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Abstract

The Revised Universal Soil Loss Equation (RUSLE) is a globally accepted
erosion model which has gained good acceptability. Among the five
influences of the RUSLE method of soil erosion estimation, the erosivity
factor (R) represents rainfall event’s ability to produce erosion. It is mainly
affected by rainfall intensity and kinetic energy of the rain. The erosion index
represented by El, is the most common R-factor estimation method. Due to
the non-availability of rainfall intensity data in many watersheds, researchers
have developed methods for erosivity estimation using rainfall depth.
The Modified Fournier Index method has gained popularity. Recently,
different models using machine learning techniques and ANN are also
being set up to establish the R-factor for soil loss estimation. These models
can estimate the R-factor quickly and more accurately. They can even
predict the R-factor for the future to predict soil loss and plan conservation
measures accordingly. An attempt has been made here to review different
methodologies proposed by scientists across the globe for arriving at the
R-factor for soil loss estimation using RUSLE model.
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Introduction

One of the most common challenges seen
globally causing soil degradation is soil erosion."
In agricultural fields, the average rate of soil erosion
varies between 0.5-400 t ha yr-"? According to
estimates, of the land getting degraded worldwide,
85% is due to erosion, which lowers production

by roughly 17%, affects soil fertility and eventually
causes land desertification.® In addition, the pattern
of precipitation and temperature changes affect soil
erosion rates, which ultimately influence runoff and
crop production and result in floods, droughts, and
hunger.*5
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The erosion rate varies significantly with the intensity
of rainfall, amount of rainfall, duration, and the
size of rain droplets.® Among these, intensity plays
a significant role, such that the highly intense rainfall
makes the erosion processes faster.” Landslides,
soil erosion from hillsides, and deforestation
all place slopy mountain areas at risk for resource
degradation. In steeper areas of Nepal, about
45.5% suffer from water erosion.® The changes in
soil loss with the changes in rainfall depth, intensity,
and the number of rainy days per year in a climate
change scenario was observed, as increasing global
temperature results in frequent and intense storms.®

Different researchers have conducted many field
and laboratory studies (using rainfall simulators) to
establish a link between soil erosion and the features
of rainfall. The Guelph Rainfall Simulator Il (GRSII)
was used to simulate rainfall with various patterns
and intensities and evaluation was done to find how
rainfall patterns affected the soil erosion rates.™

RUSLE is an empirical erosion model that takes
into account five aspects: erosivity (R), erodibility
(K), topography r (LS), cover management (C), and
conservation practice (P). The average yearly soil
loss (A) can be estimated as shown in Eq. 1:

A=RKLSCP (1)

The erosion models consider the rainfall-related
component as the most important one since
it significantly impacts the erosion rate. The R-factor
was incorporated into the RUSLE model to link
the amount of erosion to precipitation intensity."12
The potential of rain to cause erosion is called as rainfall
erosivity. The erosivity depends on factors like the
intensity of rainfall, raindrop particle size distribution,
terminal velocity, wind velocity, slope direction,
etc. Rainfall intensity has a very high impact on
erosivity. Also, it is essential to have at least 20 years
of pluviograph data for calculating the R-factor.
This paper reviews the different approaches used
by researchers to estimate the R-factor.

R-Factor Estimation

The R-factor computes the rainfall's ability to cause
erosion in a field. It highlights the role of precipitation
in the erosion processes. This factor clubs the
rainfall characteristics like intensity, duration, and
depth." Among these, the intensity of rainfall most
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strongly influences the erosivity factor rather than
duration and depth. Unfortunately, many watersheds
worldwide lack recording-type rain gauges, thereby
forced to derive the R-factor from rainfall depth.

Generally, The R-factor can be calculated using the
techniques listed below

1. From El,; Index

2. From E >25 Index

3. From rainfall depth

El,, Index Method

Numerically, the R-factor is the sum of the product
of the kinetic energy of rainfall (E) and the maximum
30-minute intensity, I, (Eq. 2).""13™

R=3 (El,) .(2)
The ‘E’ can be calculated using Eq. 3:
E=210+89log,, | .(3)

'I"is measured in cm/h and E got in MJ/ha.cm.
The kinetic energy can also be calculated from Eq.4.

E=0.119 + 0.0873 log,, | (4

E is in MJ/ ha.mm and I ; is in mm h-1.

Since the El,, index method was initially
developed for American conditions, it is not found
acceptable for estimating erosivity in tropical and
sub-tropical zones.

an erosivity model was established for the Dehradun
district, India, to find out the values of the erosivity
index and developed a good correlation between
the erosivity index and Dehradun’s daily rainfall
values.,, There are two different relations, linear as
well as exponential, between rainfall and erosivity
index. The models' performance was also assessed
using statistical criteria like the absolute prediction
error and coefficient of efficiency. However, after
detailed analysis, it was seen that the linear model
was superior.

‘E >25’ Index Method

This is a different approach to finding out the rainfall
erosivity of tropical storms. This approach explains
that erosion occurs only when rainfall intensity
reaches a certain threshold. Experiments revealed
that intensity of rainfall greater than 25 mm h-' only
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cause considerable soil erosion, and hence itis only
addressed by this method. The computation process
is the same as that of the El,  index.,,

Both approaches use the same estimating process.
However, the E >25 method is preferable since it
eliminates data less than 25 mm h-'. It is vital to
obtain information on the amount and intensity
of rainfall for both strategies. The method entails
computing kinetic energy in each intensity category
and then adding these values to determine the
storm's overall kinetic energy. The E obtained is
multiplied by the 130 to get the rainfall erosivity value.
Many researchers followed Eq. 1 to derive the
R-factor in the field. For example, an eight-year
study was carried out in three experimental plots
in the Yellow River basin, China, to develop a
method for finding the R-factor of small watersheds."”
An attempt was also made to generate the erosivity
factor for the Krishnagiri watershed, Tamil Nadu.'®
The rainfall data were collected from four self-
recording type rain gauge stations located within
a watershed for the period from 2005 to 2009.
The erosivity factor was calculated as (Eq. 5):

R=¥ (0.29[1- 0.72 exp (- 0.082 )])* AV, * I, ...(5)

Here unit of | is mm/h, R is MJ.mm/ha/hly, and
AVi the amount of rainfall for i"" period. The factor
> (0.29[1-0.72 exp (- 0.082 1)]). * AV, in the above-
mentioned equation denotes the value of kinetic
energy (E).

For a small watershed in the tropical Himalayan
foothills affected by slash-and-burn (jhum) practices,
EI30 was estimated."” R-factor (974 MJ.mm/ha/hly)
was computed using high-resolution digital logger
data collected over an extended temporal period.
According to the study, annual El,  was higher during
rainy and summer months in comparison to post-
monsoon and winter months. A substantial amount
of soil was lost during this time due to the coincidence
with the hum burning and clearing activities.

The rainfall erosivity factor for upper Blue Nile basin
in Ethiopia at various time scales was estimated
using El,; method.® For the entire basin, the model
efficiency of the monthly rainfall erosivity was 0.85.
The erosivity models at the basin level are significant
in planning and selecting effective soil conservation
measures for watershed management.
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In an experiment in Europe, rainfall data with
various data (time) resolutions were collected from
28 countries, and used to calculate the R-factor
using Eq. 2.2" Finally, all these data are aggregated
to 30 min resolution data to ensure homogeneity
in the calculation. As a result, the erosivity factor
was successfully represented in map form with
a resolution of 1 km. The same formula was
followed to assess the monthly R-factor in Europe.??
Moreover, a monthly erosivity factor assessment will
help identify the month and an area experiencing a
high risk of soil erosion.

A study was conducted to obtain the R-factor for
the Imo state of Nigeria, using 31 years of monthly
rainfall data (1980-2010).2 They estimated a mean
R-factor of 199.2 MJ.mm/ha/h using Eq.3. Rainfall
intensity was calculated from the amount and
duration of rainfall. The rainfall erosivity map was
prepared using ArcGIS software. The study obtained
the highest erosivity of 6033.4 MJ/ha/hly.

The influence of climate change in erosion-prone
areas of Slovakia was also analysed.?* To generate
a relationship between the erosivity and rainfall
characters, a multiple linear regression model
(R2 =0.98) was used.

R-Factor From Rainfall Depth

Several well-calibrated models are available in the
literature for calculating the rainfall erosivity factor
based on rainfall depth rather than intensity. Such
models are ideal and highly recommended for
watersheds without access to intensity data. For
example, the data on the number of days in which
the rainfall depth exceeded 10 mm for 27 years in
Portugal was used to derive an equation for the
R-factor.? Later, it was modified to get an R-factor
for use in Malaysia using monthly and annual rainfall
depth.? Due to the shortage of rainfall intensity data,
many other researchers have used monthly and
yearly rainfall depth data to compute the RUSLE
R_factor.27,28,29,30

R-factor Estimated from Average Annual Rainfall
(AAR)

To estimate the R-factor from mean annual
precipitation (P), a novel erosivity model was
suggested for West Africa.®’ This model can be
used in areas where hourly, daily, and monthly
precipitation data are unavailable. The proposed
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erosivity factors were R=0.05P,0.6 P, 0.2-0.3 P, and
0.1 P, for general cases, coastal locations, tropical,
hilly, and Mediterranean regions, where P is AAR in
mm. This model was also used in the Katsina region
of Nigeria, which has a tropical climate with 1100 mm
of annual rainfall.* This model was also used in the
Indravati Catchment in Orissa, India.®® The observed
value was 602 MJ ha/hly.

Another model was developed for estimating the
erosivity factor of rainfall from P (in mm) (Eq. 6).2°
This model was also used in the Victoria catchment.

R= 475+ 0.38 P ..(6)

An equation was developed for the R-factor for the
entire Indian condition as follows3*

R=79+0.363*AAP
and R=50+0.389*ASP

A7)
..(8)

Where AAP=Average annual precipitation, mm;
ASP=Annual seasonal rainfall, mm. The same
equation was adopted to quantify erosion in the
Pandavapura taluk, Karnataka.3®

Another method was created for the R-factor,
specifically for Ethiopia, from P (in mm) values
(Eq.9).% This equation was also followed in the Koga
watershed, Ethiopia.?” The estimated R-factor in the
watershed was found to be between 715.58 to 945.4
MJ ha/h/y. The same model was also applied in the
Guder watershed in Ethiopia.*®

R=-8.12 + 0.562 P .(9)

Another method was also suggested for computing
the monthly R-factor using rainfall depths for the
Algarve, Portugal (Eqg. 10), where rain10 is the total
monthly rain depth for days having rainfall greater
than 10 mm, and days10 are the respective number
of rainy days.?® R-factor was computed with 23 years
of precipitation data (1991-2013) for the Cameron
Highlands region of Malaysia.*

R = (7.05* rain10 — 88.92* days10) ...(10)
The model used by for the Daltonganj catchment40
was created for the Damodar Valley and is given
in Eq.11.41

R=81.5+0.375P (340 <P <3500 mm) ..(11)

436

R-factor for the Cauvery watershed was found out
after considering rainfall data from 156 stations.*?
They adopted the relationship established by Singh
et al. (1981)* for estimating the R-factor in India.
In addition, they have interpolated the result for the
study using the neighborhood method. According to
research findings, the R-factor for the Erode district
ranges from 320 to 480 MJ.mm/ha/h.

An erosion factor was calculated using a rainfall
map created by various government entities.?
This map depicts the P values over the district, with
the R-factor calculated using Eq.12.4
R=38.5+0.35*P ...(12)
The best accuracy was reported with power
regression models in depicting the variability
of the R-factor in Eastern Ghat highland regions
of India by using data of different time intervals.*
In addition, the R-factor for monsoon, pre- and post-
monsoon periods were determined, of which mean
monsoon R-factor values were found critical for soil
loss predictions.

R Factor Estimation using Monthly and Annual
Rainfall Depth

The R factor for a watershed (Coonoor) in Tamil
Nadu, India was estimated using equation 13 given
below, taking into consideration both monthly rainfall
depth and annual rainfall depth.*®

R=4.17~ 152 ..(13)

12p2
BPC_
R is in MJ.mm/ha/h/year, Pi- rainfall (monthly) in mm,
and P- yearly rainfall in mm.

Erosivity Factor from Fournier Index

Since the intensity and daily rainfall depth data
are not available in many places, for computing
the erosivity factor, an index was proposed
by Fourier in 1977,46 which is given by equation 14
as given below
F=Pm2/P ...(14)
Here, F represents the Fournier index, P_ represents

the maximum or extreme rainfall (monthly) in mm,
and P represents annual rainfall (mm).
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Modified Fournier Index (MFI)

The Fournier index doesn’t consider the average
monthly rainfall data. It considers only the monthly
maximum value. To overcome this drawback, a new
index was introduced for calculating the erosivity
factor called the Modified Fournier index (MFI),
which is linearly connected to the R-factor.*” MFI
is the ratio of average monthly and annual rainfall.
The rainfall aggressiveness is better indicated
through this model (Eq. 15). Many studies have
reported valid estimates of R-factor and soil loss
from MFI,#8 but due to the dearth of rainfall data, the
use of this model has not become much popular.
F=}!2 pi?/pP ...(15)
Pi and P represent monthly and annual rainfall
depths respectively in millimeters.

Using the MFI, the R-factor was estimated as
R = m.MFI + n, where m and n vary by area.*
This equation was updated by Arnoldus for tropical
climates, as shown in Eq. 16.

R = Y12, 1,735 » 10015 leg1o (Pi*/ P) — 0.08188) ...(16)
An erosivity model was created for Morocco based
on the Fournier index, which was R= 0.264 F'5%
This model was used in Crete, Greece.*' Another
model was created with R=0.6120 * F'-%¢ for Sicily,
Italy.®2 This model was later used in the Yialias region
of Cyprus.5®

The erosivity factor, R, is usually represented in
MJ.mm/ha/h. P and P, are measured in mm. Many
researchers have applied this model in different
parts of India and abroad to derive the R-factor.
The model was used in Doon Valley, Uttar Pradesh,
for a 52 km? region.%* As this model was built
specifically for tropical environments, many
researchers used it in various parts of the Western
Ghats, including Kerala. The model was used in the
Siruvani basin, Kerala, which has an annual rainfall
of 1061 mm. From 2005-2008, the erosivity factor
was estimated as 23.4-36.3 MJ ha' h'y-15°

The same method was used in the Pamba Basin,
Kerala, having a yearly rainfall of 3046 mm.*° The
estimated mean erosivity value was 1514.66 MJ/
ha/h/y. This approach was also utilized for computing
the R-factor in Kothagiri, Tamil Nadu.®® The same
model was used in the Sarawak region of Malaysia.%"
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The area received about 350-460 cm of annual
rainfall. Inter-monthly variations in precipitation led
to the selection of this model, and R-factor found out
as 2353 - 5380 MJ/ha/hly.

An attempt was made to derive a temporal R-factor
for the Indian condition using the Modified Fourier
Index (MFI).2¢ However, the R-factor was reported to
be connected to the earth’s superficial temperature
over the years. Therefore, it is recommended to use
MFI for finding out the rainfall erosivity factor when
high temporal resolution rainfall data is not available.
Moreover, using 30-min rainfall data, the Modified
Fournier Index for 34 stations was constructed in
the complicated topography of the Abruzzo area
(central Italy) from 1980 to 2018.% They found that
MFl is a reliable predictor of R (R?=0.91). This model
was also adopted for the low-arid climate region
of south-eastern Tunisia.®

Precipitation Concentration index (PClI)

PCI is an indicator that strongly represents the
temporal distribution of rainfall. For accounting the
rainfall aggressiveness, the following index (Eq.17)
was proposed.5°

Ii*pe

PCI = 1002
P

(17

Where Pi and P represent the monthly and annual
rainfall respectively. PCI considers the monthly
variation of rainfall. The PCI values range from
10 to 100 for uniform patterns to extreme patterns
respectively. It takes into account the variation
of monthly rainfall distribution.

Rainfall threshold for R-factor

Rainfall is one of several elements that affect soil
erosion. However, all rain may not produce erosion.
It is largely determined by the force exerted by
raindrops. As a result, intensity plays a significant
role in this. Many studies used different realistic
thresholds for determining the rainfall erosivity factor
from rainfall amount, understanding that rainfall
amounts greater than these thresholds will only
cause soil erosion.

An attempt was made to determine the practical
erosive rainfall event thresholds.'” Rainfall and
runoff data for a small watershed and three plots in
China's Yellow River basin were measured for the
study from 1961 to 1969. The amount, average,
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and peak intensity of rainfall were used to compute
the thresholds for amount, intensity, and peak
intensity, respectively. The El,; approach was used

to determine the threshold, with the first step being
to calculate the EI3 values for only the storms that
resulted in soil loss.

Table 1: Estimation of R-factor from rainfall depth by different authors

R-factor equation

Application of the equation with description

R=0.002 * 3" Pi?
Pi is daily rainfall in mm
R is in US customary unit.®

Developed for West Africa.

R=0.05P, 0.6 P,0.2-0.3 P and

0.1 P for general cases, coastal areas,
tropical hilly regions, and the
Mediterranean region respectively.
Unit of P -mm; R in MJ/ha/h/y)*!

Katsina region, Nigeria.
Tropical climate

Rainfall 1100 mm??
Indravati catchment, India®?

R=47.5 + 0.38 P
R = ¥12i=1 17.35 x (1.5* log10
(Pi2/ P) - 0.08188)""

R=-8.12 + 0.562 P
Developed for Ethiopia®®

R=(972.75 +9.95xF)/100
F-Average annual rainfall, mm®3
R=0.264 F'5

R=(972.75 +9.95xF) /100

Developed for Morocco®
R = 0.548257-P — 59.9%
R=0.6120 F1%¢
Developed for Sicily Italy®2

Catchment of Lake Victoria?”

Doon Valley, Uttar Pradesh®

Siruvani river basin, Kerala

Rainfall-1061 mm

Tropical climate®

Pamba river basin, Kerala

Rainfall- 3046mm?3

Kothagiri taluk

Temperate climate®

Manhan Mountain and Matou Mountain Range,
North China

Climate: Semi-arid, temperate®?

Koga watershed, Ethiopia®

Guder watershed, Ethiopia®

Low arid climate,

Oued El Hamma Catchment, South-Eastern Tunisia®
Kirindi Oya basin, Sri Lanka®

Crete, Greece

Rainfall - 900 mm

Semi-arid region51
Ghiss watershed. Morocco66
Yialias of Cyprus region53

The second was then utilized to calculate the
cumulative El,, values from the greater precipitation
quantity until it reached the target El,; for all erosive
episodes. To determine the peak intensity thresholds,
all rainfalls and associated soil losses were ordered
in decreasing rainstorm amounts, and the total

percentage of soil erosion was calculated. Finally,
REI (Relative Error Indices) and MI (Mixing Indices)
were presented to evaluate the efficacy of thresholds
on rainfall erosivity estimation. The study found that
determining the threshold based on peak intensity
rather than average intensity and rainfall volume is
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a more accurate method. For erosive rainfall, three
criteria were established: 1.2 cm of precipitation,
0.24 cm/h average rainfall intensity, and 13.3 mm/h
for the highest 30-minute rainfall intensity.

The R-factor was derived using rainfall data (daily)
for southwest Slovenia.®” The daily rainfall depth was
calculated by adding the rainfall amounts received
within 24 hours (Pd). Then, several factors, including
the maximum Pd (Pmax), the sum of precipitation
when daily rainfall is more than 0.1 cm (P, ), and the
days with more than 0.1 cm of rainfall (d10), were
calculated. Two statistical models were employed
to forecast the monthly R-factor on the basis
of multiple linear regression outcomes. The efficiency
coefficient 'e' was used to find the goodness of fit.
RMSE was employed to compare and assess the
simulated and observed values for various average
periods. Utilizing the daily precipitation data,
regional, and temporal analysis of rainfall erosivity
was done with certain statistical models.

An attempt was made to determine the R-factor by
gathering 40 years of rainfall data from 13 rain gauge
stations from 1961 to 2000.%8 Erosive storm episodes
were defined as rainfall of 12.5 mm or more in 15
minutes or rainfall intensity of 6 mm in 15 minutes.
The R-factor was calculated using iso-erodent maps
created from chosen rainfall events and statistical
methods. The mean R-factor was 20 MJ/ha/hly.
The computed value was examined by comparing
the ombrographic records from other stations.
The two variants were considered in this study,
Variant I: for all storms with rainfall >1.25 cm
or intensity >0.6 cm 15 min-1, and Variant
II: for all storms with rain less than 1.25 cm or
strength >0.625 mm/15 min. Variant | yielded an
R-factor of 57.2, while Variant Il yielded an R-value
of 45.6. Therefore, the R-factor derived with Variant
| is thought to be the most appropriate. In a study
conducted in Ethiopia's upper Blue Nile River basin,
the (R) factor was calculated using 12.5 mm or more
rainfall events.?® Using Microsoft Excel, erosivity
indices (annual, seasonal, monthly, and daily) were
plotted against rainfall levels to build a link between
rainfall and erosivity.

Researchers attempted to calculate the rainfall
erosivity factor for the Slovak Republic’s territories.°
The area's one-minute rainfall data was available in
digital format, making data processing considerably
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more effortless in the Microsoft Excel environment.
Rainfall data were obtained during various periods
from five gauging sites. Erosive episodes were
defined as those with total rainfall of more than
12.5 mm, or intensity greater than 24 mm/h.
In a semi-arid watershed, storm with less than 12.7
mm of rain, and rain periods separated by more
than six hours weren't taken as erosive and the soll
erosion was estimated. Therefore, they weren't used
in the erosion index calculation unless the highest 15
min intensity was greater than 2.5 cm h™.

Recent Developments in Rainfall Erosivity Factor
Estimation

The R-factor in the RUSLE model has undergone
revisions over a period considering the selection
of storm events, different equations for kinetic
energy calculation, different equations to account
for snowmelt and thaw, and techniques for improved
spatial and temporal representations.”'* Spatial
interpolation techniques were widely adopted for the
preparation of iso erodent maps for locations with
no continuous hyetograph data.™

Three-hour rainfall intensity satellite data from
Tropical Rainfall Measuring Mission was used for
estimating event-based R-factor and monthly and
yearly estimates in Daling River Basin, Liaoning
Province, China.”? The data had a good correlation
with interpolated data estimated from rain gauges.
Satellite data is the best strategy for soil erosion
modeling (spatial and temporal) in data-lacking
stations.

An artificial neutral network (ANN) was adopted
for spatial interpolation of erosivity indices using
the EI30 and KE>25 approaches in Espirito Santo,
Brazil.” The predicted values for homogeneous
areas were almost similar, indicating the potential
of the ANN technique over other interpolation
techniques (Inverse distance weighed and
Kriging methods).

Erosivity density (ratio of rainfall erosivity and
precipitation) was used along with the R-factor
for analyzing intra-annual variability of intensity
and erosivity of rainfall in Greece.”™ Higher values
of monthly erosivity density values indicate
a high risk of frequent and intense erosive storms.
The study reported November month as the most
dangerous one.
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A comparison was done between two models for the
Westrapti River basin in Nepal: one with daily rainfall
data and another with sub-hourly data.” The yearly
average R-factor was predicted as 3514.6 MJ mm
ha"h 'y, and soil loss as 8.1 tha™" y™'. The future
soil loss under RCP 4.5 and 8.5 was predicted and
it was found that the soil loss may increase by about
10% by the end of the century (2075-2099).

An efficient methodology was developed for
monthly R-factor determination using total monthly
precipitation and maximum precipitation data on
an hourly and daily basis in Korea.”® The method
employed machine learning algorithms and deep
neural networks for the predictions and use of one-
minute interval rainfall data ensured good accuracy
of predictions. The trained model was tested for six
sites out of 50 sites.

An attempt was done to estimate the rainfall erosivity
using machine learning techniques and Bayesian
optimization to carry out the estimation for areas in
Italy and Switzerland.”” The model was developed,
trained and optimized with a Bayesian algorithm.
The results indicate that the model could reasonably
estimate the rainfall erosivity for the average rainfall
events but could not estimate the erosivity values
accurately for the extreme rainfall events.

A remotely sensed grid dataset of national and
global precipitation was used for mapping rainfall
erosivity over India.”® R-factor was also derived
using empirical equations and were compared with
the MFI, which showed a high correlation between
the data. It was the first attempt for the national
assessment of the R-factor in India, by using remote
sensing to overcome the limitations of rain gauge
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data availability. The R-factor for the Indian condition
was estimated as 1200 MJ mm/ha/hly.

Conclusion

One of the critical components of RUSLE erosion
model is the rainfall erosivity factor (R-factor).
Rainfall parameters such as intensity, volume,
and duration significantly impact soil erosion.
Most studies used the estimated R-factor from
rainfall intensity, particularly the standard El,;
index. Since rainfall intensity data is not available
in many watersheds, several researchers proposed
different approaches for the estimation of erosivity
from rainfall depth. In this notion, the Fournier and
Modified Fournier indices are the most widely used
approach. Because not all rain causes erosion, most
studies used rainfall thresholds of 12 cm to ensure
that rain less than that does not induce erosion.
Research is also being carried out to estimate
the R-factor using different modeling techniques,
which may result in a more accurate estimation
of the R-factor.
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