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Abstract: The study presented here, through the use of GIS and physical variables, generate a new
methodology for the calculation of erosivity (Factor R) for the qualitative evaluation of soil loss
potential (laminar erosion) in the Northwest margin of the municipality of Sao Francisco, mostly
located in the Pardo-MG river basin. The results obtained were statistically correct when compared
to the traditional R calculation and the laminar erosion methodology. It is worth noting that the new
proposal presented here indicated sites of qualitative loss of soil in the same places where there are
closed-loop satellite signals of degraded Cerrado, something not identified in the traditional model.
As conclusion it can be said that the obtained results were extremely satisfactory, being advised
more studies to verify this new method proposed here in more places beyond the study area
elaborated here

Keywords: Universal Soil Loss Equation; erosivity; Pardo river basin (tributary of the Sdo Francisco
river)

1. Introduction

Mathematical modeling has contributed in the field of environmental monitoring technologies,
and in the case of erosion processes this is not different, there are several models developed or in
development that seek to predict a given situation by joining variables of the most diverse types, for
example , topography and rainfall (STEIN et al., 1987; BERTONI and LOMBARDI NETO 1990) [18,
1]. These models can basically be of two types: those based on physical laws and their interspecific
relations and empirical models (and their relations).

Among the various environmental conservation instruments based on physical laws, those that
work with soil loss, especially those capable of quantifying areas of possible erosion risk, deserve
special mention (MELLO et al., 2005) [11]. So-called "direct methods" for determining soil loss are
often considered slow compared to proposals that predict erosion risks, which helps to explain their
growing interest in the choice of environmental management plans and proposals (FOSTER et al.,
1985) [5].

Due to the ease of use of data and, mainly, financial expenses, empirical models are the most
used in soil studies. Among the models, the Universal Soil Loss Equation (EUPS) is the most used,

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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mainly due to its low cost and simple management (SILVA et al., 2004) [16]. This formula, created
and developed by Wischmeier and Smith (1978) [19] can be defined according to equation 1:
A=RKLS.CP (1)

Being:

A - average annual loss of soil per unit area, t/ha/year; R - rainfall erosivity, mj/ ha/mm/h /year;
K - soil erodibility (t/ h/mj.mm); L - strand length; S - declivity of the slope; C - land use and
management; P - conservation practices.

The EUPS, as well as other soil loss calculation tools, allows, when spatialized along with the
GIS, to qualitatively evaluate soil loss by laminar erosion, however, through this formula, it is
possible to seek other physical relationships between its main variables in order to obtain results
statistically similar, which is the major challenge of this paper.

Thus, through the use of GIS and physical variables, a new proposal for the calculation of
erosivity (Factor R) for the qualitative evaluation of the potential loss of soil (laminar erosion
calculated using the EUPS) in the Northwest margin (hereinafter referred to as the B margin) of the
municipality of Sao Francisco, mostly located in the Pardo river basin, northern region of Minas
Gerais (Figure 1).
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Figure 1. Study area.

The reason for choosing this place of study was the need to compare the results obtained in the
new methodology proposed here with some classic study that used the EUPS in the place, and this
was done by Teixeira et. al (2017) [15].

2. Materials and Methods

The methodology used in this work, for the calculation of the parameters necessary for the use
of the EUPS, was given in a unique and differentiated way, both by the contempt of two unknowns
(L and S), and by the way of finding R, thus characterizing a new way of using this equation. For
better explanation, this section is divided into subparts related to the calculation of each of the
unknowns:

2.1. R-Factor or Erosivity

According to Wischmeier and Smith (1962) [19], this R factor can be defined as the ability of rain
to cause soil erosion in an area without adequate protection. For its numerical calculation, it is
necessary to use the equation of Precipitation (Equation 2), by Lombardi Neto and Moldenhauer
(1980), since there is a relation between the R, the monthly average and the annual rainfall average of
the place of study.
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Being:
Elx - mean monthly erosivity index (MJ.mm/ha.h); r - average monthly precipitation (mm); P -
average of the total annual rainfall (mm).
For the calculation of rainfall erosivity, the monthly values of the erosivity index in each rainfall
station are added according to equation 3:
R = Z El x @)
Being:

R - rain erosivity; )| EI x — Sum of the monthly values of the erosivity index in each rainy season
available for the study.

However, in this study this calculation occurs in an innovative way, because instead of the
classical methodology based only on the product of the kinetic energy of the rain by the maximum
intensity during 30 minutes (WISCHMEIER and SMITH, 1978) [19], a new proposal was developed
with the use of GIS to solve the problem then created that was to obtain the data on the intensity of
the rain in the place for 30 consecutive minutes.

To do so, the first observation was made when studying the formula for calculating the physical
energy of rainfall in upland lands proposed by Odum (1996) [14], here called Equation 4.

Ecte = Cmst . Mav ' Vf 'Am (4)

Being;:

Ede — Physical energy from rain on high ground; Cmst — World rainfall constant over land
(they have a value of 105,000 km? / year according to Ryabchikov, 1975); Mav — Mass of water per
km? of precipitation volume =1.10 2 kg/km? Vi — Ultimate speed, in practice, is the force of gravity
(9,8 m/seg?); Am — Average land elevation.

With the equation of Odum (1996) [14], it is possible to substitute in this formula the incognito
Am by the hypsometric values of the place since instead of calculating the average altitude of the
whole planet, one can calculate only for the study area. Thus, with the use of GIS tools, it is possible,
with all hypsometric variables, to generate a map with the physical energy of the rain.

The map generated, still using the GIS, can be divided by the rainfall map (or average rainfall),
generating the value of erosivity, R (Equation 5).

Ecte
R=— 5
. ®)
Being:
R — Rain Erosivity; Eee — Physical energy from rain on elevated lands; P - Pluviometric

Average in the last decade.
That is, it proposes here a new form of calculation of this incognito, present in the EUPS.

2.2. Factor K or Erodibility

The verification of the factor K was based on the studies of the Exploration Survey - Solos do
Norte de Minas Gerais (SUDENE Practice Area), by Jacomine et. al. (1979) [8], in a soil mapping
agreement between EMBRAPA/SNLCS and SUDENE/DRN. Based on these data, based on the
studies of Borges (2009)[2] in the semi-arid region of the Carinhanha basin, whose minimum and
maximum distances vary from about 20 km to 200 km, the area of the Sao Francisco the average
granulometric classification of the North of Minas Gerais, where the municipality of Sao Francisco is
included, as well as the K values in the area. Thus, with these values associated with the GIS
functions, the values used for the identification of soil erodibility factors were generated.

2.3. Factor C or Land Use and Management

d0i:10.20944/preprints202308.1716.v1
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For the identification of C, the supervised image digital classification, or simply MaxVer
Maximum Likelihood Method, contained in the SPRING/INPE software, was applied to the Landsat
5-TM image, dated 6/24/2016. Bands 3, 4 and 7 corresponding to the bands of the visible and near
infrared of the electromagnetic spectrum of satellite L5, at orbit 219 and point 71.

Based on this, as well as on literature observation, especially Wischmeier and Smith (1978), and
the software ArcGIS 10.21 it was possible to generate Table 1 with values corresponding to the
vegetation cover patterns, which, together with the GIS, allowed the verification of the values of
Factor C in the place.

Table 1. Soil Use x Factor C.

Soil Use Factor C
Water 0
Low Native Vegetation (Cerrado) 0,001
Dense Native Vegetation (Others) 0,002
Farming Activities 0,75
Soil Exposed 1
Urban Area 0,03

2.4. Soil Use and Management

In the case of this paper, once the area chosen was the most degraded from the point of view of
loss of the original vegetation (TEIXEIRA et al, 2017) [15] - Cerrado - the value of P was considered as
1, this being the corresponding value to the lack of erosion control practices, according to Fujihara
(2002)[6].

2.5. Topographic factor L and S and the new EUPS adaptation proposal for the study in question

Since the equation of Odum (1996)[14], which works with the hypsometric values of the region,
was used to calculate the R, the values L and S were neglected because they were considered
irrelevant for the study in question. In the case of the calculation of laminar soil loss, this may be the
major innovative proposal compared to the original EUPS formula.

Thus, the following equation is proposed for the calculation in question:

A = RKCP (6)
Being:
A - average annual loss of soil per unit area, t/ ha/year; R - rainfall erosivity, mj/ ha/mm/h/year;
K - soil erodibility (t/h/mj.mm); C - land use and management; P’ - conservation practices.
Based on the results found, it was compared with those obtained in the conventional manner by

Teixeira et. al. (2017) [15] and consequently the statistical comparisons were made to verify the
comparative veracity of the values found.

3. Results and Discussions

3.1. Qualitative Erosivity Calculation

The first proposed value to be found was R. Thus, according to the methodology in question,
using GIS and secondary data (JACOMINE et al., 1979) [8], the Hypsometric Map of the municipality
was generated in question (Figure 2).

1 It should be noted that only this software allows the programmed use of the mapping described
here. Therefore, similar and free mapping platforms are not possible to realize the methodologies

described here by limitations present in their use tools.

d0i:10.20944/preprints202308.1716.v1
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Figure 2. Map of Hypsometry of municipality of San Francisco.

With the hypsometric map ready, we turned to the equation of Odum (1996) [14] for the
generation of the model regarding the physical energy of rain in the study area (Figure 3), as
described in the methodology section.
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Figure 3. Map of the physical energy of rain in the municipality of San Francisco.

The formula IV that allowed us to calculate the physical energy of the rain is of great value, since
it allows us to verify, as shown in Figure 3, the places where the rain reaches the highest kinetic
velocity. These values obtained, therefore, can contribute to verify the erosivity (R) of the study area
if it is properly related to the rainfall in the same place, that is, the values of the rain energy divided
by the most recent rainfall tend to present then R, a relatively simple deduction based on Newtonian
physics.

With this reasoning, we then proceeded to prepare the map for local pluviometry in the last
decade (Figure 4). For this, a database was used of the rainfall stations available in the Northern
region of MG.
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Figure 4. Rainfall map in the municipality of San Francisco.

Based on the values of the physical energy of the rain (Figure 3) generated and divided by the
pluviometric chart (according to equation V), it was possible to obtain the erosivity map (R) described
in Figure 5, the value found, the greater the erosive tendency in the locality.
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Figure 5. Map of erosivity (R) in the municipality of San Francisco.

This erosivity map, when delimited only in region B (Figure 5), specific area of this study shows
qualitatively similar to the erosivity calculation map, according to the conventional methodology
(Figure 6) developed by Teixeira et. al. (2017) [15] at the same location.
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Figure 6. Map of erosivity (R) in margin B (qualitative) in the municipality of San Francisco according
to the conventional method (Teixeira et. al. (2017b, p.73)) [15].

In order to verify if the impressions observed in Figures 5 and 6 reflected reality, Excel's
descriptive statistics programs were used to verify if the results of both maps had a significant
correlation about their results.

3.2. Statistical tests to verify correlation between both R calculation methodologies

Pearson's correlation coefficient, or simply R test, seeks to measure the degree of relationship
between two different variables (GARSON, 2009) [7] in order to obtain the "degree of the linear
relationship between two quantitative variables" (MOORE, 2007, p.100) [13]. In this way, the resulting
values in the range between 0.10 and 0.29 can be understood as having a small relation between the
variables; those between 0.30 and 0.49 can be seen as having a mean relation between variables; and
the scores between 0.50 and 1 can be considered as of great relation (COHEN, 1988) [3].

In the case of erosivity, we used the results obtained in the two methodologies discussed here,
the classical and the here. Pearson's correlation coefficient, or simply R test, seeks to measure the
degree of relationship between two different variables (GARSON, 2009) [7]. To obtain the "degree of
linear relationship between two quantitative variables" (MOORE, 2007, p.100) [13]. In this way, the
resulting values in the range between 0.10 and 0.29 can be understood as having a small relation
between the variables; those between 0.30 and 0.49 can be seen as having a mean relation between
variables; and the scores between 0.50 and 1 can be considered as being of great relation developed
for the same place (margin B of the municipality of Sao Francisco) in order to perform the R test with
both and thus obtain the degree of similarity between both. Since the purpose here is to test the degree
of similarity between both methods, the R test is most appropriate, as shown by Dancey and Reidy
(2006) [4].

As can be seen in Figure 7, the result showed an extremely high correlation degree of more than
80% (0.8278), which means that both have highly similar qualitative results for the study area,
showing that both the form as the methodology developed here can be used for the qualitative
perception of erosivity at the site.
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Correlation test of conventional erosivity methodology and the one
generated here
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Figure 7. Correlation chart between both methodologies of qualitative calculation of erosivity.

3.3. Understanding the results obtained

The new methodological proposal for the evaluation of R was statistically correct when
compared to the traditional erosivity tool. Obviously, this does not mean that everywhere will
happen this way. It is of utmost importance to carry out more studies of this type in other areas to
understand if this proposal can be used in any place or if only for the B margin of the municipality of
Sao Francisco.

Considering the variables used for the calculation carried out using GIS, it is pertinent to
evaluate the possibility of this new proposal being universal, since the variables used here dialogues
directly with unknowns commonly used in soil and erosion studies.

The use of indirect forms to calculate R in addition to the classical methodology is not new. The
most usual, undoubtedly, is that of Bertoni and Lombardi Neto (1990) [1], who as well as the proposal
presented here also uses as general idea the rainfall.

The difference, however, between the two, is in the use of unknowns. If in the equation V was
used the rainfall average of the last decade and the physical energy of the rain in raised lands, the
authors used only the monthly and annual rainfall indices.

Thus, as noted above, the form proposed by Bertoni and Lombardi Neto (1990) [1] is not the
same as the method suggested here for calculating R, and it is important to emphasize that the idea
presented here needs testing in other places, besides the area of this study.

It should also be noted that the technique proposed here seeks the qualitative calculation of
erosivity, therefore quantitative comparative data were not addressed, since the proposal presented
was not this one.

3.4. Qualitative Calculation of Soil Loss Potential (Laminar Soil Loss)

According to the idea presented in equation VI, in order to verify the value of A, it is necessary
to multiply, using the SIGs, the values obtained in the map referring to the R of the municipality with
the remaining unknowns, these being C and K.

The values of C, present in Table 1 were multiplied in the ArcGiz software database in order to
generate the map capable of representing the soil loss potential due to accumulated erosion (Figure
8), which are the values of erosivity by the management of the ground.
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Figure 8. Potential soil loss for erosivity in the municipality of San Francisco.

In order to obtain the data of K, considering that this parameter is a characteristic of each soil
class (Silva et al., 2007) [16], it was observed in the pedological studies performed there (JACOMINE
et al., 1979) [8] the presence the majority of sandy soils with average erodibility varying from
approximately 0,015 t h MJ-1 mm-1 to 0,065 t h MJ-1 mm-1. These data allowed the calculation of K

in the study area (Figure 9).
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Figure 9. Factor K present in margin B in the municipality of San Francisco (Source: Teixeira et. al.
(2017b, p. 73)) [15].

Thus, by multiplying the data that generated Figures 8 and 9 with the help of ArcGis, it was
possible to obtain the final map capable of pointing the qualitative potential of soil loss to the B
margin of the municipality of Sdo Francisco (Figure 12).
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Figure 10. Qualitative potential of soil loss in margin B in the municipality of San Francisco according
to the new methodology used here.

Comparing the final map obtained here with the representative map of the same site using the
traditional methodology (Figure 11), it is possible to observe a great qualitative similarity between
both, and therefore, as in the case of R calculation, indicated the use of statistical tools to verify
whether the present similarity is in fact mathematically thalking.
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Figure 11. Soil loss potential in the B margin in the municipality of San Francisco according to the
classical methodology (Source: Teixeira et. al. (2017b, p.74)) [15].

Statistical tests to verify correlation between both methodologies of calculation of laminar soil
loss
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As with erosivity, the results obtained in both forms were compared with the use of Excel basic
statistical programs, in order to obtain the degree of similarity between both forms (using the Pearson
correlation test), the classic and the developed here, generating in this way the Figure 12.

Correlation of the classical methodology x new proposal

8000
2 ,
g 7000 y = 10,004x - 21321
i) 6000 R2=0,758
25 5000 —
T <
S = 4000
E § 3000 / ¢ Erosividade
% = 2000 —— Linear (Erosividade)
g g 1000
% & ‘*
- o O 1
3 0 1000 2000 3000
=
:’% Loss of soil according to traditional methodologyTon / mm / ha

Figure 12. Correlation test between both qualitative methodologies of laminar soil loss.

According to Figure 12, a degree of correlation higher than 75% (0.758) can be noticed between
both forms. According to Cohen (1988) [3] and corroborated by Dancey and Reidy (2006) [4], this
result can be characterized as having a high statistical affinity, which proves that both methodologies
present similar results, mathematically recommending the new proposal developed here for the
qualitative verification of the laminar soil loss.

3.5. Understanding the results obtained 2

The new form for qualitative calculation of A was statistically correct when compared to the
conventional model, which shows great success in the methodology proposed here. However, as in
the case of erosivity, there is no guarantee that this is a universal truth, only for the case of margin B
of the municipality of Sao Francisco, which in itself already shows a great novelty in the study of soils
taking into account view that this form of qualitative measurement is unprecedented.

Again, more studies are indicated in different areas to make sure that this new tool serves any
type of site, but it is undeniable to think that, just as in the case of R calculation, such statistical
similarity is very surprising.

Silva and Machado (2014) [17] used the GIS for erosive verification in Nova Lima (MG) and had
satisfactory results in their research. The use of indirect forms and consequent calculation of laminar
soil loss is not something new. Likewise, Lopes et. al. (2011) [10] also made use of geoprocessing to
identify soil loss in the semi-arid region of Ceara, showing that the use of GIS in Geosciences becomes
more and more usual. Mendonga et. al. (2014) [12] were other authors who worked with the use of
EUPS for indirect estimation of soil loss in the municipality of Iconha (ES), obtaining also good
results.

However none of these works or others in the literature dialogue with the method proposed
here. The most similar is that of Lima et. al. (2007) [9], who as well as this study sought to develop
new indirect techniques in pedological calculations in the Alto Jardim (DF) basin. The difference, in
the case of the work of these authors with what is developed in this chapter is that Lima et. al. (2007)
[9] worked with Factor K (erodibility) while studying R and EUPS.

It is also worth mentioning a curious difference when observing the correlation test (red arrow
present in Figure 12) between both methodologies. A small part of the sampling points is shown
outside the line corresponding to the similarity. These points correspond exactly to the North end of
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margin B, where there is a greater indication of laminar loss in Figure 11 (new form) than in Figure
10 (traditional).

The impacted Cerrado is the type of land use and occupation predominant in this range of the
map (Figure 13). This helps to understand why this potential increase of laminar loss is present,
because where the soil is more exposed, obviously more susceptible to erosion, it becomes.

[

Cerrado Impactado
(Fator C = 0,001)

Figure 13. Presence of Cerrado Impact in margin B in the municipality of San Francisco (Source:
Teixeira et. al. (2017b)) [15].

Surprisingly, even the traditional method has not pointed out this important detail with so much
emphasis on its final map, which further corroborates the importance of this new methodology
proposed when compared to the classic model.

Thus, at least in the case of the study area that competes with this article, it can be concluded
that the proposals presented here, both for the calculation of erosivity and the laminar loss of soil,
both in a qualitative way, present results statistically similar to the methods traditional commonly
used.

5. Conclusions

The paper in question was proposed to generate new forms of qualitative calculation of erosivity
and laminar soil loss with the use of physical variables and GIS. Both proposals were carried out and
proved to be successful when compared statistically with the traditional calculation methods,
especially the EUPS.

Obviously, it is too early to say if this new indirect form used here constitutes a new universal
proposal for calculating R and A, but for the study area of this paper, the proposal developed here
can be used quietly, as it shows statistically similar results, from the qualitative point, to the
traditional model.

When analyzing soil loss, especially laminar erosion, quantitative calculations do not serve in
practice as environmental management tools, since the most important is to know where the soil
presents loss potential to undergo some kind of corrective intervention. In this way, the results
obtained here are extremely satisfactory considering the proposed method, which is only qualitative.

New studies are advised in different regions in order to verify if the new tool developed in this
research can be used in any area beyond the research region.
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