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ABSTRACT

Soil erosion is a critical agricultural and environmental problem as it poses threats to agricultural
productivity, soil fertility, and hydrological processes on a large scale, affecting 751 million
hectares globally through water erosion. Considering the substantial reliance of the Indian
economy on agriculture, the significance of erosion is amplified. The escalating demand of the
unplanned growing population is generating scenarios wherein forests and grasslands undergo
alterations, exposing the uppermost fertile soil layer rainfall intensity and runoff induced erosion.
Approximately half of the total geographical area of India is susceptible to the erosion induced by
water. This thesis encompasses the political boundary of India, despite having some initial
estimates of soil loss, no national-scale estimates of soil erosion are available for India. There is a
need for comprehensive soil erosion assessments on a national scale. Estimating and monitoring
erosion over an extended period for a large region is both expensive and time-consuming. Various
methods, such as empirical, mathematical, and GIS (Geographic Information System)-based
models, are employed to calculate soil loss, each having its inherent limitations. The Revised
Universal Soil Loss Equation (RUSLE) model stands out globally for its precision in estimating
soil loss over larger areas. In this thesis, soil loss was assessed using the RUSLE-based algorithm,
encompassing all five of its factors. Notably, there is a lack of national-scale estimates for all five
RUSLE-factors contributing to soil loss—rainfall erosivity, soil erodibility, slope length and
steepness, cover management and agricultural support practices—across India. The importance
of contributing factors like rainfall intensity, soil properties, LULC, and agricultural practices on
the soil erosion process in Indian condition was also using the Random Forest algorithm in

machine learning (ML). Hence, in this thesis all these factors were modeled and mapped over the



study region specifically the factors associated with rainfall intensity and soil properties with

feature importance analysis of these factors using ML.

Rainfall erosivity is a measure of the erosive force of rainfall which represents the potential of rain
to cause soil erosion. A large proportion of the total eroded soil in India is due to erosion by water,
and rainfall erosivity is one of the major components. The current assessments of rainfall erosivity
in India are however largely based on rain-gauge recordings and surveys which hinders its
estimation and understanding over large areas. Growing availability of remotely sensed gridded
precipitation datasets presents an unprecedented opportunity to study long-term rainfall erosivity
over varied terrains and address some of the limitations of point data-based estimations. In this
thesis, multiple national and global gridded precipitation datasets were utilized to develop a high-
resolution rainfall erosivity factor (R-factor) map to highlight areas prone to rainfall-induced
erosion. Further, a large selection of empirical equations from literature were employed for
estimating rainfall erosivity to provide a comparative analysis of these commonly adopted
methods. The calculated rainfall erosivity is also compared with alternative methods to estimate
R-factor such as Fournier Index (FI) and Modified Fournier Index (MFI). It was observed that MFI
is highly correlated with rainfall erosivity, and an equation was finally proposed to estimate R-

factor using MFI.

The soil erodibility factor, denoted by the K-factor, is an essential component of RUSLE. Although
previous studies have assessed soil erodibility in India, they have been limited to small scales such
as watersheds or districts. A national-scale assessment of soil erodibility doesn’t exist and is
critical to developing a systematic understanding of soil erosion over India. In this study, we
estimated soil erodibility factors over India using RUSLE Nomograph and Environmental Policy
Integrated Climate (EPIC) model approaches at a high resolution of 250 m. Our results showed
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that the K-factor estimated using the Nomograph approach was more accurate than the observed
soil erodibility factors. Additionally, we developed erodibility indices such as CR (Clay Ratio),
MCR (Modified Clay Ratio), and CLOM (Critical Level of Organic Matter) to assess their
sensitivity with respect to soil erodibility factors. Finally, we created a susceptibility to erosion
map over India using CLOM index classification. The national average soil erodibility factor for
India is estimated to be 0.028 t-ha-h/ha/MJ/mm. Histosols soil type is the least susceptible to

erosion, while the Xerosols soil type is most susceptible among the prevalent soil classes in India.

Likewise, the topographic factor which is also called slope-length and steepness factor was
estimated using digital elevation model with the help of Terrain Analysis module while cover
management and support practices factors were estimated with the help of land use / land cover
datasets. This thesis estimates the yearly Potential Soil Loss (PSL) by multiplying all these five
factors throughout India at a composite spatial resolution of 250 meters and explores its variability
considering districts, soil texture, soil type, land use and land cover, and basins. Further, the
Sediment Delivery Ratio (SDR) and Specific Sediment Yield (SSY) were mapped to assess the
actual soil loss reaching downstream pixels across the national boundary. Additionally, a novel
erosion-severity classification system has been introduced and implemented for understanding the
extent and severity of erosion. Rainfall erosivity (R-factor) emerges as the most crucial feature in
estimating soil erosion in Indian conditions. Additionally, when the combined impact was
assessed, rainfall intensity, combined with the topographic factor, demonstrated the highest

influence on soil erosion.

This thesis presents detailed discussions on the key contributing factors, including rainfall
intensity, soil properties, topography, land use/land cover, and agricultural practices, that
contribute to soil erosion in India. It also claims itself as the first comprehensive national-scale
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assessment of rainfall erosivity, soil erodibility, soil erosion, and sediment yield mapping across
India. This study enhances our understanding of rainfall-induced erosion, driven by both rainfall
and runoff, providing a crucial resource for experts engaged in soil conservation and erosion

management planning.
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