mannaerts and Saavedra 2003; McBratney et al., 2003; Wang et al. 2003; Dwivedi, 2001 et 

al. 

Erosion models 

 

Fenton, 1982; Fraser et al., 1995; Lee, 2004; Millward and Mersey, 1999; Reusing et al., 

2000 at al. 

Qualitative methods 

 
Jain and Goel, 2002; Shrimali et al., 2001; Vrieling et al., 2002 et al. 

Validation 

 
Reusing et al., 2000; Zhang et al., 2002; Millward and Mersey, 1999 et al. 

(Source: Prepared by the Authors) 

 

2.5.2 Critical Review: 

All the techniques in remote sensing cannot be easily transferred to all environmental conditions. 

In extremely humid environment satellite applications and use of spectral classes are limited. The 

extreme complex erosion process, different environmental settings, scale dependency are the most 

important hindrances to develop a standardized operational soil erosion prediction system using 

satellite data (Vrieling A, 2006).  Before using satellite data researchers, modellers must identify 

the observables that can be extracted and developed with satellite imagery with required 

resolution for the region and scale required. Vrieling A (2006) recommended for the promising 

fields in remote sensing for erosion study to be explored includes SAR interferometric 

decorrelation, soil erodibility analysis using geo-statistics, C-factor mapping and soil and 

vegetation condition assessment by spectral unmixing of optical data. However, GIS can be used 

as a decision support tool for big data capture, store analysis and spatial representation in 

combination with model simulation. Satellite derived data and model output must be validated 

by field data to get operational erosion monitoring system for particular study area. 
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2.6 Statistical Modelling, Machine Learning (ML) and Artificial Intelligence (AI): 

2.6.1 Brief Description: 

Recent research on the application of statistical techniques in soil erosion susceptibility analysis 

and mapping in GIS platform has contributed a new dimension in the methodological 

advancement. Susceptibility mapping considers the geo environmental causative factors and 

actual affected status of land in response to the erosion process, to determine the various degree 

of spatial probability of erosion occurrence (Conoscenti et al., 2008). Statistical modelling explores 

the quantitative relationship between spatial distribution of soil erosion and the spatial 

distribution of conditioning variables. There are wide range of advanced statistical methods in soil 

erosion studies including logistic regression (Akgün and Türk , 2011; Yalcin A et a., 2011; Kachouri 

et al., 2014; Varouchakis et al., 2016; Sarkar and Mishra, 2018), multivariate statistical analysis 

(Conoscenti et al., 2008; Conoscenti et al., 2013; Kachouri et al., 2014), the analytical hierarchy 

process(AHP) (Yalcin A et a., 2011; Svoray et al. 2012; Kachouri et al., 2014; Arabameri et al. 2018), 

random forest model(Blanko et al., 2018; Arabameri et al. 2019), frequency ratio method (Yalcin A 

et a., 2011; Sar N  et al., 2016; Zabihi et al.2018), Weight of Evidence (WoE) analysis (Dube et al. 

2014; Gayen and Saha, 2017; Hembram T K et al., 2019), Multivariate adaptive regression spline 

method (MARS) (Conoscenti et al. 2018; Shepherd and Walsh, 2002; ), classification and regression 

tree models (CART) (Shepherd and Walsh, 2002; Tittonell et al. 2008; Gayen and Pourghasemi 

2019) etc.  

  

Machine Learning (ML) is an emerging field in scientific research including soil science. It can 

contribute in data handling, empirical and process-based model building and simulations of soil 

processes (Rossiter, 2018). Artificial intelligence and neural network model are being widely used 

in soil science, mainly for digital soil mapping and estimation and spatial distribution of soil 

properties (Behrens et al. 2005; Calderano Filho et al. 2014;  Sarmadian and Taghizadeh Mehrjardi 

2008;Zhao et al. 2010; Erzin et al.2010), soil texture analysis (Zhao et al. 2009)and soil erosion 

assessment (Kimand Gilley 2008; Abdollahzadeh et al. 2011). Licznar and Nearing (2003) applied 

neural network method for soil erosion and runoff prediction and advocated the potential of this 

method as a complementary tool in soil erosion research in the future. Ghazaleh and Ali (2016) 

extended this approach using ImpelERO model that combines neural network and decision trees 

for soil erosion study. Sarkar and Mishra (2018) applied Artificial Neural Network (ANN) and 

Logistic regression technique for soil erosion susceptibility analysis and mapping. 

 

2.6.2 Critical Review: 

It is obvious that ML and AI is emerging as more advanced and powerful method in comparison 

to traditional models for prediction. However, Padarian et al. (2019) mentioned that some 

researches with advanced ML models are criticised for low interpretability. It is extremely 

important to apply complex model in accordance to the objectives of the research and with proper 

consideration of complexities in the research problem. 

 

3.0 Conclusion and Future Direction: 

Consideration of input spatial layers with limited field data, over assumption and available spatial 

data with coarse resolution must be reviewed and should be exempted to get better result with 

greater reliability. Future research may focus on strengthen field investigation and monitoring to 

develop validation data bank in large scale. Use of real time high resolution spatial data in Remote 

Sensing & GIS platform in coupling process-based models has a great potential to contribute in 

large scale erosion prediction. RS has a wide scope to supplement and contribute to model 

building and to provide information not otherwise available to researchers, modellers and soil 

scientists. Model simplicity and incorporation of available data layers are very important for wide 
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application of a model but must not be in cost of accuracy and reliability. However individual 

model has its own assumptions and conditions for applications. Researchers, modelers and 

stakeholders must be aware of model component definitions, underlying model concepts and 

parameters. Validation of model output must be done by long term intensive field measurement 

and monitoring. There is no confusions and contradiction in development and adoption of 

different methods through time. Rather the emergence and application of RS &GIS and statistical 

techniques complemented the model development and provides more accuracy and reliability 

invalidation of model output. 

 

There is a large scope for future soil erosion science research in application of statistical models 

and artificial intelligence to explore the hidden inter-variables and intra-variable relationship to 

address the erosion process in large scale. The importance and scope of ML is considered by the 

capability to learn and deal with complex non linearities in data. The review may advocate the 

better performance of machine learning and artificial intelligence on prediction of continuous 

component properties and classes. ML and ANN have an enormous capability to consider wide 

range parameters in comparison to traditional empirical and physically based models where it is 

limited. Soil erosion is a natural process but human induced erosion process has become a hazard. 

The nature is very complex in itself and human interventions and interactions make the natural 

process more complex. Field observation is extremely important and inevitable to understand the 

ongoing process and to derive the explanation. The challenge is to make necessity simplifications 

of real observations and to predict the future. 
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