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CHAPTER 1 

INTRODUCTION 

 Land and water are two fundamental natural resources essential for the 

existence of life.  These two components of the biosphere are connected with each 

other in different phases of the hydrologic cycle.  The socio-economic development 

of all countries is based on efficient utilization of these two resources, its 

conservation and management through an integrated approach.  Rise in population, 

urbanization and agricultural intensification have led to the over exploitation of these 

resources ultimately resulting in resource depletion and degradation (Amore et al., 

2004).  Among all troubles associated with land and water, soil erosion is the most 

perplexing, common, well-distributed and complex problem mostly in humid and 

sub-humid mountain regions.  It has been estimated that in India about 5334 million 

tonnes of soil is displaced annually either due to natural reasons or by unscientific 

human interventions (Bhattacharya et al., 2007; Pandey et al., 2007; Karthik et al., 

2017). 

 Basically, the process of soil erosion is defined as a combination of three 

actions, detachment or entrainment of the soil particles, transportation of detached 

soil particles and deposition of transported soil particles to new depositional area by 

the action of erosive agents like wind, water or gravity forces (SCSA, 1982). 

 Contemplating on the reasons of soil erosion, it is accounted that consequences 

of deforestation, removal of natural vegetation and overgrazing in the mountainous 

regions are the major contributors, which speed up the erosion process.  The inherent 

tendency of a soil to get eroded is also one of the reasons of soil erosion, wherein this 

tendency of the soil is significantly influenced by the various soil characteristics such 

as rate of infiltration, permeability, structure, texture, organic matter content, total 

water holding capacity, etc (Belasri and Lakhouili, 2016). 
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 Soil erosion is one of the most serious environmental troubles encountered 

nowadays as this phenomenon degrades soil fertility, water quality, soil productivity 

as well as it affects the biodiversity.  Apart from this, it increases the natural level of 

sedimentation in the rivers and reservoirs, which in turn reduces their storage 

capacity as well as life span thereby increases the possibility of flood (Amore et al., 

2004; Pandey et al., 2007; Bouaziz et al., 2011, Anache et al., 2017). 

 In several regions, unrestrained soil erosion and related land degradation have 

left vast areas economically unproductive.  The risk assessment of soil erosion is very 

much essential, which helps to evaluate the magnitude, spatial extent and severity of 

the soil erosion, so that application of management and mitigation actions becomes 

feasible to protect the soil from further degradation.  Soil erosion risk assessment in 

sub-watershed scale significantly supports the planning for soil conservation and 

management of the entire watershed.   

 Focusing on the agricultural development to ensure food and economic security 

in future, assessment of soil erosion particularly in agriculture field is very much 

essential.  The transportation of topsoil from the cropland, the disruption of soil 

structure and the reduction in organic matter content and level of nutrients present in 

the soil causes the notable reduction of productive depth of soil and fertility 

(Prasannakumar et al., 2011a).   

 Soil erosion is highly dependent on the rainfall, soil characteristics, 

topographical features, land use-land cover, human interventions and agricultural 

practices adopted in the field.  In addition to these parameters financial, social and 

political components also influence the soil erosion.  Analysis of the erosion rate 

under each factor will help to identify extent of effects contributed by each of these 

factors on erosion.  Furthermore, its quantification helps to prioritize the watershed 

and identify the erosion prone areas which will in turn aid in implementing soil 

conservation measures for sustainable development (Biswas, 2012).   
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 Conventional methods mainly carried out for prediction and assessment of soil 

erosion are field surveys, using runoff plots, multi slot devicer, Coshocton wheel 

sampler (Miller, 1926) and erosion pin method.  These methods are time-consuming 

and expensive and need extensive data collection.  Generation of results and thorough 

understanding of the erosion processes by incorporating all the complex interaction 

occurring among the various factors in a watershed through field studies is very 

difficult (AbdelRahman et al., 2016).  The accuracy of data is also not assured owing 

to the lack of exact information about the location from which soil gets eroded and 

chances of deposition of eroded soil particles in other locations before reaching the 

runoff plots or gauging station (Hudson, 1993).  Hence, it is difficult to accept the soil 

loss output obtained through such methods while considering larger expenditures. 

 To overcome the limitations of the conventional methods, soil erosion models 

have been popularized.  Major advantage of the erosion models is its capability to 

handle most of the complex interactions which greatly influences the rate of erosion.  

Many kinds of models like empirical model, semi empirical model, physical model, 

distributed model and process based models are used for the assessment of rate of 

erosion by simulating erosion processes occurring in the watershed (King and 

Delpont, 1993; Siakeu and Oguchi, 2000).   

 The input data or information required for a model is the main challenge in 

selecting the model since these models require variety of input data relating to soil, 

vegetation, climate and topography, drainage networks, morphology etc.  The models 

are basically developed for specific set of conditions of particular area.  The empirical 

models like Universal Soil Loss Equation (USLE) (Wischmeier and Smith, 1965; 

Balasubramani et al., 2015), Modified Universal Soil Loss Equation (MUSLE) 

(Williams, 1975) and Revised Universal Soil Loss Equation (RUSLE: Knneth et al., 

1991; Kouli et al., 2008) have been commonly applied to various scales and regions.  

Semi empirical models include Morgan, Morgan and Finney model (Morgan et al., 

1984), having strong physical base for the assessment of soil erosion.  Furthermore, 
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several process-based or event-based models such as Water Erosion Prediction 

Project model (WEPP : Nearing, 1989; Renard et al., 1996; Amore et al., 2004; 

Atakora et al., 2013), Agricultural-Non-Point-Source Pollution (AGNPS : Young et 

al., 1989), European Soil Erosion Model (EUROSUM : Morgan et al., 1998), Areal 

Nonpoint Source Watershed Environment Simulation model (ANWERS : Beasley 

and Huggins, 1981) and CREAMS model (Silburn and Loch, 1989) are also available 

for the prediction of soil erosion.  Mostly empirical and semi empirical models carries 

an important role in estimation of the rate of soil loss and planning of soil 

conservation measures since most of  the event/process based models are not well 

proved and need many input data (Suresh, 1993). 

 Soil characteristics, topographical features, land use patterns and rainfall 

distribution within a watershed vary spatially.  Most of the erosion models estimate 

the spatial average of soil erosion which gives single average value representing the 

soil erosion rate occurring in the entire watershed.  The idea on the extent and 

magnitude of the soil erosion and contribution of each parameter on the erosion rate 

at different points of the watershed will give thorough idea about what conservation 

measures have to be adopted and where and how to adopt it (Balasubramani et al., 

2015).   

 The combined use of remote sensing, GIS and erosion models have been 

proved to be efficient and appropriate for assessing the severity, temporal and  spatial 

distribution of erosion (AbdelRahman et al., 2016).  With the introduction of remote 

sensing technology, collection and generation of spatial input data becomes easier 

and cost effective.  Remote sensing technology provides accurate data related to land 

use, climate, topography and soil of various time periods and locations, which will be 

impossible to obtain through field survey as it requires great amount of time and incur 

high costs (Biswas, 2012). 
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 GIS technology helps to derive slope factor from Digital Elevation Models 

(DEM) and cover management factor from satellite imageries (Barman et al., 2013).  

Apart from this, GIS has the capability to interpolate the data such as rainfall for 

applying to the ungauged watershed using nearby gauged watershed data.  The 

handling capability of geo-referenced data comprising spatial and non spatial 

information makes GIS more attractive.  Remote sensing and GIS techniques used 

along with erosion models could help to generate visually pleasing and more 

informative input and output map layers, which makes the assessment more easier 

(Boggs et al., 2001; Gelagay and Minale, 2016). 

 In the present study, RUSLE and Morgan, Morgan and Finney (MMF) models 

are employed within Geographic Information System (GIS) environment to analyse 

erosion risk of Kunthippuzha sub-watershed and to assess land capability in the 

watershed for soil conservation planning. 

The specific objectives of the study are: 

1. To identify the erosion prone areas in the watershed based on soil 

erosion models using remote sensing and GIS. 

2. To analyse the effect of spatial and temporal variations in land use-land 

cover on soil erosion based on vegetation index. 
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CHAPTER II 

REVIEW OF LITERATURE 

A review of the important studies related to soil erosion, various factors 

affecting erosion and assessment of soil erosion risk by adopting different 

methodologies are described in this chapter. 

2.1 SOIL EROSION 

The term erosion is derived from the Latin word “erodere”, which is often used 

to designate all exogenic processes occurred at the earth surface which affects the 

earth relief (Zorn and Komac, 2011).  According to the Soil Conservation Society of 

America, soil erosion is wearing away of the soil from the earth surface by the action 

of the erosive agents including water, wind, glaciers etc (SCSA, 1982).  There are 

mainly two types of erosion, geologic erosion and accelerated erosion.  Geologic 

erosion which occurs due to the action of natural agents, leads to wearing away of the 

soil mass and deposits it in new locations.  The accelerated erosion which mainly 

happens due to agriculture and unscientific human interventions disturbs both soil 

and environment (Lal, 1990).  Soil erosion can be described as the combination of the 

three major processes, which includes detachment, transportation and deposition 

(Huang et al., 1999).  The main significance of soil erosion processes is either on-site 

or off-site impact produced on the ecosystem (Bilotta et al., 2012). 

The newly deposited soil mass is more threatened and vulnerable to erosion 

because the bonds formed after the deposition of the soil mass on the new location 

may not be stronger than the original bond (Woo et al., 1997).  Hence it is very 

essential to identify the factors which cause erosion, which helps to adopt suitable 

soil erosion control measures in those areas. 
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2.2 FACTORS AFFECTING SOIL EROSION 

There are a number of factors which affect soil erosion considerably such as 

climatic factors, vegetation, soil type and topography.  This section describes the 

effect of these factors on erosion. 

2.2.1 Climate  

The climatic factors that influence soil erosion are rainfall, wind speed and 

atmospheric temperature.   

2.2.1.1 Rainfall 

Soil erosion rate varies considerably with intensity of rainfall, amount of 

rainfall, its duration and the size of rain droplets.  Among these, intensity plays major 

role such that the high intense rainfall makes the erosion processes faster (Fraser et 

al., 1999).  Nearing et al. (2004) assessed the impacts of climate change on the rate of 

soil erosion by analysing previous studies associated with climate change and soil 

erosion.  The study observed the changes in soil loss with the changes in rainfall 

amount and intensity, number of rainy days/year especially because increasing global 

temperature results in frequent and intense storms.  The study showed that both 

amount and intensity of rainfall have direct influence on soil erosion, which is 

approximated as around 1.7% increase in erosion rate with each 1% increase in 

rainfall amount occurred in a year.   

To identify the relationship between soil erosion and rainfall characteristics, so 

many field studies and laboratory studies (using rainfall simulators) have been 

conducted by different researchers.  Ahmed et al. (2012) evaluated the effect of 

rainfall distribution on the soil erosion rate with the help of Guelph Rainfall 

Simulator II (GRSII), which was used to simulate the rainfall with different patterns 

and intensities.  The study observed that the average soil loss rates for sandy soil and 
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loamy soil under different intensity of rainfall were notably higher than the soil loss 

rates for the same type of soil under constant rainfall intensity for the same duration. 

Fang et al. (2012) analysed the variation of soil loss in accordance to the 

rainfall regimes.  The study performed in a small hilly watershed of China.  Three 

regimes were identified based on the amount and duration of rainfall viz. regime I 

(medium amount of rainfall with medium duration), regime II (high amount of 

rainfall with long duration) and regime III (less amount of rainfall with short 

duration.  Higher soil loss was experienced during regime I (medium amount of 

rainfall with medium duration) and regime II (high amount of rainfall with long 

duration). 

Mohamadi and Kavian (2015) conducted a study to evaluate the effects of 

pattern of the rainfall on soil erosion using 18 field plots and ANOVA (Analysis of 

Variance).  Study was conducted during the rainy season for the year 2010-2011.  

Four types of storm patterns were considered for the study such as rainfall with 

increasing intensity, rainfall intensity increasing and then falling, rainfall with falling 

intensity and finally rainfall with falling and then increasing intensity.  Analysis of 

the results showed that highest soil erosion occurred by rainfall events with 

increasing intensity. 

2.2.1.2 Wind  

In arid and semi-arid region, wind is the major erosive agent which declines the 

agricultural production.  The extent of erosion caused by the wind depends on both 

wind characteristics (wind speed and direction) and soil characteristics (soil surface 

roughness and soil susceptibility).  Zamani and Mahmoodabadi (2013) found the 

direct relationship between wind velocity and erosion rate through wind tunnel 

experiment. 
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Wind also produces some effects on the raindrop impact on the soil and 

incident angle of rain.  Due to this, the energy of the particular rain event enhances 

and thereby ability of the rain to make the soil erosion increases.  The sealing and 

compaction properties of the soil get affected by the wind velocity and its direction.  

In this case, surface roughness acts as a dominant factor in the incident angle 

(Helming, 2001). 

2.2.1.3 Temperature 

Temperature is another climatic factor which influences soil erosion.  Sudden 

thawing of the soil due to the warm rain can cause serious erosion whereas frozen 

soils are unsusceptible to erosion.  Temperature also influences the organic matter 

concentration on the top soil layer.  The thickness of the organic cover reduces with 

temperature.  Organic layer protects the soil by covering it from the impact of falling 

rain and thereby protects the soil from erosion (Drift, 1995).   

2.2.2 Topography 

The topographical factor which affects the soil erosion includes length, 

steepness and shape of the slope. 

2.2.2.1 Length and Steepness  

Topographical factors contribute a major role in soil erosion especially in 

slopes.  Two major characteristics of the slope, viz. length and steepness of the slope 

are to be taken into account while describing the effect of topography on soil erosion.  

Mainly in hilly areas, it is very much essential to identify how slope will affect the 

soil erosion.  Steepness of the slope exerts high impacts on the soil erosion compared 

to other slope features.  Sun et al. (2014) reported that cultivation in hilly terrain with 

steep slopes leads to serious erosion which results in the formation of rills and gullies 

on the Loess Plateau, north China. 



10 
 

Zhang et al. (2015) divided the Zuoma watershed into five slope gradient 

classes, 0-3, 3-7, 7-15, 15-25 and > 25o for analysing the effect of slope on soil loss 

under different land uses.  The soil erosion increased with increasing slope gradient 

irrespective of the land uses.  Zhang et al. (2018) concluded based on the study 

conducted on the effect of topographic factors on soil loss in southwest China that, 

with increase in the gradient of slope soil loss on slopes showed an increasing-

declining-increasing trend.  Soil loss increased upto 15° and erosion rate increased 

nearly linearly with slope length.  When both gradient and length of the slope 

increases, soil loss was directly related to rainfall amounts.  Furthermore, soil loss 

showed a power function correlation with topographic factors. 

2.2.2.2 Slope Shape 

Apart from the slope length and steepness, shape of the slope also has 

considerable influence on the erosion potential.  Convex, concave, planar and 

uniform slope are some peculiar shapes of the slope.  Sensoy and Kara (2014) 

conducted a field experiment during 2007-2009 on a hillside field plot with different 

slope shapes and identified that the shape of slope also has a significant role on soil 

erosion.  Uniform slope generates more soil erosion compared to other shapes, 

whereas concave shaped slope generates the least.   

Gray (2016) also made an attempt through field observation as well as 

laboratory tests to find out the effect of the shape of slope on the erosion.  The study 

ensured that concave slope is much better as it generates lesser sediments compared 

to planar or uniform slopes.  The result was validated using conceptual model and 

computer modeling of soil erosion with Digital Terrain Model (DTM). 

2.2.3 Vegetation 

Vegetation plays an important role in retarding soil erosion, as it contributes to 

two important hydrologic processes such as evapotranspiration and interception, the 
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amount of water available for runoff reduces.  Also, it increases the infiltration of 

water into the soil which eventually retards the erosion.  Furthermore, the vegetal 

cover lowers the impact of rain drops hitting on the land surface, thereby reduces the 

erosion (Suresh, 1993). 

Restoration of vegetation seems to be a better measure to reduce the wind as 

well as water erosion.  Kosmas et al. (2000) proved that the restoration of the natural 

vegetation is very less in soils having smaller depth and erosion processes will be 

very active resulting in further desertification and deterioration of the land.  When the 

erosion process continued up to the depth of about 10 cm or less, perennial vegetation 

is very difficult to support and which leads to further erosion. 

Vegetation also acts as a hindrance to the flowing water thereby to the flow 

velocity, which in turn reduces the erosive ability of the runoff.  Additional to the 

biomass cover on the surface, root system also provides vital contribution to prevent 

the soil loss.  The rooting system of the plants, shrubs, herbs and grasses makes the 

soil more porous which enhances the infiltration of water in to the soil.  In addition, 

water absorption by roots reduces the amount of water which causes soil erosion and 

runoff (Gyssels et al., 2005).  Soils with roots are more erosion resistant compared to 

soil without roots.  Root diameter has the direct correlation with rate of soil erosion as 

it makes the soil more permeable (Khanal and Fox, 2016). 

Fen-Li (2006) proved the effect of vegetation through the study conducted in 

the Loess Plateau.  The dramatic decrement of soil erosion was observed in the area 

after the restoration of vegetation, where it was very severe problem before.  

Furthermore, accelerated erosion occurred through the destruction of vegetation 

played a fantastic role in land degradation and eco-environmental deterioration in 

deforested regions. 

 Plant cover maintains vital interrelationship with properties of the soil, which 

enhances the biodiversity even in the steep sloped areas those are highly susceptible 
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to erosion.  Plant cover carries a pivotal role in soil erosion management and 

restoration of ecosystems.  The improper removal of vegetal cover and the extreme 

cultivation practices in mountain areas severely affect the land conservation (Zuazo 

and Pleguezuelo, 2008). 

Ouyang et al. (2018) proved the role of land use on mitigating soil erosion by 

identifying the impacts of land cover together with soil characteristics. Even though 

the variation happened on soil physical characteristics indicated that the rate of 

erosion should increase, due to the increment of forest and paddy fields, soil erosion 

get reduced 187.7 t km-2 a-1 in 1979 to 158.4 t km-2 a-1 in 2014. 

2.2.4  Soil  

Soil also exerts greater influence on the soil erosion, which have erosion 

promoting and retarding ability.  Major concerning soil factors include permeability 

of the soil, structure, texture etc.  Soil with greater permeability will reduce the 

amount of water contributing soil erosion.  Biological activities performing in the soil 

will make the soil more porous one, which will promote the downward movement of 

water.  In erosion point of view, erodibility of the soil is very important, which is the 

property of the soil to get eroded.  The erosion process detachment and transportation 

of soil particle is greatly depends on the soil characteristics mainly soil texture, where 

sandy soil is easier to detach, whereas it is difficult to transport to other location 

(Suresh, 1993).  The surface roughness also influences soil erosion as smoother 

surface shows less soil loss compared to rough surface with the storms of same 

intensity (Romkens et al., 2001). 

Soil erosion rate is highly influenced by the texture of soil in correlation with 

rainfall characteristics, mainly intensity of the rainfall and its duration.  Soil with high 

organic matter content will exert enough resistance to erosion, especially soil organic 

carbon as it increases the infiltrating capacity of the soil through reducing its bulk 

density (Franzluebbers, 2002). Considering kaolinitic, montmorillonitic and 
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nonphyllosilicate soils, kaolinitic soil exhibits lowest soil loss as it shows the lowest 

detachment and lowest runoff due to its high aggregate stability.  Montmorillonitic 

soil experienced highest soil erosion (Wakindiki and Ben-Hur, 2002).   

Vannoppan et al. (2017) showed how soil characteristics contribute in 

mitigating soil erosion along with root systems.  The study revealed the negative 

correlation of rate of soil loss with soil cohesion and positive correlation with sand 

content.  Fibrous roots in sandy soil showed remarkable effect in reducing soil 

erosion as the soil is less cohesive.  Dry bulk density of the soil also exerts stronger 

effect on erosion decreasing ability of the plant roots as fibrous roots were more 

effective in soil with less dry bulk density. 

Rate of erosion will vary with the variation of soil type.  But the extent of 

variation is very much dependent on the intensity of the rainfall.  Wu et al. (2018) 

examined effect of soil type along with rainfall intensity on sheet erosion process 

through the experiment conducted in different provinces of central south China.  The 

selected soils were classified into Calcic Luvisol, Ferric Luvisol, Plinthic Alisol, 

Plinthic Acrisol and Acric Ferralsol and for each soil type, separate field plots were 

prepared.  Lowest erosion was observed in Ferralsol soil and highest in Luvisol type.   

2.2.5 Tillage Practices 

In agricultural lands, major factor promoting soil erosion is tillage practices.  

Commonly the term tillage erosion is used to describe the effect of tillage practices 

on erosion.  The extent of tillage erosion depends on the degree of mechanical 

manipulation performing on the soil, more specifically on the extent to which soil is 

lifted or turned.  Mostly conservation tillage practices perform as alternatives of 

tillage operation as it leads to excessive fertile soil losses (Gould et al., 1989).  For a 

hilly terrain, eroded soil due to tillage from upslope areas get deposited on the down 

slope.  Tillage erosion greatly affects by the tilling depth, direction of tillage and the 
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speed of operation.  Soil loss can be reduced by reducing the tilling depth and speed 

and the size of the tilling implements (Li et al., 2008). 

Wildemeersch et al. (2014) analysed soil erosion rate by considering tillage 

direction as parallel to the contour bund and up and down the slope.  Soil erosion was 

less while tilling by alternating the direction i.e., tilling up and down the slope as soil 

movement get neutralized in this method.  Downward and upward movement of soil 

is very important factor where to reduce the erosion; downward movement of soil 

should not be more than upward movement of soil.  Contour tillage using Arado 

Americano does not make soil erosion as it moves less soil in downward direction in 

moderate slopes. 

Mhazo et al. (2016) examined the impact of tillage practices on soil erosion 

based on 282 runoff plots through meta-analysis.  Study compared the results during 

no tillage and conventional tillage practices.  Results proved that the soil loss were 

higher with conventional tillage compared to no tillage.  Rate of soil erosion were 

observed 60% lower under no tillage than conventional tillage.  In soils with low clay 

content under temperate climates showed higher differences in soil losses between no 

tillage and conventional tillage.  Wang et al. (2016) suggested performing any 

method among artificial digging, artificial hoeing or contour plow which will control 

runoff and sediment transport compared to conventional practices by improving the 

infiltration characteristics of the soil. 

In steep sloped areas, relocation of soil through runoff is much easier if soil is 

redistributed by the tillage practices.  Wang et al. (2016) conducted a study in 

Zhongxian, southwest China in 2014, to identify the impacts of tillage erosion on 

runoff in a hilly area.  Tillage erosion leads to change characteristics of soil which 

adversely affect the soil-water-plant relationships, water quality and productivity of 

the soil.  Water erosion increased with increasing tillage intensity.  It deteriorates soil 
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structure by declining its rate of infiltration, water holding capacity and effective 

depth of soil. 

Tillage intensifies the soil loss from farm land along with it reduces the soil 

organic carbon content in the soil (Zhao et al., 2018).  Conservation tillage practices 

like mulch tillage reduces soil erosion rate.  According to the study conducted by the 

Auerswald et al. (2018), mulch tillage decreases the soil loss 1.5 times from those 

experienced by the conventional tillage practices.  Ryken et al. (2018) conducted 

similar study in central Belgium.  In additional to no tillage and conventional tillage 

practices, the study considered strip tillage also.  Soil loss was less in case of strip till 

and no tillage compared to conventional tillage.  Soil loss rate increased in all the 

three types of practices with wheel track compaction because of the increment in bulk 

density of the soil.  Strip till practice is far better to reduce the sediment transport 

than no tillage which can be proved by the presence of land cover due to the more 

crop residues.  Reduced tillage like strip till will increase the macro pores in the soil 

and thereby increases the hydraulic conductivity. 

Wang et al. (2018) considered five tillage practices and studied the rate of soil 

erosion associated with each practices.  The practices like straw mulch, manure, 

intercropping with peanut and orange, crop rotation with peanut and radish and 

conventional down slope furrows were selected.  The soil detachment rate was as 

follows: conventional down slope furrows > crop rotation with peanut and radish > 

intercropping with peanut and orange > manure > straw mulch.  The probability of 

effective reduction of soil erosion rate is more in case of no tillage compared to the 

conventional tillage and deep tillage.  Prolonged conventional tillage may leads to the 

formation of hardpan in subsoil region (Bogunovic et al., 2018). 

2.3 METHODS FOR ESTIMATING SOIL EROSION 

Various methods can be adopted for assessing soil erosion ranging from 

conventional techniques comprising runoff plots, erosion pin methods, sampling etc.  
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to  the estimation using soil erosion models assisted with emerging technologies like 

remote sensing, GIS and Artificial Neural Network (ANN) etc. 

2.3.1 Conventional Methods for Estimating Soil Erosion 

This section includes critical reviews which give the description of various 

conventional methods, their advantages and disadvantages.   

2.3.1.1 Reconnaissance Method 

This is the most simple and less expensive method for estimation of soil erosion 

as it requires less skilled person and less maintenance.  Erosion pin method is one 

among them.  The wooden or metallic pin was driven into the soil, where upper 

portion of the pin will act as reference point and based on that erosion is possible to 

measure.  Hardley and Lusby (1967) applied this method in western Colorado with 

plot size of 5 ha and pin spacing of 1.5 m.  The obtained soil loss was compared with 

the sediment load estimated during the reservoir survey, which were 2.7 mm and 2.3 

mm respectively.  This method was also adopted in Tanakami mountain region, 

Japan, where pins were installed in the 3 plots having area of 100 m2.  Experiment 

was prolonged for 10 years and pin height was noted at each month.  The annual soil 

erosion rate was found to be 13 mm/y (Takei et al., 1981).   

2.3.1.2 Runoff Plots  

Runoff plot method is the most commonly accepted soil loss measuring method 

in which it is laid on the predominant slope of the sample field plot where the rate of 

soil loss is going to measure.  Land grading is necessary operation in the runoff plot 

method to obtain the required gradient uniformly all over the field.  Runoff plots have 

all the problems and difficulties of agronomic trials in addition to the problems of 

collecting, catching and recording the soil and water.  There are possibilities for faults 

and errors and runoff plots are costly, in terms of initial construction, maintenance 

and operation (Michael and Ojha, 1996).  Furthermore, the chances of occurrence of 
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errors are more as it needs to catch and record the sediment and water come into the 

plot.  Leakage around the boundaries of the plot also raises the error.  Skilled 

operators and frequent investigations are necessary to reduce these errors (FAO, 

1991).  The soil erosion study was conducted in China using various sizes of plot 

varying from 60 m² to 1000 m² within the watershed having 2 ha area (Jinze, 1981) 

and concluded that plots which extended over the entire slope length of gully slopes 

were essential to evaluate erosion on a watershed scale. 

2.3.1.3 Soil Loss and Sediment Load 

Soil loss can be estimated from the sediment load comprising suspended load 

and bed load using various types of samplers and devices.  But this method is not 

efficient as all the eroded materials from the watershed area need not be contributed 

to sediment.  The estimation incorporates concentrated sediment in the streams and 

the rate of flow (Wade and Heady, 1978).  Grab samplers like dip sampling 

techniques adopted in the South Africa to estimate the suspended load.  Bottles were 

used for dip sampling.  The result obtained was 25% lesser compared to other well 

proved methods (Rooseboom and Annandale, 1981). 

2.3.1.4 Multi Slot Divisor and Coshocton Wheel Sampler 

When the situations come in to encounter the large volume of soil loss and 

runoff, it is necessary to install large sized plot.  In some situations, series of 

connected plots can be adopted.  Coarser particles are allowed to settle in the first 

tank.  The outflow from the tank is guided to the multi slot devisor containing 

numerous slots, out of which one slot is active at a time which allows passing known 

quantity of water to lower tank.  The sediment samples are collected, dried and 

weighed to estimate the soil loss.  Multi-slot devisors along with storage tanks were 

installed to estimate the sediment deposition from small plots in New South Wales, 

Australia.  The designed system has better storage capacity.  The capacity of sludge 

tank and storage tank was 0.3 cm and 10 cm respectively.  The permissible flow rate 
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was 0.009 m3 s-1 (Ryan, 1981).  Due to the limited capacity of such samplers, multi 

slot devisors are limited to small watersheds.   

Coshocton wheel sampler is the arrangement used to estimate soil loss directly 

from field especially adopts for small watershed.  The known quantity of discharge 

from the measuring flume falls over a water wheel having slight inclination from 

vertical.  At each rotation of the wheel, the slot divides across the jet from the flume 

and considers a small fraction of the flow (Kinnell et al., 1994). 

Devaranavadagi and Bosu (2014) installed a multi-slot devisor on the cotton 

field of Perumbalur district, Tamil Nadu for the daily monitoring of soil erosion rate.  

Soil erosion under cotton crops grown on runoff plot was observed as 10.86 t ha-1 y-1. 

2.3.2 Soil Erosion Estimation Models 

In general, soil erosion models are used to simulate the erosion process 

occurring in an area by considering number of complex interaction which is affecting 

the rate of soil loss.  Number of soil erosion models has been developed by various 

scientists during the past 50 years, those include empirical models, semi empirical 

models and process based soil erosion models (Suresh, 1993).  Description and 

previous studies related to empirical and semi empirical models are included in this 

chapter.   

2.3.2.1 Empirical Models 

These are the empirically derived models and are mainly statistical based.  Such 

models are basically developed for particular region.  This particular section includes 

critical reviews related to various empirical models such as USLE, RUSLE and 

MUSLE along with its applications. 
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2.3.2.1.1 Universal Soil Loss Equation (USLE)  

USLE is the widely accepted empirical soil loss equation mainly developed for 

agricultural lands.  This equation considered rainfall, soil, topographical and 

vegetation parameters in its design.  According to this model, 

     A = R K L S C P                                                                             (2.1) 

Where, A is the annual average soil loss in t/ha/y; R is the factor indicating 

erosivity of rainfall expressed in MJ mm ha-1 h-1 y-1.  K is the factor related to soil 

erodibility, L is the slope length factor and S is the slope steepness factor.  C is the 

cover management factor and P indicates the soil conservation practices factor 

(Wischmeier and Smith, 1978). 

There are number of shortcomings in USLE model which limited its application 

in soil loss estimation.  Major drawback associated with this is its empirical nature, so 

that it may not consider erosion process actually happens in the watershed.  

Furthermore, it is not considering the snowmelt and irrigation in R factor estimation.  

It measures annual average soil loss rather than the event based soil loss.  This 

method does not compute the gully erosion and sediment transport (Williams et al., 

1972). 

2.3.2.1.2 Revised Universal Soil Loss Equation (RUSLE)  

The fundamental equation in the case of RUSLE model is same as that of the 

USLE model.  Preparation of isoerodent map of the location and consideration of 

1000s of gauge location to collect data for the computation of R factor differentiates 

this method from USLE.  Seasonal K factor is considered in this method.  The value 

of K factor ranges from 0.10 to 0.45 based on the textural composition of the soil.  In 

RUSLE model, complex slopes can be easily represented by using a series of 

segments, which helps to estimate the topographic effect at its better way (Renard and 

Ferreira, 1993).  The C factor in RUSLE model has significant importance as it 
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directly has the influences on the conservation of soil.  In this method, C factor will 

vary from zero to 1.5 where the value zero can be adopted for well protected lands 

where as 1.5 is for the lands which produce more runoff.  For the computation of 

RUSLE C factor, various sub factor values are accounted as follows: 

C = PLU * CC* SC * SR                                                                        (2.2) 

 In which, PLU: sub factor related to prior crop canopy; CC: sub factor related to 

canopy of crops; SC: sub factor related to surface cover; and SR: sub factor related to 

surface roughness (Morgan, 2005). 

2.3.2.1.3 Modified Universal Soil Loss Equation (MUSLE) 

This model helps to estimate the sediment yield mainly based on the rainfall 

event and runoff characteristics.  Williams and Berndt (1972) developed this storm 

based soil loss estimation model by analysing 778 rainfall events in a 15 watershed.  

According to the model, sediment yield for an individual rainfall event (Y, tones) can 

be expressed as Y = 11.8(Q*qp)
 0.56 K L S C P, where Q is runoff volume in m3, qp 

indicates rate of peak flow (m3/s) and K, L, S, C and P are the same factors those 

used in USLE. 

Sadeghi and Mizuyama (2010) conducted a soil erosion assessment study using 

MUSLE model in Khanmirza watershed, Iran with an arial extent of 395 km2.  A total 

of six rainfall events were taken and hydrographs and sediment graphs were prepared 

to get flow discharge data and sediment flux data.  The hydrographs and sediment 

graphs were prepared using limnigraph and one litre plastic bottle samplers 

respectively.  The values of K, L, S, C, and P were allotted as 0.0462, 2.599, 2.875, 

0.222 and 0.706 Mg MJ-1 mm-1 respectively.  The observed and estimated sediment 

yields was 7495.753 and 7791.957 tonnes and were calculated and analysed using 

statistical t test and regression analysis.  The errors in estimation were found to be 

18.56% which is considered in acceptable range as it is the modeling of natural 
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phenomena.  The prior hydrological condition exists in the watershed, variation in 

rainfall distribution and unequal distribution of eroded sediment through entire 

watershed made difference in hydrological reactions of the area. 

2.3.2.2 Semi Empirical Models  

 There are semi empirical models also to estimate soil erosion rate, which are 

partly empirical and partly physical based.  Morgan, Morgan and Finney (MMF), 

Revised Morgan, Morgan and Finney (RMMF) and Modified Morgan, Morgan and 

Finney (MMMF) are some examples of the semi empirical models. 

2.3.2.2.1 Morgan, Morgan and Finney (MMF) Model 

 It is the semi empirical model for estimating rate of soil loss.  The MMF model 

separates the soil erosion process into a water phase and sediment phase.  The water 

phase includes two predictive equations, one for the kinetic energy of the rainfall and 

another for the depth of overland flow.  The sediment phase comprises two equations, 

one for the rate of splash detachment and one for the transport capacity of overland 

flow.  In this method, the computed rate of detachment by raindrop and the transport 

capacity of overland flow are compared and lower of these two values is assigned as 

the annual rate of soil loss (Morgan, 2001). 

2.4 RUSLE PARAMETERS 

  The RUSLE model comprises five parameters as described in the section 

2.3.2.1.2.  The different attempts made by different researchers are given in this 

section.   

2.4.1 R Factor  

It is the index of rainfall erosivity which quantifies the ability of rainfall to 

cause erosion in a field.  It highlights the role of rainfall in the erosion processes.  
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Numerically, it can be calculated by multiplying the kinetic energy of rainfall (E) 

event with maximum 30 minute intensity (I30).   

                         R = ∑ (EI30)                                                                       (2.3) 

This factor clubs the rainfall characteristics like intensity, duration and rainfall 

amount (Wischmeier and Smith, 1978).   

Arnoldus (1980) is brought a new index in erosivity factor computation called 

Fournier index (F) as it linearly related to R factor.  From the experiments conducted 

using 40 Sicilian rain gauge data, F was identified as a best estimator of R.   

F = ∑ P𝑖ଶ/Pଵଶ
௜ୀଵ                                                                                      (2.4) 

Where, Pi is the monthly rainfall and P is the annual rainfall in mm.  Erosivity factor 

can be calculated as R = mF + n, where m and n varies according to region (Ferro et 

al., 1991). 

Loureiro and Coutinho (2001) proposed a new model to compute the monthly R 

factor from the amount of precipitation in Algarve region of Portugal.  The model 

was as follows:  

R = (7.05 x rain10 – 88.92 x days10)                                                    (2.5) 

Where, rain10 is the monthly rainfall amount for days ≥10 mm; days10 is the number 

of rainy days with rainfall ≥10 mm per month.  In Cameron highlands region of 

Malaysia adopted this model to find out the R factor using 23 years (1991-2013) of 

monthly precipitation data (Sholagberu et al., 2016). 

Xie et al. (2002) conducted a study to develop a method for determining 

practical thresholds for erosive rainfall event.  For the study, rainfall and runoff data 

were measured for a small watershed and three plots at the Yellow River basin in 

China for the years of 1961 to 1969.  The thresholds corresponding to rainfall 
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amount, rainfall intensity and peak intensity were calculated using amount, average 

and peak intensity of rainfall respectively.  The method chosen for the determination 

of threshold was EI30 method, in which the first step was calculating the EI30 values 

for only the storms where soil loss occurred.  Then the second was used to find the 

cumulative EI30 values from the higher precipitation amount until it approached to the 

target EI30 of all erosive events.  To find out the peak intensity thresholds, all rainfalls 

and corresponding soil losses were arranged in decreasing order of rainfall amount 

and finally cumulative percentage of soil erosion were obtained.  To evaluate the 

efficiency of thresholds on estimation of rainfall erosivity, REI (Relative Error 

Indices) and MI (Mixing Indices) were proposed.  The study concluded that more 

accurate way to fix the threshold is based on the peak intensity than average intensity 

as well as rainfall amount.  Three thresholds such as 1.2 cm of precipitation amount, 

average intensity of rainfall 0.24 cm/h and 13.3 mm/h for the maximum 30-minutes 

rainfall intensity were fixed as erosive rainfall.   

Petkovsek and Mikos (2004) estimated RUSLE R factor from daily rainfall data 

of the south-west Slovenia coming under the sub-Mediterranean climate.  The 

addition of rainfall amount obtained within 24 h interval provided the daily 

precipitation amount (Pd).  The parameters such as maximum Pd (Pmax), sum of 

precipitation of days with more than 0.1 cm of rainfall (P10) and the number of days 

with more than 0.1 cm of rainfall (d10) were calculated for each month.  Two 

statistical models were used to predict monthly R factor based on the multiple linear 

regression value.  The goodness of fit was assessed with efficiency coefficient ‘e’.  

For different average periods, the modelled and observed value was compared and 

assessed by means of the Root Mean Square Error (RMSE).  The spatial as well as 

temporal analysis of rainfall erosivity is possible to calculate with the obtained daily 

precipitation data using statistical models. 

Janecek et al. (2006) made an attempt to calculate R factor by collecting 40 

years of rainfall data (1961 to 2000) from 13 rain gauge stations.  Rainfall with 12.5 
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mm or more or else the intensity of 6 mm in 15 min were considered as the erosive 

storm events.  Isoerodent maps from the selective rainfall events were prepared and 

statistical principles were applied to calculate the R factor.  The average rainfall 

erosivity of 20 MJ/ha.cm/h was obtained.  The calculated value were analysed using 

ombrographic records from other stations by considering two variants such as: variant 

1: for all storms rainfall >12.5 mm or intensity > 6 mm/15 min and variant II: for all 

storms rainfall less than 12.5 mm or intensity > 6.25 mm/15 min.  Average R factor 

obtained according to variant I was 57.2 and those according to II was 45.6.  The R 

factor obtained according to variant I is considered as more appropriate. 

Elangovan and Seetharaman (2011) used above mentioned formula (equation 

2.3) to generate erosivity factor from the precipitation depth data of Krishnagiri 

watershed region.  Collected rainfall data for the period 2005-2009 from the four self 

recording type rain gauge station located within a watershed were adopted for the 

study.  Erosivity factor were calculated as: 

R (MJ mm ha−1 h−1 y−1) = ∑ (0.29[1− 0.72 exp (− 0.082 I)])k * ∆Vk * I30                  (2.6) 

Where, I is the intensity of rainfall in mm/h and ∆Vk is the amount of rainfall in kth 

period.  Using ArcGIS interpolation tool, spatial distribution of erosivity factor was 

done.  The factor ∑ (0.29[1− 0.72 exp (- 0.082i)])k * ∆Vk in the above mentioned 

equation  denotes the value of kinetic energy (E).   

Rawat et al. (2013) applied same model incorporating rainfall intensity to find 

out the USLE R factor of small portion of the Nirjuli catchment.  The study area 

basically comes under jhum cultivation with tropical climatic conditions.  The kinetic 

energy of the rainfall calculated using the equation:  

KE (MJ/ha/cm) = 210 + 89 log10 I                                                     (2.7) 

Where, I denote the intensity of rainfall in cm/h.  The rainfall with 12.7 cm or more 

were considered for the study.  The estimated R factor was 974.8 MJ cm ha-1 h-1.   
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Tirkey et al. (2013) applied another model for Daltonganj catchment which was 

actually developed for the Damodar valley by Babu et al. (2004).  Fifteen years of 

rainfall data were used to calculate the R factor.  According to this model 

 R = 81.5 + 0.375 r (340 ≤ r ≤ 3500 mm)                   (2.8) 

Where, r is the annual rainfall in mm.  The estimated value of erosivity factor was 

114.3 MJ mm ha-1 h-1. 

Nigussie et al. (2014) conducted a study to obtain daily, monthly, seasonal  and  

annual  rainfall erosivity factor (R) for the upper Blue Nile River basin in Ethiopia. 

Ten years of  rainfall data were collected from eight automatic rain gauge stations in 

the basin from national meteorology agency of Ethiopia.  For the computations of 

erosivity (R) factor, rainfall events with less than 12.5 mm amount were not included.  

The erosivity factor was then determined by the equation R=E*I30.  A relationship 

between rainfall and erosivity is formulated by plotting erosivity indices (annual, 

seasonal, monthly and daily) against rainfall amounts using Microsoft Excel.  The 

best curve of fit was obtained based on the highest coefficient of determination R2.  

The model was validated using remaining two years rainfall data of each rain gauge 

station.  The higher peaks of rainfall erosivity were obtained throughout the basin in 

the months of July and August.  For the entire basin, the model efficiency of the 

monthly rainfall erosivity was 0.85.  The rainfall erosivity models at the basin level 

carry a major role in planning and selecting effective soil conservation measures for 

the watershed management. 

Antal et al. (2015) tried to compute of rainfall erosivity factor for the areas of 

Slovak Republic.  The one minute rainfall data were available for the area in digital 

format so that analysis of data became much easier in Microsoft Excel environment.  

Rainfall data from five gauging stations were collected for various time periods.  In 

this particular study, rainfall amount greater than 12.5 mm or rainfall having intensity 

24 mm/h were considered as erosive events. 
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Panagos et al. (2015) calculated this E value to calculate the R factor for 

Europe using the equation 2.4.  In this experiment, the rainfall data is collected from 

28 countries of Europe, which include various data resolutions like 60 min, 30 min, 

15 min, 10 min and 5 min.  Finally all these data are aggregated to 30 min resolution 

data to ensure homogeneity in calculation.  The erosivity factor was successfully 

represented in map form with resolution of 1 km x I km.  The same formula 

suggested by the Panagos et al. (2015) is followed by the Ballabio et al. (2017) to 

assess the monthly R factor in Europe.  Moreover, the assessment of monthly 

erosivity factor will help to identify the month along with area where experiencing 

high risk of soil erosion.   

Rahaman et al. (2015) estimated annual average soil loss using RUSLE model 

in Kallar watershed, Tamil Nadu.  The particular watershed has the area of about 

1281.2 km2.  For the calculation of R factor, 30 years of monthly rainfall data (1980 

to 2010) were collected from Indian meteorological department.  The rainfall 

erosivity value was calculated using the formula modified by Arnoldus (1980): 

R = ∑12
i=1 17.35 x (1.5 log10 (Pi

2/ P) - 0.08188)                                       (2.9) 

Where rainfall erosivity factor, R is expressed in the unit MJ mm ha-1 h-1 y-1, annual 

rainfall, P as well as monthly rainfall, Pi is in mm.  The annual average erosivity 

value for the particular watershed was found in the range of 251.5 to 798.5 MJ mm 

ha-1 h-1 y-1. 

Calibration of the methods for estimating erosivity for time scales ranging from 

daily to average annual can be perform based on symmetric mean absolute percentage 

errors and Nash-Sutcliffe model efficiency coefficients (Yin et al., 2015). 
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Table 2.1 Estimation of R factor from rainfall amount by different authors  

Authors R factor equation Applied by Description 

Roose (1975) Developed for west 

Africa.  R = 0.5 P, 0.6 

P, 0.2-0.3 P and 0.1 P 

for general cases, 

coastal areas, tropical 

hilly region, 

Mediterranean region 

respectively. 

Adediji et al. 

(2010) 

Katsina region, Nigeria. 

Tropical climate 

Rainfall 1100 mm 

Moore (1979) R= 47.5 + 0.38 P  Lufafa et al. (2003) Catchment of lake Victoria 

Arnoldus 

(1980) 

R = ∑12
i=1 17.35 x (1.5* 

log10 (Pi
2/ P) - 0.08188)                                        

Jain et al. (2001) Doon valley, uthar Pradesh 

52 km2 area 

  
 ” 

Prasannakumar et 
al. (2011a) 

Siruvani river basin, Kerala 

Rainfall-1061 mm 

Tropical climate 
             

 ” 

Prasannakumar et 

al. (2012) 

Pamba river basin, Kerala 

Highlands 

rainfall- 3046mm 

          

” 

Kumar et al. (2014) Kothagiri taluk 

Temperate climate 

Rainfall - 3046 mm 

Hurni (1985) R=-8.12 + 0.562 P 

Developed for Ethiopia 

Gelagay and Minale 

(2016) 

Koga watershed, Ethiopia 

Renard and 

Freimund 

(1994) 

R= 0.264 F1.5 

Developed for 

Morocco 

Kouli et al. (2008) Crete, Greece 

Rainfall - 900 mm  

Semi arid region 

Ferro et al. 

(1999) 

R= 0.6120 F1.56 

Developed for Sicily 

Italy 

Alexakis et al. 

(2013) 

Yialias of Cyprus region 

 



28 
 

Okorafor et al. (2017) conducted a study to obtain the R factor for Imo state of 

Nigeria.  Around 31 years of monthly rainfall data (1980-2010) were collected from 

the Nigerian Metrological Agency (NIMET) and data having the mean of 199.2 and 

standard deviation 144.8 MJ.mm/ha/h.  The erosivity factor was calculated using the 

equation 2.3. where kinetic energy of rainfall events was calculated using the 

equation E=210.3+87log10 I, in which I is rainfall intensity (cm/hr). Intensity of 

rainfall is normally calculated from the amount of rainfall and its duration.  Rainfall 

erosivity map was prepared using ArcGIS 10.2.  The study obtained highest erosivity 

of 6033.4 MJ.mm/ha/h. 

Vijith et al. (2017) applied same model in Sarawak region of Malaysia.  The 

area was found to receive about 350-460 cm of annual rainfall.  R factor was 

computed for the year 2014 by collecting monthly rainfall data from the department 

of irrigation and drainage.  Inter month change in precipitation led to select this 

model.  R factor found to be in the range of 2353 to 5380 MJ.mm/ha/h/y. 

There are so many well calibrated models existing to calculate the rainfall 

erosivity factor from the rainfall amount rather than rainfall intensity.  Such models 

are very much suitable and recommended for the watersheds where the intensity of 

the rainfall data is not available.  Most of the studies adopted monthly and annual 

precipitation data to find out RUSLE R factor due to the lack of rainfall intensity 

data.  Roose (1975) proposed a new erosivity model to compute R factor from mean 

annual precipitation.  This model can be adopted in the regions where hourly, daily 

and monthly precipitation data are not available.  Half of the rainfall amount 

numerically considered as erosivity in this approach.  Vemu and Pinnamaneni (2011) 

applied this model in Indravati Catchment, Orissa.  The observed erosivity factor was 

602 MJ.mm.ha-1 h-1 with standard deviation of 25 MJ.mm.ha-1 h-1. 
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2.4.2 K Factor 

This factor measures the susceptibility of soil to get erode.  It clubs various soil 

properties like soil structure, texture, organic matter content, permeability of the soil 

etc.  The value of K factor numerically ranges from 0 to 1.  The soil with zero k value 

denotes the toughness to get erode whereas it is very easy to erode in the case of soils 

with K=1.  Wischmeier et al. (1971) developed a relationship connecting soil texture, 

soil structure, percentage organic matter content and permeability which is given 

below: 

K = [[2.1*10-4 (12-M) [(Si+vfS) (100-C)] 1.14 + 3.25 (A-2) + 2.5 (P-3)]/759] .. (2.10) 

In which, M is the percentage organic matter content of the soil, Si indicates the 

percentage composition of the silt, vfS denotes the percentage composition of very 

fine sand, C denotes the percentage composition of clay, A indicates value 

corresponding to structural classes and P indicates the value corresponding to the 

permeability classes.  The A value varies as follows: 1 for very fine granular; 2 for 

fine granular; 3 for medium or coarse granular and 4 for blocky, platy or massive 

structure.  Variation of P value is as follows: 1 for rapid; 2 for moderate to rapid; 3 

for moderate; 4 for slow to moderate; 5 for slow and 6 for very slow permeability 

rate.  The nomograph for USLE K factor determination is available, which is 

basically derived from this formula, considered as one of the most rapid method to 

calculate the soil erodibility (Wischmeier and smith, 1978).  Karydas et al. (2013) 

preparerd K factor map using the field data (textural composition, organic matter 

content, permeability and structure of the soil) and USDA nomograph.  The result 

was spatially compared with geologic map of the study area.  Imani et al. (2014) 

determined and mapped the K factor in Yamchi watershed of Iran having an areal 

extent of 562.7 km2 using the equation 2.9.  The 38 soil samples were collected from 

the plot from a depth of 0 to 15 cm.  The observed K factor was varied from 0.3 to 

0.8 t ha h ha−1MJ−1 mm−1. 
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Renard et al. (1997) developed formulae to estimate the K which was found out 

from global data of measured K values.  The equation was as follows: 

K =0.0034 + 0.0405 * exp (-0.5 (log Dg + 1.659)2 / 0.7101)                   (2.11) 

Where, Dg = exp ∑ f1 ln[ (di – di-1)/2]                                                              (2.12)        

Where Dg is the geometric mean particle size for each particle size class (clay, silt, 

sand), di is the maximum diameter (mm), dI-1 is the minimum diameter and f1 is the 

corresponding mass fraction (Kouli, 2008).   

Schwab et al. (1981) summarised K factor values according to textural classes 

and percentage organic matter content as given in Table 2.2.  The Parveen and Kumar 

(2012) followed Table 2.2 for the study conducted in the south Koel basin, India. 

Table 2.2 Variation of K factor with respect to texture and organic matter 

content 

            OM (%) 

Textural class 

 

0.5 

 

2.0 

 

4.0 

Fine sand  0.16 0.14 0.10 

Very fine sand  0.42 0.36 0.28 

Loamy sand  0.12 0.10 0.08 

Loamy very fine sand 0.44 0.38 0.30 

Sandy loam  0.27 0.24 0.19 

Very fine sandy loam  0.47 0.41 0.33 

Silt loam  0.48 0.42 0.33 

Clay loam  0.28 0.25 0.21 

Silt clay loam  0.37 0.32 0.26 

Silty clay  0.25 0.23 0.19 

* OM: Organic matter content  
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Alexakis et al. (2013) estimated K values for the textural groups as 0.07, 0.13, 

and 0.26 t ha h ha−1 MJ−1 mm−1 respectively for coarse sandy loam, sandy loam and 

silty clay.   

2.4.3 LS Factor (Topographical Factor) 

LS factor is the collective representation of the slope length and slope steepness 

factor.  Soil erosion rate varies exponentially with slope length, where exponent is 

varying from 0.1 to 0.9 (Zingg, 1940).  Steepness of the slope also directly influences 

the soil erosion rate.  Conventionally, slope gradient measures in field using 

inclinometers, abney level etc.  The implication of LS factor in RUSLE is such that 

the ratio of soil loss experiences under given slope length and steepness to that from 

the slope length of 72.6 feet and steepness of 9%.  Smith and Wischmeier (1957) 

proposed a formula to calculate the topographical factor by connecting slope length 

(L, ft) and land slope (S, %) as follows: 

LS= L0.5 / 100 (0.76 + 0.53 S + 0.076 S2)                                 (2.13) 

The slope length and steepness data can be getting from the Digital Elevation 

Model (DEM) of the study location.  Shiono et al. (2002) prepared a DEM with 2 m 

resolution in ERDAS IMAGINE software.  CalcLS tool was used to get slope length 

and steepness values.  The topographical factor was found to be in the range between 

0.03 and 13.50 in Kanto area of Japan. 

Wischmeier and Smith (1978) were proposed an equation to estimate the slope 

steepness factor as given in the equation 2.13. 

 S = (65.41× sin 2θ) + (4.56 × sinθ) + 0.065                                      (2.14)  

Where, θ represents slope angle in degrees.  The RUSLE model usually applies on 

the field having slope greater than 9% as the erosion occurs faster on steeper slopes.  

McCool (1987) proposed another equation for calculating L and S factor as follows:   
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S = 10.8 × sin θ + 0.03 for slope < 9%                                                     (2.15) 

S = 16.8 × sin θ - 0.50 for slope ≥ 9%                                              (2.16) 

Where, θ represents slope angle in degrees. 

L = (l / 22.13) m                                                                                                                          (2.17) 

Where, ‘l’ is the slope length; exponent m = 0.5 where θ ≥ 9% 

m = 0.4; 9 > θ ≥ 3%; m = 0.3; 3 > θ ≥1%; m = 0.2; 1 > θ 

The SRTM and ASTER digital elevation model can be use to derive slope value 

(AbdelRahman et al., 2016).  The LS factor can be calculated with the help of 

ArcGIS spatial analyst and ArcHydro tools.   

LS = ((Flow Accumulation * Cell size)/22.13) m x (sin slope/0.0896)1.3          (2.18) 

Where, slopes in degree were considered.  The exponent m for the equation 2.18 was 

derived by the Wischmeier and Smith (1978) based on the slope steepness as follows; 

0.5 for slopes > 4.5%, 0.4 for 3-4.5% slopes, 0.3 for 1-3%, and 0.2 for slopes < 1%.  

Alexakis et al. (2013) classified range of slopes into 4 major classes as given in Table 

2.3. 

Table 2.3 Slope classification (Alexakis et al., 2013) 

Sl. No Slope range (%) Slope type 

1 <5 Very gentle 

2 5-15 Gentle 

3 15-30 Steep 

4 >30 Very steep 
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2.4.4 C Factor 

It is numerically same as the ratio of soil loss from a field of cultivating with 

specified crop to that from the continuous fallow land, considering that type of soil, 

topography and rainfall features are identical throughout the field.  From planting to 

the harvesting, the value of C factor will vary considerably.  The variation of the C 

factor is ranging from 0.003 (excellent vegetative cover condition) to 1 (continuous 

fallow land), which is mainly based on the density of the crop especially the extent of 

canopy.  USDA (1972) suggested some values as C factor corresponding to each land 

use types as given in Table 2.4.   

Table 2.4.  C factor and land use 

Land Use Class C values 
Settlement 1.000 
Vacant land 1.000 
Brick kilns 1.000 
Crop land 0.280 
Fallow land 1.000 
Plantations 0.280 
Dense forest 0.004 
Open forest 0.008 
Degraded forest 0.008 
Land with scrub 0.700 
Land without scrub 0.180 
Marshy 0.000 
Water bodies 0.000 

The C factor can be easily obtained from the Normalized Difference Vegetation 

Indices (NDVI) values.  NDVI basically denotes the density of plant cover and at 

some extent its growth condition too.  NDVI values can be easily obtained from the 

multispectral remote sensing images using the equation 2.19: 

NDVI = (NIR band – RED band) / (NIR band + RED band)           (2.19) 
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The value of this index will confine in between -1 and 1.  Where highest values 

of NDVI were possessed by the vegetation where as bare soil, water and urban area 

carries lowest based on the spectral reflectance (Jensen, 2005).  The calculation of C 

factor from NDVI is as given in equation 2.20 (Kouli et al., 2008): 

C = EXP (-2NDVI / (1- NDVI))                                                        (2.20) 

According to this equation 2.20, C factor can possess the values from zero to more 

than 1.  C factor of the Pamba river basin for the year 2008 was calculated by 

Prasannakumar et al. (2012) was found to be in the range of 0.3 to 1.5 which were 

derived from remote sensing dataset and NDVI method. 

Parveen and Kumar (2012) derived C factor for a basin in Jharkhand from 

NDVI map obtained after the image analysis of the landsat image.  The obtained C 

factor was in the range of 0.06 to 1 as it varies depending on the different land use 

pattern.  The C values were ranged between 0.05 and 0.2 for forest areas, 1 for 

waterbodies and 0.3-0.6 for agricultural areas.  The maximum value of C factor in the 

watershed area of Yialias of Cyprus was 2.7 (Alexakis et al., 2013). 

2.4.5 P Factor 

It is also called support practice factor.  P factor is calculated by finding the 

ratio of loss of soil under a given conservation practices to that from up and down the 

slope.  Number of conservation practices is adopted depending on the slope of the 

field.  Contour cropping, terracing, bunding, mulching and strip cropping are some 

examples of the commonly used conservation practices in the agricultural lands.  The 

value of P factor varies from zero to one (Wischmeier and Smith, 1978) as given in 

table 2.5, varies according to the land slope.  Rao (1981) assigned 0.28 and 1 for 

paddy fields and field other than paddy respectively.  The lands with no conservation 

practices carry higher P values as 1 (Shiono et al., 2002). 
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Singh (1994) suggested P factor for different percentage ranges of land slope as 

0.6, 0.5, 0.5, 0.6, 0.7, 0.8 and 0.9 respectively for the slopes 1-3, 3-6, 6-9, 9-13, 13-

17, 17-21 and 21-25.  Biswas (2012) applied this method in Upper Kangsabati 

catchment.  To ignore this factor in soil erosion estimation, Kouli et al. (2008) 

assigned P factor as one throughout the watershed of Crete. 

Table 2.5.  P factor values (Wischmeier and Smith, 1978)  

Land use Land slope, % P factor 

Agriculture 0-5 0.10 

 5-10 0.12 

 10-20 0.14 

 20-30 0.19 

 30-50 0.25 

 50-100 0.33 

 >100 0.35 

All other land use  1.00 

Alexakis et al. (2013) prepared land use map from the two GeoEye-1 satellite 

images for the preparation of P factor map.  The value of one was assigned for the 

areas with no support practices.  On the other hand the terrace areas which are 

considered to be less prone to erosion were assigned a value as 0.55.   

2.5 RUSLE MODEL STUDIES IN GIS ENVIRONMENT  

Shiono et al. (2002) estimated soil loss and its spatial distribution under the 

current cropping conditions in a pilot study area of about 3,009 ha comprising 11, 544 

crop fields in Japan using RUSLE model combined with GIS.  The average soil loss 

rate of the year 1994-1999 was estimated as 10.5 t/ha/y.  The K factor of the USLE 

was estimated from the sedimentation survey conducted in the small catchment area.  

The LS factor was derived from the field information and digital elevation model 

(DEM) constructed using ERDAS.  The study suggested that estimation of soil 
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erosion rate using RUSLE incorporating with GIS was very much useful for soil 

conservation planning. 

Srinivas et al. (2002) conducted a soil erosion study in Nagpur district, 

Maharashtra by employing RUSLE in GIS environment to prioritise the study area 

for soil conservation and for delineation of suitable conservation units.  Isoerodent 

map, topographic factor map, land cover-land use map were prepared separately and 

delineation of nine conservation units was done by adopting multi-criteria overlay 

analysis.  The average soil loss was estimated as 23.1 and 15.5 t/ha/y under potential 

and actual conditions respectively.  The C factor values for natural vegetation were 

calculated from USLE lookup table for different cover types.  The P factor for main 

conservation practices were computed from the slope and crop cover. 

Pandey et al. (2007) identified critical erosion prone areas in the Karso 

watershed Hazaribagh, Jharkhand state for an areal extent of 27.93 km2 using USLE 

and GIS tools.  ERDAS IMAGINE 8.4 image processing software was used to 

generate and manipulate spatially organized disparate data for sediment yield 

modeling.  The study area were  divided into 200×200 grid cells and average annual 

sediment yields were estimated for each grid cell of the watershed to identify the 

critical erosion prone areas for prioritization purpose.  Sediment yields was estimated 

by the model as well as from the data collected from the stream gauging station 

located at the outlet of the watershed and the results obtained were thus compared.  

Finally, the RUSLE model was validated.  The average annual soil erosion for Karso 

watershed was estimated about 3.66 t ha-1.  The study concluded that the remote 

sensing and GIS could play significant role in generation of parameters from remote 

areas of watersheds/river basins for sediment yield modeling and watershed 

management. 

Zhou et al. (2008) conducted a study to find out the effect of vegetation cover 

on soil erosion in an area located in the Upper Min River (UMR) watershed.  The soil 
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erosion rate was evaluated by RUSLE method on a pixel-by-pixel basis.  Raster map 

of R factor was produced by using a multivariate geostatistic cokriging model.  

Vegetation cover was estimated using k-NN technique by integrating Landsat ETM+ 

scenes and field data with optimal parameters.  Optimal parameters were determined 

by evaluating the root mean square errors and significance of biases at the pixel.  The 

accuracy of vegetation cover was predicted by a regression function using Landsat 

ETM+ bands, field measurements as well as those predicted by the Normalized 

Difference Vegetation Index (NDVI).  

Sharma (2010) integrated terrain and vegetation indices and identified potential 

soil erosion risk area of Maithon reservoir catchment during 1988 to 2004.  By using 

three terrain indices namely Topographic Wetness Index (TWI), Stream Power Index 

(SPI) and vegetation index like Normalized Difference Vegetation Index (NDVI) 

categorize the study area into four soil erosion potential classes.  Finally the derived 

erosion potential map was validated by using RUSLE model which showed a good 

agreement with the results.  Results found that there was a considerable change in the 

erosion potential of the watershed and a gradual changing of lower erosion potential 

class to next higher erosion potential class over the study period.   

Vemu and Pinnamaneni (2011) made a quantitative assessment of soil loss 

using USLE for Indravati catchment.  All the thematic layers of R, K, LS, C and P are 

prepared, analysed and finally generated an erosion risk map on 200m x 200m pixel 

size to find out spatial distribution of soil loss within the GIS environment.  Twenty 

year average rainfall data was used to estimate the annual average soil erosion rate.  

Yearly soil loss (t/ha/y) was calculated by means of yearly R factor and keeping the 

remaining factors as constant.  Prioritization of all 424 sub-watersheds in the 

Indravathi basin was done according to the intensity of soil loss for soil conservation 

purpose.  Predicted average erosion rate by the study was 18 t/ha/y and sediment 

yield at the outlet of the catchment was 22.3 Million tons per annum.  The predicted 

values were verified with the observed data. 
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Prasannakumar et al. (2012) estimated the soil erosion risk within a small 

mountainous sub-watershed in Pamba river basin using geographic information 

system and RUSLE model.  The climatic and terrain factors which are used in the soil 

loss equation were calculated from rainfall data collected from Indian Meteorological 

Department (IMD), soil texture map of soil survey organization, Kerala, satellite 

image and Survey of India (SOI) toposheets.  Vegetation parameters in the area were 

assessed from IRS-P6 LISS-III digital data of the year 2008 with resolution of 23.5 

m.  Rainfall erosivity factor were calculated by using the equation 2.8.  The average 

soil erosion rate estimated for the study area ranges from 0 to 17.73 t h-1 y-1.  The 

estimated average annual soil loss of Pamba sub-watershed was grouped into 

different classes and spatial distribution of each class was presented.  From the spatial 

patterns, it was found that the severe and high levels of soil erosion risk zones are 

distributed on the grassland, deciduous forest areas and degraded plantation.  From 

the study it was concluded that the areas with high LS-factor and degraded/deciduous 

forest/grasslands need immediate attention to conserve the soil. 

AbdelRahman et al. (2016) estimated the soil fertility status in physically 

degraded land using GIS and remote sensing techniques in Chamarajanagar district, 

Karnataka, India.  He made use of satellite data for qualitative assessment of soil 

eroded areas and found that the data enabled better delineation of eroded areas.  By 

the visual interpretation of IRS data along with field survey method, soil erosion was 

found in the tone of none or slight to very severe where by the RUSLE method it was 

moderate to high.  He also found that the compaction reduces water infiltration 

capacity of the soil and thereby increases the erosion.  According to this study, Soil 

loss increases as slope increases up to 50% and after that soil erosion tends to 

decrease due to the presence of dense vegetation.  Average soil loss dramatically 

decreases with the increase in vegetation cover.  Current soil erosion status was 

mapped based on soil, slope and land use-land cover of the area.  Incorporating 
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different types of the factors affecting land erosion, it was found that the majority of 

the study area falls under the moderate erosion classes. 

Ganasri and Ramesh (2016) made an assessment of soil erosion by RUSLE 

model using remote sensing and GIS in Nethravathi River Basin.  The estimated 

rainfall erosivity, soil erodibility, topographic and crop management factors were 

ranged from 2948.16 to 4711.4 MJ/mm ha-1 h-1/y, 0.10 to 0.44 t ha-1MJ-1mm-1, 0 to 

92, and 0 to 0.63 respectively.  The study concluded that the empirical soil erosion 

models are relatively simple and easy to interpret physically, require minimal 

resources and can be worked out with readily available inputs.  They found that the 

annual average soil loss estimated using RUSLE model is about 473,339 t/y in the 

Nethravathi Basin.  By analysing the impact of increase in agricultural area on soil 

erosion, they concluded that as the agricultural area increases, erosion risk also 

increases due the agricultural practices.  By implementing Weighted Index Overlay 

(WIO) method, they classified the area into different zones based on probability of 

soil erosion which ultimately helpful to derive suitable protection measures. 

Hao et al. (2017) applied the empirical and contemporary model of RUSLE for 

simulating the soil erosion rate in a Karst catchment using remote sensing and GIS.  

Each RUSLE factor was calculated under the GIS environment.  The potential soil 

erosion map was prepared to identify areas under severe soil erosion problem.  The 

erosion rate was reclassified into 6 classes such as minimal, low, medium, high, very 

high and extremely high.  The estimated erosion rate was 30.24 Mg ha–1 y–1 from the 

1980s to 2000s, which was in good agreement with the result obtained through the in 

situ measurement from 1980 to 2009.   

Ostovari et al. (2017) made an attempt to estimate the soil erosion in Semikan 

watershed, Iran.  The study was mainly focused to investigate the effect of K factor 

on soil erosion.  The model was run using ArcGIS 9.3.  The K factor was calculated 

in two ways, one was using erosion plot and other by USLE method.  The results 
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showed that the average measured K factor were two times lower than the estimated 

K by USLE K-factor.  The annual average of soil loss estimated by the RUSLE 

model was 5.70 t h-1 y-1 and comparable with measured soil loss, but it was two times 

greater than the measured K values.  Spatial distribution of soil erosion was done of 

which most of the areas came under very low category (73.6%). 

Singh and Panda (2017) investigated spatial distribution of soil erosion in 

Kapgari watershed, India.  The watershed boundary was delineated using survey of 

India toposheets and DEM.  The RUSLE model was run in GIS environment.  The 

estimated R, K and LS factor was 6117.8 MJ mm h-1 ha-1 y-1, 0.0256 Mg h MJ-1 mm-1 

and 0.643 respectively.  Land use classification was done and P and C values were 

assigned based on the land use category.  The accuracy of the classification was 

analysed on the basis of kappa coefficient.  The areal distribution of each erosion 

classes such as slight, moderate, high, very high and severe were 82.63%, 6.87%, 

5.96%, 3.3%  and 1.24% respectively.   

Thomas et al. (2017a) predicted soil erosion rate in Muthirappuzha river basin, 

one of the tropical mountainous river basins, using RUSLE model along with a 

function called Transport Limited Sediment Delivery (TLSD).  ArcGIS was used to 

formulate input map layers.  R factor were estimated considering the Fournier index 

value and interpolated throughout the watershed.  Sixteen soil samples with two 

replications for each sample were collected and used for the computation of K factor.  

ArcHydro tool in ArcGIS was used for the computation of LS factor.  NDVI value 

was derived from the LISS III images and C factor map was generated for the 

watershed.  The value 1 was assigned as P value for forest and open scrub.  TLSD 

value was calculated from DEM using terrain analysis function in ArcGIS.  Mean 

gross soil loss in the study location was 14.36 t ha-1 y-1 of which 25% was found as 

the net soil erosion rate.  Based on the net soil erosion values, erosion was 

reclassified into 6 classes ranging from slight to very severe.  Among all the factors 
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influencing soil erosion, the LS and C factor were found as the most influencing 

factors. 

Thomas et al. (2017b) estimated soil erosion rate on Pambar river basin having 

the areal extend of 289 km2 by integrating RUSLE and TLSD function with GIS 

software.  The RUSLE R factor was computed from the Fournier index considering 

the monthly rainfall data collected from the meteorological stations located in the 

river basin.  K factor was calculated from the field sample using the method 

formulated by the Wischmeier and Smith (1978).  DEM for the study area was 

generated from the topographic map obtained from the SOI.  Land use-Land cover 

(LULC) map was prepared for the computation of P and C factor from the LISS III 

image with ground truth verification.  The estimated mean gross and net erosion rate 

was 11.7 t/ha/y and 2.9 t/ha/y respectively.   

Zare et al. (2017) predicted the impacts of land use changes on soil erosion in 

Kasilian watershed of Iran by the year 2030 by examining the patterns in the years 

1981 to 2011.  The RUSLE model integrated with GIS was adopted to estimate the 

soil erosion.  Land use map was prepared from the satellite imageries through 

maximum likelihood classification and calibrated by running the Markov chain model 

using IDRISI Kilimanjaro software.  The results showed that the mean erosion 

potential will increase 45% from the estimated 104.52 t ha−1 y−1 by the year 2030.  

Moreover, the results indicate that land use change from forest area.  The land use 

change from the forest to the urban area as well as to the settlement found as the key 

factor influencing the erosion.   

Kayet et al. (2018) estimated soil erosion rate in Kiruburu and Meghahatuburu 

mining areas, Jharkhand by adopting RUSLE model.  The model was run in GIS 

environment and remote sensing data were used for the study.  Landsat image of the 

year 2015 and CARTOSAT DEM of the year 2014 were used for the generation of 

LULC map and LS factor respectively.  Rainfall data were collected from the Indian 

meteorological department.  Data verification was done by using field images and 
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DGPS survey data.  Support vector machine algorithm was used for the classification 

of the C factor.  Karl Pearson coefficient of correlation was used to determine the 

correlation of soil erosion with slope as well as altitude, found to be 0.998 in both the 

cases.  The estimated soil erosion in the area was 40 t/ha. 

Teng et al. (2018) made an assessment and prediction of soil loss rate in the 

Tibetan Plateau using RUSLE and CMIP model.  Soil erosion for the years 2002 to 

2016 were estimated by RUSLE model integrated with ArcGIS.  R factor was 

calculated from the daily rainfall data obtained from the rain gauge stations and 

TRMM data.  To couple these to rainfall data collocated cokeriging option was used.  

K factor was calculated by adopting epic model which mainly considers soil organic 

carbon content and texture of the soil.  The prediction of soil erosion in 2050 was 

done using multi linear regression model and CMIP model.  The estimated rate of 

erosion was 2.76 t/ha.   

Zerihun et al. (2018) made soil erosion assessment in the Dembecha district, 

Ethiopia.  The study was done in GIS environment by integrating RUSLE model.  

Rainfall data were collected from the 8 rain gauge stations located in the study area 

and interpolated throughout the watershed in ArcGIS.  K factor values were assigned 

for different types of soil types such as 0.25 for Alisols, 0.15 for vertisols and 0.3 for 

fluvisols.  LS factor was derived from the digital elevation model with 30 m 

resolution.  Based on the quantitative assessment of soil erosion, erosion severity 

classes were prepared.  The mean annual rate of soil erosion was 49 t ha−1 yr−1.  The 

consistency of the model was proved by the double mass curve plotted using rainfall 

data. 

2.6 MMF MODEL STUDIES IN GIS ENVIRONMENT  

Shrestha (1997) assessed soil erosion in the middle mountain region of Nepal 

by adopting MMF erosion model and made an attempt to evaluate the applicability of 

an erosion model in mountainous terrain.  The study analysed the effect of land use, 
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slope exposition and terrace farming on soil erosion.  The model was run in the 

ILWIS and a raster based GIS software package.  Rainfall data were processed by 

using the spreadsheet software package called Quatro-Pro.  Soil data were calculated 

from the soil sample collected from the study area by conducting laboratory test.  The 

study found that annual soil loss rates are the highest (up to 56 t/ha/y) in the areas 

with rainfed cultivation, which is directly related to the sloping nature of the terraces.  

The lowest soil losses (< 1 t/ha/y) were recorded under dense forest.  In the degraded 

forest, the soil loss was in the range of 1 to 9 t/ha/y and in the grazing lands it was 

estimated at 8 t/ha/y. 

Jain et al. (2001) compared USLE model and MMF model through a study 

conducted in Sitlarao, a Himalayan watershed.  The estimated soil erosion by MMF 

model was found in the reported range for that region, was around 2200 t/km2/y.  

ILWIS and ERDAS softwares were used for the study.  The result was showed the 

better performance of MMF model in hilly terrain. 

Behera et al. (2005) conducted a soil erosion study using MMF model in the 

small portion of Song sub-watershed of Ganga river basin, which covers the areal 

extent of 167 km2.  Study was done using ILWIS 2.2 and ERDAS 8.4 softwares.  

DEM was generated from the elevation details of the study area.  Land use and 

vegetation related parameters were obtained from the LISS III images.  Thematic 

map layers including RD map, Et/E0 map, A factor map, C factor map, MS layer, K 

layer and BD layer were prepared.  The erosion was estimated based on the MMF 

model and areas were reclassified into different classes based on the quantity of 

erosion.  The study showed that scrubs in the area are more susceptible to erosion. 

Vigiak et al. (2005) successfully attempted to identify the erosion pattern in 

Kwalei (Tanzania) catchment using ACED survey and MMF model.  In Kwalei 

catchment, erosion features were highly dependent on annual crops.  The predicted 

rate of erosion was ranging from 0.01 to 13.50 kg/m2/y.  The erosion map obtained by 

MMF model was compared with those from ACED survey was highly comparable. 
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Ustun (2008) made an attempt to estimate soil loss in Ganos mountain region, 

Turkey incorporating with ERDAS and ILWIS software.  The MMF model was used 

to estimate the soil erosion rate of the study area.  Slope values were derived from 

DEM, which were prepared by digitizing the contours.  Landsat 5 imageries were 

used to calculate the vegetation related parameters.  The estimated soil erosion rate 

was 10 t/ha.   

Pandey et al. (2009) estimated the rate of soil loss in Dikrong basin, Himalaya 

having the areal extend of 1556 km2 with the help of remote sensing and GIS 

incorporated with MMF model.  Soil losses were observed for the years from 1988 to 

2004.  The estimated annual average soil loss was 75.7 t/ha. 

Ramasankaran et al. (2012) computed the spatial distribution of soil erosion in 

Pathiri Rao watershed.  The particular watershed is basically ungauged and semi 

mountainous one.  Remote sensing data like DEM of 50 m resolution and satellite 

images (LISS III) were used for the preparation of thematic map layers.  ArcGIS 

software was used for the spatial distribution of data. 

Barman et al. (2013) attempted to find out the effects exerted on the soil 

erosion by various factors like land cover, soil, climate etc jointly or separately using 

MMF model.  The study was performed in Majuli Island, Assam.  LISS II and LISS 

III images were used.  The LULC map was generated in ArcGIS by digitizing the 

satellite imageries.  Texture of soil over entire area was assumed as sandy loam.  

Slope related parameters were derived from the ASTER DEM of 30 m resolution.  

All these parameters were combined in ILWIS software to study and determine the 

changes in soil erosion obtained in the year 1975, 1998 and 2008.  The study found 

that in the year 1975, total area covered by vegetation was 33.67% and in the year 

1998 and 2008, the vegetated area was 26.13% and 17.8% respectively.  Accordingly, 

rate of soil loss for the year 1975, 1998 and 2008 were 7.53 kg/m2, 7.65 kg/m2 and 

8.39 kg/m2 respectively, which shows the  influence of land cover on soil erosion.   
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Tesfahunegn et al. (2014) successfully attempted to assess the soil erosion in 

Mai-Negus catchment, Ethiopia by incorporating MMF model and GIS software.  

DEM for the study was generated from the topographical map of the study area.  

Vegetation and land related parameters are directly collected randomly from 117 

plots.  Zone sampling technique was adopted for the collection of the soil samples.  

Rainfall intensity of about 25 mm/h was assumed for the entire study area and 

detachability index values were chosen from the literature corresponding to soil 

texture.  Point data were interpolated using Kriging interpolation techniques in 

ArcGIS 9.3.  The model evaluation was done considering the percent difference 

between simulated and the data obtained after the survey in reservoir.  Average soil 

loss estimated was 26 t/ha/y.  The simulated average soil erosion was 11.64 t/ha. 

Shreshta and Jetten (2018) assessed soil erosion on a daily basis in Nam Chum 

watershed of Thailand and Sehoul commune, Morocco using MMF model.  Digital 

elevation model was derived from the 10 m contour lines and SRTM DEM for the 

selected study area of Thailand and Morocco respectively.  Soil parameters required 

to run the model were found from the soil samples taken from both the fields.  Land 

cover parameters were derived from the remote sensing data such as landsat 

multispectral image and ASTER satellite image downloaded for the watersheds in 

Thailand and Morocco respectively.  Daily canopy cover for both the locations was 

obtained from the NDVI images.  Model validation was performed with observed soil 

loss data.  The average soil erosion assessed from the watersheds of Thailand and 

Morocco was 15 t/ha and 19 t/ha respectively. 

2.7 Watershed prioritization 

Khan et al. (2001) prioritized the Guhiya watershed having areal extent of 1641 

km2 for effective implementation of soil and water conservation measures.  Attempt 

was done in GIS environment using remote sensing data.  Watershed was delineated 

and assessment of erosivity and sediment yield were done using GIS software.  Sixty 
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eight watersheds were considered for the study.  Slope map, satellite images and land 

use map were used and digitized to obtain thematic map layers and prioritization was 

carried out based on the obtained sediment yield value.  The study suggested to apply 

immediate action in the areas with high sediment yield value. 

Adeogun et al. (2018) identified the erosion prone areas considering the 

sediment yield values of the watershed of Kainji hydropower dam, Nigeria.  

Classification was mainly based on the erosion severity, aimed to apply management 

practices in the watershed.  The results showed that 11 sub-basins are under low 

erosion prone areas, 23 are in moderate, 12 are in severe erosion area whereas 8 sub-

basins came under extreme category.  Filter strips and stone bunds were introduced in 

the severe erosion identified areas which reduced the sediment concentration by 34% 

and 84% respectively. 

Sharda and Mandal (2018) tried to build up a strategy to implement 

management and conservation practices in the northern Himalayan region by 

classifying erosion threat areas and prioritizing them on the basis of erosion rates 

with targeted soil loss value (T-value).  The maximum priority was given for the area 

where there is a larger difference exists between erosion rate and T value, so that 

efficient utilization of financial resources could be possible.  The classification 

revealed that 25% of the watershed area was under severe erosion risk categories.  

The perception of prioritization of erosion prone areas and their treatment with 

suitable management measures was validated using the field data collected from the 

representative watersheds.   
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CHAPTER III 

MATERIALS AND METHODS 

 This chapter illustrates the description of the study area, soil erosion models 

and methodology adopted for the study.  Different factors required for the assessment 

of soil erosion are identified and detailed.  Revised Universal Soil Erosion Model 

(RUSLE) and Morgan, Morgan and Finney (MMF) model were selected for the study 

and their performance in assessment of soil erosion was evaluated.  Satellite 

imageries were used as the basic data to determine the effect of vegetation on spatial 

variation of soil erosion in the particular sub-basin.  Land use changes were approved 

with the strong support of the NDVI maps.   

3.1 DESCRIPTION OF THE STUDY AREA 

 Kunthippuzha sub-basin of Bharatahpuzha river basin was selected for the 

study.   Kunthippuzha river joins the river ‘Thutha’ which is one among the four main 

tributaries of Bharathappuzha (largest river basin in Kerala).  The location map of the 

selected sub-basin is shown in Fig. 3.1. The sub-basin is located at the topmost part of 

the Bharathappuzha river basin (North-East direction).  The total catchment area of 

Bharathappuzha is 6400 km2, out of that 15.8% of the area is occupied by the 

Kunthippuzha sub-basin with an areal extent of 1015.7 km2 (CWRDM, 1974).   The 

selected watershed is located in between the Latitude-Longitude range of 10o 53’ 

North, 76o 04’ East and 11o 14’ North, 76o 41’ East.  The elevation of the sub-basin 

changes from 20 m to 2300 m.  The Kunthippuzha sub-basin spreads in two districts, 

namely, Palakkad and Malappuram.  Major portion of the catchment lies in Palakkad 

district (Tejaswini and Sathian, 2018).   

 Kunthippuzha sub-basin falls under humid tropical climatic region.  The rainfall 

distribution in the catchment varies seasonally.  Average annual rainfall is about 2300 

mm.  About 80% of the rainfall is received during monsoon, 15% during post-
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monsoon and remaining 5% is received during winter and summer.  The mean 

temperature of the watershed is 27.3oC.  The soil type and land use pattern varies 

spatially within the catchment (Tejaswini and Sathian, 2018) 

 

Fig. 3.1 Location of the study area 

3.2.  SOFTWARE AND TOOLS USED 

 The software and tools used for the study is described below.  The study was 

carried out in GIS environment. 

3.2.1.  ArcGIS 10.3.1 

 ArcGIS is a proprietary Geographic Information System (GIS) software, which 

was developed by Environmental System Research Institute (ESRI).  ArcGIS 10.3.1 

available at geo-spatial division of KCAET, Tavanur was used in this study.  This 

KUNTHIPPUZHA SUB-BASIN 
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particular version was released during 2015.  The GIS software has the capability to 

handle geospatial data (comprising spatial and attribute data) which makes the 

software more popular from other information systems.  It is possible and easy to 

perform the spatial analysis and temporal analysis of data in GIS environment.  In 

addition to in-built GIS tools, ArcHydro tool, spatial analyst tool and hydrology tool 

were used.  Hydrology tool is used to demarcate the boundary of the particular sub-

basin.  The ArcHydro tool is used to calculate the slope length factor by identifying 

the flow accumulation, flow direction and fill sinks in the entire watershed (Zerihun 

et al., 2018). 

3.2.2 Collection of Remote Sensing Data 

 The satellite imageries, digital elevation models, soil data including structural 

and textural details, rainfall data (daily and monthly rainfall amount) were collected 

for the study area.  The important data sources used for the particular study are 

described below. 

3.2.2.1 USGS Earth Explorer 

 Satellite imageries for the preparation of the land use land cover (LULC) map 

of the study area are downloaded from the Earth Explorer.  USGS Earth Explorer 

provides imageries from various satellites like ISRO Resourcesat, Landsat, Sentinel, 

RADAR etc.  Furthermore, it provides digital elevation models (DEM) like ASTER 

global DEM, SRTM DEM, LIDAR, EDNA, IFSAR Alaska etc.  It is the user 

interface system which lets online data search through interactive and query 

capabilities.  The system has provisions to give search criteria including coordinates 

of the location, predefined area, shape file and year range of the required data.  

Additional to these criteria, it has the provisions to adjust cloud cover percentage in 

the data search.   It facilitates to see the footprint of the scene and provides the 

metadata of the searched data which comprises Landsat product identifier, Landsat 
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scene identifier, acquisition date, details of  band, datum used, grid cell size and 

ground control points.   

 For the current study related to soil erosion, required satellite imageries of the 

study location for the year 2000 and 2013 were downloaded from the USGS Earth 

Explorer.  Satellite image of the year 2000 and 2013 were obtained from the dataset 

of Landsat 7 Enhanced Thematic Mapper (ETM) plus level 1 and Landsat 8 ETM+ 

level 1.  The imageries with little scanned error and no cloud cover is selected for the 

study.  The user interface of the USGS Earth Explorer is shown in Fig. 3.2. 

 

 

 

 

 

 

 

Fig. 3.2 USGS Earth Explorer user interface 

 The USGS Earth Explorer provides the DEM.  The DEM of the study area for 

the year 2013 with 30 m resolution is downloaded from the SRTM (Shuttle Radar 

Topography Mission) dataset provided in the Earth Explorer.   

3.2.2.2.  OpenTopography  

The DEM of the study location for the year 2000 is downloaded from the Open 

Topography.  SRTM DEM with raster resolution of 30 m is used for the study.  The 

user interface of the OpenTopography is shown in Fig. 3.3. 
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Fig. 3.3 User interface of OpenTopography 

3.2.2.3 Open Street Map 

 Open street map is a user interface system, which provides editable and geo 

referenced road networks of the world.  Road network data incorporated with land 

use map and compared with those obtained from the satellite imageries.  Data were 

downloaded for the study area in ‘osm’ format which is converted into shape file in 

GIS environment.  The user interface of the open street map is shown in Fig. 3.4. 

3.2.2.4 Bhuvan 

 LISS III satellite imageries having resolution 23.5 m for the year 2013 were 

downloaded from the Bhuvan, an Indian Geo-platform developed by ISRO.  The 

downloaded image was used to check the range of NDVI value of the study area 

obtained from the Landsat imageries.  Five tiles of imageries were required to fix 

complete study area.  Imageries with minimum cloud cover were selected.  The 

downloaded imageries were pan sharpened in ArcGIS.  The user interface of the 

Bhuvan is shown in Fig. 3.5. 
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         Fig. 3.4 User interface of open street map 

 

 

 

 

 

 

 

 

Fig. 3.5 User interface of Bhuvan 

3.3 Methodology Adopted 

 Soil erosion is one of the most tedious land degradation occurring in the study 

location.  In the current study, RUSLE and MMF models were used to estimate the 
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annual soil erosion rate.  Among the two models RUSLE is an empirical model 

whereas the other is a semi-empirical one.  Using these soil erosion models, annual 

average soil loss rate were estimated for the year 2000 and 2013.  Spatial variations in 

land use and corresponding changes in NDVI value were identified using both the 

models.  Impacts of land use change on soil erosion were assessed in GIS 

environment.  The soil erosion prone areas were identified based on zonal scoring 

techniques (Haregeweyn et al., 2017).  The section 3.3 describes the methodologies 

and parameters confined in these two soil loss estimation models. 

3.3.1 RUSLE Model 

 It is the revised version of USLE.  The RUSLE model had been widely used, 

tested and well proven for many years in many locations.  It actually estimates annual 

average erosion rate of soil by incorporating various factors like climate, soil, 

topography and vegetation (Renard et al., 1997).  The fundamental formula for 

RUSLE and USLE are same, which is given as: 

                            A = R * K * LS * C * P                                   (3.1) 

Where, A is the annual soil loss (t ha−1y−1); R is the erosivity factor (MJ mm ha-1 h-1 

y-1); K is the soil erodibility factor (t ha h-1 ha-1MJ-1 mm-1); LS is the topographic 

factor; C is the cover and management factor and P is the conservation practice 

factor.  The value ranges of these parameters were clearly mentioned in the chapter II. 

3.3.2 MMF Model 

 This particular model was developed by Morgan et al. (1984) which comprises 

two phases namely water and sediment.  Number of input data required for this model 

is quite higher compared to RUSLE model.  In water phase, energy of rainfall and 

depth of overland flow were calculated.  The rainfall energy, E (J/m2) for tropical 

climate can be computed by using the equation 3.2 (Morgan, 2005);  
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                           E = R * [29.8 - (127.5/I)]                             (3.2) 

Where, R is the annual rainfall (mm) and I is the intensity of erosive rain (mm/h).  

The intensity of erosive rain was usually taken as 11 for temperate climates, 25 for 

tropical climates and 30 for strongly seasonal climates.  The depth of overland flow 

(Q, mm) by the rainfall and runoff was estimated by, 

                          Q = R * EXP (-Rc/Ro)                                                       (3.3) 

Where, Rc is the soil moisture storage capacity under land cover (mm) and Ro is the 

mean rain per day (mm).  The Rc is computed considering the soil moisture content at 

field capacity (MS, % w/w), bulk density of the soil (BD, Mg/m3), effective 

hydrologic soil depth (EHD, m) and the ratio of actual to potential evapo-

transpiration (Et/Eo) as given in the equation 3.4. 

                       Rc = 1000 * MS * BD * EHD * (Et/Eo)
 0.5        (3.4) 

Where, Ro = R/Rn; Rn is the number of rainy days in a year. 

 In the sediment phase, soil detachment by rainfall or rate of splash detachment 

(F, kg/m2) was computed by, 

                       F = K * E * EXP (-0.05 A) * 10-3                   (3.5) 

Where, K is the soil detachability index (g/J) defined as the weight of soil detached 

from the soil mass per unit of rainfall energy and runoff and A is the percentage 

rainfall contributing to permanent interception and stem flow.  The transport capacity 

of overland flow (G, kg/m2) was estimated by: 

                      G = C * Q2 * sin S * 10-3                                 (3.6) 

Where, C is the crop cover management factor and S is the sin of slope angle in 

degree.  Minimum value of the F and G was considered as soil erosion rate. 
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3.4 DELINEATION OF SUB-BASIN BOUNDARY 

Hydrology tool in ArcGIS is used for digital demarcation of the watershed 

boundary.  DEM of the study area for the year 2000 (resolution 30 m) were loaded in 

ArcGIS window.  Hydrology tool was obtained by expanding the spatial analyst tool 

in main window.  The process of delineation using hydrology tool comprises the 

creation of fill sink raster, flow direction raster, flow accumulation raster and 

watershed raster.  DEM of the study area was given as the input raster for the 

preparation of the fill sink raster, which will help to avoid the imperfections of the 

DEM chosen.  The fill sink raster prepared was selected to get flow direction raster, 

which highlights the direction of the flow.  Flow accumulation raster was created 

using flow direction raster.  Finally watershed raster was prepared from the flow 

accumulation raster.  The prepared watershed raster were then converted into polygon 

using conversion tool.  From the obtained polygon features, polygon feature 

corresponding to the study location was selected, clipped out and saved as shape file 

for further activities as shown in the Fig. 3.6.   

 

 

 

 

 

 

 

 

Fig. 3.6 The delineated boundary of the study area (‘Bound.shp’) 
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 All the operations were performed after projecting the DEM to the projected 

coordinate system with datum WGS_1984_UTM_43_N using raster projection tool. 

3.5 CREATION OF MAP LAYERS FOR RUSLE MODEL 

 The assessment of soil erosion using erosion model in GIS environment 

basically requires input map layers, which were prepared separately and clubbed to 

form final soil erosion map.  The important map layers required were erosivity map 

or R factor map, erodibility map or K factor map, topographic factor map, C factor 

map and P factor map (Haregeweyn et al., 2017).  Each map was prepared for both 

the year 2000 and 2013.  The following section describes the methods and ways 

chosen for the preparation of the above mentioned thematic map layers.   

3.5.1 Preparation of R Factor Layer 

 The factor ‘R’ notates the effect of rainfall especially its impact to cause 

erosion.  It quantifies the fraction of erosion which is linked to the storm events.  This 

factor greatly depends on the intensity of the rainfall and duration.  Usually in 

RUSLE model, EI30 index method is considered as most appropriate way to calculate 

the R factor (Rawat et al., 2013).  But the intensity data could not be obtained as the 

study area and nearby watershed are lacking the recording type rain gauge station.  

So, daily rainfall data were collected from the RARS Pattambi and Mannarkad rain 

gauge station for the year 2000 and 2013.  Among these two stations, one is located 

inside the study area and other outside the study location.   

 In general, not all the storm events are responsible for soil erosion.  The erosive 

events are considered as causative storm events and the criteria which differentiate 

the erosive events put some thresholds.  The storm events with rainfall amount 

greater than 12 mm was considered as erosive events (Xie et al., 2002).  For this 

particular study area, storm event data could not be possible to get so that the 

cumulative daily rainfall data was collected and eliminated all the daily rainfall data 
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carrying the value less than 12 mm to enhance the accuracy of calculation.  To 

estimate the R factor modified Arnoldus (1980) equation were used, which is given 

below in the equation 3.7. 

R = ∑12
i=1 17.35 x (1.5 log10 (Pi

2/ P) - 0.08188)           (3.7) 

Where, R is the rainfall erosivity factor (MJ mm ha−1 h−1 y−1), Pi is the monthly 

rainfall (mm), and P is the annual rainfall (mm).  The calculation is completed in 

Microsoft Excel spread sheet.  The isoerodent map was prepared in ArcGIS 10.3.1 

software by giving the location (latitude and longitude) of the rain gauge station and 

erosivity index obtained at each station as input.  The calculation of R factor from the 

daily rainfall data were shown in Appendix I (a-b).  The prepared excel sheet 

comprising latitude and longitude values of the rain gauge station and erosivity index 

value (as given in Appendix II) was directly added to ArcGIS window.   

 

 

 

 

 

 

 

 

 

Fig. 3.7 GIS interface for IDW interpolation 
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 The Inverse Distance Weighted (IDW) interpolation tool in ArcGIS was used to 

interpolate the erosivity index value throughout the watershed as suggested by 

Prasannakumar et al. (2011a).  The prepared ‘Bound.shp’ was given as the process 

extent for the interpolation.  The procedure was repeated for the year 2013 also.  The 

prepared maps were named as ‘R2000’ and ‘R2013’.  The GIS interface of IDW 

interpolation tool is shown in Fig. 3.7. 

3.5.2 Preparation of K Factor Map 

 K factor or erodibility factor refers to the propensity of the soil to get erode.  

The factors like soil structure, particle size distribution, organic matters contained in 

the soil, permeability etc influence the erodibility of the soil.  In the particular study 

soil association map of the Bharathappuzha river basin were collected from the 

Department of Soil Survey and Soil Conservation.  The same soil map was used for 

both the years 2000 and 2013.  The original soil association map was obtained as hard 

copy along with detailed description of each soil.  The description contains soil name, 

colour, depth of different horizons, taxonomic classes, drainage and permeability, 

vegetation details, land capability and land irrigability class, fertility status of the soil, 

particle size distribution containing percentage values of gravel, very coarse sand, 

coarse sand, fine sand, medium coarse sand, very fine sand, silt and clay and also 

contains the values of pH, electric conductivity, cation exchange capacity and 

exchangeable acidity.   

 The K factor was calculated using Microsoft Excel for each series using the 

equation 3.8. 

K = {2.1 × M1.14 × 10-4 × (12-a) + 3.25 × (b-2) + 2.5 × (c-3)} /100        (3.8) 

In the equation, M = (% of silt + % of very fine sand) x (100 - % of clay), ‘a’ is the % 

of organic matter content in the soil, ‘b’ indicates value corresponding to structural 

classes and ‘c’ indicates the value corresponding to the permeability class.  The b 
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value varies as follows: 1 for very fine granular; 2 for fine granular; 3 for medium or 

coarse granular and 4 for blocky, platy or massive structure.  Variation of c value is 

as follows: 1 for rapid; 2 for moderate to rapid; 3 for moderate; 4 for slow to 

moderate; 5 for slow and 6 for very slow permeability rate.  The series with highest K 

factor was selected from each soil association group.  The accuracy of the calculated 

K factor was checked using nomograph for USLE K factor (Wischmeier and smith, 

1978).  The soil map used for the study and digitization of the soil map are shown in 

the Fig. 3.8 and Fig. 3.9 respectively. 

 

 

 

 

 

 

Fig. 3.8 Soil map of the Bharathapuzha river basin 

 

 

 

 

 

 

Fig. 3.9 Digitization of the soil map of the study area 
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 The hard copy of the map was first scanned and georeferenced in ArcGIS 

environment.  The soil map for the study location was clipped out from geo-

referenced soil map of the Bharathappuzha river basin using the ‘Bound.shp’ and 

digitized using editor tool in ArcGIS.  The digitized map was projected into 

WGS_1984_UTM_43_N coordinate system.  The K value for each series was added 

in the attribute table.  Finally K factor map ‘K_soil’ for the study area was prepared.  

The calculation of K factor value corresponding to each soil group was shown in 

Appendix III.   

3.5.3 Preparation of LS Factor Map 

 It is the combination of the slope length factor (L) and slope steepness factor 

(S).  The topographic factor was derived from the DEM.  SRTM DEM with spatial 

resolution of 30 m downloaded from the USGS earth explorer and OpenTopography 

for 2013 and 2000 respectively were selected for the study.  SRTM DEM was chosen 

for the study as it found better DEM for the study area (Tejaswini, 2017).  

Calculation was done using equation 3.9 explained below. 

LS = ( 
୊୪୭୵ ୟୡୡ୳୫୳୪ୟ୲୧୭୬∗େୣ୪୪ ୱ୧୸ୣ

ଶଶ.ଵଷ
) 0.4 x ( 

ୱ୧୬ ୱ୪୭୮ୣ

଴.଴଼ଽ଺
 )1.3               (3.9) 

Where, slope in degree was considered for calculation.   

 The LS factor was derived from DEM in ArcGIS environment using ArcHydro 

tool.  The generation of LS factor map for the year 2000 was done by preparing L and 

S map separately and clubbed to form final topographical factor map.  The derivation 

of slope length was completed as follows: 

   The selected SRTM DEM was loaded in ArcGIS window and transformed to 

projected co-ordinate system (WGS_1984_UTM_43_N) using raster 

projection option.  The projected DEM was clipped to the study boundary and 

named as ‘dem2000’. 
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   The ‘dem2000’ was loaded in Arc window by using the function called ‘data 

management and terrain preprocessing’ under terrain preprocessing in the Arc 

Hydro tool.  DEM manipulation was performed by selecting fill sinks to make 

assurance about the continuous flow of water.  The filled hydro DEM was 

named as “fill2000”. 

   The ‘fill2000’ was used for the generation of flow direction map by selecting 

flow direction option under terrain preprocessing and the prepared map was 

named as ‘fdr2000’. 

   Finally flow accumulation map ‘fac2000’ was prepared from flow direction 

map.  The flow accumulation map basically acts as the input map layer for the 

generation of slope length map. 

 

 

 

 

 

 

 

 

Fig. 3.10 ArcGIS interface for raster calculator 

 The slope function under the spatial analyst tool was used to derive slope 

steepness factor. The ‘Dem2000’ was given as input and map was prepared in both 

degree and percentage by choosing options under output measurement icon.  Finally 

raster calculator function of map algebra under spatial analyst tool were selected 
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which uses equation 3.9 as input function to calculate LS factor.  The methodology 

adopted for the derivation of LS factor map is shown in Fig. 3.11 below.  The same 

procedures were repeated to generate LS factor map layer for the year 2013 also.  The 

prepared maps were named as ‘LS2000’ and ‘LS2013’.  The user interface for raster 

calculator along with LS factor formula is shown in Fig. 3.10. 

 

 

 

 

 

 

 

 

 

 

Fig. 3.11 Flow chart for LS factor determination 

3.5.4 Preparation of C Factor Map 

 The cover management factor or C factor is one of the most important 

parameter among the RUSLE factors since the effective control in C factor may 

reduce the soil erosion.  The kind of vegetation, its growth stage and canopy cover 

are the factors strongly affects the C factor.  So, derivation of C factor from 

appropriate vegetation related parameter will be very accurate.  NDVI method is the 



 

most suitable and widely accepted method to generate C factor from the remote 

sensing data like satellite imageries

values of red and near infrared band reflectance and 

3.10. 

      NDVI 

 The Landsat 7 ETM

the year 2013 downloaded from USGS Earth 

calculation.  NDVI map was generated in ArcGIS using image analysis option

of 8 bands obtained with L

4 indicates NIR band.  Similarly, in the case of Landsat 8 ETM

band and band 5 stands for NIR

under image analysis window

the LISS III image for the NDVI 

named as NDVI2000.tif and 

The image analysis tool along with LISS III image clipped for the study area 

shown in Fig. 3.12. 

Fig. 3.12 Image analysis 
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most suitable and widely accepted method to generate C factor from the remote 

sensing data like satellite imageries (Kouli et al., 2008).  The calculation

values of red and near infrared band reflectance and the relation is given 

NDVI = 
𝑵𝑰𝑹ି𝑹𝑬𝑫

𝑵𝑰𝑹ା𝑹𝑬𝑫
   (3.10) 

ETM+ image for the year 2000 and Landsat 8 ETM

downloaded from USGS Earth Explorer were taken for the NDVI 

NDVI map was generated in ArcGIS using image analysis option

of 8 bands obtained with Landsat 7 ETM+ image, band 3 indicates red band and band 

Similarly, in the case of Landsat 8 ETM+, band 4 indicates red 

band and band 5 stands for NIR.  NDVI layer was prepared by selecting NDVI option 

under image analysis window.  The NDVI map for the year 2013 was prepared from 

for the NDVI range comparison.  The generated NDVI map

and NDVI2013.tif respectively for the year 2000 and 

The image analysis tool along with LISS III image clipped for the study area 

 

lysis tool with LISS III image clipped for the study area

most suitable and widely accepted method to generate C factor from the remote 

The calculation requires 

relation is given in equation 

Landsat 8 ETM+ image for 

for the NDVI 

NDVI map was generated in ArcGIS using image analysis option.  Out 

, band 3 indicates red band and band 

, band 4 indicates red 

layer was prepared by selecting NDVI option 

was prepared from 

NDVI maps were 

for the year 2000 and 2013.  

The image analysis tool along with LISS III image clipped for the study area is 

lipped for the study area 
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 The C factor map layer was generated from the NDVI map prepared using the 

equation 3.11. 

C= EXP (
ି 𝟐𝑵𝑫𝑽𝑰

𝟏ି𝑵𝑫𝑽𝑰
)                             (3.11) 

The calculation was performed in ArcGIS 10.3.1 using raster calculator for both year 

2000 and 2013.  The prepared maps were named as ‘C2000’ and ‘C2013’. 

3.5.5 Preparation of P Factor Map  

 The P factor or conservation practice factor is mainly influenced by the 

conservation measures implemented or adopted in the field.  The conservation 

measures increases the time of concentration of water and thereby decreases the soil 

loss.  In usual practices, conservation measures are implemented in the field mainly 

based on the slope and land use.  In the current study the P factor values proposed by 

the Wischmeier and Smith (1978) based on the land use and field slope in percentage 

(as given in Table 3.1) was adopted.   

Table 3.1 Variation of P factor with respect to land use and land slope 

Land use Land slope, % P factor 

Agriculture 0-5 0.10 

 5-10 0.12 

 10-20 0.14 

 20-30 0.19 

 30-50 0.25 

 50-100 0.33 

 >100 0.35 

All other land use  1.00 
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To adopt this method, LULC map is essential.  Using the satellite image data 

downloaded for each year, land use map was prepared in ArcGIS.  Maximum 

likelihood classification was selected under the image classification and preparation 

of LULC map was done.  Pixels corresponding to the different land use categories 

were identified according to the Landsat chart and idea obtained from the base map.  

The prepared raster maps for 2000 and 2013 were named as ‘Finallandcover2000.tif’ 

and ‘Finallandcover2013.tif’ respectively.  The road networks downloaded from the 

Open street map were added into the prepared land use maps.  Ground truth 

verification was done to check the correctness of the land use maps prepared.  Fig.  

3.13 and 3.14 show the clipped satellite images of the year 2000 and 2013 

respectively. 

 

 

 

 

 

 

 

 

Fig. 3.13 Clipped Landsat image of the year 2000 

 The slope percentage map layer of the year 2000 and corresponding land use 

map were combined using ‘union’ option in ArcGIS.  Similarly, the slope percentage 

map layer of the year 2013 and corresponding land use map were combined.  The P 
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factor map layer was prepared through the attribute data management.  The prepared 

maps were named as ‘P2000’ and ‘P2013’. 

 

 

 

 

 

 

 

 

 

Fig. 3.14 Clipped Landsat image of the year 2013 

3.6 PREPARATION OF SOIL EROSION MAP USING RUSLE 

 Final erosion rate for the year 2000 was calculated by applying the RUSLE 

model, multiplying each map layers such as ‘R2000’, ‘K_Soil’, ‘LS2000’, ‘C2000’ 

and ‘P2000’ having cell size 30 m using raster calculator.  After running the model, 

final soil erosion map for the year 2000 was obtained.  Similarly soil erosion map for 

the year 2013 also prepared using the respective raster layers of year 2013.  All the 

map layers were prepared in WGS_1984_UTM_43N coordinate system with 

transverse Mercator projection.  The prepared soil erosion maps for the year 2000 and 

2013 were analyzed and compared.  The Flow chart of the steps adopted in the 

RUSLE model is shown in the Fig. 3.15. 



 

Fig. 3.15 Methodological framework adopted in RUSLE model

3.7 CREATION OF MAP LAYERS FOR MMF MODEL

 Same base maps including soil map, land use map and slope map prepared in 

the RUSLE model were used in the MMF model also

obtained after the attribute data management using the bas

environment.  Detailed procedures a
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3.15 Methodological framework adopted in RUSLE model

CREATION OF MAP LAYERS FOR MMF MODEL 

ame base maps including soil map, land use map and slope map prepared in 

the RUSLE model were used in the MMF model also.  The final erosion map was 

obtained after the attribute data management using the base maps in GIS 

etailed procedures adopted in this study are described in this section.

 

3.15 Methodological framework adopted in RUSLE model 

ame base maps including soil map, land use map and slope map prepared in 

The final erosion map was 

e maps in GIS 

dopted in this study are described in this section. 
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3.7.1 Calculation of Input Factors for MMF 

 As per the equation 3.3, to compute the depth of overland flow in the 

watershed, data like moisture storage capacity of the soil, annual rainfall amount, 

mean rain per day etc are required.  The average annual rainfall, R (mm) calculated 

using the rainfall data obtained from the two rain gauge stations were separately 

interpolated using IDW interpolation tool.  Similarly mean rain per day (R0) value for 

the year 2000 and 2013 also separately interpolated, which was actually calculated by 

dividing the average annual rainfall by number of rainy days.   

 For the calculation of moisture storage capacity, values like MS, BD, EHD and 

Et/E0 are needed.  The other required inputs to calculate each MMF parameters are K, 

C and A value.  Among these parameters MS and BD values were taken from the 

standard table suggested by Morgan (2005), where the variation of these parameters 

with respect to soil texture was given.   The EHD value for the entire watershed was 

directly taken from soil association map obtained from the Department of Soil Survey 

and Soil Conservation.   

 The texture of each soil series was calculated using online USDA soil texture 

calculator (Fig. 3.17) and output were validated by comparing the result obtained 

from the soil texture triangle (Fig. 3.16).  Major soil textures found in the watershed 

are clay, clay loam, sandy loam, sandy clay and sandy clay loam.  The soil 

parameters like MS and BD required for the MMF model are given in Table 3.2.  The 

same soil detachability index (K) used in the RUSLE model was applied in this 

model also.  The obtained K, MS, BD and EHD values were added in the attribute 

table of the digitized soil map.  To prepare separate map of each of these parameters, 

polygon map was converted into raster by selecting appropriate value field as shown 

in Fig. 3.18. 

 The land use land cover parameters in the MMF model include crop cover 

management factor (C), Et/E0 and A as described in the section.  The C factor is the 



 

combined parameter of the RUSLE C and P factor

2000 and 2013 were prepared by combining obtained RUSLE C and P factor maps 

(‘C2000’ and ‘P2000’ for 2000) 

ArcGIS spatial analyst tool

Fig. 
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combined parameter of the RUSLE C and P factor.  The C_mmf maps for the year 

2000 and 2013 were prepared by combining obtained RUSLE C and P factor maps 

for 2000) for the respective year using map algebra option in 

ArcGIS spatial analyst tool.    

 

        Fig. 3.16 Texture triangle 

 

Fig. 3.17 USDA soil texture calculator 

The C_mmf maps for the year 

2000 and 2013 were prepared by combining obtained RUSLE C and P factor maps 

respective year using map algebra option in 
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Table 3.2 Soil parameters for MMF model 

Soil texture MS, % w/w BD,Mg/m3 

Clay 0.45 1.1 

Clay loam 0.40 1.3 

Sandy clay loam 0.38 1.4 

Sandy loam 0.28 1.2 

Sandy clay 0.28 1.4 

  

 

 

 

 

 

 

 

 

Fig. 3.18 ArcGIS polygon to raster tool with selected value field ‘BD’ 

 The Et/E0 and A values corresponding to obtained land use classes were taken 

from the standard table recommended by the Morgan (2001), which is given in Table 

3.3 below.  The Et/E0 and A factor map were prepared for both the year in ArcGIS by 

using polygon to raster option.  Fig. 3.19 shows the attribute data management of the 

plant parameters chosen for the MMF model. 
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Table 3.3 Plant parameters for MMF model 

Sl.  No Land use A Et/E0 

1 Water body 0 0.00 

2 Scrub 25 0.80 

3 Rubber 30 0.90 

4 Paddy 43 1.35 

5 Mixed crop 35 0.85 

6 Grass land 40 0.95 

7 Forest 35 0.95 

8 Built-up  + barren land 0 0.00 
9 Banana 35 0.77 

10 Coconut 20 0.85 

 

 

 

 

 

 

 

Fig. 3.19 Attribute data management of the plant parameters for the MMF 

model 

3.7.2 Determination of Factors in Water Phase 

 As described in the section 3.32, two important factors namely kinetic energy 

of the rainfall and the depth of overland flow were calculated. 
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3.7.2.1 Calculation of Kinetic Energy of Rainfall 

 For the calculation of kinetic energy of rainfall for the year 2000, rainfall data 

of the year 2000 were collected from RARS Pattambi and Mannarkad rain gauge 

station.  Kinetic energy of rainfall was calculated by using the equation 3.2, where 

intensity of the rainfall was taken as 25 mm/h as the location is coming under tropical 

climate (Morgan, 2001).  Similarly, to compute the E factor for the year 2013, rainfall 

data of the year 2013 were considered.  E factor calculation from rainfall data was 

done using Microsoft Excel (Appendix II) and data were interpolated throughout the 

watershed using IDW interpolation tool in ArcGIS.  The prepared maps for the year 

2000 and 2013 were named as ‘E2000’ and ‘E2013’ respectively.   

3.7.2.2 Calculation of Depth of Overland Flow 

 For the computation of the depth of overland flow, it is necessary to compute 

the moisture storage capacity of the soil, for that the prepared map layers for the year 

2000 such as ‘MS_Soil’, ‘BD_Soil’, ‘EHD_Soil’, ‘Et/E02000’ etc were used.  

Equation 3.3 was used for the computation and the calculation which was performed 

using map algebra option in spatial analyst tool of ArcGIS.  Finally ‘Rc2000’ map of 

the study area was obtained.  Similarly, ‘Rc2013’ map was also prepared by 

following same operation using appropriate input layers of that particular year 2013.  

Applying the Equation 3.3 in raster calculator using maps of respective year, map 

showing the depth of overland flow was prepared for both the years (‘Q2000’ and 

‘Q2013’). 

3.7.3 Determination of Factors in Sediment Phase 

 In the sediment phase of the model, two components such as detachment 

capacity of the rainfall and runoff (F) and the transport capacity of overland flow 

were considered (G).  According to the MMF model, the average rate of soil erosion 

is considered as the minimum of F and G.  For the preparation of F map for the years 



 

2000 and 2013, raster layers of K, E and A of respective years were considered

computation was performed using raster calcula

the Equation 3.5.    

 In preparation of the transport capacity of the overland flow, slope steepness 

map for the year 2000 and 

resolution of the year 2000 and 

Equation 3.6.  For the spatial calculation of G factor, raster calculator was used as 

done earlier. 

3.8 AVERAGE ANNUAL SOIL EROSION RATE

Fig. 3.20 Methodological framework adopted in MMF model
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, raster layers of K, E and A of respective years were considered

computation was performed using raster calculator in ArcGIS window by applying 

In preparation of the transport capacity of the overland flow, slope steepness 

map for the year 2000 and 2013 were prepared from the SRTM DEM with 30 m 

of the year 2000 and 2013 respectively.  G factor was calculated using 

For the spatial calculation of G factor, raster calculator was used as 

AVERAGE ANNUAL SOIL EROSION RATE 

3.20 Methodological framework adopted in MMF model

, raster layers of K, E and A of respective years were considered.  The 

ArcGIS window by applying 

In preparation of the transport capacity of the overland flow, slope steepness 

were prepared from the SRTM DEM with 30 m 

actor was calculated using 

For the spatial calculation of G factor, raster calculator was used as 

 

3.20 Methodological framework adopted in MMF model 
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 For the preparation of the final soil erosion map, detachment capacity map (F) 

and transport capacity of overland flow map (G) were compared.  The minimum 

value of these two was considered as the annual soil erosion rate.  Considering this 

fact, final soil erosion map of the study area for the year 2000 and 2013 were 

prepared using cell statistics option in ArcGIS as shown in Fig. 3.21.  The 

methodological framework adopted in the MMF is shown in the Fig. 3.20. 

 

 

 

 

 

 

 

 

Fig. 3.21 Cell statistics tool in ArcGIS 

3.9 IDENTIFYING EROSION PRONE AREAS 

 To identify the erosion prone areas of the Kunthippuzha sub-basin, the final soil 

erosion map obtained by RUSLE as well as MMF model for the year 2013 were used.  

Erosion prone areas were identified using both RUSLE and MMF model and the 

results were compared with priority details obtained from the soil survey department, 

Palakkad.   

 Even though, cell based quantitative assessment of soil erosion are scientifically 

approved, it needs not give proper and appropriate information about the dominating 
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factor required to control most.  Factorial scoring technique based on the quantitative 

estimation and qualitative parameters were adopted in this study.  Erosion severity 

zones were identified through the zonal statistical analysis.  The steps involved are 

described below: 

     Four parameters (annual rainfall, soil texture, percentage slope and land use) 

were used for applying factorial scoring technique.  So that, respective map 

layers were prepared showing the spatial distribution of each factors. 

     Mean soil loss from the entire study area was noted. 

     A mean soil loss value for each zone in each layer was derived from the soil 

erosion map obtained for the year 2013. 

     Mean soil loss of each zone was calculated along with its area.  Mean soil 

loss score were assigned for each zone; for that scores were calculated for 

each zone by dividing its mean soil erosion value by the mean soil loss value 

for the entire study area.  These permitted to identify most influencing zone 

over soil erosion. 

     With the help of assigned soil loss scores, score map for each factors were 

prepared. 

     All the score map layers were added using raster calculator to obtain total 

score value carried by each cells of the raster map.  Based on the result, the 

area was divided into five erosion severity score classes: very slight (0-1.5), 

slight (1.5-3), moderate (3-4.5), severe (4.5-6) and very severe (> 6). 

The derived maps showing erosion prone areas were verified using the priority maps 

referred from the Department of Soil Survey and Soil Conservation. 

3.10 ESTIMATION OF SEDIMENT YEILD 

 The soil erosion models like RUSLE and MMF give a clear indication about the 

extent of soil erosion but it does not give the details about the quantity of the eroded 
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soil reaching the outlet as well as where it is really deposited.  To check how much 

quantity of soil reaching the outlet, Sediment Delivery Ratio (SDR) was calculated.  

For that the entire sub-basin was divided into 16 hydrological units.  The sub-basin is 

having a gauging station at outlet named Pulamanthole guaging station (10o  53’ 57” 

N and 76o 11’ 50” E).  The discharge and sediment data were collected from Central 

Water Commission, Kochi for the year 2000 and 2013.  The sediment yield for the 

year 2000 and 2013 were calculated using the equation 3.12. 

 Sediment Yeild (SY), kg = 3600 * 24 * ∑ Q* S                            (3.12) 

Where, Q is the stream discharge (m3/s) and S is the sediment concentration at the 

outlet (g/l).   

 Mean soil erosion and areal extent of the hydrological unit was calculated to 

obtain net quantity of soil eroded.  The sediment delivery ratio was calculated using 

the equation 3.13. 

  SDR = SY/ E  (3.13) 

Where, E is the gross erosion in kg. 

3.11 ANALYSIS OF EFFECT OF LAND USE-LAND COVER ON SOIL 

EROSION 

 To identify the influence of land use and land cover on soil erosion, soil erosion 

loss map of the study area obtained by the RUSLE and MMF model for the year 2000 

and 2013 were analysed.  With the integration of corresponding NDVI map prepared 

from the satellite images, variation of vegetation indices with land use was analysed.   

Spatial variation of soil erosion with respect to land use in the year 2000 and 2013 

was noted in the analysis of soil erosion map along with land use map by considering 

zonal statistical parameters (Artun et al., 2017). 
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CHAPTER IV 

RESULTS AND DISCUSSION 

This study was aimed to assess the soil erosion in Kunthippuzha sub-basin by 

classifying the entire sub-basin area based on the erosion severity classes.  The study 

also analysed the effect of spatial and temporal changes in land use - land cover on 

the erosion.  The results obtained from the study are discussed in this chapter. 

4.1 PREPARATION OF INPUT MAP LAYERS FOR RUSLE 

4.1.1 Rainfall Erosivity Factor (R Factor) 

 Soil erosion is very sensitive to distribution of rainfall and thereby erosivity as 

described by Jain et al. (2001).  As the watershed area lacks rainfall intensity data, 

erosivity index factor was estimated from the daily rainfall amount.  The R factor for 

the years 2000 and 2013 were estimated using Modified Fournier Index (MFI) value, 

since profound correlation is shown between MFI and R factor in the study conducted 

by the Kouli et al. (2008) in North-western Crete, Greece.  Spatial variation of 

erosivity index was identified through mapping with the help of geospatial 

techniques.  The estimated value of R factor ranged between 176.4 and 208.4 with the 

mean of 198.3 MJ mm ha−1 h−1 y−1 for the year 2000 where as for the year 2013, 

erosivity varied between 219.28 and 265.3 MJ mm ha−1 h−1 y−1.  The mean erosivity 

index estimated during the year 2013 was 250.7 MJ mm ha−1 h−1 y−1.  The result is in 

close agreement with the findings of Kumar et al. (2014), in which they received an 

erosivity factor ranging between 150 to 450 MJ mm ha−1 h−1 y−1 for the area lying 

closer to the present study area. 

 The R factor maps prepared for the years 2000 and 2013 are shown in the Fig. 

4.1 and Fig. 4.2 respectively.  The erosivity values vary spatially from pixel to pixel, 

i.e., the points at higher elevation shows higher erosivity values compared to the 

downstream points in both the maps, more specifically, erosivity decreases as slope 
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changes from steep to gentle.  The high erosivity value is obtained for Mannarkad 

region.  From 2000 to 2013, mean erosivity increased from 198.3 to 250.7 MJ mm 

ha−1 h−1 y−1 as the rainfall depth increased.  The estimated R factor values were 

compared with several studies, which were estimated by applying the same erosivity 

model in different parts of the Western Ghats, Kerala (Prasannakumar et al., 2011b; 

Kumar et al., 2014 and Thomas et al., 2017a) which indicates the reliability of the 

model adopted.  The erosivity factor observed by Kumar et al. (2014) in Nilgiri taluk 

was in the range of 150-450 MJ mm ha−1 h−1 y−1 where as R factor estimated by the 

Prasannakumar et al. (2011b) in Munnar region was 98.67 MJ mm ha−1 h−1 y−1 with 

standard deviation 69.78 MJ mm ha−1 h−1 y−1.   

 

 

 

 

 

 

 

 

 

Fig. 4.1 Spatial distribution of R factor in the year 2000 (R2000) 

The computed erosivity values were strongly depending on the depth of 

rainfall and number of rainy days.  More rainfall depth received within comparatively 

less rainy days carries higher erosivity indices.  In this study, the erosivity index of 
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about 265.26 MJ mm ha−1 h−1 y−1 was obtained from the cumulative rainfall depth of 

2529.1 mm on 76 days in Mannarkad region.  The result was comparable with the R 

factor value obtained in Siruvani watershed area by Prasannakumar et al. (2011a), 

which was about 36 MJ mm ha−1 h−1 y−1 calculated from the 1241 mm rainfall 

received in 79 days. 

 

 

 

 

 

 

 

 

Fig. 4.2 Spatial distribution of R factor in the year 2013 (R2013) 

4.1.2 Soil Erodibility Factor (K) 

 The erosion vulnerability of the soil is greatly described by the soil erodibility 

factor (K).  In this study, soil map prepared by the Department of Soil Survey and 

Soil Conservation was used for the extraction of all the soil characteristics, as the 

field determination of all those features requires several years of time.  Five textural 

groups like sandy clay loam, clay loam, sandy loam, sandy clay and clay were 

identified in the Kunthippuzha sub-basin using textural calculator and USDA 

nomograph. 
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 As stated by Wischmeier and Smith (1978), the K values vary with respect to 

the sticky and less sticky characteristics of the soil, where less sticky soils are more 

erodible compared to that of sticky soil.  The computed K values from this study 

justifies with the statement given by the Wischmeier and Smith (1978).  The soil with 

less fraction of clay compared to sand and silt possess higher K value, where as soil 

with higher clay content resulted in lesser K value.  It is not a worth practice to assign 

K factor values according to the texture only as coarse sand is not having greater 

importance in determining K factor as in textural calculation. 

 

 

 

 

 

 

 

 

 

Fig. 4.3 Spatial distribution of K factor (K_soil) 

In the present study, erodibility index was found low in soil with higher clay 

content as reported by Belasri and Lakhouili (2016).  The spatial distribution of K 

factor is shown in Fig. 4.3.  The result shows that K factor for the study area varies 

from 0.10 to 0.29 t ha h ha−1 MJ−1 mm−1.   
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4.1.3 LS Factor 

  The LS factor generated for the years 2000 and 2013 are shown in Fig. 4.4 and 

4.5 respectively.  For the year 2000, the value of LS factor ranged from 0.001 to 31, 

with mean and standard deviation of 1.46 and 3.48 respectively.  Similarly, for the 

year 2013, the value of LS factor ranged from 0.0015 to 32.6, with mean and standard 

deviation of 1.90 and 4.5 respectively.  Higher elevation pixels carry high LS factors.  

The result obtained shows consistency with the results reported by Prasannakumar et 

al. (2011b) in Munnar forest division, where LS factor was in the range of 0 to 32 

with mean 5.32 and standard deviation 4.63.  In both the studies, LS factor was 

estimated by the same formula.   

 

 

 

 

 

 

 

 

     Fig. 4.4 Spatial distribution of LS factor in the year 2000 (LS2000) 

Further, the estimated LS values were comparable with several other erosion 

studies conducted in different parts of Kerala which include LS ranges of 0.07 to 58.6 

by Thomas et al. (2017a) in Muthirappuzha sub basin, 0.07 to 58.8 by Thomas et al.  

(2017b) in Pamba river basin, 19.4 by Pradeep et al. (2014) in Meenachil sub-
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watershed and 2.028 for the year 2005 by Prasannakumar et al. (2011a) in Attappady 

region.  The authenticity of the obtained LS factor map can be validated by these 

studies conducted in different parts of Kerala with similar terrain feature.  The mean 

topographical factor showed an increase of 0.44 from 2000 to 2013. 

 

 

 

 

 

 

 

 

 

 

Fig. 4.5 Spatial distribution of LS factor in the year 2013 (LS2013) 

4.1.4 C Factor Map 

 The C factor or cover management factor very much depends on the extent of 

vegetation/canopy cover in the field.  Considering the urbanization and notable 

vegetation changes in the field, the NDVI maps generated from the Landsat imageries 

were used to generate the C factor values for the year 2000 and 2013.  In the present 

study, the calculated C factor through exponential scaling methods ranges from 

0.0001 to 2.05 and 0.0004 to 2.15 for the year 2000 and 2013 respectively.  The 
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higher C factor is obtained for water bodies as well as built-up plus barren lands.  The 

obtained results were in agreement with those derived by the Bayramov et al. (2013) 

and Thomas et al. (2017a).  The derived C factor maps for the years 2000 and 2013 

are shown in Fig. 4.6 and 4.7 respectively. 

 

   

 

  

 

 

 

Fig. 4.6 Spatial distribution of C factor in the year 2000 (C2000) 

 

 

  

 

 

 

  

Fig. 4.7 Spatial distribution of C factor in the year 2013 (C2013) 
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The variation of mean C factor with respect to land use in the years 2000 and 

2013 are shown in Fig. 4.8. 

 

Fig. 4.8 Spatial variation of C factor in the years 2000 and 2013 

Small variation ranging from 0 to 0.15 was observed in C factor values 

corresponding to the land use.  The C factor value increased from the 2000 to 2013.  

It may be due to the decrease in the thickness of canopy as same amount of variation 

is not observed in the case of built-up plus barren lands (Singh and Panda, 2017).  

Highest C factor value observed for built-up plus barren lands in both the years as it 

carries less NDVI values.  Lands with vegetation carries less C factor compared to 

built-up plus barren lands.  The variation of average C factor with respect to land use 

for the years 2000 and 2013 are given in Appendix IV. 

4.1.5 P Factor Map 

 Most of the previous studies related to RUSLE model assigned P value for the 

entire watershed as ‘1’ (Shiono et al., 2002; Alexakis et al., 2013).  The present study 

may be considered to be more accurate compared to above mentioned previous 
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studies as this study considered slope and land use factors for assigning the P factor, 

as suggested by the Wischmeier and Smith (1978).  The prepared P factor maps for 

the years 2000 and 2013 are shown in the Fig. 4.9 and 4.10 respectively.  Controlling 

of the erosion can be accomplished by the modification of P factor.  By varying the P 

factor, it is possible to identify to what extend the erosion can reduce (Adedji et al., 

2010). 

 

 

 

 

 

 

  Fig. 4.9 Spatial distribution of P factor in the year 2000 (P2000) 

 

 

 

 

 

 

       

Fig. 4.10 Spatial distribution of P factor in the year 2013 (P2013) 
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4.2 PREPARATION OF INPUT MAP LAYERS OF MMF MODEL 

 The number of thematic map layers required for the MMF model was 

comparatively higher when considered to RUSLE model.  Among the number of 

thematic maps required in this model, the detachability index map (K) for the study 

area prepared for RUSLE model was used in this model also.  Furthermore, the 

RUSLE P and C factor multiplied and applied as a substitute for the MMF crop cover 

management factor C.  The details about all prepared input map layers for the MMF 

model were described in this section. 

The plant parameters like Et/E0 and A value, the soil parameters like MS and 

BD were assigned for each land use types and soil textures respectively using the 

values suggested by Morgan (2005).  The similar method was followed by Barman et 

al. (2013) and Tesfahunegn et al. (2014) also.  The EHD maps were prepared by 

assigning the value obtained with soil map instead of following Morgan (2005), 

which enhances the accuracy of the preparation of EHD layer.  The maps related to 

soil textures like MS and BD are shown in Fig. 4.11 and Fig. 4.12 respectively.  In 

Fig. 4.13, spatial distribution of EHD values are shown.  Similarly, the ‘A’ values for 

the years 2000 and 2013 are shown in Fig. 14 and Fig. 15 respectively.  The Et/E0 

map prepared for the years 2000 and 2013 are shown in Fig. 16 and Fig. 17. 

The factor C in MMF model is same as the combined form of C and P factors 

in RUSLE model.  While applying the equation to calculate transport capacity (G) of 

rainfall and runoff, the RUSLE C and P factor were substituted instead of adopting 

Morgan (1984) C values as done by Barman et al. (2013).  The derivation of MMF C 

factor from RUSLE C and P was done according to Tesfahunegn et al. (2014), which 

increased the calculation accuracy. 

The slope maps derived from the SRTM DEM were used and sin of the angle 

values was calculated.  The slope factor estimated for the years 2000 and 2013 are 
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shown in Fig. 18 and Fig. 19 respectively.  The mean steepness of the slope for the 

year 2000 was 0.17, which changed to 0.19 during the year 2013.   

 

 

 

 

 

 

 

Fig. 4.11 Spatial distribution of MS values (MS_soil) 

 

 

 

 

 

 

 

 

Fig. 4.12 Spatial distribution of BD values (BD_soil) 
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Fig. 4.13 Spatial distribution of EHD values (EHD_soil) 

 

Fig.  4.14 Spatial distribution of ‘A’ values of the year 2000 (A2000) 
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Fig. 4.15 Spatial distribution of ‘A’ values of the year 2013 (A2013) 

 

 

 

 

 

 

 

 

Fig. 4.16 Spatial distribution of Et/E0 values of the year 2000 (Et/E02000) 



90 
 

 

 

 

 

 

 

 

 

Fig. 4.17 Spatial distribution of Et/E0 values of the year 2013 (Et/E02013) 

 

 

 

 

 

 

 

 

Fig. 4.18 Slope steepness map of the year 2000 (S2000) 
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Fig. 4.19 Slope steepness map of the year 2013 (S2013) 

The calculation of MMF factors was performed in two phases as described in 

the chapter III. 

4.2.1Determination of Factors in Water Phase  

4.2.1.1 Kinetic Energy of Rainfall Map (E)  

To prepare the kinetic energy of rainfall map, the annual rainfall depth (mm) 

for the years 2000 and 2013 obtained from Pattambi and Mannarkad rain gauge 

stations were interpolated using IDW interpolation tool as done to prepare erosivity 

map for the study area (Prasannakumar et al., 2011b).  The annual rainfall obtained at 

Pattambi rain gauge station during the year 2000 and 2013 were 1674.6 mm (in 52 

days) and 2417.3 mm (in 76 days) respectively.  Similarly, the rainfall obtained at 

Mannarkad rain gauge station were 2047 mm (in 67 days) and 2529.1 mm (in 76 

days) respectively for the same years.   
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The kinetic energy factor was determined using the equation suggested by the 

Morgan (2005) specifically for tropical climates.  Intensity of rainfall was taken as 25 

mm/h as done by Morgan (2001) and Barman et al. (2013) for tropical climates.  The 

lack of intensity data affects the overall accuracy of this model.  The kinetic energy 

maps generated for the years 2000 and 2013 are shown in Fig. 4.20 and 4.21 

respectively.  The mean kinetic energy of rainfall obtained for the year 2000 was 

47742.4 J/m2.  The E value increased to 61622.7 J/m2 in the year 2013 as the rainfall 

depth increased.  The generated E value for the Kunthippuzha sub-basin resembles 

with the E value found at Majuli island of Assam by Barman et al. (2013), where it 

was 49294.1 J/m2.  The E value will vary linearly with the rainfall distribution, since 

they are positively correlated.  Bhaware (2006) obtained E value of about 22979.7 

J/m2 in Doon valley, Dehradun from annual rainfall of 954.68 mm, which was in 

proportional to the obtained E factor in this study. 

 

 

 

 

 

 

 

 

 

Fig. 4.20 Spatial distribution of E factor in the year 2000 (E2000) 
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Fig. 4.21 Spatial distribution of E factor in the year 2013 (E2013) 

As the kinetic energy factor depends mainly on the rainfall distribution, 

spatial variation of E factor shows similar trend as the rainfall distribution.  In both 

the year 2000 and 2013, the E factor values increases towards north eastern part of 

the sub-basin as the elevation of the terrain showed similar trend.  The maximum 

kinetic energy was observed around Mannarkad region as it received maximum 

rainfall in both the year (Thlakma et al., 2018). 

4.2.1.2 Depth of Overland Flow (Q) 

To calculate the depth of overland flow (Q, mm), interpolated rainfall depth 

data, moisture storage capacity of the soil (Rc, mm) and interpolated mean rain depth 

per day map were used for both the years 2000 and 2013.  Mean rainy depth/day for 

the years 2000 and 2013 were 31 mm and 32.8 mm respectively.  The moisture 

storage capacity (Rc) of the soil was calculated as a function of MS, BD, EHD, and 

Et/E0.  The spatial variation of Rc factor for the years 2000 and 2013 are shown in 

Fig. 4.22 and Fig. 4.23 respectively.  In the year 2000, the mean moisture storage 

capacity of the soil was 70.3 mm which reduced to 66.1 mm by the year 2013, which 
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indicated the increased runoff capacity with the reduction of vegetation cover 

(Tesfahunegn et al., 2014). 

The analysis of Rc map with soil texture showed that the highest Rc value was 

found to be in clay soil in the year 2000 which was about 93.6 mm and least value 

was found in sandy loam soil (45.5 mm).   Similar trend was found in the year 2013 

also.  These results were in agreement with the general characteristics of different 

textures of the soil (Wischmeier and Smith, 1978).   

The depth of overland flow (Q, mm) by rainfall and runoff obtained in the 

year 2000 varied from 2.9 mm to 2047 mm with the mean of 500.4 mm whereas in 

the year 2013 it was in the range of 4.6 mm to 2529.1 mm with the mean of 748.1 

mm.  The increase in Q value increases the chances of rise in erosion rate in the sub-

basin (Tesfahunagn et al., 2014).  The Q factor map generated for the years 2000 and 

2013 are shown in the Fig. 4.24 and Fig. 4.25 respectively.   

 

 

 

 

 

 . 

Fig. 4.22 Spatial distribution of Rc factor in the year 2000 (Rc 2000) 

The Q value highly depends on the rainfall distribution and soil parameters as 

described by Morgan (2005).  The generated Q factor map shows that in the year 

2013, sandy loam soil experiences more Q value as it had obtained the mean rainfall 

of 2483.6 mm.  Even though clay soil obtained higher mean value of rainfall as well 
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as lesser interception, it experienced lesser Q value which proves the influence of the 

textural properties over the overland flow and thereby on soil erosion.   

 In the year 2000, very less fraction of interception was performed over the 

sandy clay soil; it was clearly visible in its mean Q value as it experiences highest Q 

among others. 

 

 

 

 

 

 

Fig. 4.23 Spatial distribution of Rc factor in the year 2013 (Rc 2013) 

 

 

 

 

 

 

  

Fig. 4.24 Spatial distribution of Q factor in the year 2000 (Q2000) 
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               Fig. 4.25 Spatial distribution of Q factor in the year 2013 (Q2013) 

4.2.2 Determination of Factor in Sediment Phase  

 According to MMF model, minimum of the transport capacity of the rainfall 

and runoff and the rate of soil detachment is considered as soil erosion rate as 

described in the chapter III.  The transport capacity of rainfall and runoff (G) was 

estimated for the years 2000 and 2013.  In 2000, it was found to be in the range of 9.8 

x 10-9 to 3866.1 kg/m2 with mean 97.6 where as in the year 2013, it was in the range 

of 6.1 x 10-8 to 6049.4 kg/m2 with mean of 220.3 kg/m2.  The result was in agreement 

with the result obtained by Barman et al. (2013) at Majuli island of Assam.  The 

slope steepness (S), changes in land use, urbanization in many parts of the study area 

and higher amount of precipitation contributing to raise depth of overland flow leads 

to transport more soil from its original location.  The transport capacity map (G) 

prepared for the year 2000 and 2013 are shown in Fig. 4.27 and Fig. 4.28. 

The rate of soil detachment (F) by rainfall and runoff was calculated by 

considering soil detachability index (K), kinetic energy of rainfall and fraction of 
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interception contributing evapo-transpiration and stem flow (A).  The analysis of the 

map generated showed that the areas with less vegetal cover compared to other areas 

experience more soil loss even though they were obtaining similar amount of rainfall.  

The result was in agreement to the Tesfahunegn et al. (2014).   

In the year 2000, the F value generated for the study area was ranging from 

0.49 kg/m2 to 14.59 kg/m2 with the mean of 2.85 kg/m2.  Similarly in the year 2013, it 

was in the range of 0.69 kg/m2 to 18.09 kg/m2 with mean about 4.03 kg/m2.  The soil 

detachment rate map derived for the Kunthippuzha sub-basin of the years 2000 and 

2013 are shown in the Fig. 4.29 and Fig. 4.30 respectively.   

The analysis of the F map shows that in the years 2000 and 2013, maximum 

mean value of rainfall obtained over clay soil whereas least over the sandy clay 

because of the terrain feature they are located at.  In the year 2000, the least 

interception (mean) value experienced with the soil texture sandy clay where more on 

clay  and sandy clay loam.  Combining the overall influence of the soil parameters, E 

values and interception, clay loam soil experienced more splash detachment (F) 

where sandy clay experiences lesser in the year 2000.  Similarly, in the year 2013, 

sandy clay soil obtained least rainfall distribution as well as maximum interception.  

So, it showed least F value among all textures.   

 

Fig. 26 Variation F values with A factor for the year 2000 and 2013 
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The variation of F value with respect to ‘A’ factor clearly shows the effect of 

vegetation for controlling soil erosion.  Fig. 26 shows the variation F values 

corresponding to A value in the year 2000 and 2013.  The mean values of R, Q, F, 

rainfall and A experienced over each soil texture were given in the Appendix V. 

 

 

 

 

 

 

 

Fig. 4.27 Spatial distribution of ‘G’ factor in the year 2000 (G2000)  

 

          

 

 

 

 

 

Fig. 4.28 Spatial distribution of ‘G’ factor in the year 2013 (G2013) 
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           Fig. 4.29 Spatial distribution of ‘F’ factor in the year 2000 (F2000) 

 

 

 

 

 

 

 

   Fig. 4.30 Spatial distribution of ‘F’ factor in the year 2013 (F2013) 

4.3 Spatial Distribution of Soil Loss by Different Models 

 The spatial distribution of soil loss in the year 2000 and 2013 is described in 

this section.  The soil erosion map for the year 2000 by RUSLE is shown in the Fig. 
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4.31.  The mean soil erosion was found to be about 20.58 t/ha/y.  The total quantity of 

soil eroded was 2056804 t/y.  The obtained soil erosion was in agreement with the 

different studies performed in various places of Kerala having tropical climate with 

mountainous terrain.  The north-east portion of the sub-basin is prone to more 

erosion.  It may be due to the higher precipitation and steeper slope.   

 

 

 

 

 

 

Fig. 4.31 Spatial distribution of soil erosion by RUSLE (2000) 

 Similarly, in the year 2013, soil erosion rate was increased upto 35.1 t/ha/y with 

net amount of 3508451 t/y.  The spatial distribution of soil erosion map obtained by 

RUSLE model in the year 2013 is shown in the Fig. 4.32.  The maps obtained in 2013 

shows similar trend as obtained during 2000 but it varies quantitatively.  The change 

identified in both maps was mainly due to the increased rainfall distribution as well as 

drastic changes in the land use pattern in the study area.   

 On comparison with several studies performed in the Western Ghats, relatively 

similar and comparable result was obtained in Kunthippuzha sub-basin 

(Prasannakumar et al., 2011a; Prasannakumar et al., 2011b; Prasannakumar et al., 

2012; Pradeep et al., 2014 and Thomas et al., 2017a).  The relatively lesser variation 

in soil loss observed in these studies is mainly due to the difference in rainfall 

distribution as well as land use characteristics. 
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Fig. 4.32 Spatial distribution of soil erosion by RUSLE (2013) 

The generated soil erosion map by MMF model for the year 2000 is shown in 

Fig. 4.33. The mean soil erosion rate was found about 18.3 t/ha/y with net quantity of 

1829758 t/y.  The estimated erosion was similar to those obtained by RUSLE model, 

the rate being a little less than that. 

 

 

 

 

 

 

                     Fig. 4.33 Spatial distribution of soil erosion by MMF (2000) 

The estimated value increased quantitatively in the year 2013.  The mean 

average soil erosion found by this model was 32.78 t/ha/y.  The Fig. 4.34 shows the 
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spatial variation of soil loss in the year 2013.   Net quantity of soil eroded was 

3276332 t/y.   

 

 

 

 

 

 

 

Fig. 4.34 Spatial distribution of soil erosion by MMF (2013) 

4.4 Estimation of Sediment Delivery Ratio (SDR) 

 The sub-basin with 16 micro-watersheds is shown in Fig. 4.35  

            

 

 

 

 

 

 

Fig. 4.35 Kunthippuzha sub-basin with 16 micro-watersheds 
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 Erosion from the 822 km2 area with Pulamanthole station as outlet was 

considered.  The SDR values calculated for the years 2000 and 2013 are given in 

Table 4.1. 

Table 4.1. Sediment delivery ratio calculation 

Model YEAR Contributing area Gross 
erosion  
(tonnes) 

Sediment 
yield 

(tonnes) 

SDR 

RUSLE 

2000 
Sub-basin area for the 
outlet 

1907439 42097.327 0.022 

2013 
Sub-basin area for the 
outlet 

3222682 106472.273 0.033 

MMF 
2000 

Sub-basin area for the 
outlet 

1493618 42097.327 0.028 

2013 
Sub-basin area for the 
outlet 

2707101 106472.273 0.039 

 

 Considering the SDR obtained using RUSLE in the year 2013, the average SDR 

calculated for the whole watershed is 0.033.  The result is in agreement with the 

findings of Singh and Panda (2017) who calculated the SDR value in Kapgiri 

watershed, India. 

 The SDR obtained for the entire watershed was very low which indicate that 

even if more amount of soil gets eroded from the Kunthippuzha sub-basin, it gets 

deposited at intermediate locations before reaching the Pulamanthole outlet.  It may 

be due to the trapping of eroded soil in paddy fields before reaching urban areas as in 

the case of Kapgiri watershed (Singh and Panda, 2017).  These conclusions are based 

on logical assumptions that the impact of land use land cover on SDR value is 

influenced by many factors like topography, land use land cover, soil characteristics, 

transport system as well as their complex interactions (Walling, 1983; Richard, 

1993).   
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 The result obtained from the present study is also in agreement with the 

findings of Zhou and Wu (2008) who explained that the sediments are more prone to 

deposition.  Zhou and Wu (2008) calculated SDR values in Chaobaihe catchment, 

North China.  The calculated SDR values from the 6 hydrological stations were 

0.001, 0.038, 0.159, 0, 0.012 and 0.036.  The result showed that the SDR obtained at 

downstream outlet was less, as a result of increase in area.   

 The SDR value also highlights the inefficiencies of the conventional methods to 

quantify soil erosion through sediment trapping, as it does not consider the trapping 

of sediments in the intermediate locations inside the watershed.  So, assessment of 

soil erosion using soil erosion models with the integration of GIS and remote sensing 

provides cell based details which can overcome the demerits of the conventional 

techniques.  

4.5 Erosion Severity Maps Based On Erosion Scores for the Year 2013 to 

Identify the Erosion Prone Areas 

 This study adopted factor related scoring techniques based on the zonal 

statistics to prioritize the Kunthippuzha sub-basin based on erosion severity classes.  

For the development of hydrologic response zones, the land use maps, soil texture 

maps, reclassified rainfall distribution maps and reclassified slope maps were taken 

(Haregeweyn et al., 2017).  Zonal mean soil losses were derived for each layer from 

the obtained soil erosion maps by RUSLE and MMF models.  Fig. 4.36 to 4.38 shows 

the zonal elements of slope, rainfall, soil texture and land use layers and their 

corresponding obtained average soil losses by RUSLE as well as MMF models.   

 Among different ranges of rainfall distribution, by MMF model 74.2% of 

erosion occurred within the range of rainfall > 2500 mm which accounted for 61% of 

the study area.  Lesser contribution observed under the 2460-2480 mm range, which 

was about 5.9% accounted for 6.1% of the study area.  Similarly, in the case of 

RUSLE model, it showed similar trend, but it varied quantitatively.  The highest 
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fraction of soil loss was 78.7% and lowest was 4.7%.  The mean soil erosion 

corresponding to each range and its areal distribution is given in the Appendix. VI. 

 

 

 

 

 

 

Fig. 4.36 Zonal elements of rainfall and slope with their corresponding mean soil 

erosion by RUSLE and MMF 

 

 

 

 

 

 

 

 

 

       Fig. 4.37 Zonal elements of soil with mean soil erosion by RUSLE and MMF 
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Fig. 4.38 Zonal elements of vegetation with mean soil erosion by RUSLE and 

MMF 

Among the slope classes, by MMF model, very gentle slope lands accounted 

for 7.3% (10.14% of area), gently sloping lands for 34.73% (40.71% of area), steeply 

sloping lands for 26.21% (27.73% of area) and very steep slopes for 31.76% (21.4% 

of area) of the soil losses.  By RUSLE model, it was 4.4, 28.06, 23.12 and 43.37% 

respectively.  Maximum soil erosion was observed at very steeper slope in both the 

models (Appendix VIII). 

Among the soil textures, highest mean soil erosion was observed in the case 

of sandy clay loam in both the models.  The mean values, total erosion and areal 

distribution corresponding to each soil texture are given in Appendix VII.  Among 

land uses, by MMF model, high average soil losses of about 108.9 t/ha was 

experienced under built-up plus barren land whereas least was about 6.1 t/ha under 
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mixed crop.  Similarly by RUSLE model, the values was 104.9 and 4.4 t/ha 

respectively for built-up plus barren land and mixed crop (Appendix IX). 

     

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.39 Soil loss scores for major soil loss factor layers: (a) land use score (b) 

slope score (c) soil score (d) rainfall score (RUSLE) 

In accordance with the zonal analysis results, mean rate of soil erosion as well 

as the relative scores were calculated for each layer.  The scores corresponding to 

each layer are given in Appendix (V-IX).  The score maps related to land use, slope, 

soil and rainfall were generated from RUSLE and MMF model which are shown 

A B 

C D 

A B 

C D 
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respectively in Fig. 4.39 and Fig. 4.40.  Combining the relative scores of each maps, 

total score map of the Kunthippuzha sub-basin was generated.  As explained in the 

chapter III, the scores were divided into the five classes.  The final soil erosion risk 

maps with severity classes generated using RUSLE and MMF model is shown in Fig 

4.41 (A-B) respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  4.40 Soil loss scores for major soil loss factor layers: (a) soil score (b) slope 

score (c) rainfall score (d) and land use score (MMF) 

The Erosion prone areas were identified and they are categorized as very 

slight, slight, moderate, severe and very severe erosion affecting areas.  The range of 

erosion classes with its areal extent are given in Table 4.2.   

A 
B 
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Fig. 4.41 Soil erosion map with severity ranges A) RUSLE B) MMF 
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Table 4.2. Soil erosion severity classes with area covered 

Erosion 
severity 

class 

Area covered by erosion severity classes 
RUSLE MMF 

km2 % km2 % 
Very slight 1.56 0.15 0.00 0.00 

Slight 413.41 40.70 396.36 39.02 
Moderate 292.15 28.76 375.21 36.94 

Severe 229.7 22.61 151.59 14.92 
Very severe 62.49 6.15 76.15 7.5 

 

 From the result obtained in this study, it is visible that the erosion rates 

estimated by two models differ quantitatively.  But in qualitative terms, both models 

shows similar trend of variation.  The result obtained by RUSLE shows that it mainly 

follows the topography.  This finding was in agreement with the result obtained by 

Svorin (2003).  In hilly terrains, higher results are obtained by RUSLE model.  The 

erosion results are sometimes under estimated in MMF model especially in hilly 

topography with vegetation cover, as this model considers the minimum value of F 

and G where F value is totally independent of slope.  The similar discussion was 

made by Mondal et al.  (2016) also.  As the Kunthippuzha sub-basin lacks field data 

on soil loss, the validation of the two models could not be done.  So, qualitative 

comparison instead of quantitative comparison was made between the models.  The 

erosion severity areas (very severe areas) were similar in both the maps (Fig. 4.40).  

Those points were checked with the priority details in watershed atlas from 

Department of Soil Survey and Soil Conservation, which confirm the correctness of 

the obtained erosion prone area map by two models.   

4.5 Analysis of Effect of Land Use on Erosion  

 The NDVI values are the vegetation related indices derived from the 

multispectral satellite imageries.  These are very much dependant on the extent of 

canopy.  As vegetation is one of the most influencing parameter of soil erosion, 
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assessment of NDVI to correlate the vegetation and thereby soil erosion is very much 

necessitated.  More than crop type, this factor depends on the thickness as well as 

greenness of the canopy. 

 The NDVI maps of the Kunthippuzha sub-basin for the year 2000 and 2013 

were generated from the satellite imageries Landsat 7 and Landsat 8 respectively, 

which are shown in Fig. 4.42. 

  

     

  

 

 

 

 

Fig. 4.42 NDVI maps for the years 2000 and 2013 

The NDVI values obtained of the Kunthippuzha sub-basin in the year 2000 

was ranging from -0.561 to 0.83 where as in the year 2013, it was -0.621 to 0.8.  The 

range of NDVI map obtained in the year was validated using NDVI map prepared by 

the LISS III satellite image downloaded from the Bhuvan.  Very little variation was 

observed between the maps prepared from Landsat 8 and LISS III image which can 

be attributed to difference in the resolution of the image.   

To analyse the NDVI values with the spatial and temporal variation of land 

use, land use maps for the years 2000 and 2013 were prepared from Landsat 

imageries.  Ten predominant land use types were identified.  The land covered with 

more types of crops was named as ‘mixed crop’.  Other land uses identify in the 
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watershed was barren + built-up land, water bodies, rubber, coconut, paddy, grass 

land, banana, scrubs and forest.  Some of the land uses generated from satellite data 

were verified by ground truthing with GPS.  The landuse maps prepared for the study 

area in the year 2000 and 2013 are shown in Fig.4.43 (A-B). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.43 Land use maps generated for Kunthippuzha sub-basin for the year a) 

2000 b) 2013 

Field photographs taken during the ground truthing are shown in Plate 4.1. 
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Plate 4.1.  Field photographs of the study area 

 The analysis of NDVI maps with land use shows that it depends mainly over 

vegetation canopy rather than the crop type.  The mean NDVI values corresponding 

to different land uses and its variation in the year 2000 and 2013 are given in Table  

4.3. 

  The NDVI maps generated for the year 2000 and 2013 shows that higher 

NDVI values are located in the north-east side of the Kunthippuzha sub-basin, 

especially corresponding to forest land.  Similarly, lesser range of NDVI values 

obtained corresponding to water bodies.  The result obtained was in agreement with 

the Sharma (2010) who conducted similar study at Maithon catchment, Jharkhand.  
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The comparison of the NDVI maps of the years 2000 and 2013 proved the occurrence 

of some drastic variation in the spatial distribution of NDVI values.  The count of 

pixels (30 m x 30 m) with NDVI greater than 0.5 was decreased in the year 2013, 

which are the clear demarcation of the decrease in the vegetation extent as well as the 

density of canopy by the year 2013.  The NDVI ranges and corresponding count of 

pixels for the years 2000 and 2013 are shown in Fig.  4.44. 

 

Fig. 4.44 Variation of pixel count with NDVI values 

The land use pattern varies spatially as well as temporally within the 

watershed and hence erosion.  Among all the identified land use types, highest 

erosion was found by RUSLE and MMF was in the built-up plus barren land in the 

year 2000 as well as 2013.  According to the results obtained from RUSLE and MMF 

the lesser erosion was experienced under mixed crops in the year 2013, whereas it 

was under paddy during the year 2000.  The variations of area under each land use 
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class, average NDVI values, mean soil erosion rate (t/ha/y) obtained through the 

RUSLE as well as MMF model for both the years 2000 and 2013 are given in Table. 

4.2. 

Table 4.3.  Spatial variations in NDVI and mean soil erosion with the changes in 

land use in the year 2000 and 2013 

 

Considering the areal distribution of land use, as a result of urbanisation, 

keeping the land uncultivated as well as deforestation, the areal extent of built-up plus 

barren land gets increases by 32.57 km2 from 2000 to 2013, which leads to increase 

the rate of soil erosion.  According to RUSLE model, the increase was about 35.49 

t/ha/y whereas by MMF it was 42.77 t/ha/y. 

Average erosion rate varies within the sub-basin among various land uses.  

The analysis with temporal and spatial variation of soil erosion, maximum rate of soil 

Land use type Area (km2) 
Average 
NDVI 

Mean soil loss (t/ha/y) 

RUSLE MMF 

 2000 2013 2000 2013 2000 2013 2000 2013 

Built-up + 
Barren land 

178.03 210.60 0.001 0.02 69.50 104.99 66.11 108.88 

Grass Land 8.09 4.49 0.51 0.46 15.31 49.48 10.60 30.90 

Mixed crops 311.06 311.23 0.54 0.51 4.34 4.37 3.01 6.07 

Forest 180.69 170.79 0.53 0.52 18.15 37.1 11.65 24.03 

Rubber 152.20 158.87 0.62 0.48 8.54 17.3 8.30 8.17 

Banana 3.08 2.32 0.48 0.38 5.28 6.58 7.84 11.68 

Paddy 106.89 72.02 0.49 0.42 1.42 6.62 2.34 6.48 

Scrubs 47.81 43.35 0.51 0.40 40.60 38.84 37.68 39.78 

coconut 11.44 25.62 0.50 0.42 2.83 4.98 4.90 7.25 
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erosion was found in the built-up land plus barren.  In the case of forest land, a 

decrease in area about 10.1 km2 by the gap of 13 years, the drastic changes in soil 

erosion rate was observed, which reveals the importance of conserving forest land.  

The drastic change was mainly caused by the steeper sloping condition of the terrain 

of which they are located at.  As the soil erosion is the result of complex interaction 

of many factors.  Most of the sediment transport was happened in the water bodies.  

Implementation of water conservation measures like check dams, gully plugging etc 

can reduce such kinds of erosion.  A small increase of about 0.17 km2 was observed 

in the case of ‘mixed crops’, even though 3.06 t/ha/y increases in erosion was 

observed by MMF model, this may be mainly due to the effect of increase in rainfall.  

In these areas, even the occurrence of dramatic changes in rainfall distribution, only 

small raise in erosion was observed because of the effect of canopy cover.  The 

grasslands are situated in hilly terrain with higher slopes.  The areal coverage of 

grasslands was reduced by 3.60 km2 by the year 2013.  The erosion rate increased 

according to both methods from 15.30 to 49.48 and 10.60 to 30.90 respectively.  This 

variation indicates the necessity of vegetation cover in controlling the erosion even in 

the steeper slopes also. 

In the case of rubber plantation, the planted area showed an increase of 6.6 

km2, which reduces the erosion by 0.126 t/ha by the MMF model, but according to 

RUSLE some deviation in the results was noted.  It can be interpreted by the general 

nature of the RUSLE and MMF model as the former model mainly depends on 

topography, where splash detachment factor in MMF was totally independent of 

slopes.  The rate of soil erosion increased under the coconut plantation was 

comparatively lesser as the area under coconut was increased by the 11.44 km2 to 

25.62 km2, mainly due to conversion of paddy fields.  The soil with more clay content 

also helps to reduce the erosion. 

The analysis of the effect of overall changes in land use over soil erosion 

clearly revealed the importance of vegetation cover in controlling the erosion.  The 
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analysis showed that even though the vegetation is one of the most influencing 

parameters, other parameters like soil characteristics, slope and rainfall also play 

important role in this.   

The study can be extended for predicting the future soil erosion by analysing 

the trend observed during the previous studies. Accurate measurement of different 

parameters in the field and incorporation of rainfall intensity data can improve the 

performance of the models. Furthermore, the identification of the most prominent 

factor affecting soil erosion on pixel basis will help in implementing soil and water 

conservation measures in sub-basin.  
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CHAPTER V 

SUMMARY AND CONCLUSION 

Land and water are the two fundamental natural resources extremely essential 

for the existence of life.  Among all issues associated with land and water, soil 

erosion is the most common, well-distributed and complex problem experienced 

mostly in humid and sub-humid mountainous regions. Hence, identification of 

erosion prone areas for the effective management of these two vital resources is very 

much necessitated for the overall development of country. This particular study 

mainly focused to identify the erosion prone areas in Kunthippuzha sub-basin using 

RUSLE and MMF models and to analyse the effect of spatial and temporal variations 

of land use and the corresponding effects on the rate of soil erosion with the support 

of NDVI values. The GIS technology incorporated remote sensing data which can 

give more reliable prediction was adopted in this study, as the conventional methods 

to estimate soil erosion rate are very expensive and time consuming. Furthermore, the 

chance of deposition of detached particles in other parts of the watershed other than 

outlet is more in case of conventional methods. The estimation was done for two 

years (2000 and 2013) to analyse the effect of temporal variations of land use – land 

cover on erosion. 

 For the execution of RUSLE model, map layers corresponding to R factor, K 

factor, LS factor, C factor as well as P factor were prepared and analysed for its 

spatial variation within the watershed. Data corresponding to rainfall, soil, slope as 

well as vegetation were collected for the years 2000 and 2011. The rainfall data was 

collected from the Pattambi and Mannarkad rain gauge station and the soil related 

data was collected from the department of soil survey and soil conservation. The 

slope and vegetation related parameters were derived from the remote sensing data 

viz. digital elevation models and satellite imageries. The mean value of R factor 

estimated using the daily rainfall data of the years 2000 and 2013 were 198.3 and 



119 
 

250.7 MJ mm ha−1 h−1 y−1. The estimated K factor ranged from 0.10 to 0.29 t ha h 

ha−1 MJ−1 mm−1. The average value of LS was found to be 1.46 and 1.90 respectively 

for the years 2000 and 2013 generated using the digital elevation models. The C 

factor was estimated using the NDVI values derived from the satellite imageries. The 

C factor found to be increasing in the study area due to the changes in land use and 

decrease in the density of canopy. The P factor was estimated by assigning values 

obtained from the literature according to land use as well as percentage slope. 

 For the execution of MMF model, the calculation was done in two phases, 

viz., water and sediment phase. In the water phase, the kinetic energy of rainfall (E) 

as well as depth of overland flow (Q) were determined for both years 2000 and 2013.  

The kinetic energy of rainfall (E) increased towards the north-east side of the 

watershed and the rainfall distribution also showed the similar trend. The estimated 

average E value for the years 2000 and 2013 were 47742.44 J/m2 and 61622.75 J/m2 

respectively. The depth of overland flow showed profound correlation with the soil 

texture and rainfall distribution and was 500.4 mm and 748.1 mm for the years 2000 

and 2013 respectively. The value was less in clay textured soil for both the years. The 

RUSLE map viz. K factor map, C factor map and P factor map were used in the 

MMF model also. In the sediment phase, detachment capacity of rainfall (F) and 

transport capacity of the runoff (G) were estimated. The minimum value among the 

two (F and G) based on pixel value was taken as the soil erosion rate.  Among these 

two factors, F factor is totally independent of slope and strongly depended on soil 

parameters, where as C factor varies with vegetation as well as slope. 

 The mean soil erosion estimated for the year 2000 by MMF and RUSLE 

model were 18.30 t/ha/y and 20.58 t/ha/y respectively. Similarly in the year 2013, it 

was 32.78 t/ha/y and 35.1 t/ha/y respectively. Analysis using both the models showed 

that the north-east side of the watershed experienced more erosion. Both the models 

gave spatial variation of soil erosion with the integration of GIS. The erosion results 

are sometimes under estimated in MMF model especially in steep slope areas as the F 
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factor in MMF model completely independent of slope, Results obtained from both 

models were quantitatively different, but were similar qualitatively. 

Sediment Delivery Ratio was calculated for the entire watershed. The SDR 

obtained for entire watershed was less which indicates that most of the eroded 

sediments get deposited at intermediate locations before reaching the outlet, as 

intermediate locations contains more paddy fields and plain areas. The SDR 

calculation enhances the importance of adopting GIS technology. 

 In order to find the erosion prone areas in the sub-basin, quantitative 

assessment along with qualitative ranking using factorial scoring method was 

adopted. Pixel based scoring was done based on mean soil erosion value obtained 

under each zone of rainfall, slope, soil and vegetation. The score raster corresponding 

to land use, rainfall, slope and topography were added and combined score map was 

obtained.  From the study based on the RUSLE model, 0.15% of the area experienced 

very low erosion, 40.70% was under slight erosion and 28.76% area under moderate 

erosion severity class. The percentage under severe erosion range was 22.61% and 

under very severe erosion range was 6.15%. According to MMF model, about 

39.02% of total area of watershed was found under very low risk range of erosion.  

Around 36.94 per cent of sub-basin lies in slight risk of erosion. 14.92% sub-basin 

area was under severer range while about 7.50% of area showed very severe risk of 

soil erosion. 

NDVI values corresponding to land use were identified, in which negative 

NDVI values correspond to water pixels, whereas higher NDVI values represents the 

thick vegetation. In the year 2000, the NDVI value ranged from -0.561 to 0.83 where 

ass in the year 2013, it was -0.621 to 0.8. From the analysis of the temporal variation 

in land use over the NDVI, it was observed that NDVI value decreased by the year 

2013 at the points where density of the canopy decreased. The spatial variation of soil 

erosion varied from pixel to pixel according to the land use pattern. Highest soil 
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erosion risk was noted for built-up plus barren land. Considering the areal distribution 

of land use as a result of urbanisation, keeping the land uncultivated as well as under 

deforestation, the areal extent of built-up plus barren land got increased by 32.57 km2 

from the year 2000 to 2013, which led to the increase the rate of soil erosion. The 

least temporal variations in soil erosion was observed in the case of mixed crops 

which was about 0.03 t/ha/y by RUSLE model and 3.05 t/ha/y by MMF model.  

Furthermore, the analysis showed that the erosion occurrence depends on the overall 

effect of the complex interactions between the rainfall, slope, vegetation as well as 

topography.   

Analysis of the study showed that in RUSLE model the estimated rate of 

erosion mainly varied based on changes in topography, whereas in MMF it is highly 

dependent on vegetation. The performance of the MMF model can be improved if all 

the parameters involved in the model can be accurately measured in the field. 

Considering the results obtained from the two models, it was observed that the 

output from the models varied quantitatively, but qualitatively they showed similar 

trend. As Kunthippuzha basin lacks field data corresponding to soil erosion, 

verification of the two models was not possible.   
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APPENDIX I 
 

 
a) R factor calculation for the year 2013 

 
Month Mannarkad (2013) Pattambi (2013) 

Rainfall, 
mm Days 

Monthly R 
value, 

MJ. mm/ha/ 

h/y 
Rainfall, 

mm Days 

Monthly R 
value, MJ. 
mm/ha/ h/y 

January 0.0 0 -1.421 0.0 0 -1.421 
February 51.0 2 -1.104 15.2 1 -27.95 

March 0.0 0 -1.421 13.7 1 -30.31 
April 117.7 5 17.801 161.3 4 25.44 
May 56.8 1 1.331 94.4 4 13.32 
June 767.0 20 60.171 702.2 20 58.68 
July 334.8 13 41.432 397.2 15 45.81 

August 262.2 9 35.907 382.6 13 44.96 
September 394.8 10 45.159 331.4 8 41.71 

October 390.6 12 44.917 197.9 7 30.06 
November 154.2 4 23.907 121.4 3 19.01 
December 0.0 0 -1.421 0 0 -1.421 

2529.1 76 265.26 2417.3 76 217.89 
 
Sample Calculation 

To calculate monthly R value 

Consider month July (Mannarkad) with monthly rainfall of 334.8 mm 

According to equation 

R = 17.35 x (1.5 log10 (Pi
2/ P) - 0.08188) 

 = 17.35 x (1.5 log10 (334.82/2529.1)-0.08188) 

 = 41.43 MJ mm ha-1 h-1 y-1 
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b) R factor calculation for the year 2000 

 

Month Mannarkad (2000) Pattambi (2000) 

Rainfall, 
mm Days 

Monthly R 
value, MJ. 
mm/ha/ h/y 

Rainfall, 
mm Days 

Monthly R 
value, MJ. 
mm/ha/ h/y 

January 0 0 -1.421 0.0 0 -1.421 
February 0 0 -1.421 0.0 0 -1.421 

March 13 1 -29.612 0.0 0 -1.421 
April 134 6 23.123 23.2 1 -14.25 
May 37 2 -5.968 29.1 2 -9.12 
June 480 17 51.966 534.0 16 56.65 
July 233 5 35.628 262 5 40.55 

August 462 14 51.102 468 15 53.69 
September 239 8 36.203 113.4 5 21.62 

October 326 11 43.221 160.6 6 29.48 
November 90 2 14.126 53.2 1 4.51 

December 33 1 -8.554 31.1 1 -7.62 

2047 67 208.39 1674.6 52 175.47 
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APPENDIX II 
 

Raingauge stations with details about location and rainfall related parameters 
used for interpolation 

 
 

Raingaug

e station 

Latitude Longitude Year Erosivity 

factor, R 

(MJ mm 

ha-1 h-1 y-1) 

Annual 

rainfall, 

mm 

No. of 

rainy 

days/ 

year 

Kinetic 

energy of 

rainfall, E 

Pattambi 10o 48’N 76o 12’ E 2000 175.47 1674.6 52 41362.62 

2013 217.89 2417.3 76 59707.71 

Mannarkad 10o 59’ 

36” N 

76o 27’ 

39.59”  E 

2000 208.39 2047 67 50560.9 

2013 265.26 2529.1 76 62468.77 

 
Sample calculation for kinetic energy of rainfall (E) 

 

 E = R x (29.8 – (127.5/ I) 

Where, intensity of rainfall I = 25 mm/h, R = annual rainfall in mm 

Consider data from Pattambi, year 2000 

 E = 1674.6 x 24.7 = 41362.62 J/m2 
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APPENDIX III 
 
 
 

Calculation of erodibility factor K 
 

Soil name Vfs, 

% 

Silt 

% 

clay 

% 

texture om 

% 

c b K 

Vazhikadavu 3.00 17.40 33.1 Sandy clay loam 2.76 3 3 0.11 

Vadavannur 15.30 18.00 22.3 Sandy clay loam 1.98 3 4 0.23 

Tholuvannur 5.26 1.29 51.48 Sandy clay 2.21 4 4 0.10 

Tholanur 20.10 16.80 17.4 Sandy loam 0.78 3 4 0.29 

Thattengalam 2.00 33.20 30.9 clay loam 1.65 1 4 0.17 

Ramapuram 0.46 30.37 32.63 clay loam 4.22 4 3 0.16 

Paruthimala 11.50 18.70 23.9 sandy clay loam 5.07 3 2 0.10 

Pariyanampatta 7.80 21.40 40.2 clay 0.83 3 4 0.18 

Parali 10.00 23.40 32.3 clay loam 0.67 3 4 0.22 

Mannur 6.10 14.16 15.3 sandy loam 2.07 3 4 0.17 

Kottamala 19.50 22.50 23.75 sandy clay loam 1.14 3 4 0.29 

Karuvarachundaki 10.50 28.75 37.5 clay loam 2.12 4 4 0.24 

Karinganthodu 8.90 11.00 33.5 sandy clay loam 1.60 3 4 0.14 

Irumpiliyam 0.53 36.41 33.98 clay loam 2.52 4 4 0.23 

Churathinmel 2.11 28.12 21.72 sandy clay loam 2.43 4 2 0.17 

Chelari 0.94 43.22 30.63 clay loam 0.91 3 2 0.22 

Anjur 1.74 16.74 39.72 clay loam 2.72 3 4 0.12 

Angadipuram 2.30 26.90 26.5 sandy clay loam 1.21 3 3 0.17 

Agali 9.68 35.51 29.4 clay loam 1.03 3 4 0.29 

*vfs = very fine sand; om = organic matter; c= Permeability class; b= structural class 
 
 
 
 



148 
 

Sample calculation of K factor 
  
 For Vazhikkadavu series,  

K = {2.1 × M1.14 × 10-4 × (12-a) + 3.25 × (b-2) + 2.5 × (c-3)} /100         

In which, M = (% of silt + % of very fine sand) x (100 - % of clay), ‘a’ is the % of 

organic matter content in the soil, ‘b’ indicates value corresponding to structural 

classes and c indicates the value corresponding to the permeability class. 

{ M =  (17.4 + 3) * (100-33.1) = 1364.76, 

  a = 2.76, b = c = 3 } 

therefore K =  {2.1 * 1364.76 1.14 * 10-4 * (12-2.76) + 3.25 * 1} / 100 

                   = 0.11 t ha h-1 ha-1MJ-1 mm-1 

 

 
 
 

APPENDIX IV 
 
 
 

Variation of average C factor with respect to landuse for the year 2000 and 2013 
 

Landuse C  (2013) C (2000) 
Build-up plus barren land 0.97 0.99 

Grassland 0.17 0.12 
Waterbodies 1.7 1.7 
Mixed crop 0.13 0.1 

Forest 0.11 0.1 
Rubber 0.15 0.04 
Banana 0.3 0.15 
Paddy 0.23 0.13 
Scrub 0.26 0.12 

Coconut 0.23 0.13 
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APPENDIX V 
 
 
 

Mean values of Rainfall (R), depth of overland flow (Q), rate of splash 

detachment (F), and % interception contributing evapo-transpiration and 

runoff (A) with respect to soil texture in the year 2000 and 2013 

 

Year 2000 2013 

Texture R, mm Q, mm F, kg/m2 A R, mm Q, mm F, kg/m2 A 

sandy clay 

loam 1921.05 393.87 2.49 29.58 2491.29 672.71 3.83 26.50 

clay loam 1968.56 603.63 3.41 25.94 2505.55 736.22 4.06 26.82 

sandy clay 1716.57 826.00 2.32 19.96 2429.9 676.91 2.19 28.08 

sandy loam 1895.48 609.26 2.83 28.31 2483.61 979.76 4.52 25.74 

clay 2029.82 290.72 2.56 29.78 2523.94 590.77 3.95 25.96 
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APPENDIX VI 
 

Mean soil erosion corresponding to rainfall range and score assigned 
 

MODEL RUSLE MMF 

Rainfall 

range, mm 

Area, 

km2 

Mean 

(t/ha/y) Score 

Mean, 

(t/ha/y) Score 

2420-2440 152.50 13.48 0.38 16.33 0.50 

2440-2460 93.49 17.95 0.51 21.92 0.67 

2460-2480 84.59 22.35 0.64 23.40 0..71 

2480-2500 62.30 31.43 0.90 33.14 1.01 

>2500 622.12 45.11 1.29 39.70 1.21 

 
 

 
 

APPENDIX VII 
 
 

Mean soil erosion corresponding to soil texture and score assigned 
 

MODEL RUSLE MMF 

Texture 

Area, 

km2 

Mean 

(t/ha/y) Score 

Mean 

(t/ha/y) Score 

sandy clay loam 446.94 43.23 1.23 35.14 1.07 

clay loam 330.58 33.56 0.96 31.77 0.97 

sandy clay 3.43 6.43 0.18 14.12 0.43 

sandy loam 193.55 24.60 0.70 32.76 1.00 

clay 40.49 11.80 0.34 16.63 0.51 
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APPENDIX VIII 
 

 
Mean soil erosion corresponding to slope and score assigned 

 
MODEL RUSLE MMF 

Slope 

range, % 

Area, 

km2 

Mean 

(t/ha/y) Score 

Mean 

(t/ha/y) Score 

< 5 102.94 15.20 0.43 23.60 0.72 

5 - 15 413.16 25.15 0.72 28.00 0.85 

15 - 30 281.52 29.30 0.83 31.00 0.95 

>  30 218.12 70.94 2.02 48.49 1.48 

 
 

APPENDIX IX 
 

Mean soil erosion corresponding to land use and score assigned 
 

MODEL RUSLE MMF 

Name Area, km2 

Mean 

(t/ha/y) Score 

Mean 

(t/ha/y) Score 

Built-up Land 210.60 104.99 2.99 108.88 3.22 

Rubber 158.87 17.30 0.49 8.17 0.25 

Paddy 72.02 6.62 0.19 6.48 0.19 

Banana 2.32 6.58 0.19 11.68 0.36 

Coconut 25.62 4.98 0.14 7.25 0.22 

Scrub 43.35 38.84 1.11 39.78 1.21 

Mixed Crop 311.23 4.37 0.13 6.07 0.18 

Grass Land 4.50 49.48 1.41 30.90 0.94 

Forest 170.79 37.10 1.06 24.03 0.73 
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ABSTRACT 

This study mainly focused to identify the erosion prone areas in Kunthippuzha 

sub-basin using RUSLE as well as MMF model.  The effect of spatial and temporal 

variations of land use-land cover on soil erosion was analysed with the help of NDVI 

values.   The estimation was performed for the year 2000 and 2013.  The mean soil 

erosion estimated for the year 2000 was 18.30 and 20.58 t/ha/y respectively by MMF 

as well as by RUSLE model.  Similarly in the year 2013, it was 32.78 and 35.10 

t/ha/y respectively. 

To find the erosion prone areas in the sub-watershed factorial scoring method 

was chosen, in which pixel based scoring was done based on mean soil erosion value 

obtained under each layers of landuse, rainfall, slope and topographic raster.  From 

the study based on the RUSLE model, 0.15% of the area experienced very slight 

erosion.  40.70% of the area was with slight erosion, 28.76% area was under 

moderate erosion, 22.61% of the area was under severe range and 6.15% area was 

under very severe range.  According to MMF model, the areal extent observed under 

slight, moderate, severe and very severe risk categories was 39.02%, 36.94%, 

14.92%, 7.50% respectively. 

NDVI values corresponding to land use were identified, in which negative 

NDVI values correspond to water pixels whereas higher NDVI values represents the 

thick vegetation.  From the analysis of the temporal variation in land use over the 

NDVI, it was observed that NDVI value decreased at the points where density of the 

canopy decreased.  The spatial variation of soil erosion varies pixel to pixel according 

to the landuse pattern.  Highest soil erosion risk was observed under built-up plus 

barren land. Sediment Delivery Ratio (SDR) was calculated for the entire sub-

watershed, which shows that most of the eroded sediments get deposited at 

intermediate location before reaching the outlet.  The SDR calculation enhances the 

importance of adopting GIS technology in soil erosion assessment.   


