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Abstract 
Soil erosion by water is pronounced critical problem in Himalayan terrain due to 
anthropogenic pressure on its mountainous landscape. Its assessment and 
mapping of erosion prone area are very essential for soil conservation and 
watershed management. The present study was carried out to assess soil erosion 
in Sitla-rao watershed using remote sensing and GIS in Dehradun district of 
Uttaranchal state with the objectives of  (i). To investigate the incidence of 
erosion indicators (features) and erosion assessment based on field survey (ii). 
Spatial Soil Erosion Risk Modelling using MMF model Hierarchical approach in 
soil erosion risk assessment. The DEM was generated to prepare slope map. 
About 45 percent of area falls under Moderately to Very steep Sloping and 22 
percent of total area falls under extremely steep slope classes. Landuse / land 
cover analysis revealed that 38.46 percent area of watershed are under 
cultivation. It was found that about 32 and 22 percent of area was under forest 
and scrub land respectively. Erodebility of soils ( K factor) ranges from 0.50 to 
0.75. Both qualitative and quantitative approaches were adopted in the present 
study to assess soil erosion risk. Field survey was carried out for “assessment of 
current erosion damage” (ACED). It was found that, barren land and scrubland 
in the watershed, acting as a driver for soil erosion. Quantitative estimation of 
soil loss by water erosion in the study area was modeled by performing spatial 
soil erosion risk modeling using MMF model. Rainfall energy (E) calculated was 
22979.783 J/m2 for 954.68 mm rainfall of June – October 2005. About 36 percent 
of total area of watershed was found under very low risk of erosion. Around 26 
percent of watershed lies in moderate risk of erosion. While about 20 percent of 
area shows high to severe risk of soil erosion. Vulnerability to soil erosion risk in 
the watershed revealed that 42.47 percent area of cropland (mainly maize) was 
in high soil erosion risk class Within open forest cover, 46 percent of the area is 
under moderate to high risk of erosion. More than 47 percent of open scrub 
observed to be contributing to moderate to severe class of erosion risk. Since the 
natural rate of soil loss is high (Morgan, 1986) in mountainous area. Therefore, if 
a soil loss of up to 20 tonnes/ha/year is considered tolerable limit then 25 percent 
of the total area of watershed and 17 percent of total cropland are predicted to 
be vulnerable to severe to very severe soil erosion risk class. Thus, this watershed 
needs to be managed for soil conservation measures. The predicted of soil 
erosion rates were validated by comparing with the actual current erosion 
damage  (ACED) assessed in the field. It was observed in the case of 
orchard/plantation, grassland and forest, ACED estimated well but MMF was 
underestimating the soil loss at both the scales. While in case of scrubland, 
ACED was underestimating the soil loss. However, both ACED and MMF 
classified all the plots under barren land as severe class of soil erosion at plot 
scale. It may be attributed to the fact that soil erosion is highly variable in the 
spatial as well temporal domain; therefore, soil loss does not occur in a uniform 
manner in each landscape level. Therefore, in order to evaluate soil loss for each 
landscape level, a hierarchical approach of spatial risk modeling was adopted in 
the study. Soil loss observed under cropland at all the scales was varying. Very 
low risk of erosion was observed at plot level. Soil loss was found ranging from 
low to moderate risk in all the classes under forestland at landscape scale but it 
was of very low risk at plot level. However, the high risk of soil erosion was 
predicted under forest boundary class that was delineated only at watershed 



scale. This prediction also matches with the observations noticed during field 
survey that the gully erosion along the forest boundaries and low management 
practice were recorded. MMF results at landscape scale, were over-estimating 
the soil loss for cropland (mainly paddy), orchards/plantation and forest 
whereas, underestimating for scrublands. Thus, the results achieved by modeling 
the risk of soil erosion based on hierarchical analysis prove the necessity of soil 
erosion assessment at multiple levels in landscape. For obtaining information 
regarding severity of erosion in order to plan for soil and water conservation 
hierarchical approach is suggested. Remote sensing and GIS helped to study soil 
erosion spatially employing modeling approach in hilly terrain. Model estimated 
erosion assessment were well matched with field based current erosion damage 
assessment. Model provided very well estimate of erosion patterns at landscape 
scale. Hierarchical approach highlighted need to study erosion at various 
landscape level  to understand erosion factors and its role in erosion assessment. 
The results at landscape and plot scale varies. Therefore, model results need to 
use carefully used for local level soil conservation planning. 
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Chapter – 1 
Introduction 

 
 
Soil erosion by water occurs through out the world, especially more in 

the humid / sub-humid mountainous region. It is the process of detachment or 

entrainment, transportation of surface soil particles from original location and 

accumulation of it to new depositional area. Various human activities disturb 

the land surface of the earth, and thereby induce the significant alteration of 

natural erosion rates. Soil erosion by running water has been recognized as the 

most severe hazard threatening the protection of soil as it reduces soil 

productivity by removing the most fertile topsoil. In the world map on the 

status of human-induced soil degradation (UNEP/ISRIC, 1990), it is accounted 

that loss of topsoil and terrain deformation due to soil erosion are the 

consequence of deforestation, removal of natural vegetation and overgrazing in 

the mountainous regions, (Shrestha, 1997).  

 

1.1 Soil Erosion threat to Environment and Agriculture 

Soil erosion is a global environmental crisis in the world today that 

threatens natural environment and also the agriculture. Accelerated soil erosion 

has adverse economic and environmental impacts (Lal, 1998). It creates on-site 

and off-site effects on productivity due to decline in land/soil quality (Lal, 

2001). The current rate of agricultural land degradation world-wide by soil 

erosion and other factors is leading to an irreparable loss in productivity on 

about 6 million hectare of fertile land a year (Dudal, 1994). Asia has the 

highest soil erosion rate of 74 ton/acre/yr (El-Swaify, 1994) and Asian rivers 

contribute about 80 % per cent of the total sediments delivered to the world 

oceans and amongst these Himalayan rivers are the major contributors 

(Stoddart, 1969). Raymo and Ruddiman (1992) articulated that the Himalayan 

and Tibetan regions although covers only about 5% of the earth’s land surface, 

but supply around 25% of the dissolved load to the world oceans. The alarming 

facts figured out by Narayan and Babu (1983) that in India about 5334 Mt 
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(16.4 ton/hectare) of soil is detached annually, about 29% is carried away by 

the rivers into the sea and 10% is deposited in reservoirs resulting in the 

considerable loss of the storage capacity. Das, (1985) has reported in  India  it  

is  estimated  that  about 38 % out of a total reported geographical area, that is 

about 127 million  hectare are  subjected  to serious  soil  erosion.  

Soil resource is important to sustain the productivity in hilly terrain. 

Livelihood of the people in the Himalayan region is mainly dependent on 

farming system and especially on subsistence agriculture. Sustainable use of 

mountains depends upon conservation and potential use of soil and water 

resources (Ives & Messerli, 1989). It has been severely affecting global food 

security due to ever-growing population and its dependency for livelihood on 

limited natural resources. Landslide, mudslides, collapse of man-made terraces, 

soil loss from steep slopes and decline of forest / pasture areas are the main 

reasons for land resource degradation in the Himalayan region (ICIMOD, 

1994)”. Formation of Himalayan region is geologically weak, unstable and 

hence highly subjected to a serious problem of soil erosion. (Jain et al.2000). It 

has been observed that loss of fertile top soil, because of surface and gully 

erosion, is a common phenomenon and agricultural land has expanded to areas 

having marginal soil cover (Hofer, 1998). Thus, natural resources in 

mountainous terrain are profoundly afflicting from land degradation as a result 

of intensive deforestation, overgrazing and subsistence agriculture due to 

population pressure, large-scale road construction and mining etc. along with 

anthropogenic activities. As a consequence of deforestation coupled with the 

influence of the high rainfall, the fragile terrains with steep slope have become 

prone to severe soil erosion. Garde et al., (1987) reported that the soil erosion 

rate in the northern Himalayan region is high and the order of 2000 to 2500 

ton/km2/yr. 

 

1.2 Need to Assess Soil Erosion Risk  

The soil erosion risk assessment can be helpful for land evaluation in the 

region where soil erosion is the main threat for sustained agriculture, as soil is 
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the basis of agricultural production. It’s quantification under various land use 

/land cover helps to prioritize the watershed for soil conservation planning in 

order to encourage effective natural resource conservation and sustainable 

development. Soil erosion assessment and mapping of erosion prone area serve 

the knowledge for soil conservation and watershed management. Current huge 

investment in civil engineering works aiming to renovate the results of erosion 

is comparatively higher than investments in soil conservation effort. (Nill et al., 

1996). Therefore the need is not merely the quantifying the erosion rate but 

such results of erosion assessment can be core of any decision making and 

supportive in policy formulation for sustaining the environment as a whole 

coupled with the land productivity. Consequently monitoring is essential in 

order to check the deterioration of the natural resources particularly those 

affecting agricultural practices. In reality due to financial constraints, it is 

difficult to conserve all areas under the risk of erosion. Therefore, in practice, 

areas at high risk have to be prioritized first before undertaking them for 

management (development oriented) and conservation of natural resources 

specially soil and water. Hence, it is essential to asses soil erosion risk for soil 

conservation program Further, prediction of soil erosion rates are needed to 

evaluate soil losses and to determine the effectiveness of control measures. For 

preserving the ecological balance between natural resources development and 

conservation, particularly in the fragile and heterogeneous erosion-susceptible 

hilly ecosystems, watersheds have been assumed as an important (Sharma et 

al., 1992) constituent of landscape. To ensure optimum and sustained 

productivity through scientific planning, the watershed needs basic knowledge 

on suitable land resources inventories and a scheme for interpretation of land 

use capability with risk of land degradation as key criterion (Krishna and 

Sharma, 1995) 

Various methodologies to assess soil erosion are available. Conventional 

techniques of field study for measurement of soil erosion and runoff are 

expensive and time consuming. Moreover, it is having limitations because of 

complexity of interactions and difficulty of generalizing from the results. The 
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accuracy is likely to be poor; and it is not known where the soil came from and 

when (Hudson, 1993). In the suspended sediment measurements, the discharge 

and sediment yield passing a point at the outlet of a catchment is monitored for 

quantitative indication of the amounts of soil lost from whole selected 

watersheds. But the origins and extent of the sediment load from the catchment 

itself remain unknown. Similarly, the eroded soil deposited at other locations 

without reaching the gauging station can not be computed. Use of these 

experimental outputs for quantification of soil loss from wider area with a 

diversity of situational variation is still debatable. Land surveying using 

reconnaissance methods for soil loss estimation considers the approximation of 

the amount of erosion by measuring change of surface level. But it has 

limitation for arable land because the surface level is affected by cultivation 

and settlement. Similarly, assessment of current erosion damage (ACED) 

methodology has been devised for surveying erosion features, together with 

major causes of erosion for the assessment of soil erosion damage of recent 

origin (Herweg, 1996). It is a site-specific approach to assess soil erosion that 

involves the monitoring of damaged field characteristics, land management and 

runon-runoff patterns.  

 

1.3 Soil erosion modeling  

Erosion models are used to predict soil erosion. Soil erosion modelling 

is able to consider many of the complex interactions that influence rates of 

erosion by simulating erosion processes in the watershed. Various parametric 

models such as empirical (statistical/metric), conceptual (semi-empirical) and 

physical process based (deterministic) models are available to compute soil 

loss. In general, these models are categorized depending on the physical 

processes simulated by the model, the model algorithms describing these 

processes and the data dependence of the model.  Empirical models are 

generally the simplest of all three model types. They are statistical in nature 

and based primarily on the analysis of observations and seek to characterize 

response from these data (Wheater et al., 1993). The data requirements for such 
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models are usually less as compared to conceptual and physical based models. 

Conceptual models play an intermediary role between empirical and physics-

based models. Physical process based models take into account the 

combination of the individual components that affect erosion, including the 

complex interactions between various factors and their spatial and temporal 

variabilities. These models are comparatively over-parameterised.  

 

Most of these models need information related with soil type, landuse, 

landform, climate and topography to estimate soil loss. They are designed for 

specific set of conditions of particular area. The Universal Soil Loss Equation 

(USLE) (Wischmer and Smith, 1965) was designed to predict soil loss from 

sheet and rill erosion in specific conditions from agriculture fields. Modified 

universal soil loss equation (MUSLE) (Williams& Berndt; Meyer, 1975) a 

modified version of USLE is applicable to other conditions by introducing 

hydrological runoff factor for sediment yield estimation. Water erosion 

prediction project (WEPP) (Lane and Nearing, 1989) is process based, 

continuous simulation model, developed to replace USLE (Okoth, 2003). Areal 

non-point source watershed environment response simulation (ANSWERS) 

(Beasley etal, 1980) designed to compute soil erosion within a watershed. The 

European Soil Erosion Model (EUROSEM) (Morgan et al., 1991, 1992) is a 

single process–based model for assessing and risk prediction of soil erosion 

from fields and small catchments. Morgan, Morgan and Finney (MMF) model  

is an empirical model developed for mean annual soil loss estimation from 

field-sized areas on hill slopes (Morgan et al., 1984) having strong physical 

base. 

 

1.4 Hierarchical perspective to assess soil erosion  
 

The diversity of landscape system in terms of vegetation, soils, field 

parcels, land use, slopes and geomorphology makes linear soil loss 

extrapolations unrealistic (Van Noordwijk etal., 1998). The experimental plots 
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normally cover the small areas where soil cover, soil type, and crop 

management are of homogeneous nature and not necessarily represent larger 

farm fields. There is always an assumption that the relationship is of a linear 

nature and therefore formed a basis for extrapolation. In fact, quantification of 

soil loss from wider geographical area using results of these experimental plots 

is still questionable, while Seyfried and Wilcox (1995) noted that ‘small scale 

parameters used for small scale models may lose physical significance at larger 

scales’. Thus, limitation of such experimental plots is lack of perspective on 

what happens to wider areas. Moreover quantifying soil loss or measuring soil 

erosion can not be helpful for pinpointing to areas that are likely to suffer from 

soil erosion. Linear extrapolation of research measurements from small 

research plots to larger landscape units without considering the heterogeneity 

that is sometimes involved may produce either overestimation or 

underestimation of the extrapolation results. As being a complex dynamic 

process, the soil erosion can not be assumed to occur in a uniform manner at all 

the levels of landscape. In order to analyze the landscape system, it is important 

to distinguish between process and patterns. Whereas it is possible to recognize 

physical patterns, the human eye or mind might not easily differentiate 

individual processes that create the patterns. Process can thus be observed 

indirectly by observing the pattern they create. By understanding the 

manifestation of different processes at different levels, the extrication of 

erosion process complexes become easier. A hierarchical method can help to 

study relevant water erosion processes for each level of landscape hierarchy for 

soil erosion assessment.  

A hierarchical landscape system is partitioned in to three components 

viz. ‘the field-plot’, ‘the watershed’ and ‘the landscape’.  In each of these 

elemental components of the landscape, erosion would proceed differently and 

produce different erosion features depending upon various factors responsible 

for erosion such as slope, vegetative cover etc. some times it could act as 

barriers for soil erosion and could be stopping translocation of  soil by flowing 

water from reaching the river streams.  Therefore, each individual field or 
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parcel as an individual ‘whole’ where soil erosion is taking place independently 

should be taken in to consideration. A plot posses manmade or natural 

‘boundaries’, in which internal erosion processes takes place almost uniformly 

depending on the conditions inside them. Soil erosion feature such as rill, 

gullies or interill erosion in the landscape are the consequence of the soil 

erosion processes occur within them. The internal properties and features of the 

landscape act as either ‘drivers’ or ‘disrupters’ of erosion (Okoth, 2003). 

 

1.5 Remote Sensing and GIS in Soil Erosion Assessment 

One of the major problems in testing these models is the generation of 

input data, that too spatially. The conventional methods proved to be too costly 

and time consuming for generating this input data. With the advent of remote 

sensing technology, deriving the spatial information on input parameters has 

become more handy and cost-effective. Besides with the powerful spatial 

processing capabilities of Geographic Information System (GIS) and its 

compatibility with remote sensing data, the soil erosion modeling approaches 

have become more comprehensive and robust. Remote Sensing can facilitate 

studying the factors enhancing the process, such as soil type, slope gradient, 

drainage, geology and land cover. Multi-temporal satellite images provide 

valuable information related to seasonal land use dynamics. Satellite data can 

be used for studying erosional features, such as gullies, rainfall interception by 

vegetation and vegetation cover factor. DEM (Digital Elevation Model) one of 

the vital inputs required for soil erosion modeling can be created by analysis of 

stereoscopic optical and microwave (SAR) remote sensing data.  

Remote sensing provides significant source for real-time and accurate 

data related to land and soil. It enables homogeneous information over large 

regions, and can therefore greatly contribute to regional erosion assessment 

(King and Delpont, 1993; Siakeu and Oguchi, 2000). As an account for 

seasonal variability, multi-temporal satellite images are useful to extract the 

valuable information associated to seasonal land use dynamics for mapping 

land use/land cover. It can be used to generate a cover and management factor 
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(C-factor) (e.g. Morgan, 1995; Wischmeier and Smith, 1978) which is one of 

the input requirements of erosion modelling. The factors associated with soil 

classification such as soil properties, climate, vegetation, topography, and 

lithology can be potentially mapped with satellite remote sensing (McBratney 

et al., 2003) to account for spatial differences in erodibility which serve as 

input data for erosion modelling. Especially optical satellite imagery can be 

used for soil mapping, mainly through visual delineation of soil patterns 

(Dwivedi, 2001). The basic requirement of any hydrologic or geomorphologic 

studies is a digital elevation model (DEM) DEM enables to derive various 

topographic attribute such as elevation, slope and aspect etc. which are 

essential to analyze watershed physical characteristics (Pramod kumar, 2004). 

DEM data can be extracted from the satellite images of terrain such as stereo 

optical imagery.  

Geographic Information System (GIS) has emerged as a powerful tool 

for handling spatial and non-spatial geo-referenced data for preparation and 

visualization of input and output, and for interaction with models. There is 

considerable potential for the use of GIS technology as an aid to the soil 

erosion inventory with reference to soil erosion modeling and erosion risk 

assessment. A GIS can be used to scale up to regional levels and to quantify the 

differences in soil loss estimates produced by different scales of soil mapping 

used as a data layer in the model. The integrated use of remote sensing and GIS 

could help to assess quantitative soil loss at various scales and also to identify 

areas that are at potential risk of soil erosion. (Saha atel., 1992). Several studies 

showed the potential utility of GIS technique for quantitatively assessing soil 

erosion hazard based on various models (Saha etal, 1992, shrestha, 1997, 

Suresh Kumar and Sharma, 2005). Considering the inaccessibility of the hilly 

terrain if it is extensive area, RS is essential to accommodate spatial variability 

and information. Spatial modelling involves the use of GIS for representation 

of the conceptual model and performance of simple mathematical computations 

on the stored GIS object attributes for displaying the results spatially.  
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1.6 An Integrated Approach to Assess Soil Erosion 

 
Both qualitative and quantitative approaches were adopted in the present 

study to assess soil erosion risk. Quantitative estimation of soil loss by water 

erosion in the study area was modeled by using spatial soil erosion risk 

modelling using MMF model with the aid of remote sensing and GIS. For 

qualitative comparison and verification of the results predicted by the model 

with the actual erosion in the field, ACED study was conducted.  Soil erosion 

processes and the incidence of erosion indicators immediately after rainfall 

events were observed and analysed. Soil erosion is highly variable in the spatial 

as well temporal domain; therefore, soil loss does not occur in a uniform 

manner in each landscape level. To evaluate soil loss for each landscape level, 

a hierarchical approach of spatial risk modelling was adopted in the study. 

Field experimentation was conducted to perform sensitivity analysis of input 

parameters to calibrate the models and to validate the soil erosion risk. 

 

The study aims to evaluate the applicability of an erosion model in 

mountainous terrain. In addition, it aims to determine spatial distribution of soil 

loss and to analyze the effect of land use, slope exposition and terrace farming 

on soil erosion. Soil erosion hazard mapping was carried out by using GIS base 

modelling approach in conjunction with satellite remote sensing derived 

parameters. The study was carried out in Sitla-rao watershed in Doon valley of 

Uttaranchal state, India, with the following objective 

1.7 Thesis Objectives  
 
-    To investigate the incidence of erosion indicators (feature) and    

                    erosion  assessment based on ACED methodology 

-    Spatial Soil Erosion Risk Modelling based on MMF model  

-       Hierarchical approach in soil erosion risk assessment 
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Sub-objectives:  

 
• To prepare land use / land cover and soil maps at large scale 

(1:25, 000 scales) using high resolution LISS IV satellite data. 

 

• To investigate the rainfall-runoff-soil erosion loss at plot scale 

and the incidence of erosion indicators (feature) after rain event based on 

ACED  

 

• To generate model input parameters and to perform sensitivity 

analysis of  input parameters and calibration of the model for maize and to 

predict soil  erosion risk  

  

• To validate model estimated soil erosion risk with field based 

erosion Assessment 

 

• To study the Hierarchical approach in soil erosion risk 

assessment 
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Chapter 2 
Review of Literature 

 
      The basic processes and factors that are responsible for inducing land 

degradation, particularly soil erosion and associated phenomena is critical to 

the conceptualization, design, and implementation of productive, stable, and 

sustainable agricultural systems. This is particularly so on steep lands where 

the potential for soil erosion and runoff water losses is high. The productivity 

and degradation hazards on these lands are determined by the site's climate, soil 

and topography. However, their uniqueness lies more with their topographic 

constraints than with other factors. Use of steeplands is an increasingly 

common situation in the tropics because of high population pressures and 

continuing encroachment on hilly lands. Erosion potential and actual erosion in 

these settings may exceed tens or even hundreds of tons of soil loss per hectare 

per year; thus the selection and design of cropping systems, land management 

systems, and water management systems must be tailored to attain effective 

erosion and runoff control in order to avoid their detrimental impacts both on-

site and off-site. A review of the literature related to the present study is 

presented below: 

 
2.1 Soil Erosion Modelling: Remote Sensing and GIS Applications 

Amore et al. (2004) applied two-soil erosion models both spatially 

distributed, to three large Sicilian basins upstream of reservoirs. Each basin 

was subdivided into hillslopes, using three different classes of average area, in 

order to estimate the scale effect on the sediment yield evaluation. The first 

physically based model of the Water erosion Prediction Project (WEPP). A 

Geographical Information System was used as a tool to handle and manage 

data for application of the model computed sediment yields were compared 

with each other and with measurements of deposited sediment in the reservoir, 

and for these cases the WEPP estimates better approximated the measured 

volumes than did the USLE. Neither model appeared to be particularly 

sensitive to the size area of the hillslopes, at least within the range of values 
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considered. This suggests that a finer subdivision, although it may better define 

the experimental conditions (plot or field areas) for calibration of model, may 

not result in a better estimate of erosion. 

Chansheng He (2003) integrated geographic information systems (GIS) 

and agricultural nonpoint source pollution model (AGNPS) to analyze the 

effect of land use change on nonpoint source pollution in a study watershed. 

ArcView nonpoint source pollution modeling (AVNPSM), an interface 

between ArcView GIS and AGNPS is developed to facilitate agricultural 

watershed modeling. It was applied to study the watershed to simulate the 

impact of land use change on runoff, sediment, and nutrient yields based on a 

25-year, 24-h period of single storm event of 114 mm. The simulation results 

show that expansion of urban land is likely to lead to an increase in surface 

runoff, peak flow, and soil erosion. 

Svorin (2003)  carried out of the application of three soil erosion 

models, USLE/RUSLE, SLEMSA and the Morgan, Morgan and Finney 

method, to the Simeto catchment in Sicily, and of the differences in the results 

using the three models. The models are incorporated into a grid-based 

geographical information system, and the results are validated qualitatively and 

quantitatively. The significance of the choice of method to estimate the 

distributed input parameters and the method to validate the quality of the 

models are discussed. 

Li et al. (2004) applied the Revised Universal Soil Loss Equation 

(RUSLE), remote sensing, and geographical information system (GIS) to the 

maping of soil erosion risk in Brazilian Amazonia. Soil map and soil survey 

data were used to develop the soil erodibility factor (K), and a digital elevation 

model image was used to generate the topographic factor (LS). The cover-

management factor (C) was developed based on vegetation, shade, and soil 

fraction images derived from spectral mixture analysis of a Landsat Enhanced 

Thematic Mapper Plus image. A soil erosion risk map with five classes (very 

low, low, medium, medium-high, and high) was produced based on the 

simplified RUSLE within the GIS environment.  The results indicate that most 
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successional and mature forests are in very low and low erosion risk areas, 

while agroforestry and pasture are usually associated with medium to high risk 

areas. 

Tripathi et al. (2004)  tested soil and water assessment tool (SWAT) 

model was applied to the runoff and sediment yield of a small agricultural 

watershed in eastern India using generated rainfall. The capability of the model 

for generating rainfall was evaluated for a period of 18 years (1981-1998). The 

watershed and subwatershed boundaries, drainage networks, slope, soil series 

and texture maps were generated using a geographical information system 

(GIS). In general monthly average rainfall predicted by the model was in close 

agreement with the observed monthly average values. Also, simulated monthly 

average values of surface runoff and sediment yield using generated rainfall 

compared well with observed values during the monsoon season of the years 

1991-1998.  

Singh et al. (2002) carried out study on Prioritization of Bata river basin 

using Remote Sensing & GIS Techniques. Assessment of soil erosion & 

analysis of soil loss based on sub-watershed within a watershed is required for 

evolving appropriate conservation practices. Soil erosion assessment in this 

study has been done using Morgan et al. (1984) model. The model 

encompasses some of the recent advances in understanding of soil erosion 

processes. By using this model, it was found that the average annual soil loss in 

the watershed is 17.22 t/ha. Detailed analysis shows that detachment limited 

soil erosion is higher in the agricultural & barren land, while transport limited 

erosion is higher in the forestland. 

Pratap Narain et al. (2002) conducted study on runoff, soil loss & 

USLE parameters & concluded that soil erosion due to water is the main cause 

of land degradation in Doon valley receiving 1240 mm in monsoon period from 

July to September through high intensity storms. 

Chandra Mohan et al. (2002) carried what analysis using ILWIS GIS 

for computation of soil loss estimation. USLE factors were computed & the 

annual & seasonal soil erosion rates were estimated for the study area. 
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Bharat Bhusan et al. (2002) conducted soil erosion hazard assessment 

to study its significance in degradation process in the sub mountainous tract of 

Punjab. He concluded that erosion hazard assessment is a specialized form of 

land resource evaluation & it aims at dividing land area into region & similarity 

in their degree & kind of erosion hazard as a basis for planning soil 

conservation works. 

Da Ouyang, and Jon Bartholic (2001)  developed an interactive web-

based approach to use RUSLE and geographical information system (GIS) to 

predict soil erosion. The on-line RUSLE web site has a user-friendly interface. 

Users can get access to the website and use the drop-down menus to define the 

inputs and get the calculated results quickly. A user can run different “what-if’ 

scenarios and compare the impacts of different terrain, crops, soils and 

management on soil erosion. It will help implement the best management 

practices for erosion control. In addition, the web site has capability to generate 

an erosion index map. The map is generated from Arc/Info GIS and can be 

displayed on the web browser. It also allows users to inquiry the terrain 

information for the study area through the Internet Map Server. The on-line 

RUSLE web site provides a good tool for soil conservationists, crop 

consultants, extension agents as well as environmental educators.  

Jain et al., (2001) estimated soil erosion from a Himalayan watershed 

by using two different soil erosion models, i.e. the Morgan model and 

Universal Soil Loss Equation (USLE) model. Parameters required for both 

models were generated using remote sensing and ancillary data in GIS mode. 

The soil erosion estimated by Morgan model is in the order of 2200 t km−2 yr−1 

and is within the limits reported for this region. The soil erosion estimated by 

USLE gives a higher rate. Therefore, for the present study the Morgan model 

gives, for area located in hilly terrain, quite good results. 

Morgan, R.P.C. (2001) proposed a revised version of the Morgan–

Morgan–Finney model for prediction of annual soil loss by water is presented. 

Changes have been made to the way soil particle detachment by raindrop 

impact is simulated, which now takes account of plant canopy height and leaf 
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drainage, and a component has been added for soil particle detachment by flow. 

When tested against the same data set used to validate the original version at 

the erosion plot scale, predictions made with the revised model gave slopes of a 

reduced major-axis regression line closer to 1.0 when compared with measured 

values. The coefficient of efficiency, for sites with measured runoff and soil 

loss, increased from 0.54 to 0.65. When applied to a new data set for erosion 

plots in Denmark, Spain, Greece and Nepal, very high coefficients of efficiency 

of 0.94 for runoff and 0.84 for soil loss were obtained. The revised version was 

applied to two small catchments by dividing them into land elements and 

routing annual runoff and sediment production over the land surface from one 

element to another. The results indicate that, when used in this way, the model 

provides useful information on the source areas of sediment, sediment delivery 

to streams and annual sediment yield. 

 

Andrew and Ja Adinarayana (1999) formulated a set of knowledge-

based rules, for assessing the soil erosion of the heterogeneous hilly catchment, 

from the knowledge of the multi-disciplinary resource-experts and the 

knowledge of the local catchment resources, in addition to the field 

observations. This rule-based model which is hopefully fast and cost-effective 

and without effect of the individual bias, helped in inferring the erosion 

intensity units that most likely to occur at any given pixel in the system. 

Finally, the catchment was grouped into four different erosion intensity units 

namely very severe, severe, moderate to severe and slight to moderate. The 

quantitative soil loss (t ha−1 year−1) ranges, estimated by USLE model by a 

spatial information analysis approach (GIS), were also computed: (a) Very 

severe (>50): (b) Severe (40–50); (c) Moderate to severe (20–40); and (d) 

Slight to moderate (<20). An integrated priority delineation survey, for taking 

up soil/water conservation measures by Sediment Yield Index model carried 

out in the catchment grouped the catchment into very high, high, medium and 

low priority classes.  
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Net (1999) integrated the Revised Universal soil Loss Equation 

(RUSLE) with a Geographic Information System (GIS) to model erosion 

potential for soil conservation planning within the Sierra de Manantlán 

Biosphere Reserve (SMBR), Mexico. The resulting RUSLE–GIS model 

provides a robust soil conservation planning tool readily transferable and 

accessible to other land managers in similar environments. An increase in the 

reliability and resolution of remote sensing techniques, modifications and 

advancements in watershed scale soil erosion modelling techniques, and 

advances in GIS, represent significantly improved tools that can be applied to 

both monitoring and modelling the effects of land use on soil erosion potential.  

Jong et al. (1999) demonstrates the integrated use of (1) multi-temporal 

Landsat Thematic Mapper (TM) images to account for vegetation properties, 

(2) a digital terrain model in a GIS to account for topographical properties and 

to assess the transport capacity of overland flow, (3) a digital soil map to assess 

the spatial distribution of soil properties, and (4) a limited amount of soil 

physical field data. They found that SEMMED (soil erosion model for 

Mediterranean regions)  model is most sensitive to the initial soil moisture 

storage capacity and the soil detachability index. The main advantages of 

SEMMED are that it simulates processes at a regional scale and, where 

possible, it uses available data sources such as remote sensing imagery, digital 

elevation models (DEM) and (digital) soil databases, which usually are not 

available for smaller catchment areas.  

Flanagan and Nearing (1995) described Water Erosion Prediction 

Project (WEPP) model was developed from 1985-1995, by the United States 

Departments of Agriculture.  It is a new generation, process based, soil erosion 

prediction model based on fundamental of infiltration theory, hydrology, soil 

physics, plant science, hydraulics, and erosion mechanics. It is a continuous 

simulation, distributed parameter, erosion prediction computer program that 

can be applied up to small watershed scales over a range of time scales, 

including individual storm events, monthly totals, yearly totals, or an average 

annual value based on data for several decades. It simulates the important 
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physical processes that result in soil erosion by water. It can be applied to small 

watersheds and hillslope profiles within those watersheds. It predicts daily soil 

loss and deposition from rainfall, snowmelt, and irrigation. It consists of nine 

components: climate generation; winter process; irrigation; hydrology; soils; 

plant growth; residue decomposition; hydraulics of overland flow; and erosion 

and deposition. The surface hydrology component of WEPP computes the 

surface runoff and peak discharge using the kinematic wave equation. The 

WEPP erosion model computes soil loss along a slope and sediment yield at 

the end of a hillslope. Interrill and rill erosion processes are considered, and it 

uses a steady- state sediment continuity equation as a basis for the erosion 

computations. 

Shrestha (1997) run a soil erosion assessment model (Morgan et al., 

1984) in a GIS environment and showed that annual soil loss rates are the 

highest (up to 56 tonnes/ha/yr) in the areas with rainfed cultivation, which is 

directly related to the sloping nature of the terraces. The lowest soil losses (less 

than 1 tonne/ha/yr) are recorded under dense forest. In the degraded forest, the 

soil loss varies from 1 to 9 tonnes/ha/yr and in the grazing lands it is estimated 

at 8 tonnes/ha/yr. The rice fields seem to trap the sediments brought from up-

slope. Erosion rates are higher on the south facing subwatershed than on the 

north facing one. Under normal climatic conditions, soil losses can be 

considered low although in heavy monsoon, with exceptional rain, the situation 

might be different. The study shows that soil erosion can be modelled in the 

mountainous region and that the results confirm the soil loss data obtained by 

means of experimental erosion field plots in the area, and the study of 

suspended sediment delivery from small catchments. 

Bhattacharya et al. (1997) has carried out the erosion assessment of 

Rakti river basin. The study described the quantitative estimation of soil 

erosion of the river basin with an objective to formulate the suitable 

conservation for various zones of soil erosion. As soil being one of the 

potential resources of an area, demands proper conservation & management, 

which is possible when its degree of degradation is assessed. 
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Saha et al. (1995) showed the use of remote sensing & GIS to identify 

areas that are at potential risk of soil erosion & provides quantitative soil 

erosion loss at various scales. 

Garg and Harrison ( 1992)  demonstrated the use of a Geographic 

Information System (GIS) for monitoring land use change, land degradation 

and erosion risk in the Albudeite catchment, S.E. Spain. Digital Elevation 

model (DEM) derived from elevation contours was used to calculate terrain 

parameters, such as slope and aspect. The land use data were analysed together 

with DEM, slope, and aspect using a GIS to study the distribution of land use 

and land degradation features, and to monitor land use changes. An erosion risk 

map of the area was also produced by combining land use, gully density and 

slope data using the GIS. It was found that nearly 50% of the total area is 

susceptible to erosion risks, ranging from moderate to very severe, and that 

56% of the cultivated land is threatened by these risks. Slopes of between 2–8° 

were found to be critical as both land use changes and erosion risks were 

greatest at these gradients.  

Morgan et al. (1984) presented a simple empirical model for predicting 

annual soil loss from field-sized areas on hillslopes. The MMF model used the 

concepts proposed by Meyer and Wischmeier (1969) and Kirkby (1976) to 

provide a stronger physical base than the Universal Soil Loss Equation 

Wischmeier and Smith (1978), yet to retain the advantages of an empirical 

approach regarding ease of understanding and availability of data. The MMF 

model simplified the erosion processes into two: detachment of soil particles 

from the soil mass by raindrop impact and the transport of those particles by 

runoff. The ability of rainfall to transport soil particles downslope and of runoff 

to detach soil particles were ignored. Hence, the model  was  revised By 

Morgan (2001) which provides an improved description of the water erosion 

processes operative on hillslopes in small catchment 

2.2 Field-Based Measurements in Soil Erosion assessment 

Almost all soil erosion models, including USLE, are empirical and 

require careful calibration between actual soil erosion measurements and 
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predictors prior to each application. Measuring erosion is costly and time 

consuming whereas results may be conditioned by single events such as rain 

storms (Hudson, 1995) called it an art rather than a science. Calibration 

requires soil loss data from the full range of field situations for which the 

model will be applied. In practice, calibration is often based on data from few 

runoff plots with or without use of an artificial rainfall simulator, and/or on 

data from sites in other environments. To improve the models, addition of an 

intermediate step, i.e., use of observed, site-specific soil erosion indicators is 

studied; this could bypass the massive data requirements of soil erosion 

models. The two-phased logic is then: Soil Loss=f(Soil Erosion Indicators), 

and: Soil Erosion Indicators=f(Field Conditions). It thus remains essential that 

proven indicators, at a limited scale, be calibrated against observed actual soil 

loss. Successful use of the logic, i.e., using indicators to directly assess soil 

loss, eventually saves cost and time while possibly: (i) improving the predictive 

capacity of the models, (ii) improving standardization of soil loss studies, and 

(iii) providing options to assess and monitor soil loss across areas for various 

soil, terrain, and management conditions.  Some of the studies carried out to 

assess soil erosion based on field survey (erosion indicators) are described 

below: 

Bie (2005) observed soil erosion indicators to monitor the cumulative 

effect of erosion between tillage/weeding and harvesting called eroding clods, 

flow surfaces, pre-rills, and rills were surveyed directly after the 1995 rainy 

season in the Taita Taveta district of Kenya, to assessed the utility of each 

indicator. Their incidences were modeled using CPA. In the area, 70 maize 

plots in 11 map units, having considerable variation in altitude, land cover, 

rainfall, and geomorphology, were surveyed. Soil loss was considered variable 

between plots due to differences in surface soil, land cover, infrastructure (trash 

lines, grass strips, and Fanya-juu), crop management, slope, and map unit. The 

indicator probably relates better to soil erodibility then to soil loss. Flow 

surfaces, formed during erosive showers, were less present on fields with a 

higher ground and canopy cover, if the area of eroding clods was high, and if 
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the topsoil had no loam which reduces chances of sealing; no impact of 

infrastructure, tillage, and weeding were detected. The pre-rill indicator related 

best to management-affected site conditions and seems to reflect best the 

cumulative effects of soil loss over time.  

Stroosnijde, 2005, had reviewed “Measurement of erosion” in his paper 

by exploring various works, thus far have been carried out by many 

researchers. He discussed about erosion inventory, which often uses a mix of 

two technologies: direct measurements and the use of erosion prediction 

technology. Erosion measurement technologies are unavoidable to predictions 

and vice versa. Measurements alone would only provide observed evidence 

that is difficult to extrapolate in time and space. Predicting erosion using 

erosion models needs calibration and validation using measurements. In 

addition, a large number of time-variant (eg. Bulk density) and time-invariant 

(eg. Organic matter, clay & sand content) soil properties needs to be 

determined as input for various erosion prediction models. 

Vigiak et al. (2005) used ACED survey and MMF erosion model 

together for modelling erosion patterns at two small catchments in the east 

African highlands: Kwalei (Tanzania) and Gikuuri (Kenya). The erosion maps 

obtained by ACED survey were compared with the erosion maps predicted by 

the MMF model. In Kwalei, erosion features were especially frequent in fields 

of annual crops. In Gikuuri, slope was the critical erosion factor, with estimated 

erosion rates>10 kg/m2/year on slope >18%. Predicted erosion rates were 

mainly transport-limited and ranged from <0.01 to 13.50 kg/m2/year in Kwalei 

and 9.29 kg/m2/year in Gikuuri. The performance of the MMF model in 

predicting the spatial patterns of erosion was acceptable in Kwalei, but poor in 

Gikuuri. He distinguished two groups of indicators: strong indicators, which 

can be observed in more than 70% of cases in severely eroded fields, and weak 

indicators, which are observed more frequently in slightly and moderately 

eroded fields. 

McHugh, 2003, presented the paper that outlines provisional 

approaches to the development of a set of indicators of soil erosion that can be 
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applied at the international level. There are several impediments to the 

development of such a database, the most important being a general lack of 

comparable data at a sufficiently large-scale. Defining indicators for soil 

erosion will continue to rely on strong, extensive, national-scale research on the 

soil features and functions that are influenced by soil erosion. Some assessment 

of the spatial and temporal frequency of data collection must also be considered 

because of the high degree of variability in soils data, even within individual 

fields. 

Evans, (2002) discussed the field-based measurements as an alternative 

way to assess water erosion of cultivated land. He concluded that field-based 

erosion assessments are quick and easy to do (Evans, 1992; Herweg, 1996) 

and, compared with plot experiments, they are inexpensive. Such assessments 

are more realistic than those carried out using predictive formulae based on plot 

experiments. He further commented: ‘Assessments of erosion in the field 

address the problem of scale (Lal, 1997) because it is not difficult to relate data 

from the catchment within a field to that for the whole field, the river 

catchment and the soil association, and extrapolating from the latter to the 

region or state. Field-based assessments can also address the problem of the 

lack of information on the delivery ratio of sediment from a catchment (Lal, 

1997) and help remedy ‘the lack of knowledge and uncertainties regarding the 

impact of deposition of sediment on yield and soil quality’ (Lal, 1997)’. 

Karl Herweg, (1996) designed ACED first for erosion mapping 

thereafter it was adapted to tropical environments in Ethiopia by the soil 

conservation research programme. In that study, it was used as a tool to 

supplement other erosion method to validate erosion predicted by model. He 

stated that originally, ACED was developed as a supplement to test plots and 

river gauging devices. He suggested that this method could fill the 

measurement gap between plot and catchment level. 
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2.3 Hierarchical Approach in Soil Erosion and Scale Consideration 

 

Strauss and Klaghofer (---) have attempted the study with a concept of 

scale considerations for the estimation of soil erosion by water in Austria. At 

the plot scale, study demonstrated the general ability of erosion models such as 

USLE or MUSLE to estimate soil loss by considering a directed error of soil 

loss overestimation and underestimation for sites with a higher erosion risk and 

low erosion risk respectively. Whereas, at the scale of small watersheds, linear 

erosion features were taken in to account that may completely over-rule the 

concepts used by the original USLE. At larger scales, the problem of data 

precision and availability has to be solved. Application of the MUSLE and the 

MMF model in a mesoscale watershed exhibited similar ranking of risk areas. 

However, absolute values of estimated soil loss differed markedly.  

Stroosnijde (2005) discussed about the five different relevant spatial 

scales for man-induced water erosion at agricultural scales. They are (1) the 

point (1m2) scale for interrill (splash) erosion, (2) the plot (<100 m2) for rill 

erosion, (3) the hillslope (<500 m) for sediment deposition, (4) the field (<1 ha) 

for channels and (5) the small watershed (<50 ha) for spatial interaction effects.  

Table: Matrix of scales and aims of water erosion measurements 

 

Aim/scale Assess-

ment 

Scientific

Research 

Areal 

Conser- 

vation 

Line 

Conser- 

vation 

Predictio

n 

Techno- 

logy 

Policies 

Point  x x  x  

Plot  x x  x  

Hillslope x x x x x  

Field x x x x x  

Watershed x x x x x x
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Assessments of erosion are often carried out for the planning of its 

control at the watershed scale (Herweg, 1996; Stocking and Murnaghan, 2001). 

Different aims require different scales as can be illustrated for water 

erosion as shown in table. He further suggested the use of remote sensing (RS) 

for measuring erosion. High resolution RS data (m-scale) such as aerial photos 

are mostly used for the 2000– 10,000 ha scale while low resolution RS data 

(15-m scale) are used for areas >10,000 ha. 

Amorea et al. (2004) carried out studies to build models suitable to 

quantify the results of erosion processes and to understand the scale effect in 

USLE and WEPP application for soil erosion. These models, calibrated from 

experimental studies on plots or fields, have been applied at quite different 

scales. The aim of this paper was to present the results of the application of two 

soil erosion models, both spatially distributed, to three large Sicilian basins 

upstream of reservoirs. Conclusion was drawn; neither model appeared to be 

particularly sensitive to the size area of the hill slopes, at least within the range 

of values considered. Study suggested that a finer subdivision, although it may 

better define the experimental conditions (plot or field areas) for calibration of 

models, might not result in a better estimate of erosion.  

Okoth P.F, (2003) carried out the risk assessment of water erosion for 

different levels of the landscape system hierarchy using spatial methods. 

Landscape elements were identified to represent each level in the landscape 

hierarchy. These included the field-plot, the watershed and the landscape unit. 

This thesis has also enhanced the recognition of soil erosion by using visible 

features to capture and measure incidences of past erosion. Soil movement, 

flow channels, translocated surface litter, are features of erosion, which are not 

usually discussed nor used for either assessing or quantifying soil erosion. 

Their use can now be integrated into further works. 

Jianguo W U (1999) discussed in his paper that hierarchy and scaling is 

an extrapolating of information along a scaling ladder. In his paper, he 

described one of such approaches in which patch hierarchies are used as 

“scaling ladders”. He concluded that scaling has acutely been recognized as 
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one of the most important and pressing challenges across all fields of earth 

sciences. 

Jetten et al. (1999) presented in his paper, a synthesis of results from 

the two meetings of International Geosphere–Biosphere Programme–Global 

Change and Terrestrial Ecosystems_IGBP–GCTE, which focused upon models 

for soil erosion by water at field and catchment scales, respectively. Soil 

Erosion Network is to determine the suitability of modelling approaches for the 

estimation of soil erosion under global change. Conclusions from both field-

scale and catchment-scale exercises include the following:  

 

2.4 Remote Sensing and GIS Applications: Watershed management 

 

Chakraborty et al. (2005) studied Remote sensing application in spatial 

modeling of runoff in a watershed. The study deals with application of satellite 

remote sensing data pertaining to pre- & post-treatment years (1988-&1996, 

respectively) for spatial modelling of runoff in a rainfed watershed in Pali 

district of Rajasthan. The study is an off shoot of treatments under National 

Watershed Development Project for Rainfed Areas (NWDPRA). USDA SCS 

curve number method using land use, land cover from remote sensing was 

applied with ARC/INFO-GIS to model the runoff process of the watershed. An 

increase in the runoff potential was observed in 1996, there by necessitating the 

need for periodic monitoring & the management alternatives. The GRID –

based surface modeling for runoff with satellite remote sensing data as major 

input was found to be rational & realistic in predicting & monitoring runoff in 

the watershed. 

• Calibration is desirable for many models, and necessary for some. 

• Calibration is most effective if the event(s) to be estimated lie 

inside the range of calibration events. 

• At a catchment scale, the predicted spatial runoff pattern is as 

important as a correct prediction of the net output. 
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Bhattacharyya et al. (2005) studied that the data on rainfall, runoff & 

soil loss was collected in two small watersheds at Mansa Devi in district 

Panchkula, in fragile northwestern shivalik foothills of Haryana. Based on 10 

yrs data the percentage of rainfall received during monsoon period to annual 

rainfall was as low as 58% to as high as 92%. Annual rainfall erosivity varied 

from 570 to 1561. Relationship of rainfall characteristics, runoff & sediment 

yield of 15 individual storms (during 1998-2002) were analyzed. Rainfall 

amount of individual storms varied from 14.5 to 109.8 mm with average 

intensities 10 to 60 mm/hr & k.e 331.1 to 2806.7 mt per ha-cm. maximum 5 

minutes intensities varied from 38 to 144 mm/hr. whereas, max 10,15 & 30 

minutes intensities were always less than 5 minutes intensity. Rainfall erosivity 

considering 5 & 10 minutes max intensities, i.e. EI5 & EI10 were found to be a 

better predictor of runoff & sediment loss estimation in small watersheds of 

north- western shivalik foothills. 

Sinha et al. (2005) studied discrete linear input – out model for a 

Himalayan watershed in Uttaranchal. A discrete linear input-output model for 

Chaukhutia (452.25 km2) watershed of Ramganga river was developed for 

estimating direct runoff hydrograph on storm basis. The parameters of the 

model were determined by least square method using rainfall & runoff data of 

the watershed for storm events of calibration set. The performance & adequacy 

of the model was tested by comparing the computed direct runoff hydrographs 

with the observed runoff hydrographs. The model was calibrated for 24 storm 

events & verified for 4 storm events. The computed direct runoff hydrographs 

by model were in close agreement with observed direct runoff hydrographs. 

Pyasi et al. (2004) carried out study on Sediment prediction by 

modelling runoff-sediment process.  Runoff- sediment process of Naula 

watershed of Ramnagar river catchment in Uttaranchal, India was modeled by 

applying dynamic approach. It was found that linear system technique can be 

extended to model the runoff –sediment process in terms of log- transformed 

daily data sequence & only non-linear sediment yield dynamic models are 

suitable for the study area. The models based on the concept of assigning the 
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different weightages to antecedents events were found to be suitable for study 

area. The fluvial system of the Naula watershed exhibits a strong memory on 

daily. 

Verma et al. (2003) studied & analyzed Himalayan watershed. Clark 

suggested a method to develop an unit hydrograph (UH) for modeling of 

watershed rainfall-runoff response. The method is particularly valuable for un-

usually shaped watershed areas, such as watershed with large length- to- width 

ratios, or for application to watersheds containing several different 

physiographic areas; such as plateaus, escarpments & valleys. The Clark UH is 

a very valuable analytic technique in flood hydrology because the hydrographs 

shape & peak discharge are a function of watershed shape, time area histogram 

(TAH), hydraulic characteristics, time of concentration (Tc) & watershed 

storage characteristics-storage coefficient (k). The Clark UH has been 

developed completely by a mathematical routing procedure that is 

computationally very efficient & more convenient in computer application for 

the model development. According to flexibility in modeling, the Clark UHs of 

the Chaukhutia watershed is developed in this study. 

Singh et al. (2002) studied Sediment outflow under spatially varied 

rainfall distribution patterns.  Studies were conducted to observe sediment 

outflow under spatially varied rainfall distribution patterns (SVRDP) at 

selected land slopes ranged from 0-5% in a laboratory. Four number of 

spatially varied rainfall distribution patterns were created by using a rainfall 

simulator of size 10 m×1.4 m. it was observed that the sediment outflow was 

the maximum for intermediate rainfall distribution pattern 9irdp) & the 

minimum for uniform rainfall distribution pattern (URDP). The advanced 

rainfall distribution pattern (ARDP) was found to be yielding higher sediment 

outflow as compared to delayed rainfall distribution pattern (DRDP) for every 

land lope. 

Bharat Bhushan et al. (2002) characterized the patiala-ki-Rao 

watershed and study was undertaken to evaluate the morphological and 

physico-chemical characteristics to ensure sustainable use of the eroded lands. 
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They found that the information regarding morphological and physico-

chemical characteristics of the soils are required for efficient management of 

watershed. 

Patel et al. (2002) carried out the study to demonstrate the effectiveness 

of RS & GIS in generating essential spatial information on topography; soil 

erodibility & vegetation cover for use in deterministic USLE model to assess 

quantitative soil loss & to identify different land use capability, requiring 

distinct management & conservation practices. 

Khan  (2001) studied Guhiya basin (with an area of 1614 km2) for 

priority watershed delineation with the objective of selecting watersheds to 

under take soil  and water conservation measures using remote sensing  and 

Geographical Information System (GIS) techniques. Using the terrain 

information derived from geocoded satellite data and 1:50,000 topographic 

maps, 68 watersheds were assessed on the basis of their erosivity and sediment-

yield index values. On the basis of sediment yield index values the watersheds 

were grouped into very high, high, moderate and low priorities. High priority 

watersheds with very high SYI value (>150) need immediate attention for 

soil  and water conservation whereas, low priority watershed having good 

vegetative cover and low SYI value (<50) may not need immediate attention 

for such treatments.  

Mahajan et al. (2001) obtained the land use status of watershed using 

satellite data & further status of watershed using satellite data & further 

topographic analysis has been carried out using GIS software package. 

Arora et al. (1994) carried out study on Water harvesting & in-situ 

moisture conservation practices for fruit production in Doon Valley. In Doon 

Valley, moisture stress during post monsoon & summer period appears to be 

major constraints for economic yield of fruit crop, raised in degraded & 

shallow lands with inherently low water holding capacity. To overcome this, 

attempts were made to enhance the productivity of lemon, sweet orange & 

plum orchards through land shaping & in- situ moisture conservation through 

water harvesting V- shaped micro- catchments with run-on surfaces mulch with 
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grass have been found effective for yield increase up to two to two a half times 

with better fruit quality. Such techniques are suited to degrade rainfed lands, 

where irrigation facilities are not available & supplemental irrigation is too 

uneconomic. Effects of various moisture conservation treatments on growth 

parameters, fruit yield quality characteristics & soil moisture have been dealt 

with. 

Chaudhary et al. (1998) carried out study on Erosion hazard 

assessment & treatment prioritization of Giri river catchment, North Western 

Himalayas. The Giri River is an important tributary to the Yamuna river 

system. In order to assess the level of soil erosion hazards, the present study 

was carried out in Giri river catchment. Different physiographic & 

morphometric parameters like relief ratio, drainage density, drainage texture & 

bifurcation ratio were derived from survey of India toposheets on a 1:50000 

scale depicting the sub catchments of Giri River under varying categories of 

erosion. In general, the sub-catchments located in the lower parts of Giri river 

valley showed greater risk of soil erosion, the sub-catchments were rated for 

their treatment priority based on the compound parameters taking into account 

the effect of different erosion risk parameters. Some of the sub catchments for 

priority treatment were Lajla Nala, Pervi Khala, direct draining khalas, Right 

jalal, lower palor khala & middle Assam. 

Dhyani et al. (1994) studied Environmental payoff of integrated 

watershed management programme in Garhwal Himalaya- a case study of ORP 

Fakot. Development is a dynamic process & sensitive to various stimuli such as 

demographic pressure, programme & policies. Himalaya being highly sensitive 

to human interference, there are dangers of obvious ecological imbalances 

being set in motion in the region. Low productivity, rapid depletion of land & 

water resource, bio diversity & environmental degradation are the 

consequences of past ill- coordinated gamut of development efforts. 

Participatory integrated watershed management approach demonstrated by 

CSWCRTI, Dehradun in a 370 ha model watershed in Tehri Garhwal district of 

Uttaranchal has resulted in change in land use pattern in favour of 
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environmental improvement. Consequently runoff & soil loss from the 

watershed & decreased & agricultural output increased significantly. The study 

revealed that environmental payoff & economic returns from watershed 

management project at Fakot are attractive to lead to sustainable development 

in the area. 

Sharda et al. (1994) carried out study on Water harvesting & recycling 

in Northern Hilly Regions. Due to erratic & uneven distribution of rainfall, 

water harvesting which is normally recommended in arid & semi-arid region 

has also become essential in the humid & sub-humid climates. Northern hilly 

region, though receives sufficient average annual rainfall, its temporal & spatial 

variation frequently results in moisture stress conditions during critical stages 

of plant growth. This paper briefly reviews the water harvesting techniques 

being adopted under different situations in northern hilly regions with special 

emphasis on their design criteria, rainfall-runoff relationships, catchment are-

storage capacity ratios & methods to contain storage losses. Studies have 

revealed that properly designed drought-cum-embankment type 

ponds/reservoirs when used for providing supplemental irrigations can help in 

boosting the crop yields two to three folds. 

 

2.5 Soil Resources and Soil Erodibility  

 

Yadav et al. (2005) carried out study on Infiltration characteristics of 

different aspects & topographical locations of hilly watershed in shiwalik- 

lower Himalayan region in India. Infiltration characteristics in different aspects 

& topographic landscape in a 20 ha hilly watersheds in shiwalik- lower 

Himalayan region in India were studied to investigate the long term effect of 

soil & water conservation measures. Litter deposition, soil texture, organic 

carbon, & clay content of oil were also measured to know the correlation 

between these soil properties with infiltration. Steady state infiltration rates 

gradually decreased from upper to lower reaches. Very slow to slow steady 

state infiltration rates (0.11 & 0.14 cm/hr respectively) were observed in lower 
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reaches of east & north facing slopes. Cumulative infiltration were also low 

90.61 to 5.2 cm ) in east & north facing slopes than that of west & south facing 

slopes 92.43 to 24.68 cm). Significant negative exponential correlation was 

found between litter deposition & infiltration rate. 

Goel, A.K. (2003) carried out Geo-Morphological studies in Soan river 

catchment in the North- West Himalayas of India. The Soan catchments of 

1204 km2 are mostly hilly with altitude varying from 340 m at Santokhgarh to 

980 m above sea level at Chintpurni temple. The hypsometric analysis reveals 

that 92.3 % area lies between 300-600 m reduced levels. The data of drainage 

density, drainage texture, catchment slope, lemniscate ratio, basin circularity, 

form factor & elongation ratio of the 32 sub-catchments of Soan were used for 

regression analysis & the correlation coefficient of drainage texture & slope 

with drainage density were found to be 0.762 & 0.617, respectively. There was 

little correlation of drainage density with lemniscate ratio (r= 0.238), & there 

was correlation of drainage density with lemniscate ratio, basin circularity, 

form factor & elongation ratio. 

Sushil Kumar et al. (2002) studied Water retention characteristics & 

erodibility indices of some soils under different land uses in North- West 

Himalayas. Soil profiles developed under different land uses viz. cultivation, 

orchards & forests were studied for their water pretension characteristics, 

infiltration & erodibility indices in the mid hill region of Himachal Pradesh 

representing sub- temperate , sub- humid climatic zone. Results revealed that 

organic carbon, clay, CEC, water stable aggregates (WSA), mean weight 

diameter (MWD) were the dominating factors influencing water retention 

characteristics, erosion and dispersion ratios. Forest soils hade higher water 

retention, infiltration rate, WSA, MWD and lower dispersion & erosion ratios 

then the cultivated and orchard soils. 

Bharat Bhushan et al. (2002) characterized the Patiala-Ki-Rao 

watershed & study was undertaken to evaluate the morphological & physico- 

chemical characteristics to ensure sustainable use of the eroded lands. They 
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found that the information regarding morphological & physico- chemical 

characteristics of the soils are required for efficient management of watershed.  

              

Suresh Kumar et al. (2002) carried out study on interpretation of 

standard false color composite (std. FCC) on 1:50,000 scale in conjunction 

with soil survey to prepare physiographical soil map. Soil and land resources 

were evaluated for their land capability for its sustained use. They used 

attribute maps in integration to suggest potential land use map. Current land 

use/land cover map have been prepared by visual interpretation which was 

spatially analyzed in relation to potential land use to study potential changes in 

land use / land cover using GIS. They concluded that information on soils and 

land use can be generated using high spatial resolution satellite data. In more 

detail at larger scale to analyze the constraints of resources for their better 

management to identify potential area for intensive agriculture on sustained 

basis in command area using GIS. 

Chandel et al. (2000) studied & analyzed the satellite images data of 

Doon valley was carried out various geometric features were identified & 

classified & classified. Main geomorphic units of the area are Massoorie hill 

range. 

Kahlon et al. (1999) were conducted the study to evaluate the 

erodibility of the sandy loam soil & to develop relationship between soil 

erodibilty & physical properties of soil. They found that the soils of the sub 

mountainous track lack cohesion & coarse texture and contain very low level of 

organic matter.  

Sharma et al. (1998) carried out study on Impact of various land uses 

on the infiltration in Doon valley. Infiltration study was carried out under three 

different land use systems in the silty loam soil of Doon valley. Effect of 

different land uses on initial and final infiltration rates was discussed in the 

present paper. It was observed that in the first hour, infiltration rates(cm/hr) 

falls remarkably under different land uses that is 5.90 to 2.20 for grass land, 
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8.33 to 1.66 for agricultural land and 9.63 to 4.43 for land put under Eucalyptus 

plantation. 

Kaur et al. (1998) Carried out study for delineation of soil mapping 

using multi-spectral remote sensing data. He observed that use of remote 

sensing for such purposes not only helps in over coming errors associated with 

subjectivity and drudgery in locating and plotting soil boundaries but also helps 

to minimize traversing to few well planned ground observation for validating 

soil boundaries and in generating maps of inaccessible or arduous area.  

Rakesh et al. (1998) carried out study in Jian Minor of Gandhak project 

to evaluate some of the important soil properties to correlate them with water 

retention and transmission characteristic of different soil series. The study was 

conducted in both field and laboratory under different soil satiation viz. upland, 

midland and low land. 

Babu (1994) studied the erodibility of selected soil of Coimbatore 

district. From the profile fields undisturbed core samples were collected and 

analyzed for soil texture, % organic matter permeability and soil structure. The 

erodibility index ‘K’ values of the soil were determined using soil erodibility 

Monograph of wischmeir et al.  (1971). 

Kusre et al. (1994) studied Soil erodibility in Tlawng river catchment of 

Mizoram & suggested    conservation measures. Northeastern region is faced 

with serious problems of soil erosion. Immediate attention to control erosion is 

necessary in the river basins for which water resources projects are identified. 

Tlawng River in Mizoram having catchments are of 0.27 M Ha needs 

immediate attention. The erodibility in the catchment was studied by Middleton 

method. The dispersion ratio was varying from 12.31 to 51.45 & the 

suspension ratio ranged from 8.0 to 25.0 indicating the soil to be highly 

erodible. Suggestions for conservation in the river basins are incorporated. 

Dhruvanarayana and Ram Babu et al. (1983) analyzed the existing 

soil lose data and concluded that soil erosion was taking place at an average 

rate of 16.35 tonnes per ha per year totaling 5334 M. tonnes per year. Nearly 

29% of the total eroded soil was permanently lost to the sea, and nearly 10% 
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was deposited in reservoirs, resulting in the reduction of their storage capacity 

by 1 to 2% annually. The remaining 61% of the eroded soil were transferred 

from one place to another. The annual water erosion rate values ranged from 

less than 5 tonnes per hectare per year to more than 80 tonnes per hectare per 

year in Shiwalik hills. 

 

2.6 Land Use / Land Cover  

 

Joshi et al. (2004) studied Erosion under different land use systems in 

Bhetagad watershed of Central Himalayas. Studies were conducted during 

1999-2001 at Bhetagad watershed to assess the erosion losses under open pine 

forest, tea garden, rainfed agriculture land & grazing lands. The results reveal 

that soil in terraced agriculture land was most stable than that in open pine 

forest, tea gardens & grazing lands. The maximum water, soil & nutrient losses 

were recorded from areas covered with open pine & the minimum from 

agricultural land. The well-maintained agricultural land had higher 

conservation values of ware, soil & nutrients than the other land use systems. 

Sharma et al. (2003) carried study on Sustainable land use planning for 

upper Maul Khad catmint in Mid Hills zone of Himachal Pradesh.  In the 

present investigation, upper Maul Khad catchment (746 ha) representing the 

agro-situations of mid hills sub-humid zone of Himachal Pradesh was selected 

for sustainable land use planning at micro level. During detailed soil survey of 

the catchment, 21 soil phases occurring o very gently to extremely step sloping 

lands were identified. The soils were coarse loamy to fine silty, acidic, low to 

high in organic carbon & low to medium in available N, P & K & belonged to 

Entisols , Inceptisols, & Alfisols. The area of the catchment under built up, 

agricultural land, forests, scrubs, grasslands & riverbed was 13, 39, 29, 8, 10 & 

1, %, respectively. 

Debashish et al. (2001) proved by their study that conventional 

methods of detecting land use/land cover changes are costly, low in accuracy & 

time consuming & particularly difficult for larger area. Remote sensing 
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because of its capability of synoptic viewing & repetitive coverage provides 

useful information on land use / land cover as well as vegetation vigor 

dynamics. They suggested that the impact of the treatments on the watershed 

over the year one must look into details of changes that have taken place 

among different categories of vegetation types. 

Krishna et al. (2001) conducted canopy cover mapping which is very 

critical factor for estimating soil erosion & many other studies. In this study the 

attempt has been made to map the land use/ land cover to have detailed 

information on the spatial nature of each cropping system & to acquire 

knowledge of potentials & limitations of the present use of the study area. 

Sharma et al. (2001) accomplished the study in order to understand the 

changes that have taken place in land use / land cover in the Godavari deltaic   

region. They concluded that the interpretation of multidate satellite remote 

sensing data with their repetitive nature have proved to be quite in mapping 

land use and land cover pattern and changes with time. 

Khera et al. (1998) studied effect of crop cover & field slope on runoff 

& soil loss on loamy sand soil with 2 to 4% land slope & 6 crops cover 

treatment it was concluded that crop cover treatment significantly reduced both 

runoff & soil loss. Both were higher under higher field slope value. 

Sharma (1998) studied Methods for selecting suitable land use system 

with reference to shifting cultivation in north eastern hill region.  The north 

eastern region of India is predominately hilly. Shifting cultivation is prevalent 

in the region, resulting in deforestation, land & environmental degradation. For 

food security, the cultivators grow, by & large, only agricultural crops. Due to 

indiscrimination use of soil resource, there is decline in soil fertility, 

sustainable, socially acceptable & economically viable land use system, 

following the land capability, is needed to ensure sustainability & conservation 

of natural resources. Method has been suggested in the paper to select a 

suitable land use system in the hills. Besides growing agricultural crops, 

emphasis have been given on different agro-forestry systems, including agri- 
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horticulture, agri-horti-silvi-patoral systems depending on soil depth, lope of 

land & extent of land degradation. 

Sharma et al. (1998) carried out infiltration study under three different 

land use systems in the silty loam soil of Doon valley. Effect of different land 

uses on initial and final infiltration rates was discussed. Conclusion of this 

study was drawn that highest initial as well as final infiltration rate was 

observed in case of land put under Eucalyptus plantation as compared to other 

uses lowest initial infiltration rate was observed in case of grass land while 

final infiltration rate was lowest for agricultural land. 

Maikhuri et al. (1997) studied land-use and land-cover change impacts 

and strategies in the Indian Himalaya Mountains. The Himalaya Mountains are 

extremely rich in biological and cultural diversity, inhabited by traditional 

societies and faced with serious threats of environmental degradation. An 

increase in population pressure on this mountain region has contributed to 

major changes in land-use and land-cover patterns and a rapid depletion of 

natural resources. People's participation in an ecological restoration of 

degraded lands or wastelands in the Himalaya is important for sustainable 

development at a local, national, regional and global level. Although numerous 

land restoration projects have been implemented in the Himalaya Mountains, 

their impacts have been modest because of lack of appropriate technologies, 

policies and implementation mechanisms. Fodder, fuel wood and timber from 

degraded lands would reduce the threats of degradation to existing forests, 

improve the livelihood of the local communities and bring global 

environmental benefits.                               
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CHAPTER 3 
 

STUDY AREA 
 

The study area is located in the western part of Doon valley, Dehradun 

district and Uttaranchal state in India. The sub-watershed Sitalarao is selected 

to run the erosion model .It belongs to Asan river system, which is tributary of 

Yamuna River. 

 

3.1 Geographical location 

The study area covers (a total of) an approximately 50 sq km and lies 

between 77o45’33” and 77o57’46”and 30o24’39” and 30o29’05”. It falls in SOI 

topographical map no.53F/15 on scale- 1: 50,000. 

 

3.2 Climate 

  It is characterized by hot summer and cold winter .The study area falls 

in western part of the Doon valley of Dehradun district having large area under 

hilly tract. The climate is humid to sub tropical varying from valley to the high 

mountain ranges of Himalayas. During rainy season 1625 mm rainfall is 

observed in the year 2004. The mean temperature Ranges from 15.8o in winters 

to 33.3o in summer. 

 

3.3 Vegetation 

The area has a favorable climate for the growth of abundant vegetation 

due to reasonably good rainfall & elevation. Dense & moderate mixed forest of 

sal with open scrub in steep slopes of the study area. The natural vegetation is 

mainly of forest growth and its degradation stages .The broad leaved trees 

found in the study area are Shorea robusta, Dalbergia sisoo, Acacia Arabica. 

The shrubs mainly found in the area comprise of Lantana camera in higher 

areas. The main agriculture crops grown in the area are paddy, maize and other 

crop .The terrace cultivation is the common practice in the upper piedmont & 

hillside slope. 
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3.4 General geology  

The study area consisted of alluvium parent material derived from lesser 

Himalayas & comprises of sedimentary and meta-sedimentary rocks. It 

composed of gravels, pebbles, cobbles & boulders mainly of quartzite with fine 

sandy & silty matrix & also fragments of shale, slate, phyllite, limestone, 

sandstone etc. 

3.5 Geomorphology 

Physiography  & Relief  

The entire study area has been analyzed into various physiographic units 

Apart from the hilly terrain the area comprised of two distinct landscapes i.e. 

piedmont plain and river terraces. The Piedmont surface made a continuous 

surface parallel drainage where channels are very shallow & braided in nature 

carrying water mostly during rainy season. River terraces were usually formed 

due to lateral shifting of the river.  Based on similarity in relief, slope, texture, 

drainage characteristics, geology and arrangement of landform features area 

divided into major units viz. hill side slope, upper piedmont, middle piedmont, 

lower piedmont.  
 Upper piedmont: 

Upper part of piedmont area is slightly elevated, showing rugged 

topography. The drainage pattern of this part is mostly parallel & radial at 

places & the slope of this part is 7 to 9 %.  

Middle piedmont: 

Middle part of piedmont area is transitional between upper and lower 

part of shiwalik piedmont. Drainage pattern in this part is mostly parallel 

shallow and the slope of this part is 4 to 7 %. 

 Lower piedmont: 

Lower part of piedmont area makes the basal part of this piedmont 

surface. Many streams of this part in their lower parts are losing their 

discharge. This part shows intensive land use & is most cultivated. The slope of 

this zone is 2 To 3 %  

 



  38

River terraces:  

On the aerial photographs river terraces are easily identified some of 

these terraces are paired while others are unpaired terraces, in the study area 

river terraces are mainly confined to narrow river valley. 

Flood plains:  

Flood plains are youngest geomorphic unit of the area. In the present 

context the present day active channel along with its active flood plain. 

Geomorphic features associated with flood plains are straight and braided 

channel pattern and channel bar. 

3.6 Soils 

Soils of the study area are found to be derived from alluvium parent 

material. These were observed, well to excessively drain with low to medium 

permeability and having texture sandy loam to clay loam with low to medium 

productivity. 

3.7 Socio Economic condition  

The watershed inhabitants have a mixed type of economy. The main 

occupation of people of this area is agriculture. Economically people are very 

poor and growing crops on terraces in the hills. The rural population of the area 

is very much dependent the forest for fuel, wood and fodder; which is evident 

from the forest degradation in vicinity of the villages or habitated areas. Being 

the hilly track, there are small villages, which are not connected by roads. 

Sahaspur is the nearest place for marketing. 

 
 
 
 
 
 
 
 
 
 
 



  39

Chapter 4 
Materials and Methods 

 

In order to meet objectives of the study, the methodology followed and 

the materials used are discussed in the following heads.  

4.1.    Materials used 

4.1.1. Acquisition of satellite and ancillary data 

4.1.2. Computer software  

4.1.3. Field survey instruments 

4.2.    Spatial database generation: Thematic maps 

Thematic maps showing watershed boundary, drainage pattern, land use/ 

land cover, soil and terrain slope maps were generated of the watershed. 

4.4. Assessment of Current Erosion Damage Method (ACED) 

4.5. Soil Erosion Risk modeling using MMF Model & validation of 

the model 

4.6. A hierarchical approach to assess soil erosion risk  

4.3. Field experimentation 

 
4.1 Materials Used 

 
4.1.1 Acquisition of Satellite and Ancillary Data 

 
In order to perform a soil erosion analysis on the Sitla-rao watershed, 

data describing the topography, land use /land cover, soil types and climate are 

required.  

Ancillary data 
               Table 4.2 Meteorological data:  
Daily Rainfall  

 

- Automatic Weather Station  

- Self recording rain gauges at Langha 

village 

Mean Annual rain(R) 

Number of Rain days  

(Rn) 

i. Topographical data 
Survey of India Toposheet 53 F/15 (scale 1:50,000 scale) was used 

to get terrain details and delineate watershed boundary. 
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ii. Reports: 
P. G. Project reports  

 
Table 4.1 Remotely Sensing Satellite data used  

 

Table 4.3 GIS and Remote Sensing Software:  
 

Software Description 

ERDAS 

version. 8.7 

The ERDAS IMAGINE software provides the functions of both 
image processing and geographic information systems (GIS). These 
functions include importing, viewing, altering, and analyzing raster 
and vector data sets 

 

ARC-INFO 

ArcInfo is the most complete and extensible GIS available. It 

includes all the functionality of ArcView and ArcEditor and adds 

advanced geoprocessing and data conversion capabilities. 

Professional GIS users use ArcInfo for all aspects of data building, 

modeling, analysis, and map display for screen and output. 

ARC-View 
ArcView is full-featured GIS software for visualizing, analyzing, 

creating, and managing data with a geographic component. 

ILWIS 

Version. 3.3 
Integrated Land 

& Water 

nformation 

System) 

ILWIS integrates image, vector and thematic data in one unique and 

powerful package on the desktop. ILWIS delivers a wide range of 

features including import/export, digitizing, editing, analysis and 

display of data as well as production of quality maps. 

Other 

software 

Window base software such as - MS office were used to build 

database and analyse them.  

 

 

Satellite Data Sensor Spatial 
Resolutio
n 

Band Swath Acquisition Date 

IRS  - IC Geo-
coded  
Standard FCC  

LISS III 
+ PAN 
(merged) 

1:25,000 
(scale) 

FCC - 26th June, 2002 

 

IRS  - IC Geo-
coded  
Standard FCC  

LISS III 23.7 m  2,3,4,5 141-Km 13 Oct 2001 

IRS  - P6 
(Raw data) 

LISS IV 5.8 m 2,3,4  

 

23.9-Km 13th Nov. 2004           
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4.2 Spatial database generation: Thematic maps 

After defining the project, the process of building the database was 

begun. The database was designed to meet the needs of the objectives. The 

methodology followed for the study includes preparation of spatial database 

and spatial analysis for soil erosion employing a model. For each theme, vector 

data consisted of points, lines, and polygons were created with the help of 

Satellite imagery in conjunction with toposheet. The maps were polygonized 

and rasterized with same geo-references. GIS was utilized for creation of 

various thematic layers such as base map, land use/land cover map, 

physiographic-soil map, and slope map.    

Base map 

Boundary map at landscape level for Sitla-rao sub-watershed that 

encompasses the study area was first outlined by considering the drainage 

network using SOI toposheet in conjunction with satellite imageries, wherein 

prominent cultural permanent features like road, river, canals, settlements etc. 

were marked.   

Thematic maps 

The IMSD guidelines (1989) for visual interpretation of satellite image 

were followed to prepare thematic maps such as land use / land cover map and 

physiographic soil map. Method consisting of three steps as discussed below. 

(a).  Pre-field Interpretation 

Monoscopic visual interpretation of satellite image was performed by 

making use of interpretation keys such as tone, texture, pattern, shape, size, 

shadow, site and association to derive thematic information. Different Units 

were delineated and represented by polygon having precise boundary lines, 

which was being labeled with a class name and assigned to exactly one legend 

category. The boundaries of various classes were plotted onto transparent 

overlay, tracing sheets to prepare thematic maps.  

(b).  Field survey for ground data collection and verification 

Extensive field survey was conducted in the watershed using GPS to 

view land use and ground cover (vegetation) of the study area. Following the 
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previously drawn transverse plan, actual ground condition was verified for 

specific areas where preliminary interpretations were doubtful. In order to 

perform visual interpretation of satellite data for land use/land cover, reliable 

information from farmers was collected to know the period of sowing and 

harvest. Existing land use practices were investigated and training sites for 

different land uses were marked.  

(c). Post-field final interpretation and modification 

Collected information was compiled and correlated with image-

characteristics. Based on the ground truth data, modifications were carried out 

and classes as well as their boundaries were refined. By establishing the 

understanding of the landform/physiography- regolith -soil pattern, 

modifications were incorporated in the physiographic map, which was 

classified earlier. Similarly, classified land use / land cover map was also 

modified based on ground truth data.  

4.2.1 Land use / Land cover map 

The satellite images were interpreted individually for the detailed 

information about land use activities and land cover. To generate the scenario 

of land use land cover, the geocoded standard FCC product IRS-IC (LISS III) 

of March month on scale 1:50,000 when maximum field were harvested, was 

used in conjunction to the IRS-P6 (LISS IV) data of November month, when 

there is maximum vegetation cover. These satellite images were interpreted 

individually making use of the interpretation keys. Characteristics of the land 

surface, including natural and artificial cover were considered to derive 

information about land use activities and land cover for plotting land use land 

cover map. 

4.2.2 Physiographic Soil Map 

Characteristics of landscape were considered for Physiographic soil 

mapping. Relief information associated with various landforms existing in the 

study area such as hills, rivers, piedmonts etc. was extracted from 

topographical map.  This information was utilized to delineate various 

physiographic soil units from satellite imagery. To discriminate different 
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physiographic units, various image elements associated with terrain elements 

such as landform, topography, relief, slope, land use/land cover, erosion 

condition, drainage network, etc. were used for physiographic soil mapping. 

4.2.3 Soil Resource inventory 

 

A. Soil Profile Study 

  Study area was surveyed to carry out soil profile study. Various soils 

profiles were sampled for each horizon and soil classification was performed. 

The method involves a digging of the soil pit to get a better look at the pedons 

for examining the vertical exposure of the soil, commonly called a “soil 

profile”. It is comprised of reasonably distinct layers known as horizons that 

are formed under different conditions or environments. Soil properties such as 

color, texture and structure were used to identify these different layers. Nails 

and a measuring tape were used to mark and get measured the horizons. Field 

description of soil profile was recorded into a prescribed form. Diagnostic 

horizons of each soil profile were observed for soil structure, soil texture, soil 

color, coarse fragment, parent-material, rooting depth, erosion status, and 

drainage class including other morphological characteristics. For registering a 

soil color, a piece of soil was matched to a colored square in the “Munsell book 

of Colors” and the notations distinguishing three characteristics of the color: 

hue, value, and chroma as given in book were assigned to the horizons. 

Similarly, soil’s texture was figured out by feel-method and textural class was 

assigned. Soil structural units (peds) were described by three characteristics: 

type (shape), class (size), and grade (strength of cohesion) whereas evaluated 

by three Structure grades: the distinctness, stability and strength of the peds. 

Total 33 different soil profiles under various physiographical soil units were 

studied for pedon description according to soil survey manual of USDA & 

FAO guidelines. The various soils profiles were sampled for each horizon and 

soil classification was performed. 
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A. Soil sample collection to estimate soil erodibility data  

Soil samples of various horizons from the selected soil profiles in the 

study area were collected to carry out soil analysis. Soil samples of surface 

soils for soil texture and organic carbon required to calculate soil erodibility 

index. 

B. Sampling a soil core for bulk density of undisturbed soil 

 The soil cores were sampled in its natural condition from the field using 

core sampler (cylindrical metal sampler). Two Samples from each selected site, 

from the depth of 15 and 30 cm were collected. Method involves the driving of 

the core sampler vertically into level ground, deep enough, to fill the sampler 

can in the sampler. Sampler was dug out by means of spade and sample can 

was removed from it without disturbing the soil core in the can. The extra soil 

from both the ends of the sampler-can was trimmed off with sharp knife. 

Sampler-can, along with the soil was weighed. Sample was taken out from can 

and collected for laboratory analysis.  

C. Soil laboratory analysis 

  Collected soil samples were analyzed in laboratory to generate soil 

database, which was used in soil erosion assessment. Soil analyses for 

following parameters were carried out. 

1) Determination of Soil Bulk Density (BD) 

2) Soil texture analysis 

3) Soil organic carbon analysis 

4) Estimation of soil erodibility 

1. Determination of Soil Bulk Density (BD)  

 The cores were dried in an oven at 105o C to determine bulk density based on 

dry weight. Oven-dried soil samples were first weighed. After pounding, 

samples were put through a sieve for obtaining stone mass. From each soil 

sample, stone mass-separated was washed with water in order to remove soil 

particles and weighed. Sample-can was measured for its length ‘l’ and inside 

diameter ‘r’. The inside volume of the can was obtained by using equation Πr2l. 

It is considered that the volume of soil is equal to the inside volume of the can. 
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Weight of stone was subtracted from the total weight of oven dried core 

sample. Bulk density (gm/cm3) was, then determined based on equation given 

by Baruah and Brthakur ( 1997).  

Bulk density = weight of dry soil (whole core)/volume of the soil (whole core)  

2. Soil particle size analysis 

 International pipette method was used to perform particle size analysis 

for soil textural classification. The method employs the Stock’s law in order to 

determine the size of particles. Coarse sand, fine sand, silt and clay content are 

encompassing the size in mm, 0.2-2.0, 0.02-0.2, 0.002-0.02mm and <0.002 

respectively.  

 
3. Soil organic carbon analysis 

 Soil samples were analyzed for organic matter content. Percent soil 

organic matter was estimated from organic carbon, determined by analyzing 

the soil samples collected from field. 

4. Estimation of soil erodibility (K -factor) 

  Soil erodibility index (g / J) is the weight of soil detached from the soil 

mass per unit of rainfall energy. It is integrated effect of the processes that 

regulate rainfall acceptance and the resistance of the soil to particle detachment 

and subsequent transport. These processes are influenced by soil particle, of 

which soil texture is an important factor that influences erodibility. In this 

study soil erodibility was estimated based on the characteristics of the soils 

using the following formula developed by Wischmer and Smith (1978). 

K= 2.8 x 10 -7M 1.14 (12-a) + 4.3 X 10-3 (b-2) + 3.3 X 10-3(c-3) 

Where, 

a = % organic matter content 

b = soil structure class 

c = soil permeability class 

M = (% silt + % very fine sand) or (100 - %clay) 
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D. Soil Taxonomy  

Soil of various units was grouped for physiographic soil classification 

by making the use of characteristics of landscape. They were classified as 

terrace soils, mountain soils, hilly soils, upper piedmont (upland) soils and 

lower piedmont (lowland) soils. Soils on different physiography may bear 

similar characteristics. Besides, soil is three-dimensional bodies; thereby 

surface features cannot be enough to characterize it. Therefore, taxonomical 

soil classification is essential. In order to distinguish in different categories of 

soil taxonomy, soil profiles were examined for the soil characteristics based on 

US system of soil classification (1975).   

 
4.2.4 Terrain Characteristics: Slope Analysis  

A. DEM 

Using SOI toposheet, the contour lines having vertical intervals of 20-meters 

were traced on tracing sheet by visual interpretation method. This manually traced 

contour map was exported into GIS and digitized to prepare vector layer. The 

elevation data were processed and graphic simulation was carried out in which an 

elevation (or Z value) was recorded at each X, Y location to make topographic data 

usable. Surfacing function in “Image Interpreter” was used to generate a DEM & to 

represent as a surface or one-band image file where the value of each pixel was a 

specific elevation value. A gray scale was used to differentiate variations in terrain. 

Slope map was generated in ERDAS-IMAGINE software by using DEM. 

B. Slope map 

Terrain data was analyzed as a component in complex GIS modeling. 

Slope is expressed as the change in elevation over a certain distance. In this 

case, the certain distance is the size of the pixel. Slope function in “Image 

Interpreter” was used to generate a slope image. Slope is most often expressed 

as a percentage, but can also be calculated in degrees. Slope image was created 

to illustrate the changes in elevation over distance and was being color-coded 

according to the steepness of the terrain at each pixel. Slope map was classified 

based on USDA criteria given in the (Table 4.1) 
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Table 4.4 Slope Classes 
 

Class Slope range (in %) Slope Class 

A 0 - 1 Nearly level 

B 1 - 3 Very gentle sloping 

C 3 - 5 Gentle sloping 

D 5 - 10 Moderately Sloping 

E 10 - 15 Strongly Sloping 

F 15 - 25 Moderately steep to steep Sloping 

G 25 - 33 Steep Sloping 

H 33 - 50 Very steep 

I >50 Extremely steep slope 

Source: soil survey manual (Anonymous, 1970) 

4.3 Assessment of Current Erosion Damage Method (ACED) 

ACED (Herweg, 1996) is a method designed for monitoring and 

assessing soil erosion damage of recent origin. The method is an area-specific 

approach to soil erosion. It allows semi-quantification of soil erosion. In 

present study, it was used as a tool to assess erosion and to validate erosion 

predicted by model. Extensive field survey was conducted for monitoring and 

assessing soil erosion damage of recent origin. After characterizing the 

damaged field, the data that described the areas adjacent to this field, both 

upslope and downslope were recorded using field forms as per the instruction 

given in ACED-field manual. Each slope of selected site was examined for its 

characteristics, like soil, slope angle, land management, etc. By considering 

these characteristics, erosion-topo-sequences were created covering entire 

cross-sections of a slope, ideally from hilltops to valley floors. Semi-

quantitative and even more important, qualitative status (class) about the 

erosion was studied. It was particularly attempted for only major erosion event 

and mapping was concentrated on the beginning of the rainy seasons when 

there was little or no vegetation cover. In order to make comparison of results 
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predicted by MMF model with actual erosion damage, the erosion condition 

was assessed with ACED observations.  

Identification of sites for erosion feature study 

The study area was stratified according to physiography (slope) and land 

use categories for randomized field data collection to perform the 

representation of population. Data collection in the field was carried out using 

both visual observations and physical measurements as explained below for the 

following method. The real-world positions of the observed sites in the broader 

landscape were located using a global positioning system, commonly known as 

a GPS. Intensive fieldwork was carried out in the catchment during the long 

rainy season (March-June) of 2005 with the double purpose of collecting input 

data for the MMF model & assessing the actual erosion in catchment (ACED). 

Deposition of soil at the foot slopes and the roads and paths were frequently 

observed. Visual observation included observing biophysical features such as, 

land use kinds, crop types, type of erosion proxies, erosion features, 

conservation measures, etc.  

ACED methodology  

ACED methodology works in two ways: 

• Quantification of erosion features i.e. estimation of order of magnitude 

of soil loss by evaluation of erosion hazard using erosion features. It is a 

field based assessment of soil erosion. 

• Determination of factors and reasons that have influenced or caused 

erosion damage 

4.3.1 Quantification of Erosion Features  

The soil erosion is a process, which in normal circumstances is difficult 

to measure. Only its effect can be measured and assessed. Effects include soil 

particles that are detached, entrained and deposited in barriers or collected in 

reservoirs and measured. According to Okoth (2003) features of erosion act as 

evidence of soil erosion and can be used to quantify the degree of soil erosion 

(Stocking, 1987; Lal, 1990; Nill etal., 1996).  
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A. Erosion proxies  

Some spatial terrain attributes (properties) and landscape factors of 

erosion that are considered to influence the occurrence of soil erosion. They 

have termed as erosion proxies. Important attributes of the erosion proxies 

includes 

1) Currently defined landscape factors of erosion such as: ground 

cover, type of crop, slope steepness and soil erodibility and 

management. 

2) Spatial features (manmade or natural) with their properties that 

drive soil erosion namely: river channels, drainage channel, 

pathways, road networks, sparse cover, and built-up area etc.  

In this thesis, landscape factors, the ground cover (landuse / landcover classes) 

is taken into account, because the study conducted at plot level (Table-4.5). 

These proxies can be recognized, isolated, and related to soil erosion. 

Therefore, these can be modeled in GIS due to their spatial properties.  The 

measurements of features of erosion within the proxies generate data that can 

be analyzed statistically to prove that the erosion proxies are linked to soil 

erosion through its features and can therefore be used to estimate soil erosion.  

B. Erosion Features 

The accumulated effect of erosion is observed to characterise the erosion 

hazard, as expressed by erosion features formed after rain event. These specific 

features (Okoth, 2003) used for evaluating the erosion hazard were used as 

guidelines to collect data to assess occurrence of soil erosion as given below. 

Following erosion features were used as guidelines to collect data to assess 

occurrence of soil erosion. 
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Table 4.5 Erosion proxies and erosion features.  

 

Landscape 

unit 

Erosion proxies Erosion features 

Field-plot 

 

 Maize plot 

 Orchard 

Grass land 

Open Forest 

Dense Forest 
 Barren land,   

 Scrubland  

Flow channels (%) 

Surface litter translocation (%) 

 Depth of rills (cm) 

 Depth of root exposures (cm) 

 Depth of stem wash (cm) 

 Depth of soil movement (cm)  

 

Table 4.6 Descriptions of erosion features articulated in this thesis 

C. Assessment soil erosion features in the field 
 
According to severity classes, erosion feature classification was carried 

out based on classification system given below. In order to distinguish between 

the drivers and disrupters of erosion Table 4.4 was used.  

S.No. Erosion features Descriptions 
1. Soil movement ( in 

cm) 
Visible scouring (washed) and translocation features 
observable on the soil surface detect evidence of the 
soil movement by water. These features were 
attributed to raindrop erosion and overland sheet 
wash or interill erosion. 

2. Surface litter ( in %) The amount of litter disturbed by flowing water was 
visually observed and expressed as % of movement 
over unit area on a site.  
 

3. Root exposure – it refers to the depth of recent soil removal around 
the plant root due to, interill or channel erosion 

4. Stem washing the depth of recent stem washing was obtained by 
observing evidence of recent water erosion around 
the base of the stem 

5. Flow channels (%) Flow pattern were recorded according to their 
intensity of occurrence within the field plot in 
percentage of the site being observed. Rills were 
only recorded if found to be predominantly occurred 
in the erosion proxy. 
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Table 4.7 Soil erosion severities, conditioned by the different erosion features 
 

Severity class Erosion feature 
Stable Slight Moderate Critical Severe 

Soil movement ( in cm) 0-1.5  1.5-3.0  3.0-5.0  5.0-8.0  >8.0  
Surface litter ( in %) 0-2  2-10  10-25 25-50 >50  
Root exposure 0-0.5  0.5-2.0  2.0-3.0  3.0-5.0  >5.0  
Stem washing 0-1.0  1.0-3.0  3.0-5.0  5.0-7.0  >7.0  
Flow channels (%) 0-2 % 2-10 % 10-25 % 25-50 % >50 % 
Rills: 
Depth (in cm) 
Width (in cm) 
Frequency (in m) 
 

 
0-4  
<10  
10-5  

 
4-8  
10-25  
5-4  

 
8-12  
25-45  
4-3  

 
12-20  
45-80  
3-2  

 
> 20  
>80  
<2  

Source: Suggested by Clark’s (1980) and modified by Okoth(2003) 
 
D. Statistical Data Analysis 

 
All the collected data were entered in to pre-designed forms for each 

observation site. Percent soil surface cover, was obtained by measuring three 

replicates of 10 meter transects where ground cover and open surfaces were 

measured and expressed as percentage of the 10 meter distance. The erosion 

features (Table-4.6) were only recorded if found to represent current soil 

erosion status on the erosion proxy being observed. Only the encountered 

erosion features on each proxy associated with recently occurring soil erosion 

were observed and recorded to avoid comparison of past erosion processes. 

Recent erosion can be easily distinguished from the past erosion. Freshly 

washed surfaces on the stem or roots, provides contrast with erosion developed 

during previous season. This can be clue to recognize duration of erosion. Zero 

values were recorded where erosion features were absent. Overall, 

measurements were recorded in to centimeters or percentage by averaging the 

three measurements from different location in field-plot.  

 

The method involves the characterization of erosion hazard. 

Accumulated effect of erosion was monitored as expressed by topographic 

erosion features formed over a previous rainy period. The incidences of erosion 

feature were investigated. In order to validate the model, the model predicted 
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results at plot level of landscape; ‘assessment of erosion hazard topographic 

erosion features’ was performed. Before analyzing the data, null hypotheses 

postulated for statistical testing were that – 1) the selected erosion proxies did 

not relate to the occurrence of soil erosion; and 2) difference between the 

individual erosion proxies if any had no statistical significance and erosion 

differences observed could have occurred by chance. The null hypotheses as 

stated were either accepted or rejected through descriptive statistics and 

through analysis of variance. 

 
E. Statistical relationships of soil erosion features and their occurrence 

on the erosion proxies 
 
 Relation between soil erosion features and their occurrence on the 

erosion proxies established by analyzing data collected in study area. The 

erosion driver proxies are identified and separated from disrupting proxies. In 

total, six erosion features were used at field level to assess the occurrence of 

soil erosion in the erosion proxies. Soil movement, rills, washed stems, 

exposed roots, flow channels and translocated surface litter occurred in all the 

field-plot level erosion proxies. The descriptive mean values of measured 

erosion on the individual proxies and analysis of variance are the types of 

statistical analysis were used for analyzing the data.  

 
F. Mean of measured erosion features in relation to the individual 

proxies 
 
The means of measured erosion features reported were obtained for different 

erosion proxies despite differences in slope and cover conditions of 

encountered proxies. To see whether slope or cover had strong influence on the 

different means, the obtained values were tested using the analysis of variance. 

G. Analysis of variance 
 

The analysis of variance was performed to detect significant statistical 

difference between the proxies as a basis differentiating them. The response 

variables were the measured values on erosion features. The F- test were 
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performed to compares the mean values of different factor categories using the 

analysis of variance for testing the hypothesis (Ho) that there is no difference 

between all the factor categories (erosion proxy group). The test is performed 

by comparing the within group variance and between groups variance ratios 

from an overall mean by analyzing values of ‘between groups mean sum of 

squares’ with the ‘within group mean sum of squares’ also known as variance 

for the ‘between’ and the ‘within’ variances. The variance ratio or the F- test is 

read against a standard F statistical table such as found in Snedecor and 

Cochran (1989) which bases the analysis on desired significance level and the 

degree of freedom of the groups and those of the total population. Critical 

values are compared with the calculated values in order to decide on 

significance levels of the F-test. 

4.3.2 Determination of factors and reasons that have influenced or caused 
erosion damage 
 

The spatial units along the slope profile are considered as the factors that 

influenced erosion damage. The factors that directly influence erosion, are 

rainfall, vegetation cover, soil texture, slope angle, land management practices 

etc. Apart from these factors, there are some factors, however, such as land 

management, failure of soil and water conservation structure, or uncontrolled 

drainage from footpaths or settlement areas, can furnish direct evidence that 

there is a hidden problem. These spatial units are the “out of sight” factors, 

which influence erosion damage by causing runon. These factors can be 

compact sealed surfaces (e.g. footpaths, animal tracks, roads or settlements 

etc), area with permanent vegetation cover (e.g. grassland, bush or forest etc.) 

and cultivated areas, (where surface water is not controlled well). In this 

methodology, characterization of damaged field using description of the 

adjacent area, both upslope and downslope was attempted and a profile called 

an “erosion-topo-sequences” covering entire cross-sections of a slope; from 

hilltops to valley floors were generated by observing the “area surrounding the 

erosion features”. The survey was started by investigating the upslope and 
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downslope areas adjacent to damage field. Observations were recorded based 

on guidelines given in ACED field manual. Aced field forms as given in annex 

were used for documenting the investigation. The field, where erosion damage 

occurred was identified as the core of “erosion topo-sequence”. Thereafter, the 

upslope area adjacent to damaged field and lastly, the downslope area, which is 

adjacent to the damaged field in the view of subsequent damage were observed. 

Factors and reasons that influenced erosion damage were determined, as 

discussed below. 

A. The field, which is affected by erosion damage 
 
Based on visible erosion features, damage areas were identified, 

observations for factors were attempted, and symbols were developed to draw 

sketch. 

Table 4.8 Guidelines for identification for erosion features 

 
Visible erosion 
features 

Description for identification 

Puddling or 
capping effect 

The soil surface smoothed by the splash impact of raindrops 
and by small particles transported by runoff. The aggregates in 
the topsoil are destroyed and the space in between is filled up 
by eroded particles. 

Rills and gullies Basically one can distinguish between current features, which 
will have occurred during the past few rains, and those which 
are older 

Accumulations  The soil is deposited where the velocity and transport capacity 
of the water diminishes. The sediment piles up on top of the 
original surface and buries crops, seedlings, etc 

 
 

B. The sources of runon – upslope area 
 
Upslope areas may contribute to the damage by overland flow and 

runon. The upper slope area acts as a source of erosion damage and produce a 

lot of surface water during the rains if this water enters a cultivated field 
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downslope the process is called runon. Observation was made to know that 

where it enters the field and causes erosion damage.  

1) The greatest amount of overland flow can produced by sealed 

surfaces compacted or even covered by asphalt etc., which prevents water from 

infiltrating, e.g. footpaths, animal tracks, roads or settlements etc. 

2) Upslope cultivated areas, where surface water is not controlled 

well can penetrate into another field below. 

3) Area with permanent vegetation cover such as grassland, bush or 

forest having better infiltration and producing less overland flow compared to 

sealed or bare surfaces. In addition, their vegetation reduces water velocity so 

that eroded soil particles can accumulate. Even so, these areas may still drain 

considerable amounts of water downslope and cause damage. 

 
C. Subsequent damage on the downslope area 

Downslope areas may suffer from different types of subsequent damage 

caused by runoff. Impact on further downslope or downstream which receives 

water and sediment transported by runoff was investigated. Damage can be as 

in following way: 

1) Along field borders, runoff concentrates and forms rills, which 

eventually develop into gullies. 

2) Rills and/or accumulations develop on cultivated areas downslope, on 

grassland, roads and settlements. Production may be affected or cleaning 

of roads may become necessary. 

3) The eroded soil suspended in the river pollutes water and watering 

points. 

4) Flash floods endanger settlements and farmland downstream.  

D. Developing an erosion-topo-sequence for an area 
 
A semi-quantitative analysis was performed after a mapping of erosion 

damage. As a first step, an erosion topo-sequence for area was developed. All 

the observed factors, which had an influence on erosion, were summarized and 

group according to their position on the slope, on damaged fields, upslope, and 
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downslope. Following two types of relationships were studied: 

1) The frequencies of each factor or combination of factors observed 

were determined. The bar charts were used to shows the frequency of cases 

observed, e.g. the number of observations of specific factors. Factors on 

upslope, which influence erosion damage by causing runon. The mere 

frequency of observation must be supplemented by a second indicator.  

2) This analysis of single factors in combination with the erosion 

topo-sequence help to shows the major erosion problems in area. It serves as 

foundation for developing a conservation strategy, to be elaborated and to be 

discussed with the land users. 

4.4 Soil erosion risk modeling using Morgan, Morgan and Finney model  

Spatial modeling is concerned with capturing spatial landscape 

phenomena and related properties, for representation and manipulation in a 

GIS. A particular model designed for particular area with specific set of 

condition might not necessarily be applicable to another area with different 

situation. The application of USLE to steep slopes and extreme texture in 

mountainous terrain where the erosive forces are primarily from overland flow 

is still controversial (Shrestha 1997).  ANSWER and WEPP require huge data, 

which is difficult to acquire in mountainous watershed of Himalaya. Similarly 

AGNPS is also not adapted well enough in mountain conditions (Kettener, 

1996). Morgan, Morgan and Finney (MMF) model (Morgan etal, 1984) have 

strong physical base and is simple and flexible to use (Shrestha 1997). Keeping 

all this in view, MMF model was selected and used for assessment of soil 

erosion in the study. In order to estimate the relevant soil loss, spatial soil 

erosion risk modeling based on Morgan, Morgan and Finney Model (MMF, 

1984) with the aid of remote sensing and GIS was carried out. A hierarchical 

approach of spatial risk modeling was integrated with model to evaluate soil 

loss at multiple levels in a landscape (plot, watershed and landscape scale).                              

The operating functions for the MMF Approach  

In the present study, estimation of soil erosion by water was modeled by 

using Morgan, Morgan & Finney (MMF) model. In this approach detachment 
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of soil particles by raindrop impact and the transport of these particles by 

overland flow were taken into account for soil erosion assessment. The model 

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

The model uses six operating functions for which 15 input parameters are 

required. 

4.4.1 Water Phase 

The water phase mainly comprises of prediction of detachment by rain 

splash. It thus requires data related to rainfall such as intensity of rainfall, 

number of rainy days, total rainfall. The water phase thus, estimates the kinetic 

energy of rainfall (J/m2) and runoff volume of overland flow (mm). These are 

the inputs for the equation used in sediment phase. 

E = kinetic energy of rainfall (J/m2) 

E = R (11.9 + 8.7 log 10 I) 

Input parameters required are: 

R is annual rainfall for the study area (--- mm) 

I is typical value of intensity of erosive rain as---- mm/hr. 

Q is volume overland flow mm 

Q = R*exp (-Rc/Ro) 

Where, 

R c = 1000 * MS * BD *RD * (Et / Eo) 0.5 

MS      Moisture content at the field capacity (%w/w) 

BD     Bulk density of the top layer (Mg/m3) 

Et / Eo   Ratio of actual (Et) to potential (Eo) evaporation 

RD     Topsoil rooting depth (m) 

Individual columns were added to the soil texture map for calculating 

MS & BD. Attribute raster maps were prepared for MS and BD. Rooting depth 

(RD) map was prepared. Et / Eo   column was added to land use and an attribute 

map was prepared. All these were used as input to calculate final Rc. Ro was 

calculating using annual rainfall (R) and number of rainy days, (R n). 
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4.4.1 Sediment Phase 

Model considers soil erosion to results from the detachment of soil 

particles by raindrop impact and the transport of those particles by overland 

flow. The process of splash transport and detachment by runoff are ignored. 

Thus, the sediment phase comprises of two predictive equations, one for the 

rate of soil detachment by raindrop impact (F kg / m2) and one for the transport 

capacity of overland flow (G kg / m2).Rate of soil detachment by raindrop 

impact was calculated by using equation -   

F = K (E -a A) b * 10-3 

Where, F = Rate of soil detachment by raindrop impact (kg / m2). Soil 

detachability (K) and percentage of permanent interception and stem flow (A) 

maps were prepared. Final out put was F map using the above-mentioned 

equation in which values of the exponents a & b are 0.05 and 1.0 respectively. 

The transport capacity was found using the following equation 

G = C * Qd *sin (degrad (S)) * 10-3 

Where, G = Transport capacity of overland flow (kg / m2) and C = Crop 

cover management factor, Q = Volume of Overland Flow (mm). Value of 

exponent d = 2.0. 

 S = steepness of ground slope expressed as the slope angle. C map was 

prepared. Slope map was derived from DEM. Using C, Q and slope maps for 

estimating transport of capacity of overland flow (G) and then final G map was 

prepared.  

4.4.3 Soil Erosion Risk Assessment  

Minimum values from F and G Maps for each pixel in these two raster 

maps was taken into account for preparation of the soil erosion map. Final soil 

erosion map in annual soil estimation (t/ha) in the study area were prepared.  

Rate of Soil Loss = MIN (G, F), kg/m2/yr. (t/ha/yr) 
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Table 4.9 Soil erosion Risk classes 

 
Priority class Average soil loss (t / ha/yr) 

Very low (VI) <5 

Low (V) 5-10 

Medium (IV) 10-15 

Mod. High (III) 15-25 

High (II) 25-50 

Very high (I) >50 

 
 
Table 4.10 Input parameters to the Morgan, Morgan & Finney (MMF) method  

 
Major 

parameters 

Model 

Paramet

ers 

Description Source of the data / thematic maps 

MS Soil moisture content at field capacity Determined for the soil map units 

BD Bulk density of the top soil layer (mg / 

m3) 

Determined for the soil map units 

RD Top soil rooting depth (in m) Used 0.05 m from literature (--) 

Soil 

parameters 

K Soil detachability index (g / J)  Determined for the soil map units 

A Percentage rainfall contributing to 

permanent interception and stream 

flow 

Taken from literature 

Et / Eo Ratio of Actual to potential evapo-

transpiration 

Taken from literature 

Land use / 

land cover 

parameters 

C Crop cover management  Land use/ land cover (1: 25, 000 scale) 

map generated for the watershed 

Terrain 

parameters 

S Steepness of the ground slope Digital slope map generated from DEM 

R  Rainfall for rainy season (in mm) 

R n Number of rainy days in rainy season 

Self recording rain gauges (installed in 

the watershed by IIRS) data used 

Climatic data 

I Intensity of erosive rain Typical value for intensity of erosive 

rain as suggested by Morgan, 25(mm/h) 

for tropical climate was taken. 
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4.5 A Hierarchical Approach to Assess Soil Erosion Risk  

In order to understand the type of landscape existed in study area, the 

landscape attributes such as land use/land cover, geology, geomorphology, and 

hydrology were considered to segregate and constructed landscape hierarchy. 

The three distinguished levels of the landscape hierarchy, ‘Field-plot’, 

‘watershed’ and ‘landscape’ were identified as final units. Field plots are 

smaller than and nested in watersheds and likewise watersheds are smaller than 

and nested in landscape units. ‘Field plot’ are created by human activities, 

‘watershed’ by natural processes of hydrology and ‘landscape’ by natural 

processes of geology, geomorphology and climate. These all units obey the 

hierarchy theory of vertical asymmetry in genesis. Field-plots being parts of a 

watershed are inherited upwards by the watershed but on the understanding that 

they remain as individuals with their own dominant individual erosion 

processes. Soil erosion processes are influenced by the internal properties of 

the field plot and are differ from processes outside it. The erosion processes 

inside the watershed are constrained by the properties of the higher-level 

landscape unit. Therefore, these three defined levels offered the best solution 

for an asymmetric ordering of the landscape system for soil erosion assessment 

and risk modeling. All the three selected spatial landscape entities have the 

spatio-temporal attribute that make them ideal to consider them as units of 

assessment of erosion processes. Field plot can be defined as an elementary 

member of the landscape continuum created by human activity falling at lowest 

level of landscape hierarchy. A field-plot is also recognized by the farmer as an 

area of uniform agricultural practice. Distinction of field-plots is governed by 

the boundary that is an important element as it separates the internal erosion 

processes from erosion processes in the neighbouring field-plots. A watershed 

can be described as a natural hydrological entity governed by terrain 

topography that drains into common outlet. Several watersheds can be nested 

within the same landscape unit. Watersheds being smaller landscape elements 

are normally part of the broader landscape unit. A landscape can be recognized 
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as a large portion of land typified by a repetition of similar relief types or an 

association of dissimilar relief types e.g. valley, plateau, mountain, etc. 

This approach facilitates the methodology for assessing and modeling the risk 

of soil erosion at multiple levels in landscape. Following steps were adopted to 

develop three different levels for representation of soil erosion or its risk 

hierarchically in the landscape.  

4.5.1 Conceptualization of hierarchy in the study area 

The broader landscape unit where ecological unity appears to be similar 

all through is selected as the highest-level in the hierarchical system 

construction. Geomorphology was used to provide the boundary criteria for 

determining the spatial extent of a landscape unit. Individual landscapes are 

separated by changing characteristics, such as changes in vegetation, land use 

and landform characteristics. Linear features viz. river-streams, contour lines 

were digitized and stored as line segment while landuse were stored as polygon 

etc. The field-plots are linked to a specific higher-level watershed and the 

watershed linked to the higher-level landscape unit using both positional 

attributes and part-of links.  

 

4.5.2 Selection of micro water shed in the study area  

As the study area covers several numbers of watershed elements, it was 

not possible to delineate all the watershed units occurring in an entire landscape 

unit to demonstrate this. In addition, due to hilly terrain, it was difficult to 

select the watershed with detailed information in hillside slope physiographic 

terrain of the study area. Similarly, no small watershed was found located in 

the lower piedmont area. In middle piedmont also, required watershed could 

not possible to interpret. Therefore as a representative, the best possible to 

interpret for maximum detailed erosion proxies, only one micro watershed unit 

named as Tikri watershed in upper piedmont area for which ground truth was 

being obtained was selected for illustration. The satellite images were 

interpreted individually for the detailed information about land uses activities 

and land cover on watershed level. 
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4.5.2 Spatial database generation for Hierarchical Modeling  

The Spatial database generated with the help of Satellite imagery in 

conjunction with toposheet. GIS was utilized for creation of various map 

layers. The landscape elements such as watershed and landscape units were 

considered as area objects and store as polygon and field-plot was stored as 

point object. Erosion proxies (Landuse / landcover units) were captured as 

geometric data and were stored either as area, line or point object. While the 

descriptive and numeric attributes of all the landscape units and the erosion 

proxies were entered as attribute data in tabular database. The vector layers for 

the landscape and watershed level units, such as boundary map, drainage 

network, land use/land cover maps were delineated into a GIS database. The 

units at three different levels of landscape digitized and stored in a geographic 

information system (GIS) as discussed below. 

 

A. Micro watershed Unit at Landscape Scale 

The boundary map of small watershed at watershed scale was used to 

subset small watershed at landscape scale from the broader landscape unit. This 

map was having less detail comparatively and used for making comparison of 

soil loss at two different scales 

B.  Micro watershed Unit at watershed level 

Second level of the hierarchy is represented by watershed. Instead of 

soil erosion processes driven by area attributes, the erosion processes in a 

watershed are more influenced by channel erosion. Linear features in each 

watershed such as forest boundaries, river-streams and roads and tracks were 

identified as erosion proxy objects. These linear features were extracted from 

satellite image based on their shape, appearance, texture and association with 

other neighboring features. These features are mostly morphologically 

elongated therefore were first captured as line object. Further, these line 

features are buffered with their respective buffering distances to represent with 

real world geographic location. The road, river-stream and forest boundary 
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were delineated as erosion proxies for the selected watershed units. A vector 

layer with these line features were first rasterized with suitable pixel size, based 

on buffer requirement.  This rasterized layer was used again to digitize the 

vector layer with polygon features for these elongated erosion proxies and also 

polygons showing detail landuse and landcover classes were added within the 

boundary of selected small watershed. Roads and forest boundary were 

buffered on each side with an 8 and 4 meters of a buffer distance respectively 

to represent its actual occurrence in real geographic space. Similarly, rivers-

streams are buffered with buffer distance of 80 meters to cover the valley sides, 

to coincide with riverbank erosion and massive soil slumps and erosion (Okoth, 

2003).  

C.  Field Plot Units  

The individual field-plots were located over satellite image, based on 

their geographical position. The combination of space occupied by the plot and 

the vegetation or other land cover that is part of the field-plot constitutes the 

spatial modeling object. The field plots were stored as point objects into vector 

layer. Each individual plot was assigned by a unique number for its 

identification and characterization in the field. The measured slope gradient, 

the ground surface cover, the land use type and soil erodibility etc. properties 

associated with plot are allocated as attribute values which can be used for their 

description and classification. Point map representing the field plots was 

generated at field plot level covering entire study area. 

 

4.5.3 Soil Erosion Risk at multiple level  

In this section of present study, estimation of soil erosion by water was 

modeled by using Morgan, Morgan & Finney (MMF) model at all the three 

levels in landscape, based on hierarchical analytical nature of approach. 

  

4.6 Calibration and validation of MMF model in study area for maize crop 

There are two approaches for estimating soil movement. One can estimate how 

much has been lost from a site, or can estimate how much has accumulated at 
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another site. The accuracy of these two approaches is usually very different. In 

order to calibrate the model for cropland (mainly maize), the field 

experimentation was attempted at the location of study area during monsoon. 

 

4.6.1 Field Experimentation to Study Surface Runoff Generation 

Five different Bounded runoff plots were installed in different terraces under 

maize crop for erosion assessment. Plots with 1 m. length and 1 m. width were 

isolated with galvanized metal borders to collect runoff samples from various 

rainfall events. After each observation, runoff data was collected and brought 

to laboratory to analyze for sediment loss.  

4.7.2 Statistical analysis of observed and simulated soil loss 

  In order to validate the model predicted results at plot scale; data was 

obtained for nine different rainfall events occurred in the month of July and 

August of the year 2005. In order to calibrate the model, sensitivity analysis 

will be performed for the different nine rainfall events by changing the value of 

parameter within a certain acceptable range and observing the soil loss output. 

It is an evaluation of the relative magnitudes of changes in the model response 

as a function of relative changes in the values of model input parameters 

(Nearing et al, 1990). This study will perform sensitivity analysis of the input 

parameters on runoff and erosion processes for models. The sensitivity ratio ‘S’ 

was first determined for the model input parameters viz A, MS, Et/Eo, RD and 

C and P. Following equation was used for obtaining the sensitivity ratio. 

    
  S = [(O2 –O1) /O12] / [(I2-I1) / I12]  
 
Where, S is the sensitivity ratio of parameter (McCuen and Snyder, 1983) 

which is a function of the chosen input range for non linear response. I1 & I2 are 

the least & Greatest values of input used.  I12 is the average of I1 & I2. O1 and 

O2 are the output for two input values. O12 is the average of two outputs. 

After the input files for each runoff, plots were prepared; sensitivity analysis of 

input parameters was performed. The model was calibrated by adjusting the 

values of different soil parameters. The model – predicted soil loss values from 
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each runoff plot were brought within the range of observed soil loss values as 

well as closer to the mean of the observed soil loss values. The parameter that 

produced the maximum sensitivity was adjusted first, followed by other 

parameters. The model input parameters which found comparatively most 

sensitive, their values were considered for sensitivity analysis. Once the model 

was calibrated, it was run with the calibrated parameters, and soil loss value 

was predicted for all the events at plot scale. The procedure involved a trial and 

error method until minimum value of root mean square error (RMSE) was 

obtained. The values of different parameters were adjusted to bring the model 

predicted runoff and sediment yield values from each runoff plot within the 

range of observed values. 3 Statistical parameter; RMSE, CD, and ME were 

used to describe the quantity of the simulation results & to distinguish between 

sensitive & less sensitive parameters. 
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Where Oi & Pi are the observed & predicted values for the i th pair, and n is the 
total number of paired values. O is mean of observed values (other parameter).  
 
 
 
 
A. Root Mean Square Error (RMSE) 

The RMSE value (Thomann, 1982) indicates the extent to which the prediction 

will be overestimating or under estimating the observed values, expressed as 

the percentage of the average value of the observations. The smaller the RMSE, 

the closer the predicted values will be to the observed values.  

B. Coefficient of determination (CD) 

This statistics describes the ratio of the scatter of the predicted to the observed 

values. A CD value (Laogue & Green, 1991) of 1 indicates that the predicted 

and observed values matched perfectly. 
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C. Model Efficiency (ME) 

The value of ME (Nash and Suteliffe, 1970) was found in the range of- ∞ to 1, 

and closer the value is to 1, the better the individual predictions. Models were 

evaluated / predicted based on individual / selected event and mean event based 

soil loss prediction. 
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Chapter – 5 
Results and Discussion 

Using remote sensing and GIS, spatial erosion modelling by making use 

of MMF model was performed to predict average soil loss. Field survey was 

conducted to acquire/ collect all the input terrain, soil, vegetation parameters 

related to soil erosion. Model estimated soil loss was validated with field based 

erosion (soil loss) assessment. Hierarchically approach in soil erosion risk at 

different scales was also attempted to visualize the scale effect in erosion 

modelling.  

The results obtained in the study are presented as below: 

5.1 Spatial Database Generation 

Various thematic layers, such as land use/land cover map, 

physiographic-soil map, and slope map were generated as spatial database.  

5.1.1 DEM 

The visually interpreted contour map having vertical intervals of 20-

meters was used to generate a DEM. The elevation of the study area varies 

from 440 to 2200 meters above mean sea level. 

5.1.2 Slope Map 

The slope map (Fig 2) was generated using DEM. The slope in the study 

area was classified into eight slope classes (soil survey manual, Anonymous, 

1970) of <3, 3-5, 5-10, 10-15,15-25, 25-33, 33-50, and >50 percent. 15 percent 

of total study area has slope of less than 3 percent. 19.50 percent of the study 

area falls under 3-10 percent slope (gently sloping to moderately sloping), 

33.32 percent area under 10-33 % percent slope (strongly sloping to steep 

sloping) and around 12 percent area was observed under 33-50 percent slope 

(very steep) and 21.87 percent of total area falls under > 50 percent slope 

(extremely very steep) slope classes. (Table-5.1) 
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5.1.3 Spatial Distribution of Land use / Land cover  

The satellite images of October month were visually interpreted for the 

information of land use activities and land cover by making use of the 

interpretation keys. The map was digitized to prepare digital vector coverage 

and rasterized for spatial GIS analysis. Landuse / land cover analysis (Fig 3) 

revealed that 38.46 percent area of watershed is under cultivation. It was 

found that about 32 percent of area was under forest and of which, 6.65 

percent are dense, 16.08 percent are moderate dense and 7.67 percent are open 

(Table-5.2). Open scrub and dense scrub account for 8.06 and 14.05 percent 

of total area respectively. Barren land / rock out crop occupied more than 2% 

area in the watershed. 

 Table 5.1 Areal extents of various slope classes  

 Slope classes Slope 
(%) 

Area 
(Ha) 

Area 
 (%) 

Very gently sloping < 3 749.60 15.16 
Gently sloping 3 to 5 5.13 0.10 
Moderately sloping 5 to 10 958.83 19.40 
Strongly sloping 10 to 15 647.73 13.10 
Mod. Steep to steep sloping 15 to 25 568.61 11.50 
Steep sloping 25 to 33 382.00 7.73 
Very steep sloping 33 to 50 599.38 12.13 
Extremely steep slope > 50 1031.81 20.87 
Total 4943.08 100.00 

Table 5.2 Areal extent of Various Land Use / Land Cover Unit 

Land use land cover classes Legends Area  
(Ha) 

Area  
(%) 

Agriculture (mainly paddy) A1              1164.65 23.56 
Agriculture (mainly maize) A2              701.91 14.20 
Plantation/ orchard A3           34.73 0.70 
Open forest F1             378.94 7.67 
Moderate dense forest F2        794.70 16.08 
Dense forest F3           328.70 6.65 
Riverine forest F4           54.63 1.11 
Open scrub OS           398.58 8.06 
Dense scrub DS           694.74 14.05 
Barren land/Rock out crop BL              126.32 2.56 
River/stream RS              265.18 5.36 
Total 4943.08 100 



  69

5.1.4. Soil Resource inventory 
The physiographic soil map was prepared by visual interpretation of 

satellite imagery. Entire landscape of the study area was first characterized 

topographically. Relief information associated with various landforms existing 

in the study area such as hills, and piedmonts were extracted using satellite data 

in conjunction with topographical map.  

Table 5.3 Soil characteristics of various physiographic-soil units 
 

Texture Coarse 
fragments 

S 
N 

Physio
- 
graphic 
unit 

Slope 
(%) 

Surface 
stones (%) 

Soil depth  Drainage 

Surface Sub-
surface 

Surfa
ce 

Sub-
surfa
ce 

Erosion 
class 

1. H11 20-25 25-35 D4 (35-
40) 

Well  Sil/scl fsl/sl 5-10 25-
25 

e1 

2. H12 15-25 15-45 D5 (50-
90) 

Well csl sl 10-
15 

20-
40 

e1 

3. H21 60-70 75-80  D5 (45-
55) 

Excessive  sl sl - - e4 

4. H22 60-65 70-80 D5 (45-
50) 

Somewhat 
excessive 

csl ls/ls 60-
70 

50-
60 

e4 

5. H31 65-75 60-70 D5 (35-
40) 

Somewhat 
excessive 

grcl grcl 70-
80 

85-
95 

e4 

6. H32 40-60 60-75 D5 (40-
50) 

Somewhat 
excessive 

sl ls/sl - - e4 

7. P111 5-7 10-15 D4 (35-
45) 

Well sl 
 

scl/sl 10-
15 

15-
40 

e2 

8. P112 5-7 25-40 D4 (40-
55) 

Well Scl cl 10-
15 

20-
35 

e1 

9. P12 5-8 40-50 D5 (50-
60) 

Well Scl Cl 5-10 20-
25 

e4 

10. P211 1-2 5-10 D5 (>90) Well Sl Scl/cl 5-10 1-2 e1 
11. P212 2-3 15-25 D5 (30-

40) 
Well Sl/scl Sl/cl 10-

20 
30-
50 

e2 

12. P221 5-8 <5 D5 (>90) Well/ 
Mod. well 

Fsl Sicl 5 2-5 e1 

13. P222 5-8 <5 D5 (>90) Well Scl Cl - - e1/e2 
14. P23 3-5 15-20 D3 (30-

35) 
Well Sl Sl 10-

15 
25-
40 

e2 

15. P311 1-2 <5 D4 
(55-65) 

Well Sl l/scl 3-5 5-10 e1 

16. P312 1-2 10-15 D4 (30-
40) 

Well Scl Cl 10-
15 

65-
70 

e1/e2 

17. P32 2-3 - D4 (50-
65) 

Well Sic Fsl - 10-
15 

e1/e2 

18. P33 2-3 10-15 D4 (40-
50) 

Well/ 
Mod..well 

Sl/sic Fsl/cl 10-
40 

5-15 e2 

 
Various physiographic soil units were delineated. To discriminate 

different physiographic units, various image elements associated with terrain 

elements such as landform, topography (relief, slope), land use/land cover, 
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erosion condition, drainage network, etc. were used to delineate physiographic 

soil units. During field survey, total 43 soil profiles under various 

physiographic-soil units were examined.  

 
Table 5.4 Physiographic soil units delineated in the Sitla-rao watershed  
 
S.No. Geomor- 

phology 
Topography Major 

land use / 
land cover 

Dominant 
land use 
type / 
intensity 

Legen
d code 

Paddy H11 Moderately steep 
(15-25 %) and 
Steep (25-33 %) 
(H1) 

Agriculture
 Maize H12 

Open H21 Very steep 
(33-50 %) 
(H2) 

Forest 
 Dense / 

Moderate H22 

Open / 
Barren / 

ROC 
H31 

1. Sub-
Himalayan 
 region (H) 

Extremely steep 
(>50 %) 
(H3) 

Scrub 
 

Dense H32 

Paddy P111 Agriculture
(P11) Maize P112 

Moderate sloping 
(5-8 %) 
Upper piedmont 
(P1) Forest 

(P12) 
Open / 

Moderate P12 

Paddy 
 P211 Agriculture

(P21) Maize P212 
Open P221 Forest 

(P22) Dense 
/moderate P222 

Gentle sloping  
(3-5%) 
Middle piedmont 
 (P2) 

Scrub 
(P23) 

Open 
/moderate P23 

Paddy P311 Erosional 
terraces 

(Agricultur
e) 

(P31) 
Maize P312 

Forest 
(P32) Forest P32 

2. Piedmont 

Very gentle 
sloping  
(2-3 %) 
Lower piedmont 
(P3) 

Scrub 
(P33) 

Scrub 
 P33 

3. River / Stream    
 RS 
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Soil samples collected from the horizons of various soils profiles, were 

analysed. Soil characteristics of each physiographic unit were given in (Table 

5.3). There were 28 physiographic-soil units delineated in the study area 

(Fig.4). The physiographic soil analysis (Table 5.4 & 5.5) revealed that 29.18 

percent area of watershed was found under the upper piedmont, 27.86 percent 

under the hillside. Middle and lower piedmont physiographic-soil units were 

comprised of 25.39 and 12.21 percents of total area respectively. 

 
Table 5.5 Areal extent of Various Physiographic Soil Unit  
  

Physiographic unit Area (Ha) Area (%) 
H11 114.44 2.32 
H12 46.66 0.94 
H21 203.21 4.11 
H22 322.14 6.52 
H31 138.34 2.80 
H32 552.42 11.18 
P111 255.06 5.16 
P112 303.14 6.13 
P12 884.03 17.88 
P211 416.02 8.42 
P212 228.03 4.61 
P221 2.63 0.05 
P222 144.96 2.93 
P23 463.26 9.37 
P311 413.86 8.37 
P312 124.09 2.51 
P33 65.62 1.33 
RS 265.18 5.36 
Total 4943.08 100.00 

 
 
5.2 Assessment of Current Erosion  

 
Soils, landform, land use and rainfall characteristics all vary between 

localities. Predictive equations based on experimental plots situated in 
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particular localities cannot be used to extrapolate and predict rates of erosion in 

another locality, especially one that is far distant. A field-based approach 

provides a rapid and realistic way to assess erosion and the results can be 

compared across a wide range of environments. Qualitative assessment of soil 

erosion was carried out by performing assessment of erosion features in the 

field. Erosion feature used to assess the soil loss qualitatively are the visible 

products of the water erosion process and they include flow channel, surface 

litter translocation, depth of root exposure, depth of rills, depth of stem wash 

and depth of soil movement. 

5.2.1 Field based assessment of soil erosion 
 

Total 49 plots were observed for assessment of current erosion 

damaged. It included five plots in paddy fields and 44 plots under other 

landuse and land cover representing various physiographic units. Excluding 

paddy plots, other plots were observed for erosion features. Seven types of 

erosion proxy groups (landscape factors) such as maize plot, orchard, 

grassland, open forest, dense forest, scrubland, barren land were observed for 

six types of erosion features. Measured erosion features such as flow channel 

(Fc), surface litter translocation (Slt), depth of root exposure (Rex), depth of 

rills (Rill), depth of stem wash (Sw), depth of soil movement (Sm) were 

recorded under various erosion proxy groups (landuse classes). There were 

twenty-two plots observed under erosion proxy- maize plots. The erosion 

features were measured in eight plots belong forest types and four in both 

orchard and scrubland. Two plots for each erosion proxy viz. open forest and 

barren land, grassland plots were observed. Three observations (replications) 

for each plot were observed for the six types of erosion features during ACED 

survey. Means of three observations for each individual erosion feature were 

computed for each plot. The severity classes were assigned to the mean values 

of measured erosion features (Table 4.7). Codes 0, 1, 2, and 3 were used to 

express severity classes, of slight, moderate, severe and very severe 

respectively. Single severity class for each individual plot was determined by 
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most limiting factor in the erosion features using using Max and Mode 

function for occurrence of severity classes that were assigned to all six types 

of measured erosion features. Soil erosion risk class for each plot based on 

erosion features were shown in table-5.7. 

A. Erosion proxies and overall mean values of various erosion features 

Six types of erosion features were studied to assess the occurrence of 

soil erosion in seven types of the erosion proxies (landuse classes). The overall 

mean values of measured erosion features for various erosion proxy groups 

(landuse classes) were calculated (Table5.6). Relation between soil erosion 

features and their occurrence on the erosion proxies established by analyzing 

data collected in study area. 

 
Table 5.6 Overall Mean values of measured erosion under different proxies at 
the plot scale 
 

Overall mean values of erosion features Erosion proxies 
types 
(Landuse/ 
landcover) 

Sample size 
(No of plots) Fc Slt Rex Rills Sw Sm 

Maize 22 1.74 1.79 1.05 1.28 1.30 1.41 
Orchard 4 2.42 2.50 1.83 2.17 0.58 2.42 
Grassland 2 1.50 1.50 1.25 1.33 1.00 1.00 
Open forest 2 1.08 1.50 1.33 1.50 0.33 0.33 
Forest 8 1.29 1.40 1.56 2.88 0.03 0.54 
Barren land 2 4.33 4.00 3.33 4.17 3.17 3.17 
Scrubland 4 0.79 0.92 0.79 0.63 0.29 0.29 

 
Where,  
            Fc = Flow Channel (in %), Slt = Surface litter translocation (in %),  
            Rex = Depth of root exposure (in cm), Rills = Depth of rills (in cm),  
            Sw = Depth of stem wash (in cm), Sm = Depth of soil movement (in cm) 
 

Mean values of observed erosion features, were analyzed using Mode 

and Max function for erosion severity (Table 5.7). Out of total 22 plots under 

erosion proxy of maize crop, Mode values expressed that 16 plots contributed 

to slight and 6 to moderate class of erosion whereas Max value revealed 2 to 

slight and 18 to moderate class. Almost for all the erosion proxies, when Max 

function was applied as, it was found that the results were shifted in one class 

advance than the results obtained by using Mode function. Max function 



  74

worked well to determine the occurrence of severity classes. ACED is an 

area-specific approach to soil erosion, therefore erosion prediction classified 

to higher class based on Max function would be preferable to make 

recommendations on soil and water conservation (SWC) planning in order to 

cover erosion risk. Erosion features were observed to characterize severe to 

very severe erosion in barren land. Orchard land has been observed moderate 

to severe erosion whereas, open and dense forest and scrubland were observed 

moderate severity of erosion.  

B. Evaluation of erosion severity for different proxies 

Severity class was determined by using criteria Table 4.7. Max function 

was used to identify overall erosion severity class. Frequencies of occurrence 

of severity classes for each erosion proxies were calculated. In order to 

distinguish between the drivers and disrupters of erosion, ranking of soil 

erosion proxies was determined based on highest severity class and frequency 

of occurrence of lowest severity class (Table 5.8). In the watershed, barren land 

and scrubland acting as a driver for soil erosion as it ranked first and second 

respectively. 

Table 5.7 Occurrence of Erosion Severity Classes of Various Erosion Proxies 
 
Number of plots (samples) observed under various erosion classes for different erosion 
proxies. 

Erosion 
proxies 

Maize 
 plot Orchard Grass 

Land 
Open 

 Forest 
Dense 
Forest 

Scrub 
Land 

Barren 
Land 

Sample size 22 4 2 2 8 4 2 
Erosion 
classes 

Mode 
Max 

Mode
Max

Mode
Max

Mode
Max

Mode
Max

Mode 
Max 

Mode
Max

Slight 16 2 2 * 1 1 2 * 8 * 4 1 * * 
Moderate 6 18 2 2 1 * * 2 * 7 * 3 2 * 

Severe * 2 * 2 * 1 * * * 1 * * * 1 
Very Severe * * * * * * * * * * * * * 1 
Note: Erosion severity classes not found is shown by symbol “ * ” 
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Table 5.8 Evaluation of erosion severity for different proxies  

 

Frequency of erosion severity classes Landuse  
erosion 
 proxies 

 Erosion 
features Mean Severity

Class Max
Slight
 (0) 

Moderate
(1) 

Severe
(2) 

Very severe 
(3) 

Rank  
of  

drivers 

Fc 1.74 0 

Slt 1.79 0 

Rex 1.05 1 

Rills 1.28 0 
Sw 1.30 0 

Maize 

Sm 1.41 0 

1 5 1 * * Fourth 

Fc 2.42 1 
Slt 2.50 1 

Rex 1.83 1 
Rills 2.17 0 
Sw 0.58 0 

Orchard  

Sm 2.42 0 

1 3 3 * * Third 

Fc 1.50 0 
Slt 1.50 0 

Rex 1.25 1 
Rills 1.33 0 
Sw 1.00 0 

Fodder 
land 

Sm 1.00 0 

1 5 1 * * Fourth 

Fc 1.08 0 
Slt 1.50 0 

Rex 1.33 1 
Rills 1.50 0 
Sw 0.33 0 

Open  
forest 

Sm 0.33 0 

1 5 1 * * Fourth 

Fc 0.79 0 
Slt 0.92 0 

Rex 0.79 1 
Rills 0.63 0 
Sw 0.29 0 

Forest 

Sm 0.29 0 

1 5 1 * * Fourth 

Fc 1.29 0 
Slt 1.40 0 

Rex 1.56 2 
Rills 2.88 0 
Sw 0.03 0 

Scrub  
land 

Sm 0.54 0 

2 5 * 1 * Second 

Fc 4.33 1 
Slt 4.00 1 

Rex 3.33 3 
Rills 4.17 1 
Sw 3.17 2 

Baren 
 land 

Sm 3.17 0 

3 1 3 1 1 First 

 

Codes 0, 1, 2, and 3 were used to express severity classes, of slight, moderate, severe 

and very severe respectively (based table 4.7). 
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C Analysis of Variance (ANOVA) 
 

Mean values of all seven erosion proxy groups (factors) were tested for 

their statistical significance difference. The null hypothesis (Ho), no difference 

between all the factor categories was tested by comparing mean values of 

different erosion features. Critical F-values (2.31) are compared with the 

calculated values in order to decide on significance levels of the F-tests. 

Comparison of F-critical values and F-calculated values (Table 5.9) showed 

that there was difference between the erosion proxies (factor group) means, 

which confirmed their relationship between all the erosion proxies and the 

response variable (soil erosion). Neter et al., (1996) and Okoth, (2003) were 

also observed similarly in their study. Analysis revealed Significant different 

between the factor group means (erosion proxies) for flow channel, surface 

litter translocation, depth of root exposure, depth of stem wash; depth of soil 

movement. However, for the depth of rills, no significant difference was 

found among the different groups of the erosion proxies as F-ratio for the 

erosion feature of depth of rills was found closer to 1.0. All other erosion 

features indicate from the F-test that the means of the sampled erosion proxies 

has significant difference. Results of the analysis  (Table 5.9) obtained on the 

rills revealed that the occurrences of the rills do not indicate any difference 

between the various erosion proxy groups. It may be agreed to the fact that the 

occurrence of rills is trained by strong more energetic channel flow compared 

to the other erosion features, which are developed mostly by shallow, less 

energetic overland flow or by splash erosion having less erosive impact due to 

interruption of canopy cover. The channel flow being of higher velocity, larger 

energy and based directly on the soil surface is able to spread itself more 

vigorously compared to the overland flow or raindrop splash impact and 

thereby obliterating the effect of the proxies (landuse). Erosion proxies 

(landuse land cover) having difference in their percent canopy cover will 

therefore not affect rill erosion formation. 
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Table 5.9 F - test for significance for the seven erosion proxies (landuse/ 
landcover classes) 

 
Erosion 
Features Erosion proxies

Sum of 
squares 

Degrees of 
freedom 

Mean 
squares 

F Remark 

Between groups 21.4 6 3.6 
Within groups 20.3 37 0.5 

Flow  
Channel  
(in %) Total 41.7 44   

6.52 
  
  

$ 

Between groups 16.4 6 2.7 
Within groups 32.4 37 0.9 

Surface litter 
translocation  
(in %) Total 48.8 44   

3.13 
  
  

$ 

Between groups 32.9 6 5.5 
Within groups 150.5 37 4.1 

Depth of rills 
 (in cm) 

Total 183.4 44   

1.35 
  
  

# 

Between groups 12.3 6 2.1 
Within groups 23.2 37 0.6 

Depth of root 
 exposure (in 
cm) Total 35.5 44   

3.27 
  
  

$ 

Between groups 22.3 6 3.7 
Within groups 17.7 37 0.5 

Depth of stem 
Wash (in cm) 

Total 40.0 44   

7.78 
  
  

$ 

Between groups 22.8 6 3.8 
Within groups 15.1 37 0.4 

Depth of soil  
moment (in cm) 

Total 38.0 44   

9.30 
  
  

$ 

Where, $ stands for value greater than 2.31 and # stands for value lesser than 2.31 
 

F critical - 2.31  Significance level - 0.05  
Degree of freedom Group – 6  Total population – 44  

 
Source: Standard F statistical table as found in Snedecore and Cochran (1989) 
 

Mean values of all seven erosion proxy groups (factors) were tested for 

their statistical significance difference using analysis of variance (ANOVA). 

Analysis revealed that all the erosion feature except depths of rills have 

significant difference between the different erosion proxy groups. Results of 

the analysis obtained on the rills revealed that the occurrences of the rills do not 

indicate any difference between the various erosion proxy groups. It may be 

agreed to the fact that the occurrence of rills is conditioned by the channel flow 

having higher velocity with larger energy and ability to spread itself more 

vigorously as compared to the other erosion features. In this way, it eliminates 

the effect of the proxies (landuse). While other erosion, features are developed 

mostly by splash erosion or shallow, less energetic overland flow. They have 
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less erosive impact due to interruption of canopy cover. Erosion proxies 

(landuse land cover) having difference in their percent canopy cover will 

therefore not affect rill erosion formation. 

5.2. 2 Determination of factors in soil erosion  
 
The factors that influenced erosion damage are the spatial units along 

the slope profile. These spatial units are the “hidden” factors, which influence 

erosion damage by causing runon such as compact sealed surfaces (e.g. 

footpaths, animal tracks, roads or settlements etc), area with permanent 

vegetation cover (e.g. grassland, bush or forest etc.) and cultivated areas, where 

surface water is not controlled well (Table 5.10.).  

 
Table 5.10 Factors of upslope area causing runon and downslope area of 
subsequent damage 
 
Symbol Factors Symbol Factors Symbol Factors 
R  Road  Fp Footpath CS Cattle-shed 

SB Stream bank RF Riverine 
Forest FH Farm-house 

CAR Canal along road B Bush SM Settlement 
AFB Along field border F Forest GL Grassland 

B-AFB Broken bund along the 
field border OG Overgraze

d area SL Scrubland 

SORS Siltation of 
river/stream CL Cultivated 

land BL Barren-land 

 
Characterization of damaged field in both upslope and downslope area 

was attempted to generate “erosion-topo-sequence”. The factors covering 

cross-sections associated with each observation site contributing in erosion 

were recorded. The field, where erosion damage occurred was identified as the 

core of “erosion topo-sequence”. Factors and reasons that influenced erosion 

damage were determined. There were 46 damaged plots observed. Thus, 46 

“erosion topo-sequence” were developed (Table 5.11.a and 5.11.b). They were 

describing the areas adjacent to the damage field, both upslope and downslope. 

Total 27 & 11 plots were observed under cultivated land & forest land 

respectively. Similarly, total 8 plots under grassland; scrubland and barren land 
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were observed. For each observation sites all the upslope area contributing to 

damaged plot were recorded in a sequence, starting from the area immediately 

adjacent to the damaged field. Thus, “rank importance” of these areas was 

determined. Likewise, all downslope areas with subsequent damage were also 

recorded in a sequence to determine the “rank severity” of subsequent damage. 

The bar charts (Fig. 4,Table 5.12) were used to show the frequency of 

cases observed from upslope area adjacent to damaged field. The bar charts 

(Fig.5) reveals average soil loss for those damaged field where runon cases 

from adjacent upslope area were observed. The frequencies of upslope factors, 

which influence erosion damage by causing runon, were determined. There 

were 5 erosion-damaged fields observed under the influence of upslope-

cultivated areas, where surface water penetrates into another field below. 

Likewise, 12 damage fields were observed under the influence of upslope area 

with permanent vegetation cover such as grassland; bush, forest and over 

grazed land, scrubland. They caused the damage by draining considerable 

amount of water downslope. The maximum damaged fields where the cause of 

damage was the sealed/ compacted surfaces such as footpaths; roads or 

farmhouses. Such fields were found 24.  

The impact on further downslope or downstream which receives water 

and sediment transported by runoff was analyzed and shown in bar chart 

(Fig.6). Similarly, the average soil loss for those damaged field where runoff 

cases from downslope area of subsequent damage were presented in bar chart 

(Fig.7, Table 5.13). Out of total, 18 observed sites were found causing runoff 

along field borders. Silting of water reservoir was observed on 8 sites while, 6 

sites were observed causing runoff on scrubland on downslope. Similarly, road 

and footpath were found influenced by runoff from 4 upland sites. Cultivated 

land and forestland on down slope were found damaged by runoff from 6 

upland sites.  MMF Model was run (in MS excel) to predict soil loss at each 

observation site where the ACED survey conducted. The soil loss was 

estimated and classified into soil erosion severity class. The observation sites 

were grouped based on cases of runon from upslope and runoff on downslope. 
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The factors (runon / runoff) in vicinity adjacent to the observed plot were 

studied and their effects in soil erosion was interpreted / analyzed based on 

ACED / MMF soil loss assessment. 

The frequencies of each factor or combination of factors observed were 

determined, the average soil loss estimated by both MMF, and ACED for those 

damaged field where runon cases from adjacent upslope area were observed. 

Comparison between frequency of cases observed and estimated soil loss 

showed that the factors such as barren land, scrubland and stream bank 

contributes to highest severity class of soil loss measured by both MMF and 

ACED, despite a low frequency of runon.  Similarly, for the factor cultivated 

land and grassland, the soil loss computed by MMF falls under low erosion 

class and by ACED it ranges from moderate to severe classes. In the case of 

forest, 3 runon cases were observed, where ACED and MMF both predicted 

severe erosion class. Very lowest frequency of runon was observed for the 

factor farmhouse, where soil erosion assessed by both ACED and MMF was 

classified under slight class. Similarly, highest frequency of runon cases were 

observed for the factor road which was contributing highest severity class of 

soil erosion assessed by MMF as well as ACED. Though, the number of 

observations of specific upslope factor, which influences erosion damage by 

causing runon can not give direct clue about magnitude of soil loss. However, 

understanding about some factor can be highlighted in order to cover risk. 

From the study it can be concluded that the road was most frequently observed 

factor which causing runon with very severe risk of soil erosion. Similarly, 

apart from low frequency of runon cases factors like stream-bank and 

scrubland, barren land were found contributing in severe and very sever erosion 

classes. It has been explained by the comparison of estimated soil loss (ACED 

and MMF) and frequency of observed case of runoff (Fig.5). There was no 

significant relation between Frequency of occurrence of factor and soil loss. 

Therefore, conclusion was drawn that mere frequency of observation must be 

supplemented by a second indicator (Herweg, 1996) in soil erosion risk 

estimates.  
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Table 5.11.a Upslope area: partial source of damage with their rank importance 
 

Factors observed in Erosion-
topo-sequence  

Type of Damaged Plot 
(Land use land cover) 

No. of 
plots 

Sealed/ 
compact

soil 
surface 

 

Area with
more or 

less 
permanent 
vegetation

Area 
cultivated

Sequence of 
rank   

importance 
of factors 

Upslope area 
(factor) of  

most important 
rank contributing 

to the damage 

R , SB - CL 2, 1, 3 Stream bank 
R GL - 1, 2 Road 

R, Fp GL - 2,1, 3 Footpath 
R, Fp - CL 2,1, 3 Footpath 

R GL - 1, 2 Road 
R SL, F - 3, 2, 1 Forest 
R S, F - 3, 2, 1 Forest 
- SL, BL CL 2, 1, 3 Barren-land 
R SL, BL CL 3, 2, 1, 4 Barren-land 

R, SB - CL 2, 1, 3 Stream bank 
R - - 1 Road 
R SL  1, 2 Road 
R SL CL 1, 2, 3 Road 

R, Fp SL - 1, 2, 3 Footpath, 
R, SM SL CL 2, 3, 1, 4 Scrub-land 
R, CS B, F, SL CL 3, 2, 5, 4, 1 Cultivated land 

- - CL 1 Cultivated land 
R, SM - CL 1, 2, 3 Road, 

Crop Land  
(Maize) 19 

R SL - 2, 1 Scrub-land 
R GL CL 3, 2, 1 Cultivated land 
R - CL 2, 1 Cultivated land 

R,Fp SL CL 2, 1, 3, 4 Footpath, 
Crop Land  

(Paddy) 4 

R SL CL 1, 2, 3 Road 
R - - 1 Road, 
R SL - 1, 2 Road, 

R, SM - - 1, 2 Road, Orchard 4 

R, SM - - 1, 2 Road, 
R B, GL, F CL 3, 2, 1, 4 Grassland Grass land 2 R, FH - - 2, 1 Farm Houses 

R, Fp GL CL 2, 1, 3, 4 Footpath, 
R GL - 1, 2 Road, Open Forest 3 

R, FH GL - 3,  2, 1 Grassland 
R SL, F - 3, 2, 1 Forest 
- GL - 1 Overgrazed area 

R, SM B, F OG  2, 3, 4, 5, 1 Overgrazed area 
R B, F OG  2, 3, 4, 1 Overgrazed area 
- B,F SL, OG - 4, 3, 2, 1 Overgrazed area 

No occurrence of runoff 
R, Fp B, F - 2, 1, 3, 4 Footpath, 

Forest 8 

R, Fp - - 2, 1 Footpath, 
- - CL 1 Cultivated land 

R, F - - 1 Road 
Road - - 1 Road Scrub land 4 

Road - - 1 Road 
R, F, FH B, SL - 4, 3, 5, 1, 2, Bush Barren land 2 R, SM - - 1, 2 Road, 

Note: For example: Factors observed in Erosion-topo-sequence shown in table in the order of R, SB 
CL, has been ranked as 2, 1, 3 respectively, for its importance in erosion damage. 
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Table 5.11.b.   Downslope areas with subsequent damage and their rank severity 
Factors observed in Erosion-topo-sequence Type of 

Damaged 
Plot  

(Land use 
land cover) 

No. 
of  

plots 

Accumulation 
of eroded 

soil on 

Erosion 
Damage 

Water 
Pollution

Sequence 
of rank 
severity 

Downslope area (factor) of 
most important rank with 

Subsequent damage 

- SL, AFB, CL - 1, 2, 3 Scrub-land, 
CL AFB - 2, 1 Along the field border 
CL SL, F SORS 1, 2, 3 Cultivated land Covering crop
Fp F - 1, 2 Footpath 
CL AFB - 2, 1 Along the field border 
CL - - 1 Cultivated land covering crop
- AFB,CL - 1, 2 along the field border 
R CL CAR 1, 3, 2 Road 
R AFB,CL CAR 3, 1, 2, 4 Along the field border 
- SL, AFB, CL - 1, 2, 3 Scrub-land, 

No occurrence of runoff 
 AFB,CL SORS 1, 2, 3 Along the field border 
- AFB SORS 1, 2 Along the field border 
 AFB,CL SORS 1, 2, 3 Along the field border 
- AFB,CL - 1, 2 Along the field border 
- AFB,CL - 1, 2 Along the field border 
- AFB,CL SORS 1, 2, 3 Along the field border 
- AFB,CL - 1, 2 Along the field border 

Crop Land - 
M 19 

- SL, AFB, CL SORS 1, 2, 3 Scrub-land, 

CL B-AFB SORS 2, 1, 3 Broken bund along the field 
border 

No occurrence of runoff 
 AFB SORS 1, 2 Along the field border 

Crop Land - P 4 

- AFB,CL SORS 1, 2, 3 Along the field border 
- SL, AFB, CL SORS 3, 1, 2 Scrub-land, 

No occurrence of runoff 
- AFB,CL SORS 1, 2, 3 Along the field border Orchard 4 

- AFB,CL SORS 1, 2, 3 Along the field border 
R  CAR 1, 2 road Grass land 2  SL, F SORS 1, 2, 3 Scrub-land, 
 SL, F SORS 1, 2 Scrub-land, 

CL CL - 1, 2 Cultivated land covering cropOpen Forest 3 
 SL, F SORS 2, 3, 1 Silt-up of river/ stream 

R - SORS 1, 2 Road - blocking traffic 
R - SORS 2, 1 Silt-up of river/ stream 
- - SORS 1 Silt-up of river/ stream 
- AFB,CL SORS 2, 3, 1 Silt-up of river/ stream 
- - SORS 1 Silt-up of river/ stream 

No occurrence of runoff 
 F SORS 2, 1 Silt-up of river/ stream 

Forest 8 

- F - 1 Forest 
- - SORS 1 Silt-up of river/ stream 
F - - 1 Forest 
F - - 1 Forest Scrub land 4 

- - SORS 1 Silt-up of river/ stream 
- AFB,CL SORS 1, 2, 3 Along the field border Barren land 2 - AFB,CL - 1, 2 Along the field border 

Note: For example: Factors observed in Erosion-topo-sequence shown in table in the order of CL, AFB 
has been ranked as 2, 1, respectively, for its severity in erosion damage. 
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Table 5.12 Frequencies of observed case of runon and comparison of average soil 
loss (ACED and MMF)  
 

Erosion severity class based on Runon from upslope 
land  

Frequency  
of cases 
observed ACED MMF 

Barren-land 2 2 2 
Bush 1 1 0 
Cultivated land 5 2 0 
 Farm houses 1 0 0 
Footpath 7 1 2 
Forest 3 2 2 
Grassland 2 1 0 
Overgrazed land 4 1 2 
Road  16 3 3 
Scrub land 2 2 3 
Stream bank 2 1 3 

 
 

Table 5.13 Frequency of observed case of runoff and comparison of average soil 
loss (ACED and MMF)  
 

Erosion severity class 
based on  Runoff on downslope 

Frequency of 
cases observed 

ACED MMF 

Along the field border 18 3 3 
Cultivated land 3 2 1 
Footpath 1 1 0 
Forest 3 1 0 
Road 3 2 1 
Scrub-land 6 1 3 
Silting up of reservoir 8 1 2 

 

Codes 0, 1, 2, and 3 were used to express severity classes, of high, moderate, severe 

and very severe respectively (based table 4.8). 
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Fig. 4 Frequency of runon cases from upslope land adjacent to damaged plot 
 
 
 

Soil erosion severity (MMF,ACED)

0
1
2
3
4

Barr
en

-la
nd

Bus
h/f

ore
st

Cult
iva

ted
 la

nd

 Farm
 ho

us
es

Foo
tpa

th
Fore

st

Gras
sla

nd

Ove
rgr

az
ed

 la
nd

Roa
d 

Scru
b l

an
d

Stre
am

 ba
nk

Runon from upslope land

So
il 

er
os

io
n 

se
ve

rit
y 

ACED
Max
MMF
Max

 
 
Fig. 5 Soil erosion severity estimated by MMF and ACED for the plots where runon 
cases observed 
 

. 
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Fig. 6 Frequency of runoff cases observed from downslope area of subsequent 
damage 
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Fig. 7 Soil erosion severity estimated by MMF and ACED for plots where runoff 
cases observed 
 
In order to identify the spatial patterns of soil erosion present in study area, the 
soil erosion modeling approach was adopted. Quantitative estimation of soil 
loss by water erosion in the study area was modeled by performing spatial soil 
erosion risk modeling using MMF model with the aid of remote sensing and 
GIS. 
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5.3 Soil Erosion Modeling Using Morgan, Morgan and Finney (MMF) 

Model  

Soil erosion modeling is concerned with capturing soil erosion as the 

spatial landscape phenomena, for its representation and manipulation in a GIS. 

It is method of predicting soil loss under a wide range of conditions. Estimation 

of soil erosion by water was modeled by using Morgan, Morgan & Finney 

(MMF) (Morgan et.al., 1984) model. In this approach detachment of soil 

particles by raindrop impact and the transport of these particles by overland 

flow were taken into account for soil erosion assessment.  

This model separates the soil erosion process into a two phases: 

(i). Water phase 

(ii). Sediment phase   

The model input soil and vegetation parameters used in model are discussed 

below. 

1) Rainfall data –  

 Using meteorological data of year 2005, following data were derived to 

compute rainfall energy. Rainfall data was collected for the months of June – 

September (rainy season) to match it with field based erosion (ACED survey) 

data. The values of R & Rn are given in the following Table 5.14. A typical 

value for Intensity of erosive Rain as suggested by Morgan, 25(mm/h) for 

tropical climate was considered for this study.   

 
Table 5.14 Values for Rainfall parameter used in the soil erosion modeling  
 

Month Rainfall 
(mm) 

R 

Number of 
rainy days 

Rn Ro Intensity of 

erosive rain

June - - 
July 494.06 24 
August 460.63 28 
September - - 
Total 954.6875 52 

52 18.36 25(mm/h) 
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3) Soil Data 

Soil analyses were performed for percent organic matter content and soil 

textural classes. The soils in the watershed vary from coarse sandy loam to loam. Soil 

erodibility factor (K- factor) was computed. The K factor ranges from 0.32 to 0.87. 

Soil moisture content at field capacity (%) was taken from typical values suggested by 

Morgan et. al. (1984). Bulk density values were estimated by using equation, “Bulk 

density = weight of dry soil (whole core)/volume of the soil (whole core)” using bulk 

density core sampler in various physiographic soil units. It varies between 1.29 to 

1.81 gm/cm3. The soil parameters viz. soil type, bulk density; soil erodibility factors 

are given in Table 5.15.  

 

Table 5.15 Soil parameter used in the soil erosion modeling  

 

Physiographic unit 
Soil moisture at 

saturation 
(MS ) % 

Bulk density 
(BD) g/cc 

Soil erodibility 
factor (K) 

H11 0.20 1.81 0.55 
H12 0.20 1.81 0.55 
H21 0.26 1.81 0.71 
H22 0.26 1.81 0.71 
H31 0.26 1.54 0.50 
H32 0.26 1.29 0.61 
P111 0.20 1.57 0.55 
P112 0.20 1.38 0.75 
P12 0.25 1.51 0.67 
P211 0.20 1.57 0.55 
P212 0.20 1.46 0.55 
P221 0.20 1.54 0.32 
P222 0.20 1.54 0.32 
P23 0.20 1.54 0.68 
P311 0.20 1.82 0.52 
P312 0.20 1.38 0.75 
P33 0.20 1.54 0.68 
RS * * * 

Note: “*” Indicates physiographic unit excluded from assessment 
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2) Vegetation data 

 

Table 5.16 The values for plant parameter used in the soil erosion modeling  

 

Legends Land use land cover classes RD 
(Meter)

A 
(%) 

Et/Eo 
 

C 
 

A1        Agriculture (mainly paddy) 0.05 43 0.6 0.2 
A2        Agriculture (mainly maize) 0.05 43 0.6 0.2 
A3        Plantation 0.10 20 0.8 0.02 
F1         Open forest 0.10 20 0.8 0.006 
F2         Moderate dense forest 0.10 20 0.9 0.004 
F3         Dense forest 0.10 20 0.9 0.004 
F4         Riverine forest 0.10 20 0.8 0.004 
S1         Open scrub 0.05 15 0.8 0.05 
S2         Dense scrub 0.10 15 0.8 0.05 
BL        Barren land 0.05 15 0.8 0.05 
RS        River/stream 0 0 0 0 

Source: summarized in Morgan, Morgan and Finney (1982)         
 

Water Phase  

In the water phase, the annual precipitation was used to determine the rainfall 

energy available for prediction of rain splash detachment and the volume of 

runoff. The rainfall energy is computed from the data related to rainfall such as 

intensity of rainfall, number of rainy days, total annual rainfall.  

 

1) Rainfall energy  

The kinetic energy of rainfall (J/m2) and volume of overland flow (mm) were 

estimated in the water phase. Kinetic energy of rainfall (E) is dependent on the 

amount of annual rainfall depth (R) and rainfall intensity. Total annual rainfall 

(R) for the study area calculated was 954.68 mm. Intensity of erosive rain (I) 

was considered as 25 mm/hr as it was suggested by Morgan, for tropical 

climate for this study. Rainfall energy (E) calculated was 22979.783 J/m2.  

2) Volume Overland Flow – Q (mm)  

Volume overland flow (Q) occurs on hillsides during a rainstorm (R) when 

surface depression storage exceeded. Soil moisture storage (MS) was taken into 

account by keeping in view – the case of prolonged rain. Rooting depth (RD) 
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was considered because water do not always flow as a sheet of uniform depth 

but more commonly is a mass of braided watercourses broken up by large 

stones and cobbles and by the vegetation cover, often spinning around cluster 

of grass and small shrubs. Therefore Q values are calculated by using attribute 

values for model input parameter MS, BD, RD and Et / Eo   and rainfall (R) 

parameter as shown in Table 5.14 and volume overland flow map was 

generated (Fig.7). 

B. Sediment Phase 

In the sediment phase, soil erosion is considered due to detachment of soil 

particles from the soil mass by raindrop impact (splash detachment) and 

transport of those particles by overland flow. The sediment phase comprises of 

rate of soil detachment by raindrop impact (F kg / m2) and transport capacity of 

overland flow (G kg / m2). Average rate of soil detachment (Kg/m2) – F (Fig.9) 

and average transport capacity of overland flow (Kg/m2) – G (Fig.10) were 

computed and maps were generated.  

Table 5.17 Average volume overland flow, average rate of soil detachment and 
average transport capacity of overland flow under various landuse land cover 
classes 
 

Landuse/ 
land cover 
class 

Average volume 
overland flow 
Q (mm) 

Average rate of 
soil detachment 
F (Kg/m2) 

Average transport 
capacity of overland 
Flow G (Kg/m2) 

A1 520.08 1.54 6.77 
A2 549.17 1.79 8.16 
A3 488.28 5.75 2.27 
BL 442.09 5.97 4.46 
F1 787.09 5.84 1.07 
F2 789.93 5.55 0.62 
F3 809.21 5.62 0.49 
F4 835.10 5.75 0.26 
S1 411.51 6.87 2.62 
S2 820.47 6.16 2.39 

 
Table 5.17 reveals that F was observed ranging from 1.54 to 6.87 (Kg/m2) 

while G was found ranging from 0.26 to 8.16 (Kg/m2). However, both the F 

and G values in cropland (mainly paddy) found lower than cropland (mainly 

maize). Forestland show very low average transport capacity of overland flow 
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(G) while, Scrubland show comparatively higher average rate of soil 

detachment (F) (fig.8 & 9). The minimum of F and G values of a pixel was 

taken to account the soil loss of the watershed. 

C. Soil Erosion Risk Assessment in the watershed 

The average rate of soil loss was classified into soil erosion risk classes 

(Fig 10) for soil conservation planning. About 36 percent of total area of 

watershed was found under very low risk of erosion. Around 26 % percent of 

watershed lies in moderate risk of erosion. While about 20 percent of area 

shows high to severe risk of soil erosion (Table 5.18). 

 
 
Table 5.18 Areal extent of soil erosion risk  
 

Erosion  
classes 

Average rate of  
soil loss (tonnes/ha) 

Area  (ha) Area  (%) 

Very low <5 1795.17 36.29 
Low 5 to 10 659.87 13.36 
Moderate 10 to 15 1279.02 25.89 
High 15-25 669.14 13.54 
Severe 25-50 274.70 5.56 
Very severe >50   *     * 

 Excluded area (River/Stream) 265.18 5.36 
  Total 4943.08 100.00 

 
Around 50 percent of total area, which was under paddy cultivation, 

lies in very low-to-low and 50 percent in moderate risk of soil erosion (Table 

5.19). Vulnerability to soil erosion risk in the watershed revealed that 42.47 

percent area of cropland (mainly maize) was in high soil erosion risk class 

whereas 29 percent of total area of it lies under moderate soil erosion risk. 

Within open forest cover, 46 percent of the area is under moderate to high risk 

of erosion. Soil losses are comparatively low in forest covers except open 

forest. Similarly, cropland (mainly paddy) class is less susceptible to soil 

erosion. More than 47 % of open scrub, landcover class was observed to be 

contributing to moderate to severe class of erosion risk while 60% of total 

area of dense scrub lies under moderate to severe soil erosion risk class. Thus, 

75 percent of total area of watershed and 83 percent of total cropland found 
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under very low (<5 tonnes/ha) to moderate risk (20 tonnes/ha) of soil erosion 

class. Since the natural rate of soil loss is high (Morgan, 1986) in 

mountainous area. Therefore, if a soil loss of up to 20 tonnes/ha/year is 

considered tolerable limit then 25 % of the total area of watershed and 17 % 

of total cropland are predicted to be vulnerable to severe to very severe soil 

erosion risk class. Thus, this watershed terrain needs to be managed for soil 

conservation measures. 

 
Table 5.19 Areal extent of land use / land cover under various soil erosion risk 

classes 

 
Landuse Average Soil loss 

(t/ha) 
for rainy season 

Area 
 (ha) Very 

Low Low Moderate High Severe 

Erosion risk ranges (in t/ha) <5  5 to 10 10 to 20 20 to 40 40 to 80
521.94 59.38 583.33 * * Agriculture  

(mainly paddy) 13.04 1164.65
 44.81 5.10 50.09 * * 

151.37 49.85 202.61 298.07 * Agriculture 
(mainly maize) 16.26 701.91 

 21.57 7.10 28.87 42.47 * 
12.91 2.94 0.37 11.13 7.38 Plantation 20.79 34.73 

 37.17 8.48 1.05 32.04 21.25 
100.26 98.45 158.06 22.17 * Open forest 10.69 378.94 

 26.46 25.98 41.71 5.85 * 
394.34 245.57 153.33 1.45 * Moderate  

dense forest 6.19 794.70 
 49.62 30.90 19.29 0.18 * 

216.79 74.19 37.71 * * Dense  
Forest 4.86 328.70 

 65.95 22.57 11.47 * * 
47.11 7.52 * * * Riverine forest 2.6 54.63 

 86.23 13.77 * * * 
152.68 57.50 38.08 40.61 109.70 Open  

scrub 24.22 398.58 
 38.31 14.43 9.55 10.19 27.52 

187.59 63.75 98.15 264.49 80.76 Dense  
scrub 23.87 694.74 

 27.00 9.18 14.13 38.07 11.62 
10.17 0.70 7.38 31.21 76.86 Barren  

land 43.58 126.32 
 8.05 0.56 5.84 24.71 60.84 

# # # # # River/ 
stream #  

265.18 
 # # # # # 

1795.17 659.87 1279.02 669.14 274.70 Total 4943.08
36.29 13.36 25.89 13.54 5.56 

      
      Note: * indicates no occurrence of soil loss. # Indicates that unit excluded from erosion 
assessment. The figures with underlines in the table stand for percentage area of total area under 
respective land use/ land cover category.  
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5.5 Validation of Model Predicted / Estimated Soil Erosion  

 

Soil erosion assessed with ACED by evaluating erosion features were 

compared with the model predicted soil erosion. This table shows that the 

variation in soil loss computed at landscape and plot scale. The soil loss 

assessed (qualitatively) by using Mean values of observed erosion features on 

plot level and classified by Max function was used to compare the soil loss 

results spatially predicted at landscape scale by MMF model. 

MMF model predicted soil loss was classed quantitatively into very low (<5) 

and low (5 to 10). But, ACED assessment cannot be differentiated into very 

low & low etc. classes therefore severity classes are assigned based table 4.7. 

 

Table showed that out of total 22 plots under cultivated land, ACED classified 

18 plots Moderate while MMF predicted critical at landscape scales. However, 

both ACED & MMF classified all the plots under plantation, grass land, open 

forest, barren land in similar classes of soil erosion. In the case of dense forest, 

ACED estimated well but MMF was underestimating the soil loss. While in 

case of dense scrub land, ACED was underestimating the soil loss.  

When soil loss estimated in different ways, variation was observed in erosion 

classes at plot and landscape scales. These results initiated the need of scale 

consideration in soil erosion.  
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Table 5.20 Comparison of soil erosion assessed by ACED and MMF 
 

Occurrence of severity classes of soil loss  
ACED MMF 

Landuse/ 
landcover classes 

Sample
Size 

Erosion 
classes 

No of 
Plots 
assessed 

Erosion
classes 

Average soil 
loss (t/ha) 
For rainy 

season 
Slight 2 
Moderate 18 
Critical 2 

Maize plot 

22 

Severe * 

Critical 16.26 

Slight  
* 

Moderate 2 
Critical 2 

Orchard/ 
Plantation   

4 

Severe * 

Critical 20.79 

 
Slight 

 
1 

Moderate * 
Critical 1 

Grass land 
(Open scrub land) 

2 

Severe * 

Critical 24.22 

 
Slight 

 
* 

Moderate 2 
Critical * 

Open Forest 

2 

Severe * 

Moderate 10.69 

 
Slight 

 
* 

Moderate 7 
Critical 1 

Dense Forest 

8 Severe * 

Stable 4.86 

 
Slight 

 
1 

Moderate 3 
Critical * 

Scrub land 
(Dense scrub land) 

4 Severe * 

Critical 23.87 

 
Slight 

 
* 

Moderate * 
Critical * 

Barren Land 

2 Severe 2 

Severe 43.58 

Note: * Indicates absence of severity class  
MMF model predicted soil loss was classed quantitatively into very low (<5) and low (5 to 10). 
ACED assessment cannot be differentiated into very low & low etc. classes therefore severity classes are assigned 
based table 4.7. 
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It may be attributed to the fact that soil  erosion is highly variable in the spatial 

as well temporal domain; therefore, soil loss does not occur in a uniform 

manner in each landscape level. Therefore, in order to evaluate soil loss for 

each landscape level, a hierarchical approach of spatial risk modeling was 

adopted in the study. 

 
5.6 Soil Erosion Risk at multiple level - Hierarchical analysis 

 
This section presents results achieved by modeling the risk of soil erosion at 

multiple levels in landscape, based on hierarchical analytical nature of 

approach. A micro watershed named as Tikri watershed (46 ha) in a Sitla-rao 

watershed was selected to study the scale effect on soil erosion risk assessment. 

 

A. Comparison of Areal extent of landcover classes of Tikri micro 
watershed at landscape and watershed scale 
The land use / land cover map of Tikri micro watershed was prepared using 

LISS IV satellite data at watershed level by classifying the area into 8 landuse / 

landcover classes (Fig.13) while the same area when extracted from map 

prepared at the landscape level showed only 2 landuse/ landcover classes 

(Fig.14). The Tikri micro watershed delineated from landuse/ landcover map at 

landscape level showed that around 49.9 and 50.1 percents out of the total area 

occupied by agricultural land and forestland, respectively.  Whereas, 38, 42, 

and 11 percent out of the total area of the Tikri micro watershed falls under 

cultivation, forests and scrubland respectively at watershed scale. Road and 

river-stream were delineated only at watershed scale, accounting percent of 

total area (Table 5.22).  

The land use / land cover map of Tikri micro watershed was extracted at 

landscape level, reveals only two classes of land use / land cover. But when 

same micro watershed was being further delineated at watershed level using 

high-resolution satellite data, eight classes were found. Interpretations at 

landscape level provide only broad classification. Whereas; watershed level 

provides more information for detail classification. 
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Table 5.22 Spatial distribution of various land use / land cover unit of Tikri 
micro watershed 
 

 
 
5.7 Average soil loss estimated for Tikri micro watershed at landscape, 
watershed and plot scale 

 

The study revealed that average soil loss (Table 5.23.) under cropland 

(mainly paddy) falls under very low at watershed (Fig. 11) and plot scale while 

it was under moderate risk of soil erosion at landscape scale (Fig.15). Soil loss 

was calculated as moderate class for cropland (mainly maize) at plot and 

landscape level, whereas at watershed scales it predicted to high risk of soil 

erosion. Plantation /orchard falls under very low risk of erosion at plot scale but 

high risk of erosion at landscape scale. Average soil loss under scrubland at all 

the three scales, ranges from high to severe risk of erosion. Severe risk of soil 

erosion was estimated under barren land at both landscape and plot scale. Soil 

loss was found estimated low to moderate risk in all types of forest cover at 

landscape scale but it was estimated of very low risk at plot level. However, 

high risk of soil erosion was predicted under forest boundary class that was 

delineated only at watershed scale. Soil loss observed under cropland at all the 

scales was varying. As management practices (based on field observation) were 

taken into consideration for computation therefore, very low risk of erosion 

was observed at plot level, Similarly, high soil erosion risk under forest 

boundary class (at only watershed scale) was observed because of low 

management practice. This prediction also matches with the field observation 

that the gully erosion was noticed along the forest boundaries. Similarly, MMF 

Areal extent of Tikri micro watershed 
Landscape scale Watershed scale 

Landuse/Landcover 
units (Erosion proxies)  

 

Extraction of 
Landuse/Landcover 
at Landscape level Area (ha) Area (%) Area (ha) Area (%)

Agriculture (mainly paddy) - - 5.03 10.86 
Agriculture (mainly maize)

Agriculture 
 (mainly maize) 23.14 49.9 12.68 27.36 

Open forest - - - - 
Moderate dense forest 23.22 50.1 18.38 39.64 
Forest boundary - - 1.07 2.31 
Open scrub - - 3.07 6.62 
Dense scrub - - 2.15 4.63 
Road - - 0.91 1.96 
River/stream 

Moderate dense forest 

- - 3.07 6.62 
Total 46.36 100 46.36 100 
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results at landscape scale, were over-estimating the soil loss for cropland 

(mainly paddy), orchards/plantation and forest whereas, but underestimating 

for scrublands. Thus, the results achieved by modeling the risk of soil erosion 

based on hierarchical analysis proved the necessity of soil erosion assessment 

at multiple levels in landscape. For obtaining information regarding severity of 

erosion in order to plan for soil and water conservation, (SWC) measures, soil 

erosion has to be studied at different scale.  

Table 5.23 Comparison between soil loss predictions at three different scales   
 

Average soil loss (tonnes/ha) for rainy season 
Predicted spatially Estimated  Landuse/Landcover units  

(Erosion proxies) At landscape 
level (extracted)

At Watershed scale 
for Tikri Micro 
Watershed 

At plot scale 
for observed plot  

Agriculture (mainly 
paddy) 13.04 4.3 3.90 

Agriculture (mainly 
maize) 16.26 29.5 16.02 

Plantation  20.79 # 0.48 
Open Forest 10.69 1.53 
Moderate Dense Forest 6.19 
Dense Forest 4.86 

0.4 
1.26 

Forest Boundary # 29.3 # 
O Scrub land 24.22 42.8 
D Scrub land 23.87 32.6 

42.57 

Barren Land 43.58 - 59.73 

Road - - - 
River/stream - - - 

Note: # indicates absence of landuse/landcover unit 

Erosion class very low <5, 5-10, mod. 10-25, high 25-50 and very high >50 t/ha 
 
5.8 Plot / Field Experimentation to estimate Soil Loss  
 

A. Rainfall Event wise soil loss estimation from runoff plot  
 
The soil loss was estimated by analyzing the runoff volume collected 

from the five different runoff plots installed in different terraces under maize 

crop. Data obtained for nine different rainfall events occurred in the month of 

July and August of the year 2005. Observed values were compared with model 

predicted values of soil loss computed at plot scale. Table 5.24 shows the 
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average soil loss of five replications for nine events. Observed soil loss values 

were found comparatively higher than predicted values. Except event VIII, all 

Predicted results fall under very low risk of soil erosion. On event VIIIth, 

despite of heavy rainfall it was noticed that observed value found lesser than 

predicted value because of error in runoff collection due to overflow from 

container (for collecting runoff). Event VIII and IX showed that the observed 

as well as predicted soil loss values were found larger on days with higher 

rainfall event. Similarly, events I to VII reveal that observed soil loss values 

were very low, even though rainfall is >25 mm (except event IV). 

 
Table 5.24 Comparison between observed, predicted, and calibrated soil loss 
values  
 
Events  
  

Rainfal
l 

(mm) 

Kinetic 
energy  

of rainfall  
(J/m2) 

Crop 
Age 

(days) 

Lowest 
Canopy
 cover 
(%) 

Average Soil 
loss Observed

(tonnes/ha) 

Average 
Soil loss 
Predicted
(ton/ha) 

Average 
Soil loss 

Calibrated 
(ton/ha) 

Remarks 
 

I 25.00 601.35 30 50 - 60 0.71 0.57 0.65 
II 33.75 811.82 35 50 - 60 1.45 0.48 0.83 
III 25.625 616.38 37 60 - 70 1.52 0.18 0.36 

Event Vth 
occurred after 
weeding 
operation 

IV 6.875 165.37 43 70 - 80 0.29 0.00 0.00 
V 35.625 856.92 45 70 - 80 0.43 0.58 0.97 
VI 36.56 879.47 47 70 - 80 0.15 0.63 1.05 
VII 21.25 511.15 52 80 - 90 0.24 0.10 0.19 
VIII 114.38 2751.16 64 50 - 60 2.07 7.59 7.59 

IX 53.125 1277.86 67 50 - 60 2.38 1.92 2.90 

On Event 
VIIIth 

improper 
runoff 
collection due 
to heavy 
rainfall and 
overflow 

 
 
Statistical analysis of observed and simulated soil loss 
 

The sensitivity ratio ‘S’ was first determined for the model input 

parameters viz A, MS, Et/Eo, RD and C and P (Table 5.25). The tested range of 

parameter and their average sensitivity ratios are presented in the table 12. A 

negative values points to a decrease in soil loss with the increase in input 

parameter values. The model input parameters, crop management practice and 

crop cover factor were found most sensitive, and therefore, these values were 

considered for sensitivity analysis. 
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Table 5.25 Sensitivity ratio of different parameters for MMF model 

 

Input Parameters used for MMF Model Range of 
 test values 

Sensitivity 
Ratio (S) 

Rank of 
Sensitivity

P Crop management practice factor 0.004 - 0.1 0.55 1 

C Crop cover factor 0.15- 0.8 0.34 2 

RD Top soil rooting depth (in m) 0.63 - 0.31 -1.01 3 

A 
Percentage rainfall contributing 
to permanent interception and 
stream flow (in %) 

15- 25 -1.12 4 

Et/Eo Ratio of Actual to potential 
evapo-transpiration 0.67- 1.35 -2.84 5 

MS Soil moisture content at field 
capacity (in %) 0.15- 0.28 -3.30 6 

 
Model Calibration and Verification for maize crop 

In order to validate the soil loss predicted by model at plot scale, the observed 

results (table 14) acquired from field experimentation were used to perform 

sensitivity analysis of model input parameters. Most sensitive input parameters, 

crop management practice and Crop cover factor were given priority first for 

sensitivity analysis for their impact on soil loss prediction. MMF model was 

run by attempting  trial and error method to obtained minimum values (Table 

5.26)  for RMSE. Different input parameters were adjusted to bring the model 

predicted soil loss values from each runoff plot  and within the range of 

observed values. Table 13 describes the quality of the simulation results. For 

event VII under cropland (mainly maize) class, the lowest RMSE value 0.10 

and ME value 1 was observed. These values were much better than the 

corresponding RMSE and ME values for the other events. Moreover, both the 

observed value and the predicted value of the average soil for event VII fall in 

the moderate high risk of soil erosion and are much closer as compared to other 

event. Therefore, it indicates that the input parameter values used for predicting 

soil loss for event VII can be considered as suitable values (Table 15) to as 

model parameters. 
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Table 5.26 Statistical parameters for observed and simulated  soil loss 
 

Landuse / Landcover RMSE ME CD 
E-I 0.92 -1.83 4.46 
E-II 0.82 - ∞ 0.75 
E-III 1.30 - ∞ 0.26 
E-IV 0.31 - ∞ 0.17 
E-V 0.63 - ∞ 0.36 
E-VI 0.90 - ∞ 0.01 
E-VII 0.10 1 2.94 
E-VIII 5.55 - ∞ 0.01 

Cropland 
(Mainly maize) 

E-IX 0.84 - ∞ 1.70 
 
 
Table 5.27 Calibrated model parameter for cropland (mainly maize) at plot scale 
based on rainfall event 
 

Model parameter P C RD A Et/Eo 
Values 0.9 0.8 0.05 15 0.67 

 
For event I, IV and VII are all the three assessment i.e. observed, 

predicted and calibrated values are found more closer (Table 14). Observed soil 

loss values were found comparatively higher than predicted values. Except 

event VIII, all observed results fall under very low risk of soil erosion. Event 

VIII and IX shows that the observed as well as predicted soil loss values were 

found larger on days with higher rainfall event. While MMF predicted as well 

as calibrated values computed, zero values i.e. very low risk of erosion on 

event IV that received very low rainfall (6.87 mm) but observed average value 

was found of low risk (0.24 tonnes/ha).  
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Chapter 6 
Summary 

 
Soil erosion by water is pronounced critical problem in Himalayan 

terrain due to anthropogenic pressure on its mountainous landscape. Various 
human activities disturb the land surface of the earth, and thereby induce the 
significant alteration of natural erosion rates. Soil resource is important to 
sustain the productivity in hilly terrain. Livelihood of the people in the 
Himalayan region is mainly dependent on farming system and especially on 
subsistence agriculture. Therefore, the need is not merely the quantifying the 
erosion rate but such results of erosion assessment can be core of any decision 
making and supportive in policy formulation for sustaining the environment as 
a whole coupled with the land productivity. Soil erosion assessment and 
mapping of erosion prone area are very essential for soil conservation and 
watershed management. Therefore, in practice, areas at high risk have to be 
prioritized first before undertaking them for management (development 
oriented) and conservation of natural resources specially soil and water. Hence, 
it is essential to assess soil erosion risk for soil conservation program.  

The study aims to evaluate the applicability of an erosion model in 
mountainous terrain. In addition, it aims to determine spatial distribution of soil 
loss and to analyze the effect of land use, slope exposition and terrace farming 
on soil erosion. Both qualitative and quantitative approaches were adopted in 
the present study to assess soil erosion risk.  Soil erosion hazard mapping was 
carried out by using GIS base modelling approach in conjunction with satellite 
remote sensing derived parameters. The study was carried out in Sitla-rao 
watershed (4943 ha) in Doon valley of Uttaranchal state, India, with the 
following objective 

- To investigate the incidence of erosion indicators (feature) and erosion   
         assessment based on ACED methodology 
- Spatial Soil Erosion Risk Modelling based on MMF model 
- Hierarchical approach in soil erosion risk assessment 
Satellite images viz. IRS-IC LISS III + PAN (merged), IRS-IC LISS III 

(23.7m resolution), IRS-P6 LISS IV (5.8m resolution) were visually interpreted 
for preparation of thematic maps. Spatial thematic database was generated by 
making use of GIS and Remote Sensing software viz. ILWIS 3.2, ERDAS 
IMAGINE 8.7, Arc-GIS 8.3. Meteorological data was acquired from Daily 
Rainfall data generated by self-recording rain gauges and automatic weather 
station at Langha village, situated in study area. 

DEM was derived from the visually interpreted contour map. The 
contour map having vertical intervals of 20-meters was derived by visual 
interpretation of terrain information that extracted form topographical data. The 
elevation of the study area varies from 440 to 2200 meters above mean sea 
level. This DEM was used to generate the slope map. Out of total study area, 
15 percent of it has slope of less than 3 percent. 19.50 percent of the study area 
falls under 3-10 percent slope (gently sloping to moderately sloping), 33.32 
percent area under 10-33 percent slope (strongly sloping to steep sloping) and 
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around 12 percent area was observed under 33-50 percent slope (very steep) 
and 21.87 percent of total area falls under > 50 percent slope (extremely very 
steep) slope classes.  

The satellite images of October month were visually interpreted for the 
information of land use activities and land cover by making use of the 
interpretation keys. The map was digitized to prepare digital vector coverage 
and rasterized for spatial GIS analysis. Landuse / land cover analysis (Fig..) 
revealed that 38.46 percent area of watershed are under cultivation. It was 
found that about 32 percent of area was under forest and out of which, 6.65 
percent are dense, 16.08 percent are moderate dense and 7.67 percent are open 
(Table). Open scrub and dense scrub account for 8.06 and 14.05 percent of total 
area respectively. Barren land / rock out crop occupies more than 2 percent area 
in the watershed. 

The physiographic soil map was prepared by using topographical (relief 
/ slope), information associated with various landforms existing in the study 
area such as hills, rivers, piedmonts etc. along with land use/land cover, erosion 
condition, drainage network, etc. these information were extracted using 
satellite data in conjunction with topographical map to delineate physiographic 
soil units. During Intensive fieldwork, total 43 soil profiles under various 
physiographic-soil units were examined for morphological characterization and 
taxonomical classification. Soil samples collected from the horizons of various 
soils profiles, were analysed. There were 28 physiographic-soil units delineated 
in the study area. The physiographic soil analysis revealed that 29.18 percent 
area of watershed was found under the upper piedmont, 27.86 percent under the 
hillside. Middle and lower piedmont physiographic-soil units were comprised 
of 25.39 and 12.21 percents of total area respectively.  

For Qualitative study, field-based assessment soil erosion was carried 
out by conducting field survey for “assessment of current erosion damage” 
(ACED). Total 49 plots were observed for assessment of current erosion 
damaged.. Seven types of erosion proxy groups (landscape factors) such as 
maize plot, orchard, grassland, open forest, dense forest, scrubland, barren land 
were observed for six types of erosion features. Erosion features recorded 
under various erosion proxy groups were flow channel, surface litter 
translocation, depth of root exposure, and depth of rills, depth of stem washes 
and depth of soil movement. The overall mean values of measured erosion 
features for various erosion proxy groups were calculated. Relation between 
soil erosion features and their occurrence on the erosion proxies established by 
analyzing data collected in study area. Severity class was determined. In order 
to distinguish between the drivers and disrupters of erosion, ranking of soil 
erosion proxies were performed based on highest severity class and frequency 
of occurrence of lowest severity class. It was found that, barren land and 
scrubland in the watershed, acting as a driver for soil erosion, as it ranked first 
and second respectively. ACED field data, based on characterization of 
damaged field in both upslope and downslope area was analyzed in order to 
determine the factors that influence soil erosion.. The factors (runon / runoff) in 
vicinity adjacent to the observed plot were studied and their effects in soil 
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erosion was interpreted / analyzed based on ACED / MMF soil loss 
assessment. The “erosion-topo-sequence” was generated for total 46 sites and 
the “rank importance” of these factors on upslope land was determined. The 
frequencies of each factor observed were determined. Comparison between 
frequency of cases observed and estimated soil loss showed highest frequency 
of runon cases were observed for the factor road which was contributing 
highest severity class of soil erosion assessed by MMF as well as ACED. The 
factors such as barren land, scrubland and stream bank contributes to highest 
severity class of soil loss measured by both MMF and ACED, despite a low 
frequency of runon.  

In order to identify the spatial patterns of soil erosion present in study 
area, the soil erosion modeling approach was adopted. Quantitative estimation 
of soil loss by water erosion in the study area was modeled by performing 
spatial soil erosion risk modeling using MMF model with the aid of remote 
sensing and GIS. This model runs the soil erosion process into a two phases i.e. 
water phase and sediment phase. Rainfall energy (E) calculated was 22979.783 
J/m2 for 954.68 mm rainfall (June – October2005) in 52 days. About 36 
percent of total area of watershed was found under very low risk of erosion. 
Around 26 percent of watershed lies in moderate risk of erosion. While about 
20 percent of area shows high to severe risk of soil erosion.Around 50 percent 
of total area, which was under paddy cultivation, lies in very low-to-low and 50 
percent in moderate risk of soil erosion. Vulnerability to soil erosion risk in the 
watershed revealed that 42.47 percent area of cropland (mainly maize) was in 
high soil erosion risk class whereas 29 percent of total area of it lies under 
moderate soil erosion risk. Within open forest cover, 46 percent of the area is 
under moderate to high risk of erosion. Soil losses are comparatively low in 
forest covers except open forest. Similarly, cropland (mainly paddy) class is 
less susceptible to soil erosion. More than 47 percent of open scrub, landcover 
class was observed to be contributing to moderate to severe class of erosion 
risk while 60percent of total area of dense scrub lies under moderate to severe 
soil erosion risk class. Thus, 75 percent of total area of watershed and 83 
percent of total cropland found under very low (<5 tonnes/ha) to moderate risk 
(20 tonnes/ha) of soil erosion class. Further, prediction of soil erosion rates 
were validated by comparing the results predicted by the MMF model with the 
actual erosion (ACED) in the field was carried out.  

The soil loss assessed (qualitatively) by using Mean values of observed 
erosion features on plot level was used to compare the soil loss results 
estimated in MS-excel at plot scale and spatially predicted at landscape scale 
by MMF model. In the case of orchard/plantation, grassland and forest, ACED 
estimated well but MMF was underestimating the soil loss at both the scales. 
While in case of scrubland, ACED was underestimating the soil loss. However, 
both ACED & MMF classified all the plots under barren land as severe class of 
soil erosion at plot scale. 

When soil loss estimated in three different ways, variation was observed 
in erosion classes at plot and landscape scales. These results initiated the need 
of scale consideration in soil erosion. It may be attributed to the fact that soil 
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erosion is highly variable in the spatial as well temporal domain; therefore, soil 
loss does not occur in a uniform manner in each landscape level. Therefore, in 
order to evaluate soil loss for each landscape level, a hierarchical approach of 
spatial risk modeling was adopted in the study. For that Tikri micro watershed 
(46 ha) was extracted from the Sitla-rao watershed (study area) at landscape 
level.  

The land use / land cover map of Tikri micro watershed was extracted at 
landscape level, reveals only two classes of land use / land cover. However, 
when same micro watershed was being further delineated at watershed level 
using high-resolution satellite data, eight classes were found. Interpretations at 
landscape level provide only broad classification. Whereas; watershed level 
furnish more information for detail classification. The Tikri micro watershed 
delineated from landuse/ landcover map at landscape level shows that around 
49.9 and 50.1 percents out of the total area occupied by agricultural land and 
forest land respectively.  Whereas, 38, 42, and 11 percents out of the total area 
of the Tikri micro watershed lies under cultivation, forests and scrubland 
respectively at watershed scale. Road and river-stream were delineated only at 
watershed scale, and were found occupied by the 9 percent of total area  

Spatial soil erosion modeling was carried out and results were compared 
at three scales. Severe risk of soil loss was shown under barren land at 
landscape as well as plot scale. Soil loss could not be estimated under barren 
land class at watershed level, as it was not available in Tikri watershed.  

 Soil loss observed under cropland at all the scales was varying. Very 
low risk of erosion was observed at plot level, it might be because high 
management, practice (based on field observation) was taken into consideration 
for computation. Soil loss was found ranging from low to moderate risk in all 
the classes under forestland at landscape scale but it was of very low risk at 
plot level. However, high risk of soil erosion was predicted under forest 
boundary class that was delineated only at watershed scale. This prediction also 
matches with the observations noticed during field survey that the gully erosion 
along the forest boundaries and low management practice were recorded. MMF 
results at landscape scale, were over-estimating the soil loss for cropland 
(mainly paddy), orchards/plantation and forest whereas, underestimating for 
scrublands. Thus, the results achieved by modeling the risk of soil erosion 
based on hierarchical analysis prove the necessity of soil erosion assessment at 
multiple levels in landscape. For obtaining information regarding severity of 
erosion in order to plan for soil and water conservation, (SWC), landscape 
phenomena – soil erosion has to be studied at different scale.  

Field experimentation by monitoring soil erosion in runoff plots was 
carried out during monsoon to investigate the rainfall-runoff-soil erosion loss at 
plot scale. The soil loss was estimated by analyzing the runoff volume 
collected for 9 rainfall events from the 5 different runoff plots with landuse 
maize, installed in different terraces located in upper piedmont. Observed soil 
loss values were found comparatively higher than predicted values. Sensitivity 
analysis of input parameters was performed to calibrate the models and to 
validate the soil erosion risk. The model input parameters, crop management 
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practice and crop cover factor were found most sensitive therefore, these values 
were considered for sensitivity analysis. 

The diversity of a landscape system in terms of field parcel, land use, 
vegetation, soil, slopes and geomorphology creates complexity and 
heterogeneity in natural landscapes. Therefore, a hierarchical approach of 
spatial risk modeling may provide better evaluation of soil loss for different 
level of landscape i.e. plot, watershed and landscape scale. Remote sensing and 
GIS helped to study soil erosion spatially employing modeling approach in 
hilly terrain. Model estimated erosion assessment were well matched with field 
based current erosion damage assessment. Model provided very well estimate 
of erosion patterns at landscape scale. Hierarchical approach highlighted need 
to study erosion at various landscape level  to understand erosion factors and its 
role in erosion assessment. The results at landscape and plot scale varies. 
Therefore, model results need to use carefully used for local level soil 
conservation planning. 
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