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Abstract

In this paper, we attempted to review the soil erosion studies conducted throughout the globe using Revised Universal Soil
Loss Equation (RUSLE). We searched the SCI, Scopus, Web of Science, Google Scholar database and various theses for
this study. Though RUSLE is the most widely used model for estimation of soil erosion, the factors, namely rainfall
erosivity, soil erodibility, slope length and steepness, cover management and conservation practice; vary greatly over
different climatic zones, soil properties, slope, land cover and crop phase, respectively. Depending upon those variations,
researchers have developed various sets of equation for different factors of RUSLE. These equations can be useful to map

soil loss for many places on this planet.

Keywords RUSLE for soil erosion - Rainfall erosivity factor (R) - Soil erodibility factor (K) - Slope length and steepness
factor (LS) - Cover management factor (C) - Conservation practice factor (P)

Revised Universal Soil Loss Equation (RUSLE) is a well-
known and universally accepted and implemented empiri-
cal soil erosion estimation model. The RUSLE model is
developed based upon five factors—(1) rainfall erosivity
factor (R), (2) soil erodibility factor (K), (3) slope length
and steepness factor (LS), (4) cover management factor (C)
and (5) conservation practice factor (P) for the estimation
of the average annual soil loss (A).

A =RKLSCP (1)

The rainfall erosivity factor (R) evaluates the effect of
rainfall impact in the form of kinetic energy, and it also
predicts the rate and amount of run-off which is directly
interconnected with that precipitation event. In their work,
Wischmeier and Smith (1957) wrote, one hundredth of the
product of kinetic energy of the storm and the 30-min
intensity, which is expressed as El3,, gives the most reli-
able result in the estimation of rainfall erosion potential.
The total annual EI value is defined as the rainfall erosion
index.
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The soil erodibility factor (K) shows the resistance of
soil against erosion due to the impact of raindrop and the
rate and amount of run-off produced for that rainfall
impact, under a standard condition. As per Schwab et al.
(1994), soil erodibility depends upon geological and soil
features like structure, texture, inherent material, porosity,
organic content, etc. Although the presence of sand and
clay percentage is huge, soils become highly erodible if the
presence of silt percentage is high (Mhangara et al. 2012).

The slope length (L) and steepness (S) factor reflect the
effect of regional topography on the rate of soil erosion as
the merged effects of length of the slope (L) and the
steepness of the slope (S). As the length of the slope
increases, the amount and rate of cumulative run-off
increase. As the land slope increases, the run-off velocity
also increases and that causes huge erosion.

The soil loss is highly dependent upon amount and type
of vegetation cover (Benkobi et al. 1994). Basically, the
vegetation cover prevents the raindrops to impact on soil
surface and dissipates the kinetic energy of rainfall before
reaching the surface of the soil. The cover management
factor (C) is directly influenced with the vegetation type,
stage of growth of the vegetation and percentage of vege-
tation cover.

The conservation or support practice factor (P) shows
the effects of implementations that will reduce the rate and
amount of the run-off, and thus, it reduces the amount and
rate of soil erosion. The P factor reflects the proportion of
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soil loss for a particular support practice present for the
corresponding soil loss with the presence of upward and
downward slope, contour farming and tillage practice
(Wischmeier and Smith 1957) (Renard et al. 1997). Strip
cropping, contour farming, terracing, cross-slope cultiva-
tion and grassed waterways are the major support practices.
As per Gitas (2009), the P values are calculated as the ratio
of the rate and amount of soil loss due to a specific support
practice to the soil loss due to row farming in upward and
downward of the slope condition.

The major factors which affect soil erosion are the
amount and intensity of rainfall on an area which directly
implies the impact of raindrop on surface of the soil,
causing erosion, and the R factor is the measure of that
rainfall erosivity. Another major soil erosion influencing
factor is K factor which shows the potential of soil to
withstand against the impact of rain droplet. Other factors
also have massive influence on soil erosion.

Variation of Rainfall Erosivity Factor (R) Over
Different Climatic Zones

Application of RUSLE Over Tropical Wet Climatic
Zones

The tropical climatic zones are found around the equatorial
region. In these climatic zones, the warm temperature
exists throughout the year. In the equator, the warm air
rises. As it rises up, it cools down which causes rainfall.
Tropical climates are generally two types—wet tropical
climates and wet and dry tropical climates. Tropical wet
climates occur at or very near the equator. Massive rainfall
exists throughout the year.

As this climatic region is highly moist and rainfall
impacts are quite high, Ranzi et al. (2012) used the R factor
developed by Loureiro and Coutinho (2001):

1 N 12 ) .
R = NZ (Z(7.05 rain;o— 88.92 daysm) m, i) (2)

i=1 \m=1

where N is the number of years of observations, rainq is
monthly rainfall only when rainfall > 10 mm, otherwise
rainy is set to zero. Day is the number of days in a month
when rainfall > 10 mm. This above equation produces a
high level of erosion potential of rainfall with huge
monthly rainfall (i.e. rain10). It also shows that, for a given
rainfall amount, if the no. of rainy days is decreased (i.e.
days 10), the rainfall intensity and erosion potential will
increase, as expected. The monthly rainfall erosivity factor
of the Lo river basin, Vietnam, was computed using this
equation.

@ Springer

Adediji et al. (2010) used equation developed by Roose
(1996) for Katsina, Nigeria, West Africa:

Riy=rxa (3)

where R is the main annual rainfall erosivity factor over
10 years, r is the mean annual rainfall, @ = 0.05 in general,
a = 0.6 near the marine region (< 40 km), a = 0.3 to 0.2
for tropical mountainous regions, a = 0.1 in mountainous
areas of Mediterranean region.

Agele et al. (2013) for his study over Pahang river basin,
Malaysia, used the equation developed by Kassam (1992):

R =117.6 x (1.00105"(AAP)) (4)

where AAP is the annual average precipitation.

In India, Prasannakumar et al. (2011) used the equation
which was developed by Arnoldus et al. (1980) for Siru-
vani river watershed, Attapady valley, Kerala.

12
R — 1735 x lo(l.Sloglo(%)—0.0SISS) (5)
i=1

where R is rainfall erosivity factor (MJ mm ha~' h™'
year_l); P; is monthly rainfall (mm); P is an annual rainfall
(mm).

Baby and Nair (2016) used it for Kuttiyadi river basin,
Northern Kerala, India; Markose and Jayappa (2016a, b)
applied this equation for Kali river basin, Karnataka, India;
Ganasri and Ramesh (2016) used it for Nethravathi Basin,
middle region of Western Ghats, India. This equation
shows the weighted average concept of precipitation, so
this equation can also be applied in other climatic
conditions.

Application of RUSLE Over Tropical Wet and Dry
Climatic Zones

Tropical wet and dry climate is prevailing between 5° and
20° latitudes and receives less rainfall. Mainly in this type
of climatic zone, rainfall occurs in a particular (i.e. single)
season but the rest of the seasons becomes dry.

In this less moist climatic zone due to the lack of rain-
fall, there is a great variation in R factor calculation. For
Ethiopian climatic condition, Hurni (1985) adopted a
model that was based on the convenient annual average
rainfall data of that area. The equation is expressed as:

R = —8.12 + (0.562 x P) (6)

where R is rainfall erosivity factor and P is the available
average annual rainfall data. Gelagay (2016) used the
model developed by Hurni (1985) for Koga watershed,
Upper Blue Nile Basin, Ethiopia, North East Africa, and
Gashaw et al. (2017a, b) used this model for Geleda
watershed, Ethiopia.



Journal of the Indian Society of Remote Sensing (April 2020) 48(4):689-707

691

Based on the study over the vast regions of Ivory Coast
(Cote d’Ivoire) and Burkina Faso, Roose (1975) evaluated
that mean annual EI30 values (i.e. the total kinetic energy
due to impact of rainfall, where E is the total storm kinetic
energy (MJ ha™"), I3 is the maximum of 30-min rainfall
intensity in mm h™") can be approximated by multiplying
the average annual rainfall totals (mm) with 50. Roose
(1975) proposed this formula to estimate of R factor for
RUSLE. In 1986, Morganhas used 0.5 as the general
constant for multiplying the mean annual rainfall.

R=Px05 (7)

P is the available mean annual rainfall data.

Morgan and Davidson (1991) again applied this model
in Ivory Coast and Burkina Faso for their study. In India,
Joshi et al. (2016) used this model for his study in the north
of Pune, Maharashtra. In Kaas Plateau of Maharashtra,
Dahe and Borate (2015) also applied this model.

Another model of R factor was developed by Singh
(1981) as follows:

R = 79 + 0.363AAP (8)

where ‘R’ is the rainfall erosivity factor, ‘AAP’ is the
average annual precipitation in mm.

Vinay and Mahalingam (2015) used Singh’s (1981)
model for his study on Pandavapura, Mandya, Karnataka,
India; Das and Guchait (2016) used it in Kharkai river
basin, Jharkhand, India.

The equation developed by Arnoldus et al. (1980) as
discussed previously, has been applied by Shit et al. (2015)
for interfluve region of Kasai—Subarnarekha river, Jhar-
gram, West Bengal, India. In 2016, Samanta et al. applied
it for Subarnarekha river basin area, India.

Application of RUSLE Over Semi-Arid or Steppe
Climatic Zones

In semi-arid climatic zones, the amount of precipitation is
below potential evapotranspiration. The variation in dif-
ferent kinds of semi-arid climate is depending upon vari-
ation of temperature which reflects the growth of different
types of ecology.

Bu et al. 2003, developed R factor model for arid and
semi-arid climatic zones mainly for China:

Rj = (01281 X Iyp X Pf)—(01575 X 13()3) (9)

where P is annual rainfall (mm), R is mean annual rainfall
erosivity factor (MJ mm ha 'h™1 yearfl) and Izop is a
storm’s maximum 30-min intensity (mm/h.). The factor
I5op indicates that as this zone is in lack of rainfall, Bu
et al. (2003) and Foster et al. (1977) used maximum
intensity of continuous 30-min rainfall; otherwise, all other
individual rainfall intensities will be very much negligible.

Chen et al. (2011) used this model in Miyun reservoir
watershed, northern Beijing, North China.

In Xu et al. 2007, developed R factor model for this
climatic zone using 2894 rainfall events over 25 years in
10 hydrologic gauge stations to build and compare monthly
rainfall erosivity using daily rainfall data and monthly
rainfall data of Beijing, respectively. The results from this
two models show that they have similarity in precision with
R? equal to 0.72. So the value of R factor was calculated
according to Xu et al.’s (2007) equation:

R, = 0.689P"47 (10)

Xu et al. (2013) used his above equation several times for
Yangtze River Delta and Pearl River Delta of China.

In eastern Africa, Angima et al. (2003) used the model
of Renard et al. (1997) in Kianjuki catchment, Embu,
Central Kenya.

1

=1

m

Z(Ekho)

k=1

J (11)

where E is the total kinetic energy produced by the rainfall
MJ ha_l), I5p is the maximum of 30-min rainfall intensity
(mm hfl), Jj is an index which shows the number of years
used to generate the mean of rainfall data, k is an index
which shows the number of storms occurred in a year, n is
the number of years used to obtain the rainfall erosivity
factor (R) and m is the number of storms occurs in a year.
The total kinetic energy (E) generated by the rainfall
impact is evaluated using the relation:

E = Z e, AV, (12)
j=1

where e, is the rainfall energy generated per unit depth of
rainfall per unit area in megajoules per hectare per mil-
limetre (MJ ha~—' mm™!) and AV, is the depth of rainfall in
millimetres (mm) for the r-th increment of the storm
hyetograph. This hyetograph is divided into m parts, in
which each part will be having constant rainfall. Rainfall
energy (e,) generated per unit depth of rainfall, er, was
evaluated using the relation:

e = 0.29[1— 0.72¢(- 005 (13)

where e, is units of megajoules per hectare per millimetre
of rain (MJha ' mm™") and i, is rainfall intensity
(mm h™'). The intensity of rainfall for a particular incre-
ment of a rainfall event (i,) is calculated using the relation:

. AVr
" A

where At, is the duration of the increment of rainfall over
which rainfall intensity is considered to be constant which

(14)
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is in hour (h) and AVr is the depth of rain falling (mm)
during the increment.

Simms et al. (2003) adopted the model developed by
Renard et al. (1997) for his study in the catchment of Lake
Wollumboola, south of Sydney, and just north of Jervis
Bayon, the New South Wales South Coast, Australia.

As discussed previously, Arnoldus et al. (1980) model of
weighted average is also used in semi-arid or steppe cli-
matic zones of India. Kartic et al. (2014) used this model in
Kothagiri Taluk, Nilgiri, Tamil Nadu. Rahaman et al.
(2015) applied this model in Kallar watershed, Western
Ghats, north-west part of the Tamil Nadu.

Application of RUSLE Over Humid Subtropical
Climatic Zones

In humid subtropical climatic zone, the summer is highly
humid and hot but the winter is very mild. These climate
zones are usually located on the south-eastern side of all
continents, usually between the latitudes of 25° and 35°
and are located pole ward of neighbouring tropical cli-
mates. Other areas have more even or varying rain cycles,
but regularly predictable dry summer months are missing.
Most of the summer rains occur during thunderstorms,
which build up due to the intensive surface heating and the
strong subtropical sun angle. The weak tropical lows
coming from adjacent warm tropical oceans, as well as rare
tropical storms, often contribute to the seasonal rains of the
summer. Winter rains take place with huge storms in the
west winds, with fronts ranging in subtropical latitudes.

The Secretaria de Agricultura y Recursos Hidraulicos
(1991) adopted processes developed by Wischmeier and
Smith (1978a, b) to calculate the Els values. After that, the
annual precipitation was compared with these values to
yield rainfall and run-off factor as follows:

R = —0.0334P, + 0.006661P2 (15)

where R represents the rainfall and run-off factor (MJ mm
ha™' h™! year™!) and P, is the measured annual precipi-
tation in millimetres. Millward and Mersey (1999) applied
Secretaria de Agricultura y Recursos Hidraulicos (1991)
model in Zenzontla sub-catchment, Rio Ayuquila water-
shed, south-western Mexico, USA. In India, Naqvi et al.
(2012) adopted this model for Nun river watershed, Deh-
radun, Uttarakhand.

The rainfall erosivity equation is generated for Aus-
tralian tropical climate by Yu and Rosewell (1998) which
is adopted by Xu et al. (2013) for Bohai Rim, China.

N
Ej= a[l +1n cos (2nfj + w)] ZRﬁ(Rd > Ro) (16)
=1

where Ej is the monthly rainfall erosivity
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(MJ mm ha~' h™! yearfl), Ry is the daily rainfall, Ry is
the daily rainfall threshold causing erosion, in general, R,
12.7 mm, N are the days of monthly rainfall > 12.7 mm. f
is the frequency, f = 1/12, and ® equals to 57/6. «, f3, n are
the model parameters; the relationship between o and B is
shown in the formula where the average annual rainfall is
above 1050 mm.

logor = 2.11—1.578 (17)

The relationship between the annual rainfall P and 5 is
given in the formula. § values range from 1.2 to 1.8, and 8
is taken as 1.5 in this study.

n = 0.58 + 0.25P/1000 (18)

Renard and Freimund (1994) developed a new model
after several regression analyses:

R = 587.8—1.219P + 0.004105P* (19)

where P is the annual rainfall (mm) and R is the rainfall
erosivity (MJ mm ha~' year™'). Bhandari and Darn-
sawasdi (2015) adopted this model for Phewa watershed,
Nepal. Biswas and Pani (2015) used it for Barakar river
basin, Jharkhand, India.

Zhao et al. (2004) developed another model for china:

R = 8.3462rainy>"° (20)

Where raing is the monthly rainfall for days with rainfall
depth > 9.0 mm. Fu et al. (2005)used this model in Yanhe
watershed, China.

In 1992, researchers of Korea Institute of Construction
Technology (KICT) developed a model for derivation of R
factor. Kim et al. (2012) used this model at the Samgwang
mine, Korea, as this model gives an equation which is best
suitable for mining area also. The equation is as follows:

R = 385 + 035 x P, (21)

where P, is the average annual rainfall (in mm year_l).

As this equation yields values that are 10 times greater
than the results of other methods, the computed values
were reduced by a factor of 10 (Kim et al. 2012). Lee and
Lee (2006) applied this model in Bosung basin, Korea. In
India, Chatterjee et al. (2014) adopted this equation for
Upper Subarnarekha river basin, Jharkhand. Ghosh et al.
(2015) applied this equation for Bakreshwar river basin,
West Bengal. Though Jaipanda watershed, Bankura, West
Bengal, is near to tropical wet and dry climatic zones, Pal
and Shit (2017) applied this equation in their study over
here also.

Demirci and Karaburun (2012) applied Arnoldus et al.
(1980) modified Fournier’s index (MFI) on Buyukcekmece
Lake watershed, western Istanbul, Turkey, Europe.
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12 P2

Fp = Lt Fag 1F”” EN:Z g (22)

Fg is the modified Fournier index (MFI). P; is the
rainfall depth in month/(mm) of the year j, and P is the
total rainfall of that same year.

R = (4.17FF) — 152 (23)

Babu et al. (2004) developed an equation for the esti-
mation of R factor for Damodar Valley, Jharkhand, India.

R =815+ 0375 xr (24)

where 340 < r < 3500 mm.

In Tirkey et al. 2013, used Babu et al. (2004) equation
for Daltonganj watershed, Palamu district, Jharkhand,
India. Kamuju (2015) adopted this model for Gumani
watershed, Jharkhand, India. As per their observation,
Babu et al. (2004) model was highly suitable for Damodar
Valley of eastern India and its neighbouring region.

But later on, Kamuju observed that the generalised
models developed earlier by Babu et al. (1979) were more
appropriate, as follows:

EI30 = 3.1 + 0.533 x Ry(for daily rainfall in mm)
(25)
EI30 = 1.9 + 0.640 X R,,(for monthly rainfall in mm)
(26)

For this reason, Kamuju applied this equation for his
study area. Based on the above equations, Kamuju (2016)
adopted the regression equation for R factor determination
in Asan watershed, Uttarakhand, India, as follows:

R = 22.8 + 0.6400 x R, (27)

where R is the rainfall erosivity factor (MJ mm ha™' -
yearfl) and R, is the annual average rainfall (mm).
Swarnkar et al. (2017) also used this equation in Garra/
Deoha river basin, Uttarakhand, India.

The method developed by Singh (1981) (as discussed
previously) was also used in this climatic zone by Parveen
and Kumar (2012) for Upper South Koel Basin, Jharkhand,
India. Agarwal et al. (2016) used it for Khajuri watershed,
Barkachha, Mirzapur, Uttar Pradesh, India. From Singh’s
(1981) model concept, Kumar and Kushwaha (2013) gen-
erate a new set of equations as follows:

Yy =79 + 0.383X, (r = 0.83) (28)
Y> = 50 + 0.389X (r = 0.88) (29)

In the first equation, Y, is the annual average erosion
index (m ha cm™') and X, is the average annual rainfall
(mm), and in the second, Y is the average seasonal erosion
index and X is the average seasonal rainfall (mm).

Application of RUSLE Over Montane or Alpine
Climatic Zones

In this climatic zone, the atmosphere is highly cold and
arid. Basically, this climate is called as the average weather
for the regions above the tree line. The amount of rainfall is
very less.

Bhat et al. (2017) used Singh’s (1981) (previously dis-
cussed) model in Kashmir, north-west India. Kalambukattu
and Kumar (2017) used Babu et al.’s (2004) (previously
discussed) model in Maniyar watershed, Uttarakhand,
India.

Application of RUSLE Over Mediterranean
Climatic Zones

The Mediterranean climate is basically dry summer sub-
tropical climate due to the presence of Mediterranean Sea
beside this climatic zone. The wet winter with dry summer
defines the characteristic of this climate. In this climatic
zone, there exists seasonal precipitation regime.

R was computed using an empirical equation developed
by ICONA (1988), which shows adequate results for the
areas with an average annual rainfall of less than 500 mm:

R = 10fP11_2]24A2 (30)

where f is a zonal coefficient with the value of 0.00035,
P is the mean annual rainfall (mm), and I; , and /4 , are the
maximum rainfall intensity in 1-h duration and 24-h
duration for the 2-year return period, respectively. Bonilla
et al. (2010) used this empirical approximation in Santo
Domingo County, Central Chile, South America.

Van et al. (2000) generated a new R factor model for
Italian Mediterranean climatic zones. The equation has
been used in several studies (e.g. Zarris et al. 2011); (Si-
galos et al. 2010)), performing exceptionally well under
Mediterranean or more specifically Greek climatic condi-
tions. The equation is as follows:

R =aP (31)

The “a” factor is equal to 1.3, and P is the average
annual rainfall (mm).

Efthimiou et al. (2014) used this model for Venetikos
river catchment, Macedonia, Greece, Europe.

Sorrentino (2001) also generated a new R factor model
for Italian Mediterranean climatic condition. In his model,
he shows that kinetic energy is directly dependent on the
altitude of that location.

R = (1163.45 + 4.9H — 352NGP—0.58¢) /100  (32)

where H (mm y~') is the annual average precipitation,
NGP is the average of the rainy days per year and ¢ is the
elevation of that site (from MSL). Terranova et al. (2009)
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applied Sorrentino’s (2001) model in Calabria, southern
Italy, Europe.

With Italian Mediterranean rainfall regime, Diodato
(2004) developed another model:

1 N
R = N zl: EI307annual (33)

where N is the number of the considered years.

Onori et al. (2006) used this model in Comunelli
catchment, south-central Sicily, Italy. He used
EL3o_anmual = 12.142(abc)®***® (MJ mm ha=' h™") as the
annual erosive empirical index. a, b and ¢ are expressed in
centimetres, where ‘a’ is the annual precipitation, ‘b’ is the
annual maximum daily precipitation and ‘c’ is the annual
maximum hourly precipitation. Variable ‘a’ shows less
erosive precipitations, with a cumulative effect over a long
period. Variables ‘b’ and ‘c’ describe very erosive effects
due to extreme rainfalls in storms and heavy showers.

Flabouris (2008) developed a model for Greece. Rozos
et al. (2013) applied this model for North Euboea, Island,
Greece, Europe.

R=R,xa (34)

where ‘a’ is equal to 0.5 for the study area. R, is the mean
annual rainfall.

Previously used Arnoldus et al.’s (1980) modified
Fournier’s index (MFI) method was adopted by Ferro et al.
(1991) for Sicily, Italy. Ferro et al. (1991) generated soil
isoerosivity map which was used by Maria et al. (2009) in
China, north-western Crete, Greece, Europe. Irvem et al.
(2007) in his study on Seyhan river basin in Turkey
observed that a relationship between R and F can be
determined by regression analysis, and this relationship
changes with the change in various climatic zones.

The basic equation generated by Renard et al. (1997)
was also used by HAMMAD et al. (2005) in Ramallah,
Palestine, Israel.

Application of RUSLE Over Desert or Arid Climatic
Zones

The desert climate is also known as an arid climate. In this
climate, precipitation is too low to sustain any kind of
vegetation.

Soil erosion due to the impact of rainfall is not so
popular for desert climate as precipitation is mostly absent
in this type of climate. Santra et al. (2014) applied a model
in Jodhpur, western Rajasthan, India, which was developed
by Irvem et al. (2007). This model was generated from the
regression analysis of Arnoldus et al. (1980) modified
Fournier’s index (MFI) concept.

@ Springer

Variation of Soil Erodibility Factor (K) Over
Different Soil Properties in Consideration

The soil erodibility factor (K) is a significant influencing
factor of RUSLE soil erosion estimation model. Soil
erodibility relies on soil and/or geological characteristics,
such as parent material, texture, structure (USDA 1951),
organic matter content, porosity and catena (Schwab et al.
1994). Generally, soils show less erodibility if the silt
concentration is low, regardless of the presence of high
concentration in the sand and clay fractions. The devel-
opers choose and compare different properties and generate
different soil K factor models as per their suitability and
requirement.

K Factor on the Basis of Particle Size Distribution
of Soil

El-Swaify and Dangler (1976) developed a model with
respect to grain size distribution of soil (i.e. % sand, %
silt, % clay in the soil) and the degree of saturation of the
soil.

K = —0.03970 + 0.00311A; 4+ 0.00043A,
+ 0.00185A3 + 0.00258A4 — 0.00823A5 (35)

where A is the per cent unstable aggregates < 0.250 mm,
A, is the product of the per cent of silt (0.002-0.01 mm)
and sand (0.1-2 mm) present in the sample, Aj is the per
cent base saturation of the soil, A, is the per cent silt
present (0.002-0.050 mm) and As is the per cent sand in
the soil (0.1-2 mm).

This equation results in a K factor with units of ton acre
hour per (hundred of acre feet tonf inch). To obtain the
K factor value in SI unit (Mg h MJ_lmm_l), this K factor
is divided by 7.59. Angima et al. (2003) used this model for
the estimation of K factor in Kenyan Highlands, Africa.

K Factor on the Basis of Grain Size Distribution,
Organic Content, Structural Class, Permeability
Rate of Soil

Wischmeier and Smith (1978a, b) observed that soil
erodibility factor is not only depending upon the particle
size but it also depends on the amount of organic matter or
carbon content in it, the molecular bonding or the structural
class its belongs with and the rate of permeability it have.
He developed a model equation and a nomograph on the
basis of that equation.

K = [2.1 x 10*M"1*(12—0M) + 3.25(5—2)

+2.5(p — 3)] /759 (36)



Journal of the Indian Society of Remote Sensing (April 2020) 48(4):689-707 695

where OM = the organic content (%) of soil and M = grain
size parameter that is the product of the silt content (%)
(particles of 0.002 to 0.1 mm in diameter) with (100%
clay). The ‘s’ and ‘p’ parameters describe soil structure and
permeability, respectively. Parysow et al. (2003) used this
model in Fort Hood, Texas, USA. Shi et al. (2004) used
this model for Wangjiagiao watershed, Zigui, Hubei,
China. Chen et al. (2011) used in Miyun watershed, China.
Lopez-Vicente et al. (2008) adopted this equation for
Central Spanish Pyrenees. Bonilla et al. (2010) used this
empirical model in Santo Domingo County, Central Chile,
South America. In South Africa, Mhangara et al. (2012)
adopted Wischmeier and Smith (1978a, b) modelling
approach for Keiskamma catchment. In India, Naqvi et al.
(2012) used this model in Nun river watershed, Dehradun,
Uttarakhand. Kartic et al. (2014) used it for Kothagiri
Taluk, Nilgiri, north-west part of the Tamil Nadu. Vinay
and Mahalingam (2015) adopted it for his study on Pan-
davapura, Mandya, Karnataka. Joshi et al. (2016) used the
model for his study in the north of Pune, Maharashtra.
Markose and Jayappa (2016a, b) used it in Kali river basin,
Uttara Kannada, Karnataka. Pal and Shit (2017) used it for
Jaipanda watershed, Bankura, West Bengal. Swarnkar et al.
(2017) used this model in Garra/Deoha river basin,
Uttarakhand. Bhat et al. (2017) used it for Kashmir. In
Nepal, Bhandari and Darnsawasdi (2015) adopted this
model for Phewa watershed. Efthimiou et al. (2014) used
this model for Venetikos river catchment, Western Mace-
donia, Northern Greece, Europe.

After Wischmeier and Smith (1978a, b) model, Schwab
et al. (1981) developed another approach which was based
on organic content and soil textural class. This model was
adopted by Parveen and Kumar (2012) for Upper South
Koel Basin, Jharkhand, India. Agarwal et al. (2016) applied
this for his study in Khajuri watershed, Barkachha,
Mirzapur, Uttar Pradesh, India.

Foster et al. (1981) developed another model from
concepts of Wischmeier and Smith (1978a, b) nomograph:

K = [28 x 107'M"*(12—a) + 4.3 x 107 (b—2)
+ 3.3(c — 3)]
(37)

where K represents soil erodibility factor (f ha™' per unit of
R), M represents particle size parameter (% silt + %very
fine sand) x (100 — % clay), ‘a’ represents the content of
organic matter (in%), ‘b’ represents the structure code of
soil and soil permeability class is represented by ‘c’.
Kumar and Kushwaha (2013) used it in Pathri Rao sub-
watershed, Uttarakhand. Chatterjee et al. (2014) adopted
this equation for Upper Subarnarekha river basin, Jhark-
hand. Kalambukattu and Kumar (2017) used this model in
Maniyar watershed, Uttarakhand, India.

Goldman and Wischmeier (1986) developed a model
which was almost similar to Wischmeier and Smith
(1978a, b) equation:

K =1.292[2.1 x 10°%,— 1.14 x (12 — Pyy)

38
+0.0325(Sgr—2) + 0.025(fper—3)] (38)

where K is soil erodibility factor in ton.h/MJ mm, f;, is the
particle size parameter, [fp = (Pgje X 100-Pgay)], Pom is
per cent of organic matter, Sy, shows soil structural code
(the S, values are as follows—for very fine granular Sy, is
1, for fine granular S, is 2, for moderate or coarse granular
S 18 3, for blocky, platy or massive S is 4), fper is profile
permeability code (the fpe, values are as follows—for rapid
Joer 18 1, for moderate to rapid fp, is 2, for moderate fye; is
3, for slow to moderate fp, is 4, for slow f,, is 5, for very
slow frer is 6), Py is per cent of silt, P,y is per cent of
clay.

Dahe and Borate (2015) used this model in Kaas Plateau
of Maharashtra, India.

Another model was developed by Sharpley and Wil-
liams (1990) considering top soil layer carbon content:

K ={0.2 + 0.3 exp[0.0256SAN(1 — SIL/ 100)]}

y SIL 0.3
CLA + SIL

0.25C (39)
x 1.0 —
C + exp(3.72 — 2.95C)
0.7SN;
x [1.0 —
SN; + exp(—5.51 + 2.95SN;)

where SAN is the subsoil sand fraction, SIL is the subsoil
silt fraction and CLA is the subsoil clay fraction (in %). C
is the topsoil carbon content (in %). SN; = 1—-SAN/100.

Xu et al. (2013) adopted this model for Pearl River Delta
and the Yangtze River Delta, China.Rosewell (1993)
modified Wischmeier and Smith (1978a, b) model as
follows:

K = {277(1077) (12 —)M" ™}
+ {428 (107) (B-2)} + {3.29(107°) (y—3)}
(40)

where M = {(% silt + % very fine sand). (100—% clay)}, o
is organic matter (in%), f is structure code and y is per-
meability rating.

Ganasri and Ramesh (2016) used it for Nethravathi
Basin, middle region of Western Ghats, India.

Tew (1999) has done extensive work for the estimation
of the soil erodibility factor to produce soil erodibility
nomograph which was based on nomograph of Wischmeier
and Smith (1978a, b) and he developed a model:
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K = [(1.0 x 107%) (12—OM)M"™ + 4.5(5 - 3)
+ 8(P — 2)]/100
(41)

where K is soil erodibility factor (100ft.ton.in/acr.h) for SI
unit (ton/ha)/(MJ mm ha™' h™"). M = (% silt + % very
fine sand) x (100-% clay). OM is % of organic matter. S is
soil structure code. P is permeability class. Agele et al.
2013 adopted (Tew 1999) model for his study in Pahang
river basin, Malaysia.

Mulengera and Payton (1999) derived a model particu-
larly based on Tanzanian tropical conditions:

K = 1.82247 x 107°M + 0.0045P,— 0.0097 (42)

where K is soil erodibility factor in (ton ha hr ha™' -

MI~ " mm™"), M = (si + vfs) x (si + vfs + sa); si: silt %
(0.05-0.002 mm); sa: sand % (0.2-0.10 mm); vfs: very
fine sand % (0.10-0.05 mm)

P. represents the permeability classes as follows: If,
P.=1 rapid (> 127 mm h™"), 2 moderate to rapid
(63.5-127 mm hfl), 3 moderate (20-63.5 mm hfl), 4
slow to moderate (5-20 mm hfl), 5 slow (1-5 mm hfl), 6
very slow (< 1 mm hfl)

Vezina et al. (2006) used this model in Lo river basin,
Viet Tri, north-east region of Vietnam, South East Asia.

K Factor on the Basis of Soil Colour and Soil Type

Hurni (1985) and Helden (1987) suggested the soil erodi-
bility values after observing soil colour (like black, red,
brown) and soil type (Chromic Vertisols, Pellic Vertisols,
Lithosols, Orthic Luvisols, Eutric Nitosols, Eutric Lep-
tosols, Haplic Luvisols, Luvic Calcisols) that shows the soil
erodibility of Highlands of Ethiopia. Amsalu and Mengaw
(2014) applied this concept in Northwest Highlands of
Ethiopia. Lema et al. (2016) adopted it for Ruba-Gered
watershed, Ethiopia. Sewnet (2016) applied this method in
Koga watershed, Upper Blue Nile Basin, Ethiopia. Gashaw
et al. (2017a, b) also observed that the factors used by
Wischmeier and Smith (1957) are difficult to estimate, so
he used Hurni (1985) and Helden (1987) soil colour and
chemical-type classification method in Geleda watershed,
Blue Nile river basin, Ethiopia.

K Factor on the Basis of Geometric Mean Particle
Diameter

After considering all of the above methodologies devel-
oped by El-Swaify and Dangler (1976), Wischmeier and
Smith (1978a, b), Hurni (1985) and Helden (1987); finally
Renard et al. (1997) developed an empirical equation based
on the geometric mean of particle diameter of soil. This
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method is highly used because the correlation (R?) of its
result with the field data is 0.983.

log D, + 1.659)2

K = 0.0034 + 0.0405 exp[—O.S( 07101

(43)
D, = exp [Z 0.01f; In{(dmax + dmin)/2}] (44)

where Dg represents geometric mean particle size (for clay,
silt, sand), dyax represents maximum diameter (mm), dpin
represents minimum diameter and f; represents corre-
sponding fraction of mass.

Romkens et al. (1986) observed that this method gives
the yield among others after performing world wide data-
sets. Van et al. (2000) adopted this equation for Italian soil
erosion studies. Fu et al. (2005) used this model in Yanhe
watershed, China. Onori et al. (2006) used this model in
Comunelli catchment, south-central Sicily, Italy. Yue-Qing
et al. (2008) used it for Maotiao river watershed, Guizhou,
south-western China. Maria et al. (2009) applied it in
Chania, north-western Crete, Greece, Europe.

Torri et al. (1997) introduced Naperian logarithm of the
geometric mean of the particle size distribution. After
several regression analyses, Torri et al. (1997) generated a
model:

K = 0.0293(0.65 — D¢ + 0.24D7;,
oM oM\’
x exp {—0.0021 <?) —0.00037 (?) —4.02C

+ 1.72C%}
(45)

Dg = _ f10g(dmax - dmin)"” (46)

where Dg is the Naperian logarithm of the geometric mean
of the particle size distribution, dy.x is the maximum
diameter (mm), dpi, is the minimum diameter, f; is the
corresponding mass fraction. C is the fraction of clay and
OM is the percentage of organic matters.

Demirci and Karaburun (2012) applied it on
Buyukcekmece Lake watershed, western Istanbul, Turkey,
Europe. Santra et al. (2014) applied this model in Jodhpur,
western Rajasthan, India.

After analysing many applications of RUSLE globally,
it is observed that the major variation in methodologies is
on the application of rainfall erosivity factor and soil
erodibility factor which varies mainly on climatic condition
and soil characteristic regression on soil properties,
respectively. The other factors like slope length and
steepness factor, conservation practice factor and cover
management factor all are highly important, but there is not
so much variation in development of these factors. The
variation in these factors is discussed as below:
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Variation of Slope Length and Steepness
Factor (LS)

The LS factor shows the combining effect of slope length
(L) and slope steepness (S) that shows the topographical
influences on soil erosion. As the length of the slope
increases, the amount and rate of cumulative run-off
increase. Also with an increase in slope of the land, the
velocity of the run-off increases which contributes to ero-
sion. The major variation in slope length and steepness
factor lies within the variation of the slope steepness factor
(S). We will see that the slope length factor (L) in each and
individual model is same which is developed by Wis-
chmeier and Smith (1957) and expressed as:

A\
L (2) @
where A denotes the flow path length (mm or feet), the value
of ¥ is 22.13 for SI units and 72.6 for English units (BU)
as the LS factor is the ratio per unit area of soil loss from a
field slope to that from a 22.13 m length. The factor m
varies in different model conditions. But the slope steep-

ness factor (S) is highly variable. The variation in different
models is discussed as follows:

Wischmeier and Smith Slope Length
and Steepness Factor (LS)

Wischmeier and Smith (1957) first developed LS factor, a
dimensionless factor where L is defined as the relative
slope length (metres), taking the basic slope length as 22 m
and basic slope gradient as 9% which leaves the LS values
essentially unchanged. The LS factor is expressed as:

LS = (;) .(0.065 + 0.046s + 0.0065s2) (48)
where / is the flow path length (m or feet) which is denoted
as / = (flow accumulation x cell size), the value of ¥ is
22.13 for SI units and 72.6 for English units (BU) as the
(LS) factor is the ratio of soil loss per unit area from a field
slope to that from a 22.13 m length. S is average slope
gradient (%)

m=02fors<1,03forl <s<3,04for3 <s<35,
0.5 for 5 <s<12and 0.6 for s > 12%

Wischmeier and Smith (1957) modified this above
model replacing average slope gradient percentage (%)
with sine of the slope angle (6).

LS = (%) . (65.41 sin? 0 4 4.56 sin 0 + 0.065) (49)

where 0 is the slope angle. The value of ‘m’ is 0.5 if the
slope is 5% or more, ‘m’ is 0.4 if the slope is 3.5-4.5%, ‘m’

is 0.3 if the slope is 1-3%, and ‘m’ is 0.2 on uniform where
slope is less than 1%. The values for concave, convex or
mixed-gradient slopes have been discussed in the form of a
graph discussed by Wischmeier and Smith (1978a, b).

Rozos et al. 2013 applied this model for North Euboea,
Island, Greece, Europe. Agele et al. 2013 used this model
for his study over Pahang river basin, Malaysia. In India,
Chatterjee et al. (2014) adopted this equation for Upper
Subarnarekha river basin, Jharkhand. Ghosh et al. (2015)
applied this equation for Bakreshwar river basin, West
Bengal. Rahaman et al. (2015) applied this model in Kallar
watershed, eastern part of Western Ghats, north-west part
of the Tamil Nadu. Ganasri and Ramesh (2016) used it for
Nethravathi Basin, middle region of Western Ghats, India.
Agarwal et al. (2016) used it for Khajuri watershed, Bar-
kachha, Mirzapur, Uttar Pradesh, India. Gashaw et al.
(2017a, b) used this model for Geleda watershed, Blue Nile
basin, Ethiopia.

For slopes up to 21%, the equation modified by Wis-
chmeier and Smith (1957) can be applied, but for slope
steepness of 21% or more the following equation has been
used (Gaudasasmita 1987):

1\ 0.7
LS = (%) . (6.432 x sin (0°7) x cos0) (50)

Irvem et al. (2007) in his study on Seyhan river basin in
Turkey used this concept. Santra et al. (2014) applied this
model in Jodhpur, western Rajasthan, India. (Shinde et al.
(2010) used it for Damodar Valley Catchment, Jharkhand,
India.

Moore and Burch Slope Length and Steepness
Factor (LS)

On the basis of unit stream theory, Moore and Burch
(1986) developed another model. This model’s conceptu-
alisation was that a unit mass of water in a natural stream is
the only source of energy. This can have its potential
energy above a datum. This unit mass of water releases its
potential energy to transport sediment and creates its own
channel as it flows down the gradient. It is reasonable to
suspect that the rate of energy expenditure is related to the
sediment transport.

(A" sinp \"
LS = ('I’) (0.0896) z (51

where A is flow path length (m or feet), A = (flow accu-
mulation x cell size), the value of ¥ is 22.13 for SI units
and 72.6 for English units (BU) as the (LS) factor is the
ratio of soil loss per unit area from a field slope to that from
a 22.13 m length. f is slope angle in radian (i.e.
f =3.14 x 0/180 where 0 is the slope angle in degree.).
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Z = (c/e)’?; it is defined as rilling factor. Rilling factor is
used to modify the length slope factor which is developed
from the theory of unit stream power. If sheet flow occurs,
J=1,c=1,and e = 1 so that Z = 1. In the absence of any
parabolic-shaped rill per unit length of the contour element,
with a top width of 20 cm, then J = 1, ¢ = 2/3, and e = 0.2,
so that Z = 1.62. Finally, if there exist five parabolic rills
per unit length of the contour element, each with a top
width of 10 cm, then J =5, ¢ = 2/3, and e = (.5, so that
Z = 1.12; where J denotes the number of rills crossing the
contour element and ¢ and e are constants.

Moore and Burch (1986) assumed that the value of ‘c’ is
1 for a rectangular cross section, the value of ‘c’ is 2/3 for a
parabolic cross section, and ¢ = 1/2 for a triangular cross
section. The coefficient m and n varies in different studies.
Mainly Moore and Burch (1986) explained m = 0.4 and
n = 1.3, but many researchers have changed it as per their
suitable conditions. It is observed that the rilling factor
(2) is taken either 1 or 1.4 in each study. This particular
model is used by Van et al. (2000) for his study in Italy. In
southern India, Prasannakumar et al. (2011), Vinay and
Mahalingam (2015), Baby and Nair (2016) and Markose
and Jayappa (20164, b) used this equation for Siruvani river
watershed, Attapady valley, Kerala; Pandavapura, Mandya,
Karnataka; Kuttiyadi river basin, Northern Kerala; and Kali
river basin, Karnataka, respectively. Das and Guchait
(2016) used it in Kharkai river basin, Jharkhand, India.
Bhat et al. (2017) used for Kashmir Valley, India. All of
the above researchers have taken m = 0.4 and n = 1.3 as
per Moore and Burch (1986).

Simms et al. (2003) adopted this model for his study in
the catchment of Lake Wollumboola, New South Wales,
Australia. There were various usages of this model in dif-
ferent states of India. In Jharkhand, Parveen and Kumar
(2012) and Tirkey et al. (2013) used this equation for
Upper South Koel Basin and Daltonganj watershed,
Palamu district, respectively; in Maharashtra, Dahe and
Borate (2015) and Joshi et al. (2016) used this equation for
Kaas Plateau and Pune, respectively; in Uttarakhand,
Kumar and Kushwaha (2013) and Kalambukattu and
Kumar (2017) used model it for Pathri Rao sub-watershed
and Maniyar watershed, respectively. All of the above
researchers have taken m = 0.6 and n = 1.3 (Moore and
Burch 1986).

In Jharkhand, India, Samanta et al. (2016) and Kamuju
(2015) applied this model for Subarnarekha river basin and
Gumani watershed, respectively; Pal and Shit (2017) used
it for Jaipanda watershed, Bankura, West Bengal; Ramu
and Mahalingam (2015) used it for Pandavapura, Mandya,
Karnataka. In their study, they used m = 0.4 and n = 1.4.

Adediji et al. (2010) used Katsina, Nigeria, West Africa,
with m = 0.4 and n = 1.1.

@ Springer

Terranova et al. (2009) applied this model in Calabria,
southern Italy, Europe. Here he used m = (0.1-0.6) and
n = (1-1.4) with very sensitive field study.

McCool, Foster, Weesies Slope Length
and Steepness Factor (LS)

By using step coupling methods, McCool et al. (1987)
developed another slope steepness factor model and also
used the slope length model developed by Wischmeier and
Smith (1957).

LS =L xS (52)
where L = (£)", 4 is flow path length (m or feet),
A = (flow accumulation x cell size), ¥ =22.13 for SI
units and 72.6 for English units (BU) as the (LS) factor is
the ratio of soil loss per unit area from a field slope to that
from a 22.13 m length.

. (sin 0/0.0896)/[3 x (sin 0)0.8 + 0.56]
1+ (sin0/0.0896)/[3 x (sin 0)0.8 + 0.56]
10.8 sin0 + 0.030<5°

S=1<16.8sin0 —0.55°< 0<10° (54)
21.9 sin0 —0.96 0 > 10°

(53)

where 0 is the slope angle in degree. Angima et al. (2003)
used this model in Kenyan Highlands, Africa. Hammad
et al. (2005) used this model in Ramallah, Palestine, Israel.
Xu et al. (2013) adopted this model for Bohai Rim, China.
In India, Shit et al. (2015) used it for Kasai-Subarnarekha
river interfluves zone Jhargram subdivision, West Bengal;
Samanta et al. (2016) applied it for Subarnarekha river
basin, Jharkhand; Swarnkar et al. (2017) used this model in
Garra/Deoha river basin, Uttarakhand.

Hickey (2000) and Van et al. (2001) developed the
advanced software modelling version of McCool et al.’s
(1987) model. This method was applied by Fu et al. (2005)
in Yanhe watershed, China. Onori et al. (2006) used this
model in Comunelli catchment, south-central Sicily, Italy.
Yue-Qing et al. (2008) used it for Maotiao river watershed,
Guizhou, south-western China.

Mcroberts et al. (2002) modified this model by intro-
ducing ratio of rill to the interrill erosion concept.

LS =LxSx14 (35)

where L = (%) m, A =flow path length (m or feet),
A = (flow accumulation x cell size), ¥ =22.13 for SI
units and 72.6 for English units (BU) as the (LS) factor is
the ratio of soil loss per unit area from a field slope to that
from a 22.13 m length.

m = /(14 p) (56)
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B = (sin0/0.0896)/[3.0 x (sin0)0.8 + 0.56] (57)
S = 10sin0 + 0.03 if slope <9% (58)
S = 16.8sin0 —0.05 if slope >9% (59)

where £ is the ratio of the rill erosion to the interrill erosion
for conditions when the soil is moderately susceptible to
both. 0 is the angle of the slope in degree.

In India, Naqvi et al. (2012) adopted this model for Nun
river watershed, Dehradun, Uttarakhand. Biswas and Pani
(2015) used it for Barakar river basin, Jharkhand, India.

Desmet and Govers Slope Length Factor (L)

Most of the researchers have developed their slope steep-
ness factor but borrowed the slope length factor from
Wischmeier and Smith (1978a, b). Desmet and Govers
(1996) developed a model for slope length factor (L).
(Aijfin +D2)m+1 _Am+l

Yin 60
D2 X 22.13m (60)

Lj=

where L;; represents equivalent slope length factor for the
cell, A;; _;, represents contributing area at the grid cell inlet,
D represents the cell size, m represents the standard slope
length exponent, x;; represents the contour length (sin o
+ cos a;j) and w; is the direction of cell.

Lee and Lee (2006) applied this model Bosung basin,
Korea. Mhangara et al. (2012) adopted modelling approach
for Keiskamma catchment. Oliveira et al. (2015) used this
method in his study in Ribeir@o do Salto, a sub-basin of the
Jequitinhonha Basin, located in Bahia State, Brazil.

Variation of Cover Management Factor (C)

The vegetation cover is highly influential factor for soil
erosion along with slope length and steepness factor Ben-
kobi et al. (1994). The vegetation cover prevents the
raindrops to impact on soil surface and dissipates the
raindrop energy before reaching the soil surface. The value
of C depends upon the type of vegetation, growth stage of
that vegetation and vegetation cover percentage.

USDA-SCS (1972) first developed the cover manage-
ment factor depending upon water bodies, agricultural
land, sparse vegetation, dense vegetation, barren land and
built-up land (Table 1).

Later on, Rao (1981) adopted USDA-SCS (1972) con-
cept for the determination of cover management factor for
Indian context. Tirkey et al. (2013) used this concept for
Daltonganj watershed, Palamu district, Jharkhand. Chat-
terjee et al. (2014) adopted this table for Upper Sub-
arnarekha river basin, Jharkhand. Kamuju (2015) adopted
this model for Gumani watershed, Jharkhand, India. Dahe

and Borate (2015) used this model in Kaas Plateau of
Mabharashtra. Joshi et al. (2016) used the model for his
study in the north of Pune, Maharashtra.

Wischmeier and Smith (1978a, b) modified USDA-SCS
(1972) equation and generated more variation in land cover
for C factor (Table 2).

Terranova et al. (2009) applied Wischmeier and Smith
(1978a, b) table in Calabria, southern Italy, Europe. Bonilla
et al. (2010) used this table in Santo Domingo County,
Central Chile, South America. Efthimiou et al. (2014) used
this for Venetikos river catchment, Western Macedonia,
Northern Greece, Europe. Rozos et al. (2013) applied this
model for North Euboea, Island, Greece, Europe. Kalam-
bukattu and Kumar (2017) used model in Maniyar water-
shed, Uttarakhand, India. Gashaw et al. (2017a, b) used this
model for Geleda watershed, Ethiopia.

Secretaria de Agricultura y Recursos Hidraulicos (1991)
developed C factor from calculating the SLR (soil loss
ratio) values (Table 3).

Then the C value for wet and dry season is calculated
from this SLR. Millward and Mersey (1999) applied Sec-
retaria de Agricultura y Recursos Hidraulicos (1991) model
in Zenzontla sub-catchment, Rio Ayuquila watershed,
Sierra de Manantlan Biosphere Reserve, south-western
Mexico, USA.

Cai (1998) and Yang and Shi (1994) developed and
established relationships between soil loss ratios and
canopy cover and surface cover sub-factors. The cover
management factor (C) of the RUSLE developed as a
function of canopy/surface cover (c) in percentage is as
follows:

C = 0.6508 —0.343 log (61)

where 0 < ¢ < 78.3%.

This model is used by Shi et al. (2004) for his study in
Wangjiaqgiao watershed, China.

Computation of C factor was mostly approximation of C
factor on the basis of land cover types. In Morgan 1995,
generated one model which shows the linear relationship
between C factor and NDVI (normalised difference vege-
tation index). McFarlane et al. (1991) developed the con-
cept of NDVI:

C factor = 1.02—1.21 x NDVI (62)

where NDVI = (NIR — RED)/(NIR + RED).

Irvem et al. (2007) in his study on Seyhan river basin in
Turkey used this concept. Agele et al. (2013) used this
model for his study over Pahang river basin, Malaysia. Das
and Guchait (2016) used it in Kharkai river basin, Jhark-
hand, India. Samanta et al. (2016) applied it for Sub-
arnarekha river basin, Jharkhand, India. Pal and Shit (2017)
used it for Jaipanda watershed, Bankura, West Bengal,
India.
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Table 1 C factor developed by (USDA-SCS 1972)

Land use and land cover class C value
Built-up 0.000
Agricultural land 0.400
Dense vegetation 0.004
Sparse vegetation 0.030
Barren land 1.000
Water body 0.000

Table 2 C factor developed by (Wischmeier & Smith 1978)

Land cover C factor
Inland marshes 0
Salt marshes 0
Sclerophyllous vegetation 0.005
Broad-leaved forest 0.001
Coniferous forest 0.001
Mixed forest 0.001
Cultivation, with significant areas of natural vegetation 0.05
Non-irrigated arable land 0.05
Moors and heathland 0.05
Moors and heathland 0.05
Transitional woodland shrub 0.05
Sparsely vegetated areas 0.05
Discontinuous urban fabric 0.05
Industrial or commercial units 0.05
Mineral extraction sites 0.05
Fruit trees 0.08
Olive groves 0.08
Complex cultivation patterns 0.08
Natural grasslands 0.1
Burnt areas 1
Beaches, dunes, sands 1

Renard et al. (1997) developed C factor relating to
height of rain drop impact on ground surface after striking
the canopy cover. And he termed it as canopy cover sub-
factor.

cC =1 _Fc(e—OA03048H) (63)

where CC is the canopy cover sub-factor ranging from 0 to
1, F, is fraction of canopy covered land surface and H
(m) is distance of the raindrops fall after striking the
canopy. Lopez-Vicente et al. (2008) adopted this equation
for Central Spanish Pyrenees. In India, Naqvi et al. (2012)
adopted this model for Nun river watershed, Dehradun,
Uttarakhand.

Gutman and Ignatov (1998) developed another rela-
tionship between NDVI and the C factor.

NDVI — NDVIy,
cC=1- (64)
NDVIyax + NDVI i

where NDVI is the NDVI of that pixel, NDVI .. is the
maximum NDVI value in that whole region in study and
NDVI i, is the minimum NDVI value in that whole region
in study. Xu et al. (2013) applied this model for estimating
C factor for the region surrounding the Bohai, Beijing City,
Tianjin City, Hebei Province, Liaoning Province and
Shandong Province.

Van et al. (2000) first observed that the C factor not
linearly varies with NDVI. Actually, the C factor reduces
exponentially with NDVI. He generated an exponentially
decaying relationship between NDVI and C factor:

C — o(~*(NDVI/§—NDVI)) (65)

where o, § are parameters determining the shape of the
NDVI-C curve.

A o-value of 2 and a f-value of 1 seem to give rea-
sonable results (Van et al. 2000) (Fig. 1).

Many Indian researchers used this formula for their
work. Prasannakumar et al. (2011) used this equation for
Siruvani river watershed, Attapady valley, Kerala. This
model was adopted by Parveen and Kumar (2012) for
Upper South Koel Basin, Jharkhand. Kartic et al. (2014)
used this model in Kothagiri Taluk, Nilgiri, north-west part
of the Tamil Nadu. Rahaman et al. (2015) applied this
model in Kallar watershed, eastern part of Western Ghats,
north-west part of the Tamil Nadu. Agarwal et al. (2016)
used it for Khajuri watershed, Barkachha, Mirzapur, Uttar
Pradesh. Baby and Nair (2016) used it for Kuttiyadi river
basin, Northern Kerala. Markose and Jayappa (2016a, b)
applied this equation for Kali river basin, Karnataka. Bhat
et al. (2017) used for Kashmir valley.

Table 3 C factor developed by
(Secretaria de Agricultura y

Recursos Hidraulicos 1991)

Time period Crop phase SLR
November 10-March 10 Harvest to ploughing or new seeding 0.74
March 10-April 1 Seedbed preparation to 10% canopy cover 0.77
April 1-May 10 Growth from 10% cover to 50% 0.68
May 10-June 20 Growth from 50% cover to 75% 0.49
June 20-November 10 Growth from 75% cover to harvest 0.35
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Fig. 1 The exponential line used for C calculation from NDVI (Van
et al. 2000)

Chen et al. (2008) introduced the back-propagation (BP)
neural network for generating the cover management fac-
tor. According to Chen et al. (2008), the C factor is not
only dependent upon NDVI, but it also depends upon the
SAVI (soil-adjusted vegetation index) and he developed a
neural network among all the indices to generate C factor
(Fig. 2).

Chen et al. (2011) used this model in Miyun reservoir
watershed, northern Beijing, North China. Samanta et al.
(2016) applied it for Subarnarekha river basin, Jharkhand,
India.

Variation of Conservation Practice Factor (P)

The conservation or support practice factor (P) shows the
effects of implementations that will reduce the rate and
amount of the run-off, and thus, it reduces the amount and
rate of soil erosion. The P factor reflects the proportion of
soil loss for a particular support practice present for the
corresponding soil loss with the presence of upward and
downward slope, contour farming, tillage practice (Wis-
chmeier and Smith 1957) (Renard et al. 1997). The

NDVI

C Factor

Output Layer

Input Layer Hidden Layer

Fig. 2 Back-propagation (BP) neural network by Chen et al. (2008)

common support practices are: contour farming, terracing,
strip cropping, cross-slope cultivation and grassed water-
ways. As per Gitas (2009), the P values are calculated as
the ratio of the rate and amount of soil loss due to a specific
support practice to the soil loss due to row farming in
upward and downward of the slope condition. The values
of P factor range from O to 1. Among these values, the
highest value is assigned to the areas where there is
absence of any conservation practices (i.e. grasslands and
open areas), and the minimum values given to plantation
area with contour cropping and built-up land.

Development for the conservation practice factor (P) has
not been elaborated till date; majorly the researchers used
Wischmeier and Smith (1978a, b) concept for P factor in
their study area. In Wischmeier and Smith 1978a, b,
developed a P factor table which gives all types of con-
servation practice in consideration. Researchers can use
that table for their particular study area without any
difficulty.

At first, they have given the P factors for the area of
contouring type of cultivation practice where ploughing
and planting across a slope follow its contour lines. Water
break created by these contour lines reduces the develop-
ment of rills and gullies during the heavy water run-off.
This is a major cause of soil erosion. For this type of area,
Wischmeier and Smith (1978a, b) have given a
table (Table 4).

Secondly, they have given P factors for strip cropping
where the field is cultivated by partitioning the field into
long, narrow strips. These striped fields are alternated in a
crop rotation system. This method is used when there exists
steeper slope or when there is absence of any alternative
method for preventing soil erosion (Table 5).

In category “A” the P value is assigned to row crop for
4-year rotation, small grain with meadow seeding and
2 years of meadow. Another kind of row crop can be
replaced by the small grain if meadow is established in it.
In category “B” the P value is assigned for 4-year rotation
of 2-year row crop, winter grain with meadow seeding and

Table 4 P factor for contour ploughing developed by (Wischmeier
and Smith 1978a, b)

Land slope percentage (%) P value Maximum length (Feet)
1-2 0.6 400
3-5 0.5 300
6-8 0.5 200
9-12 0.6 120
13-16 0.7 80
17 - 20 0.8 60
21 -25 0.9 50
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Table 5 P factor for strip

cropping developed by Land slope percentage (%) P value Strip width (Feet) Maximum length (Feet)
(Wischmeier and Smith A B C
1978a, b)

1-2 0.30 0.45 0.60 130 800

3-5 0.25 0.38 0.50 100 600

6-8 0.25 0.38 0.50 100 400

9-12 0.30 0.45 0.60 80 240

13-16 0.35 0.52 0.70 80 160

17-20 0.40 0.60 0.80 60 120

21-25 0.45 0.68 0.90 50 100

1-year meadow. “C” category is for alternate strips of row
crop and small grain crop.

Next, Wischmeier and Smith (1978a, b) developed
P factor for terracing type of cultivation practice where
agricultural field has been cut into a series of successively
receding flat surfaces or platforms as a form of steps, for
the purposes of more effective farming. This type of
farming is commonly used to farm on hilly or mountainous
region. Terraced fields decrease both surface run-off and
erosion (Table 6).

Bewket and Teferi (2009) used Wischmeier and Smith
(1978a, b) model in his study on Chemoga watershed, Blue
Nile basin in the Northwest Highlands of Ethiopia. In India
Dahe and Borate (2015) applied this model in Kaas Plateau
of Maharashtra. Joshi et al. (2016) used the model for his
study in the north of Pune, Maharashtra. Gelagay (2016)
used this model for Koga watershed, Upper Blue Nile
Basin, Ethiopia, North East Africa; Gashaw et al.
(2017a, b) used this model for Geleda watershed, Ethiopia.

Wener (1981) developed an equation that produces the
linear interconnection between slope (S) of the area and the
amount of conservation practice (P):

P=02+003xS (66)

where P is amount of conservation practice; S is the per-
centage of slope.

Lufafa et al. (2003) used this equation in his study on
Lake Victoria basin, Kenya, eastern Africa. Fu et al. (2005)
used this model in Yanhe watershed, China. Terranova

et al. (2009) applied Sorrentino’s (2001) model in Calabria,
Italy, Europe.

In India, Parveen and Kumar (2012) modified Wis-
chmeier and Smith (1978a, b) model of conservation
practice for Upper South Koel Basin, Jharkhand (Table 7).

Agarwal et al. (2016) used it for Khajuri watershed,
Barkachha, Mirzapur, Uttar Pradesh.

But majorly in all over the world, the conservation
practice is taken as unity due to the absence of proper
conservation practice.

Analysis of RUSLE Model Through
the Application of GIS and Remote Sensing

After choosing the proper model for each and individual
RUSLE parameters from the previous review as per the
study area requirement, each and individual parameters are
analysed by GIS and remote sensing technology as this
technology solves the problem in less time and low cost of
estimation rather than other field-based general computa-
tional techniques.

Analysis of Rainfall Erosivity Factor
(R) with the Help of GIS

In any GIS environment, the rainfall data can be interpo-
lated through kriging interpolation method as kriging

Table 6 P factor for terracing developed by (Wischmeier and Smith 1978a, b)

Land slope percentage (%) Farm planning

Computing sediment yield

Contour factor Strip crop factor

Graded channels sod outlets Steep back slope underground outlets

1-2 0.60 0.30
3-8 0.50 0.25
9-12 0.60 0.30
13-16 0.70 0.35
17-20 0.80 0.40
21-25 0.90 0.45

0.12 0.05
0.10 0.05
0.12 0.05
0.14 0.05
0.16 0.06
0.18 0.06
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Table 7 P factor for contour cropping, strip cropping and terracing
developed by Parveen and Kumar (2012)

Slope Contouring Strip cropping Terracing
0.0-7.0 0.55 0.27 0.10
7.0-11.3 0.60 0.30 0.12
11.3-17.6 0.80 0.40 0.16
17.6-26.8 0.90 0.45 0.18
>26.8 1.00 0.50 0.20

method produced the lowest error across all in one time
period, showed consistent performance and provided reli-
able estimates regardless of the number of gages or the cell
size used in the interpolation (Mair and Fares 2011). Now
this interpolated rainfall data are used to generate the
proper rainfall erosivity factor (R) as per the climatic
condition of the study area.

Analysis of Soil Erodibility Factor
(K) with the Help of GIS

The soil type data can be collected from the regional soil
survey and land research department. These data can be
imported to GIS environment where extraction of the soil
groups can be done. After extraction of groups, the soil
properties (i.e. organic content, particle size distribution,
permeability, structural parameters of soil) can be tested
and determined through the field sampling of soils from the
study area. Now this estimated soil properties for each and
individual soil groups can be further processed for the
calculation of K factor as per the chosen K factor model.

Analysis of Slope Length and Steepness Factor
(LS) with the Help of GIS

The slope of the study area can be calculated by two
methods. The toposheet collected from the regional topo-
logical survey department gives the contours. These con-
tours are digitised in GIS. These digitised contours give the
digital elevation model (DEM) by using raster interpolation
technique in GIS. There are various interpolation tech-
niques; among them IDW (inverse distance weighting) and
NN (nearest neighbour) interpolation methods are best
suitable for geo-morphologically smooth areas (Arun
2013). This DEM is used to generate slope of that area.
When the contours from toposheet do not give the proper
slope pattern, then the SRTM (Shuttle Radar Topography
Mission) DEM and CARTOSAT DEM can be used to
generate slope. The flow direction raster is generated from
the DEM. From this flow direction raster, the flow accu-
mulation raster of that study area is generated. This flow

accumulation raster and slope are used to generate the
slope length and steepness factor (LS) (as per the model
chosen) using raster calculator tool of ArcGIS.

Analysis of Cover Management Factor
(C) with the Help of GIS and Remote Sensing

The land use and land cover are classified from the satellite
imagery data with the help of supervised classification
technique of remote sensing technology. From this classi-
fication, the C factor is assigned in GIS. Otherwise, the
NDVI (normalised difference vegetation index) generated
from the satellite imagery is used to generate C factor
distribution as per the chosen model.

Analysis of Conservation Practice Factor
(P) with the Help of GIS and Remote Sensing

At first, the study area must be visited to observe that there
is presence of any conservation practice (i.e. contour
cropping, strip cropping, terracing, tillage practice) or not.
If there exists any kind of conservation practice, then the
proper P factor value is assigned for that particular area
with respect to their slope. If no conservation practice is
present, the P factor is taken as 1.

After the estimation of all factors for the study area, the
factors can be overlaid in GIS which gives the spatial
variation of soil loss per year over that area.
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