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Objectives and tasks

Main objectives of this study are: (i) to review available literature on erosion risk assessment
topic, (ii) inspect possible methods for quantification of erosion impacts, and (iii) give a practical
example of the application of these methods.
In order to do this, relevant literature on soil erosion and risk assessment will be examined and
presented in this paper.
To understand the practical use of the erosion assessment and quantification methods, an
example of case study will be presented too.

Introduction and general description of the problem:

Soil is a nonrenewable resource due to its long generation time. Soils must be managed and
protected properly to avoid loss or degradation of soil functions. However, a variety of processes
are threatening soil functions globally, and the challenge is to stop degradation before it damages
soil functions and natural ecosystems. Worldwide, erosive soil degradation is the most common.
Soil degradation occurs over time due to movement and transfer of the topsoil layer due to
factors such as water and wind. Water erosion affects 1094 million hectares (Mha), 751 Mha of
which are severely impacted (Lal, R., 2003). Water erosion is the process of separating and
removing soil particles by water. It is a natural process, often accelerated by humans. Erosion
varies in speed depending on the soil, environment, and weather (Herrick, J.E. et al, 2001).
Human activities have become one of the main causes of soil erosion by water, especially in
areas with rapid population growth and/or rapid advances in slope and landscape engineering.
For example, heavy rains on poorly vegetated soils (due to human activity such as tillage or
changes in the vegetation cycle) can result in significant increases in erosion rates. However, soil
erosion can be reduced if rain falls more frequently when vegetation is protecting the soil. Loss
of topsoil due to rapid land degradation will obviously affect plants and insufficient rainfall that
has washed nutrients from the soil will result in poor crop yields. Rainfall causes soil erosion,
which is a function of climate. Rainfall promotes soil particle separation and water flow across
soil surfaces. Climate also indirectly affects soil erosion by water by affecting soil characteristics
as well as plant cover. The soil's ability to absorb and store water, for example, is influenced by
its qualities. Time-invariant soil properties like texture, depth, and impenetrable layers are
included, as are features that change dramatically over time like surface crust, aggregate stability,
and water repellency (Stolte, J. 2016).
In order to manage and reduce soil erosion, we have to rehabilitate already-damaged land, stop
further degradation and put erosion-preventative measures at the core of land management
policy. In this way, we can help prevent hunger and mitigate the climate crisis. Moreover, the
first step we should take in combating soil erosion is to identify it and locate it. Thus, by being
able to locate these areas and evaluate the potential risk, erosion hazard assessments can be
conducted. These assessments have the aim to identify areas where the potential soil loss is
excessive in relation to land productivity or where off-site damage as a consequence of erosion is

unacceptable. (Morgan, R.P.C. 2005). Potential erosion risk is obtained from taking in account
factors of soil, climate and slope, while actual erosion risk accounts also for land cover. (Morgan,
R.P.C. 2005). The application of GIS in spatial analysis of different elements, including erosion
risk factors, has advanced dramatically in recent years. Several nations in Europe employ various
approaches for assessing erosion risk. (Blinkov and Kostadinov, 2010)

Methodology and relevant literature
Heavy rainfall, runoff, drought, snowfall, wind, fire, and gravity all contribute to natural soil
erosion. The most major element in land deterioration is water erosion. Water erosion is among
the most underlying determinants that may cause major soil movement all over the planet
(Senanayake et al, 2020). Soil erosion has an acceptable threshold value that is determined by
soil production functions that are maintained by ecosystem services. As a result, the pace of soil
creation varies by area . The generic tolerable soil erosion threshold value is 10 t ha per year
(Borrelli et al, 2017). On the other hand, The European Environment Agency defines the
threshold value for shallow sandy soils at 1 t ha per year and for deeper, well-developed soils at
5 t ha per year.
It is critical to objectively identify and quantify areas at risk in order to successfully create
mitigation plans and execute conservation measures to combat soil erosion. Different nations
employ different approaches to estimate the danger of erosion. Even within nations, diverse
strategies are utilized since local variables vary and identical issues may have varied origins or
be interpreted differently. As a result, multiple risk assessment approaches have emerged and are
in use throughout the world, and erosion estimates within and between nations are far from
comparable(Rectala et al, 2011). There exist two types of approaches when it comes to assessing
the soil erosion risk: expert-based and model-based approaches. (eu). The expert-based
approaches mostly use methods based on factorial scoring. These scores can be assigned to the
factors that contribute to the soil erosion, such as soil erodibility, erosivity of the erosive agent,
slope angle, land cover factor, and soil susceptibility to surface crusting and so on (Knijff et al,
2000).The main disadvantage of the scoring method is that the classification of the source data

leads to information loss and weighting different factors to get a realistic value is personally
biased and can therefore be difficult (JRC, 2000).
According to Senanayake et al (2020), there are a few models developed, whereas different
scientific methodologies have been used to build these models. The physics- based model, the
empirical model, and the conceptual models were developed based on the nature of the basic
algorithms that exist.

Classification of soil erosion assessment methods.
An example of a physics-based model is the Water Erosion Prediction Project (WEPP). It
provides a number of specialized interfaces for popular applications such as roadways, managed
forests, wildfire-ravaged woods, and rangelands. It also offers a comprehensive database of
farmland soils and vegetation situations. To predict erosion at the hillslope and watershed scales,
the WEPP model incorporates hydrology, plant science, hydraulics, and erosion mechanics. It
can model and analyze a wide range of land uses, climates, and hydrologic conditions. WEPP
simulates hillslope erosion processes (sheet and rill erosion), such as snow accumulation and
melt, deep soil water percolation, and subsurface lateral flow (Flannagan et al, 1995).
Conceptual models are a synthesis of empirical and physical models. Because detailed catchment
information is required for process interactions, general descriptions of catchment processes can

be included into conceptual models without requiring process interactions. As a result,
conceptual models give measurements on quantitative and qualitative processes within a region,
such as a watershed, and have intrinsic constraints of empirical models, such as the necessity for
a large number of data sets for calibration (Senanayake et al, 2020).
There are a dozen empirical models in assessing soil erosion. Empirical models are simulations
of natural phenomena that are largely based on statistical observations and rely on developed
regression

connections.

The computing methods of empirical models are basic, and their data needs are lower than those
of conceptual and physically-based models. In this sense, empirical models are the easiest
technique to measure soil erosion and sediment transport when compared to the other three types
of models. The disadvantage of employing empirical models is their incapacity to be employed
correctly beyond the geographical area where their correlations were generated. Empirical
models may also make inaccurate assumptions about the physics of the catchment system and, as
a result, disregard the heterogeneity of some watershed inputs, such as rainfall and soil types.
(Hajigholizadeh et al, 2018). The most used model for projection of soil erosion risk is the USLE
model, that is Universal Soil Loss Equation model. Based on rainfall pattern, soil type,
topography, crop system, and management techniques, the Universal Soil Loss Equation (USLE)
forecasts the long-term average yearly rate of erosion on a field slope. USLE forecasts just the
amount of soil loss caused by sheet or rill erosion on a single slope and does not account for

additional soil losses caused by gully, wind, or tillage erosion. This erosion model was designed
for use in certain cropping and management systems, but it may also be used in non-agricultural
settings such as building sites. The soil loss for a specific location is calculated using five
primary parameters. Each component is a numerical assessment of a specific situation that
influences the severity of soil erosion in a specific place. Because of changing weather
conditions, the erosion values expressed by these components might fluctuate significantly. As a
result, the USLE numbers more correctly represent long-term averages (O.M.A.F.R.A, 2015).
The USLE model is very simple in terms of necessary data input and it links the soil loss to the
precipitation, or the runoff. The modified version of USLE (MUSLE) was proposed by Williams
in 1975 and it estimates the sediment transport of each storm. Instead of erosivity of the rain, it
takes into account the runoff volume. Moreover, the newest USLE existing now is RUSLE
which stands for Revised Universal Soil Equation. (comparison paper and others for models)
To improve assembling process, analysis, and to overlay spatial information describing
watershed area, geographic information systems and remote sensing technology is used in
combination with mathematical models. This has greatly improved the quality of the risk maps,
since the values of each erosion factor can be determined per spatial unit. (Kinnell, P., 2001). In
addition to that, it had also reduced costs and time needed, and improved accuracy over larger
areas.
In combination with GIS techniques, the USLE model is widely used to estimate and quantify
soil losses around the world. The empirical formula of the model was first proposed in 1965 by
Wischmeier and Smith and it takes in consideration rainfall patterns, soil erodibility, land use,
topography, and anti-erosion practices (JRC, 2000).
The model is written as follows:
A=R x K x L x S x C x P , with LS factor sometimes being considered together?,
where:
A = computed average soil loss in t/ha/year
R is a rainfall-runoff erosivity factor in MJ mm/ha/h/year
K is the soil erodibility factor in t ha/h/ha/MJ/mm

LS is the the slope length (L) and slope gradient (S) and it is dimensionless
C is the cropping management factor
P is the supporting conservation practice factor they are both dimensionless, ranging from 0 to 1

Application of the USLE Model
Models for estimating soil erosion risk can be used to predict soil losses and to plan control
practices. One of a such studies was done for Kazan watershed located in the central Anatolia,
Turkey by Erdogan, E.H., Erpul, G., and Bayramin I. Objective of the study was to use The
Universal Soil Loss Equation in combination with GIS based procedures to predict soil erosion

risk for planning conservation measures at the site.
Location of Kazan watershed
The Kazan watershed is located 47 km northwest of Ankara at an altitude of around 1,450 m. It
covers an area of 6 000 hectares. The climate is terrestrial with annual precipitation of 350 mm,
with the actual amount changing with altitude. Average temperature is 22.7 degrees in summer
and 1.6 in winter. There are different land uses present at the site, such as fruit orchards, crop
land, grassland, forests, natural shrubs and dry fallow land.
The Universal Soil Loss Equation (USLE) was applied for this location because it is one of the
most appropriate model-based approaches that could be applied to the available data in Turkey,
and it was applied with the A = R * K * L * S * C , whereas P value was taken as 1, assuming
there was no support practice in the study area.
The erosivity map, soil map, and land use map of Turkey were used to calculate rain erosivity
(R), soil erodibility (K), and cover management factor (C), respectively. R values were
additionally corrected in respect to the site, using DEM and climatic data. For calculating LS
factor, flow accumulation tools using DEM, and watershed delineation techniques were used.

The R layer revealed that the majority of the land had R values of 24–37 MJ mm ha1 h1 year1
and, to a large extent, the values were within the range of 24–27 MJ mm ha1 h1 year1, indicating
a climatologically low erosion potential. Despite the fact that these places have very low
erosivity values, it has long been recognized that the climatic features of these regions, as well as
topography and soil characteristics, have a role.
Majority (90%) of the watershed soils had the K values between 0.041 and 0.071 t ha h ha−1,
depending on the texture of the surface horizons. This also indicated that these soils had high soil
erodibility.
The estimated dimensionless LS layer revealed that the Kazan watershed has LS values ranging
from 0–2 to 15–40. This indicated that the watershed's geography favored less erosion.
The C factor values reveal the map of C generated by reclassification of each
land-use/land-cover type using C values given in the table below, and based on the land use map.
Therefore, C layer of the watershed mainly comprised of values of 1 and 0.15, respectively for
the dry fallow and natural shrubs,

The map of the potential soil losses predicted by the USLE as a product of R, K, LS, C

and

annual soil losses in ton per hectare per year with respect to the land use/land-cover is shown on
the figure below.
To determine the soil loss classes the amount of 1
ton per ha per year was taken as an upper boundary
of soil erosion rate still tolerable to sustain the soils
of the watershed since the rate of soil formation was
expected to be so slow in semiarid environments
like Central Anatolia of Turkey and any soil loss of
more than 1 ton per hectare per year over 50–100
years was considered as irreversible (EEA, 1999)

In terms of land usage, regions of natural shrubs and dense forest suffered the greatest irreparable
soil losses. When their coverages in the watershed were studied, it showed that irreversible
erosion was a severe concern that should be addressed with conservation measures in the regions
of natural shrubs. The soil erosion potential was not as severe in the dry fallow, corn, and wheat
covered regions as it was in the natural shrub and thick forest land. This was attributable to the
fact that, although having substantially higher C values than natural shrubs and thick forest, the
agricultural crops' land was located in places where the range of LS was between 0 and 2.

Discussion and conclusions
In order to mitigate soil loss by erosion it is necessary to estimate where this loss is occuring,
what is its extent and what are the factors driving it. Variety of models and methods were
developed to help estimate different factors of soil erosion and soil erosion risk and extent itself.
The most widely used model to estimate soil loss is the Universal Soil Loss Equation, or more
shortly, the USLE model. The model is an empirically based equation used to calculate long-term
average annual rate of erosion on a slope taking in consideration factors such as rainfall pattern,
topography, soil properties and coverage. Main advantage of the method is its relative simplicity.
Other estimation models can be too complex in terms that they require large data input, when this
data is often not available. Some mathematical models were developed specifically for some
region or climate type and this can represent a limiting factor when trying to use the model in a
different location.
Mathematical models are often used in combination with GIS techniques. This makes large scale,
as well as catchment area, analysis and mapping more accurate and less expensive. In the last
years many maps for Europe and the World have been produced showing the hazard risk.
One such study was conducted on a smaller area of the Kazan watershed in Anatolia, Turkey.
The goal of the case study was to estimate total annual soil loss in tons per hectare, based on
annual soil losses of different land uses and soil types.
The final map with annual soil loss estimates was calculated based on the equation factor values
obtained from the data on the soil cover, types, the meteorological data and the topographical
data.

Summary
Risk assessment studies are the first step towards mitigating exposure and sensitivity towards the
hazard. In this paper, literature review was conducted on the topic of erosion risk assessment and
the quantification of hazard impacts. We found out that, even though there are many
mathematical models available to estimate erosion rates, the main problem remains to acquire
data necessary for the model input. This is especially outlined when it comes to global estimation
projects, due to low spatial and temporal coverage of the available information or complete
unavailability of it.
When it comes to erosion risk assessment, the most used model is the Universal Soil Loss
Equation because it demands only relatively simple data.
Natural processes are complex due to the fact that the factors driving them are not individual but
they interact with each other. Therefore to describe these processes properly we often have to
adjust the model to the specific site or a study.
Example of one such study is given in the paper to see how the USLE model can be applied in
practice. This study outlines the importance of the LS (slope length (L) and gradient (S)) factor
in the soil erosion processes, since the areas estimated to be most affected by soil loss were the
ones concentrated on the steepest slopes.
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