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Abstract

Water erosion modeling is a fast and accurate way to estimate erosion potential in watersheds. Among
the models, we have the Revised Universal Soil Loss Equation (RUSLE) which has a simple structure,
low implementation cost and can be used with readily available information, contributing to the
planning of soil conservation practices. In this context, the objective of the work was to apply RUSLE
to estimate water erosion in the Cérrego da Laje watershed affluent directly from the reservoir of the
Furnas Hydroelectric Plant, located in the south of Minas Gerais, a region of southeastern Brazil.
In this region, water erosion is a serious problem that has caused the silting up of the hydroelectric
reservoir and the depreciation of water quality. Soil losses were calculated in Geographic Information
System based on topographic, edaphoclimatic characteristics, soil cover, and management practices.
The average soil loss of the watershed was 26.80 Mg ha! year! with the predominance of high-
intensity erosive rates (> 15 Mg ha'! year!). Considering the basin use classes, sediment generation
was higher in pasture areas (35.87 Mg ha'! year?!), and in areas under maize cultivation (32.05 Mg
ha! year!). As areas with severe erosion are distributed throughout the watershed, a comprehensive
water erosion mitigation plan should be adopted to reduce the environmental damage of the process.
Keywords: Soil conservation. Soil coverage. RUSLE.

Introduction

Water erosion is the main process of degradation of tropical soils, generating negative
environmental impacts such as the reduction of soil productive potential, loss of soil microbiota,
and emission of greenhouse gases (DECHEN et al., 2015). In the region surrounding the Furnas
Hydroelectric Plant (FHP), in southern Minas Gerais, erosion mitigation is one of the greatest
challenges for the sustainable management of the area (IGAM, 2013).

In addition to causing silting up of the FHP reservoir, reducing its useful life, water erosion
also causes a depreciation of water quality and contamination with mineral fertilizers, since the vast
maijority of eroded sediments that reach the watercourses of the region are provided with areas with
crops (IGAM, 2013). Thus, effective soil conservation measures are needed to control water erosion
in the FHP region.
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Modeling is a quick and accurate way to assess quantitatively and qualitatively the erosive
potential. This technique can be used to design and target effective soil and water conservation
measures (OLIVEIRA et al., 2014; WANG et al., 2019). Also, the application of modeling improves
the interpretation of soil erosion processes and facilitates the understanding of ecosystem dynamics
(ALEWELL et al., 2019).

Among the initially developed models to evaluate the erosive rate, there is the Universal Soil
Loss Equation (USLE) (WISCHMEIER; SMITH, 1978) and latter its enhanced version, the Revised
Universal Soil Loss Equation (RUSLE) (RENARD et al., 1997). The RUSLE presents a simple structure,
with low implementation costs and can be used with readily available information. Because of it, this
model is the most used worldwide when talking about the water basin (RENSCHLERA; MANNAERTS;
DIEKKRUGER, 1999; GANASRI; RAMESH, 2016).

The combination of RUSLE with Geographic Information System (GIS) and Remote Sensing,
facilitates its use and provides a diagnosis on the spatial distribution of water erosion. The GIS
makes it possible to regroup and superimpose several thematic maps, as well as apply mathematical
equations for different erosive factors. Using satellite images, digital terrain elevation models and
other data, GIS can generate effective results simply and inexpensively (HAIDARA et al., 2019).
These results contribute significantly to the planning of soil conservation practices, erosion control
and management of areas affected by the erosion process (PRASANNAKUMAR et al., 2012).

In this context, the objective of the work was to apply the Revised Universal Soil Loss Equation
to quantify water erosion in the Coérrego da Laje watershed tributary directly from the Furnas
Hydroelectric Plant reservoir. The study will make it possible to identify the areas most susceptible to
erosion, to contribute to the adoption of conservationist soil management.

Material and methods
Study area

The Cérrego da Laje watershed has an area of 3,951.30 ha, located in the municipality
of Alfenas, south of Minas Gerais, the southeastern region of Brazil, at coordinates 45°57'7" to
45°54'3" 0 and 21°26'59" at 21°32'564" S (FIGURE 1). The area’s climate according to the Képpen
classification is Tropical Mesothermal (Cwb), with dry winter and temperate summer. The average
annual precipitation is 1,500 mm and the average annual temperature is 22 ° C (ALVARES et al.,
2013; INMET, 2019). The soils of the watershed are dystrophic Red Latosols - LVd (71 %) and
eutrophic Red-Yellow Argisol - PVAe (29 %). The digital soil map was prepared based on the soil map
of the state of Minas Gerais (UFV et al., 2010) (FIGURE 1).

The land use and occupation map (FIGURE 2A) was based on images from the Landsat-8
Operational Land Imager (OLI) satellite, orbit/point 219/75, selected in the Image Generation Division
(INPE, 2019) on May 29, 2019 and, based on high-resolution images from the Basemap tool (ESRI,
2015). The watershed is occupied by: maize—1,120.74 ha(28.4 %), pasture-1,085.25ha(27.47 %),
coffee - 911.93 ha (23.08 %), native forest — 701.46 ha (17.75 %), eucalyptus - 72.84 ha (1.8 %),
facilities 31.65 ha (0.8 %) and water - 27.43 ha (0.7 %).
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Figure 1 — Cérrego da Laje watershed localization and soil digital map, Alfenas, South of Minas Gerais, Brazil.
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Notes: LVd = Dystrophic Red Latosols, PVAe = Eutrophic Red-Yellow Argisol, FHPR = Furnas Hydroelectric
Plant Reservoir and DN = Drainage Network.

Source: Elaborated by the authors (2020).

Figure 2 — Land Use Map (A) Digital Elevation Model (B) and Slope Map (C) of Cérrego da Laje watershed,
Alfenas, south of Minas Gerais, Brazil.
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Source: Elaborated by the authors (2020).

In the watershed, altitudes vary between 810 and 930 m (FIGURE 2B). The Digital Elevation
Model (DEM) was extracted from the contour lines of the state of Minas Gerais (SISEMA, 2019).
Based on the DEM, the Slope Map was prepared. In the watershed, wavy relief predominates, with
an average slope of 6.9 % (FIGURE 2C).

Revised Universal Soil Loss Equation (RUSLE)
The RUSLE estimates the water erosion rate as Equation 1 (RENARD et al., 1997).

A=R-K-LS-C-P (1)

At which: A is the mean annual soil loss, in Mg ha'! year!; R is the rainfall erodibility factor, in MJ mm ha! h! year;
K is the soil erodibility factor, in Mg ha! MJ' mm!; LS is the topographic factor, by the relation between the length
(L) and the ramp slope (S), C is the soil management and use land factor, and P is the factor conservationists practices,
both dimensionless.
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The factor R represents the rainfall soil disaggregate and water erosion potential. The parameter
was obtained from the South of Minas Gerais Erosivity Map developed by Aquino et al. (2012). About
the soil erosive process resistance (K), its values were determined to each watershed soil kind, basing
on the related values present in specialized literature (BESKOW et al., 2009; OLIVEIRA et al., 2014).

The factor LS is an essential parameter to quantify the soil loss due to the topography surface
flow velocity influence (BESKOW et al., 2009). The factor was calculated utilizing Equation 2,
proposed by Moore and Burch (1986).

0.4 . 1.3
LS = FA-10 _ sin(S) )
22,13 0,0896

At which: LS is the topographic factor, dimensionless; FA is the flow accumulation expressed as the DEM grid
cell number; S is the watershed slope in degree and 10 is DEM spatial resolution do in meters.

Factor C relates the vegetal cover effects on the soil loss. The parameter varies from 0 to 1,
at which higher values represent low vegetal covering and higher rain impact and surface flow soil
disaggregation (OLIVEIRA et al., 2014). Factor C was calculated as Durigon et al. (2014), utilizing
the Normalized Difference Vegetation Index - NDVI (Equation 3).

_ -NDVI+1
2

C (3)

At which: C is a soil cover factor and NDVI is the Normalized Difference Vegetation Index, both dimensionless.

The NDVI is a soil vegetal cover indicator that varies from -1 to +1, with higher values attributed
to areas with more vegetation. The index is calculated utilizing Equation 4 (TUCKER, 1979):

NIR—-RED

NDVl= ———
NIR+RED

(4)

At which: NIR and RED are near infra-red and red spectral bands, respectively.

The NDVI was calculated utilizing ArcMap 10.3 (ESRI, 2015) Raster Calculator tool from the
bands 4 (red) and 5 (near infra-red) from Landsat-8 Operational Land Imager (OLI) image, used in
the basin land use mapping.

Lastly, there is the factor P that varies from O to 1 and its result represents the soil management
effect about the erosive rates. The factor P was calculated using the declivity as a determinant
property in the soil conservationists’ practices adoption (Silva et al., 2010; Medeiros et al., 2016).
To slopes lower than 5 %, the P-value was 0.6, and to slopes higher than 20 %, the P-value was 1.
In slopes among 5 % to 20 %, the P value is calculated as Equation 5.

P=0,69947 - 0,08911 -s + 0,01184 - s>~ 0,000335 - s* (5)

At which: P is the conservation practices factor, dimensionless, and s is the slope in %.
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The stages of modeling, treatment and spatialization of data, as well as the making of maps of
use and soil classes, MDE and slope, were performed using the software ArcMap 10.3 (ESRI, 2015).

Results and discussion

In the Coérrego da Laje watershed, the rain erosivity was 6,500 MJ mm ha'! h! year!
(AQUINO et al., 2012). Considering the classification proposed by Foster et al. (1981), the basin
present a high erosivity class. The factor K was adapted by Sa et al. (2004) and Mendes Junior et al.
(2018) with values of 0.033 and 0.019 Mg ha! MJ"* mm™ to the PVAe e LVd, respectively. Due to
the pedological characteristics, PVAe are more prone to erosion than LVd.

The highest values of LS were observed in areas of a high slope, where the velocity of the runoff
is greater (FIGURE 3A). In about 4 % of the watershed, the LS values were greater than 10 and these
areas can be considered highly vulnerable to erosion. Therefore, soil conservation practices should
be implemented primarily in these areas, to reduce the energy gain from runoff due to topography
(BESKOW et al., 2009; STEINMETZ et al., 2018).

Figure 3 — Topographic factor - LS (3A), NDVI (3B) and Soil cover factor - C (3C) of Corrego da Laje watershed,
Alfenas, south of Minas Gerais, Brazil.
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Notes: NDVI: Normalized Difference Vegetation Index; Factor LS, NDVI, Factor C: dimensionless.
Source: Elaborated by the authors (2020).

NDVI results were higher in areas with high plant density and lower in areas with exposed
soil and areas with no soil (water and improvements) (FIGURE 3B). As for factor C, it is normalized
between the values O and 1 and inversely proportional to the NDVI, thus the areas with the highest
vegetation coverage presented the lowest value for factor C (FIGURE 3C).

It is worth mentioning that the determination of factor C from NDVI allows a more accurate
representation when compared to methods based on values reported in the specialized literature,
which were often developed for different regions of the study area. Also, with the use of NDVI in a
GIS environment, factor C is calculated cell by cell over the entire area, and thus represents more
realistically the heterogeneity of the vegetation cover.

RUSLE estimated the average soil loss in the Corrego da Laje watershed at 26.80 Mg ha! year!
with a predominance of high intensity erosive rates (> 15 Mg ha! year!), according to the proposed
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classification by Avanzi et al. (2013). The areas with intense erosion were concentrated mainly in
the places with the highest declivity and, consequently, higher values of the LS factor (FIGURE 4).

Figure 4 — Cérrego da Laje watershed soil loss spatial distribution, Alfenas, south of Minas Gerais, Brazil.
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Source: Elaborated by the authors (2020).

The highest values of soil loss were observed in pasture areas (35.87 Mg ha'! year!), due to
degradation, and in areas with maize cultivation (32.05 Mg ha'! year!) due to exposure of the soil at
the time of sowing. In the other classes of land use, soil losses ranged from 15.00 and 20.40 Mg ha!
yeart!, which was provided by the higher plant density and consequent lower value of factor C. The areas
covered with water and improvements were not considered when estimating water erosion because
they did not participate in the generation of sediments. Mendes Junior et al. (2018) and Tavares et al.
(2019), when modeling water erosion in a sub-basin of Cérrego da Laje, with predominant coffee
cultivation on conservation practices, observed erosion rates well below the results of the present work,
demonstrating the importance of soil management practices on losses of soil.

As for water erosion in each type of soil, the generation of sediments was higher for PVAe
(39.80 Mg ha'! year!) compared to LVd (23.70 Mg ha! year!) due to its greater erodibility (K).
This result reveals the importance of the soil’s intrinsic attributes about natural protection against
water erosion (OLIVEIRA et al., 2014).

As the areas with high soil losses (> 15 Mg ha year!) are distributed over the entire length of
the watershed, a broad plan for mitigating water erosion must be adopted, aiming at the introduction
of conservationist practices. Among these practices, those aimed at improving soil covers, such as
no-tillage in maize areas, the management of inter-plant vegetation in coffee cultivation and the
recovery of degraded pastures, can be mentioned. In places with high declivity, level crops and
terraces can be introduced, to minimize the flow speed.
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The modeling results are an important tool for planning the adoption of targeted conservation
practices in the Cérrego da Laje watershed, to reduce the direct damage from water erosion such as
loss of nutrients and soil organic matter and indirect ones, such as silting Cérrego da Laje and the
reservoir of the Furnas Hydroelectric Plant.

Conclusion

The Revised Universal Soil Loss Equation identified the areas with the highest erosion rates in
the Corrego da Laje watershed on steep slopes and in places with low vegetation cover, such as maize
(32.05 Mg ha' year!) and in degraded pastures (35.87 Mg ha'! year!). It became evident that a
broad plan to mitigate water erosion should be adopted, aiming at the introduction of conservationist
practices, to reduce the environmental damage of the process.
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Predicao da erosao hidrica em uma bacia
hidrografica situada no sudeste brasileiro

Resumo

A modelagem da erosao hidrica € uma forma rapida e precisa de estimar o potencial erosivo
em bacias hidrograficas. Entre os modelos, temos a Equacao Universal de Perda de Solo Revisada
(RUSLE) que apresenta uma estrutura simples, com baixo custo de implementagcdo e pode ser
usada com informagdes prontamente disponiveis, contribuindo para o planejamento de praticas de
conservacao do solo. Nesse contexto, o objetivo do trabalho foi aplicar a RUSLE para estimar a erosao
hidrica na bacia hidrogréafica do Cérrego da Laje afluente direto do reservatério da Usina Hidroelétrica
de Furnas, situada no Sul de Minas Gerais, regiao do sudeste brasileiro. Nessa regiao a erosao hidrica
é um grave problema que tem provocado o assoreamento do reservatério hidrelétrico e a depreciacao
da qualidade da agua. As perdas de solo foram calculadas em Sistema de Informagdes Geograficas
com base nas caracteristicas topograficas, edafoclimaticas, na cobertura do solo e nas préaticas de
manejo. A perda de solo média da bacia hidrogréfica foi de 26,80 Mg ha ano! com predominio de
taxas erosivas de alta intensidade (> 15 Mg ha!ano). Considerando as classes de uso da bacia,
a geracao de sedimentos foi maior nas areas de pastagem (35,87 Mg ha'ano!) e nas areas com
cultivo de milho (32,05 Mg ha'ano!). Como as areas com erosao severa estao distribuidas em toda
a extensao da bacia hidrogréafica, deve ser adotado um amplo plano de mitigagcao da erosao hidrica a
fim de reduzir os danos ambientais do processo.

Palavras-chave: Conservacao do solo. Cobertura do solo. RUSLE.
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