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ABSTRACT

Erosion negatively affects farming. It leads to a 50% decline in land productivity (Nellemann et a/, 2009). In Africa, erosion generates
significant yield reduction (Eswaran, Lal & Reich, 2001). The loss of 75 billion tons of soil per year represent a cost of US$400 billion.
An acre of U.S. cropland loses 5 tons of soil per year (Briggs, 2020). Moreover, soil carried away is the source of respiratory illnesses
and damages that amount to over $14 billion per year (Eswaran, Lal & Reich, 2001). Furthermore, erosion reduces soil water-holding
capacity. The Revised Universal Soil Loss Equation (RUSLE) is the major tool to calculate erosion caused by rainfall erosivity; the resistance
of the environment (including soil erodibility; topographical factor, plant cover, and farming techniques) and human techniques (erosion
control practices in farming) (Roose, 1996). RUSLE is instrumental in keeping erosion within acceptable limits. This paper presents a
new, and the first of its type, smartphone application developed to help farmers and stakeholders compute soil erosion at any location
in the world using the RUSLE model. Such an application can help land users to have a more accurate perception about soil erosion and

its negative impact.
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INTRODUCTION

Soil erosion is a problem that affects natural resources,
agricultural practices, and sedimentation throughout the
world (Schwab ez af., 1993; Ali, 1999; Bakker ez al., 2005;
Parveen and Kumar, 2012). The annual global average soil
loss due to erosion is 14 tons/ha/year, approximately. Soil
erosion can take place due to wind or rainfall with the latter
being the most common cause. The scientific community
has developed many models to estimate soil losses caused
by water erosion. Some of the well-known models include
the Universal Soil Loss Equation (USLE), the Modified
Universal Soil Loss Equation (MUSLE), Water Erosion
Prediction Project (WEPP), and the Revised Universal Soil
Loss Equation (RUSLE).

RUSLE is a model developed from erosion plots and
simulated rainfall experiments by the United States
Department of Agriculture (USDA) to estimate annual soil

loss due to erosion. The RUSLE requires five factors to
predict soil losses due to erosion (Wischmeier ¢7 al., 1978).
These factors include rainfall erosivity, soil erodibility,
topographic factor, cropping management factor, and an
erosion practice factor. RUSLE has gone through some
modifications and revisions resulting in the Modified
Universal Soil Loss Equation (MUSLE) and the Revised
Universal Soil Loss Equation (RUSLE). The MUSLE
model can estimate sediment yield and its factors include
runoff, peak flow rate, in addition to RUSLE factors. The
RUSLE has been developed based on revisions of USLE
related to the identification of the input factors and it
predicts soil degradation using a soil erodibility factor based
on soil texture and an improved cover management factor.

The WEPP model requires four parameters including
topography, climate, soil, and vegetation. The WEPP
model provides estimates of not only soil erosion but
also deposition and sediment delivery (Laflen ¢f a/., 1991;
Dabral ez al., 2008).
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RUSLE, which is the model implemented in the smartphone
application developed in this study; incorporates factors
such as rainfall erosivity (the R factor); the resistance of
the environment, the K-factor or soil erodibility factor
(i.e. the resistance to two energy sources: the impact of
raindrops on the soil surface, and the shearing action of
runoff) (Roose, 1996); LS (i.e., the topographical factor);
C (i.e. plant cover and farming techniques) and P (i.e.
erosion control practices) that may keep erosion within
an acceptable limit given the climate, slope and production
factors. Soil-building techniques, such as planting cover
crops, contouring in farming, addition of organic matter
via the incorporation of manure may help, even though
these are not widely used.

This RUSLE model uses the following formula:
E=RXKXISXCXP 1)

where E equals the computed average soil loss measured in
tons per acre per year. R is the rainfall-runoff erosion factor.
The erosion-factor measures the erosion force of a specific
rainfall event (Gobena, 2003). K is the soil erodibility
factor that represents both the rate at which different soils
erode and the rate of runoff. K is a combination of the
percentage of silt, fine sand; sand; and the percentage of
organic matter content. LS is the topographic factor, which
represents the impact of slope length on erosion and is
influenced by the shape, angle, and length of slope. Cis a
dimensionless cropping-management factor that accounts
for the impact of crop management practices (Foster ez al.,
1977), and P is a support practice factor, which accounts
for the effectiveness of erosion control practices such as
contouring, terracing, etc.

In this study, a smartphone application has been developed
based on RUSLE to help land users calculate soil erosion at
any location worldwide. Some of the land users who would
appreciate this application include the farming sector, rural
municipalities, property developers and construction firms,
environmental groups, soil conservation organizations, soil
and water conservation associations, soil science societies,
etc. This application can help these land users have a more
accurate perception about soil erosion and its negative
impact (Teshome ¢z al., 2014; Subirds ef al., 2015; Assefa
and Hans-Rudolf, 2015, Raento ¢z /., 2009, Vila et al., 2014)
and identify areas that are at a greater risk of erosion.
Table 1 below provides examples of some of the uses
of our new smartphone app by the land users mentioned
above. Smartphone applications generally take advantage
of the sensor and communication technology available in
smartphones (Patel ¢z al., 2013). These apps make use of the
instant access to data freely available through the internet.
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Table 1: Some examples of the use of our new smartphone
erosion prediction app by land users

Land user group Examples of the uses of our
smartphone app

Environmental conservation purpose
e.g. identification of areas at risk of
erosion; installation of drainage systems
in areas prone to erosion; prevention of
desertification, etc.

Assessment of soil stability, identification
of constructible areas (buildings, roads...)
Long-term deterioration of land quality
caused by erosion and the resulting
reduction

in crop yield and financial loss
Environmental Groups Soil conservation, soil science purposes,
& NGOs: etc.

Rural Municipalities

Property developers
and construction firms
Farming sector:
farmers (570 million
farms worldwide)

MATERIAL AND METHODS

Before a smartphone application can be developed, the
RUSLE model factors shown in equation 1 above need
to be computed as the user interacts with the smartphone
application. This section shows how these factors are being
computed in our new smartphone erosion estimation
application.

Erosion factors computation

Rainfall-runoff erosion factor (R)

R is computed by the Wischmeier and Smith (1978)
method based on monthly and annual rainfall. Here we
took advantage of this approach, which is both simple
and has a wide application range and readily available data.

12
R =Y 1735 x10 ?leen7/2) —0,08188)
- @)

where,

Ris the parameter for rainfall erosivity (M] mm ha—1h—1
year—1),

Pi represents the average monthly rainfall (mm) for each
month of the year,

P represents the average annual rainfall (mm)

The average annual precipitation and monthly normal
values in the US have been obtained from the World
Meteorological Organization (WMO) and Food and
Agriculture Organization (FAO) rain gages and are available
through this popup window:

https:/ /www.arcgis.com/home/item.html?id=e6ab69305
629465cbc3b26414f0ddd2c

Soil erodibility factor (K)
K represents the rate at which different soils erode. K is
a combination of the percentage of silt, fine sand; sand;
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and the percentage of organic matter content. Following
Bazzoffi (2018), the following equation was used to
compute the soil erodibility factor.

2.1M"M10*(12.2)+ 3.25(b - 2) + (c - 3)
100

S=

0.1317 (3)

where,

e Sisthesoil erodibility factor (MghahM]—1ha—1mm-—1)
in Standard International (S.1.) Units

e Mis the texture defined as percentage of silt multiplied
by (100 — percentage of clay);

e ais the organic matter content (%); b is the soil
structure code;

e cis the soil permeability class.

The organic matter content (%), a is calculated as
a=1.72-orgC, where orgC is the organic carbon content in
the soil layer (%) (SWAT, 2018). There are 4 soil structure
codes (b): 1 = very fine granular; 2 = fine granular; 3 =
med or coarse granular; 4 = blocky, platy, or massive.
The selection of a soil permeability class (c) is based on
permeability rates. To identify the USDA soil permeability
class (c), ranging from 1 to 6, we rely on the HWSD soil
map that indicates the dominant soil (heavy clay, sandy
clay, loam...) for every location worldwide and use Table
2 to determine the soil permeability class (c) based on
soil texture. Usually, the thinner the soil, the smaller the
permeability class (Table 2)

Topographic factor (LS)

We calculate the topographic factor (LS), which represents
the impact of slope length on erosion and is influenced by
the shape, angle, and length of slope using the following
equation (Moore and Wilson, 1992).

LS = (A/22.13) ™ x (0.065+0.0465+0.00658%) (4)

Where

A = slope length (m)

S = slope gradient in %
m = 0.2 for S<1%.
0.3 for 1%<S<3%

0.4 for 3%<S<5%

0.5 for 5%<S<12%

0.6 for S>12%

Cropping management factor (C)
C is a dimensionless cropping-management factor that
accounts for land use.

Tirkey ez al. (2013) provide a list of C factors for different
land use and cover classes. The typical values range from
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about 1 for bare soils; 1 to 0.9 for root crops and tuber
crops; 0.01 on grasslands and cover plants and 0.001 for
forests. We completed the list with data from Panagos
(2015), Blanco-Canqui and Lal (2008), Wischemeier and
Smith (1978), Roose (1977), Singh ez al. (1981) and Hashim
and Wong (1988) and Rao (1981) and Mir e/ a/., 2010.

Erosion practice factors (P)

Erosion Practice Factor (also known as Support Practice
Factor (P) is defined as the ratio of soil loss at the location
due to surface condition to soil loss with up-and-down-hill
cultivation. The values used in this app are those shown

Table 2: Some. Soil Texture and Permeability Class

Soil Texture Soil Permeability
Class (c)

Heavy clay, Clay, Silty clay

Silty clay loam, Sandy clay

Sandy clay loam, Clay loam

Very fine sandy loam, Silt loam, Loam, Silt
Loamy sand, Sandy loam, Fine sandy loam
Sand, Gravel, Coarse sand

- N wWw s~ oo

Source: Ramos David E (1997); National Soil Handbook (USDA, 1983);
National Engineering Handbook (USDA, 1972)

Table 3: Erosion Practice Factor. Wischmeier and Smith
(1978); Roose (1977); Tec (2011)

Erosion practice

P-factor value

Contouring: 0-1° slope 0.60*
Contouring: 2-5° slope 0.50*
Contouring: 6-7° slope 0.60*
Contouring: 8-9° slope 0.70*
Contouring: 10-11° slope 0.80*
Contouring: 12-14° slope 0.90*
Level bench terrace 0.14
Reverse-slope bench terrace 0.05
Outward-sloping bench terrace 0.35
Level retention bench terrace 0.01
Tied ridging 0.10-0.20
No support practice 1.00
Cross slope farming 0.75
Up and down slope 1.0
Strip cropping cross slope 0.37
Strip cropping contour 0.25
Grass Strip 0.50
Contour Ditches 0.50
Hillside Trench (Silt Trap) 0.60
Rain Shelter 0.10
Contour Planning 0.80
Mulching 0.20
Terraces (Continuous) 0.20
Terraces (Discontinuous) 0.40
Individual Basin 0.50
Traditional Terraces 0.60
Vertiver-Contour Hedgerow 0.60

*Use 50% of the value for contour bunds or if contour strip cropping is
practiced
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Table 3, which primarily cover contouring, bench terracing,
and vary with the slope steepness (Chan, 1981; McCool,
1987). In the app, erosion practice factors are only applied
to arable lands. With no erosion-control practice, P = 1.0
(Morgan, 1986, p. 121).

DESIGN AND DEVELOPMENT OF SMARTPHONE
APPLICATION

In this section, we explain the design and development of a
smartphone application, which can calculate Soil Erodibility
(@in both US and International Units) and soil loss due to
water erosion based on RUSLE for a given land-cover, crop

Fig 1. The general framework of the working principle of the erosion app.

types, and erosion control practices. The flowchart of Fig.
1 below describes the working principle of the app, which
for simplicity is presented in two sub flowcharts (A and B)
as shown in Figs. 2 and 3, respectively.

RESULTS AND DISCUSSION

The following figure show screenshots of the erosion
application. Fig. 4 shows the location selection screen by
the user. Fig. 5 shows the screen where user selects the soil
texture and the app retrieves the soil structure code and
computes the K factor at this location. Fig. 6 shows the R
factor estimation by the app for the selected location. Fig. 7
shows the LS factor computation based on slope length(m)
and slope steepness (%) entered by the user.

Then, the user selected the type of land (Arable or Non-
Arable Land) where erosion occurs. If the user selects
Arable Land, then the user has to choose a type of crop
for which the app screenshot is shown in Fig, 8(a). In such
a case, the app retrieves the corresponding C factor (1986)
as shown in Fig. 8(b).

Enter Slope E

Steepness

User opens the app

.
Selects Soil
Texture
.
Enter Slope [}
Length

W _N_M—m
>1000

Fig 2. Flowchart A.

Yes Select Group

?‘

Calcubtes K Factor| » Calculbtes C Factoi .?

Yes

Fig 3. Flowchart B.
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“aw - -
K Factor
Tahoe City, CA, USA X

TahQf City

[Esri Community Maps Contributo... Powered by Esri

mn (@] <

Fig 4. The App location Selection Screen369.

K Factor

Tahoe City, CA, USA

Select the Structure of Soil
Select type Soil Texture:
@ Very Fine Granular

Tahaf City

O Med/Coarse Granular

O Blocky,PlatyMassive

CANCEL 0K

Fig 5. App screenshots showing (a) the Soil Structure selection and
(b) the estimated K Factor.

005 AW - 51 86%

R_Factor € Q

Rainfall Erosivity
Factor (R-Factor)
Supriya_Simonet

What's new « =

Last updated 26 May 2021

Tahoe City, CA, USA X

R Factor first release

Tahli City

Developer contact v

About this app >

App computes the R Factor factor for any
selected location in the world.

Tools

PEGI3

Fig 6. App screenshots showing the R factor in U.S and S.I. units for
the selected location.

Then, the user needs to select an Erosion Practice from
a list as shown in Fig. 9 (a). The corresponding value of
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Select the Structure of Soil
Select type Soil Texture:
@ Very Fine Granular
O Fine Granular
O Med/Coarse Granular
(O Blocky,Platy,Massive

Soil Texture i

Enter a slope length(in meters): E

Enter a slope steepness: 4

Select type of Land:
@ ARABLE LAND O NON-ARABLE
1 AND

Use Contouring?

O Yes O No

CANCEL OK

OK

Fig 7. App screenshots showing the computed LS Factor based on
Slope Length and Slope Steepeness selected by user (in %).

10:13 4 AW - A+l 88% W

Erosion

Please select Class
Common wheat and spelt
Durum wheat
Wheat
Rye is: 1
Barley

Grain Corn

Grain maize corn

E (Erosion) = (

Maize, sorghum or millet

Rice

i 0 <
a

Fig 8. App screenshots showing (a) the type of crop selected by user
and (b) the corresponding C factor based on Morgan (1986).

the erosion practice factor will be displayed as shown in
Fig. 9 (b).
Finally, the app computes Erosion rate (tons/acre/yr) as

shown in Fig. 10. We can then determine the rate of erosion
(high, moderate or low) and further suggest a mitigation plan.
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Select erosion control
practice

temp

Level bench terrace

Reverse-slope bench terrace

Outward-sloping bench
terrace

Level retention bench
terrace

Tied ridging
No support practice

Cross slope farming

Fig 9. App screenshots showing the (a) Erosion Control Practice
selection panel and (b) the corresponding P Factor.

Soil Texture is: sandy clay loam
Xis-120.1419

Y is 39.1719

of Orgar

Soil Permeability C
OM:1.72
K Factor(U.S Un
K Factor (S.l.Un

S Factorie 2776
LS. tor is : 0.27

P Fz is
R Factor is : 683.13884

( 0 Tons/hectare/

E (Erosion) = 0.4

year

SAVE RECORD OK

Fig 10. The computed erosion rate (in tons/acre/yr).

CONCLUSIONS

In this study, a new smartphone application has been
developed to compute soil erosion at any location in the
world based on RUSLE model. The main characteristics
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of our app include the following: (a) there is no need for
soil testing, and hence it provides an inexpensive way to
assess erosion risk, identify areas at risk of erosion, and
further suggest alternative farming practices to reduce
erosion in cropland. (b) Simplicity and ease of use as the
users need to select the location, crop or vegetation type
and farming practice in order to have the erosion rates
computed. (¢) The use of the latest soil databases and
weather forecasts to provide up-to-date erosion rates.
Some of the land users who would appreciate this app
include the farming sector, rural municipalities, property
developers and construction firms, environmental groups,
soil conservation organizations, soil and water conservation
associations, soil science societies, etc... This smartphone
app will empower growers by enabling them to determine
priority areas for erosion control and finding crops that are
best suited to different erosion conditions, all of which will
preserve farmers’ income stability.
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