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CHANGES IN LAND COVER AND RELATIONS WITH
THE EQUATION UNIVERSAL SOIL LOSSES IN BASIN
OF THE WESTERN PLATEAU OF SAO PAULO IN BRAZIL

Alyson Bueno Francisco®

The soil loss has become a problem of environmental degradation in Southeastern Brazil. In a region
of tropical climate, with precipitations concentrated in summer and sandy soils, the substitution of na-
tive vegetation by pasture and cultivation of sugarcane caused changes in the hydrological regime of
the hydrographic basins. Soil degradation conditions, with marks present in the landscape, need to be
quantified by empirical methods. In the estimates of water erosion, the most used method is the Univer-
sal Equation of Soil Losses. The method of estimating soil losses by generating geographic information
and spatial data. The Confusion Stream’s basin is located in a region with replacement of pasture areas
planted by sugarcane crop for fuel production. This research aims to estimate soil losses in a basin from
comparative data from 2009 and 2018, derived from analysis of CBERS satellite images, with spatial
resolution of 20 meters, in the mapping of land cover, through the classification of images in the ID-
RISI geographic information system. Rainfall erosivity factors and soil erodibility were obtained from
secondary sources. The topographic factor was obtained from the processing of data from the Shuttle
Radar Topography Mission. The areas of the land cover classes were related to factor C of the USLE and
data estimates of secondary sources of erosivity factor (R), erodibility factor (K) and topographic factor
with the data of slope (LS). From these parameters, an estimate of soil loss was presented for the basin
of Confusion’s Stream. The soil loss in the basin of Confusion’s Stream was estimated by 2018 data at
2,484 t/haly.

Key words: erosion; basin Confusion’s stream; agricultural crop.
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bpasuausiaarbl Can-Iayay batbic ycTipTi 6acceiHiHAEri )Kep XXaMbIAFbICbIHbIH,
e3repyi )xoHe aMbeban ToMnbIpak, XXOFAATY TeHAeYiMeH GaiAaHbICDI

TonbIpakThiH, AerpaAaumsicbl bpasvAMsIHbIH, OHTYCTiK-LbIFbICLIHAQ 3KOAOTUSIAbIK, MPobAeMara
aHaAAbl. 2Kasfbl >KOHE KYMAbI TOMbIPAKTapAQ >ayblH-LUALIbIH LUOFbIPAAHFAH TPOMMKTIK KAMMAT
>KaFAalblHAQ KEPTiAIKTI  ©CIMAIKTEPAIH >KaMbIABIMABIK, >K8HEe KaHT KaMbICbl ©CIpYMEH aAMaCTbl-
PbIAYbI  TMAPOrpapusiAblK, 6acCEMHAEPAIH TMAPOAOTUSIABLIK, PEXUMIHIH ©e3repyiHe cebern 6GOAAbI.
AaHalaTTarbl epekiieAikTepi 6ap TONbIPakThiH A€rpaAaLMs >KaF AAMAApPbl SMMMPUKAABIK, DAICTEPMEH
CaHAbIK, TYPAE aHbIKTaAybl kepek. Cy 3p03uscbiH GaFaray Ke3iHAE TOMbIPAK, XXOFAATY AblH YHUBEPCAAADI
TEHAEY BAICI XXMi KOAAAHbIAAAbI. TOMbIPAKTbIH, XOFaAybIH 6arasay 9AiCi reorpausiAbiK, aknapar neH
KEHICTIKTIK MOAIMETTEPAI aAy apKbIAbl Xy3ere acbipblrasbl. KOHDYyUMOH e3eH GaccerHi OTbIH 8HAIPY
YWIiH K@HT KaMbICbl €riAreH >KambIAbIMABIK, aAKanTa opHaAackaH. bya 3epttey IDRISI reorpadmsabik,
aKnapaTTbIK, XXYMECiHAEr KecKiHAEpAi KAACCUUKaALMAAAY apKblAbl XKep >KaMbIAFbICbIHbIH, KapTacbIH
)acayaa 20 MeTPAIK KeHIiCTIKTIK TyHbIKTbiFbl 6ap CBERS crnyTHMKTIK cypeTTepiH Taanaay HOTUXKECIHAE
anbiHFaH 2009 xaHe 2018 >KbIAAAPAAFbI CAAbICTbIPMAAbI AEPEKTED Heri3iHAe 6acceHAeri TOMbIpakTbiH
>KOFaAybiH Gararayra GarbiTTaAraH. EKiHLLII PeTTiKk KO3AEPAEH LLBMHAIAEPAIH IPO3MSIABIK, BEACEHAIAIK
KO3(hpMUMEHTTEPI MEH TOMbIPAKTbIH, 3PO3MsiFa yilbipaybl aAbiHAbL. Tornorpadusabik, daktop Shuttle
Radar Topography Mission aepektepiH 6HAEYAEH aAbliHAbL. XKep >KaMbIAFbICbI KAACbIHbIH, ayAaHAAPbI
ambeban Torbipak, To3y TeHaeyimeH (USLE) C koaduumeHTiMeH skaHe 3po3us KoaddmumeHTiHiH (R),
3po3unsa KoacppuumeHTiHiH (K) xaHe Tonorpadusabik, hakTopAbIH eHiC AepekTepimeH (LS) karTarama
Gactankpl Aepektep OararaybiMeH 6arAaHbiCTbl 60AAbl. OCbl MapameTpAepre CymeHe OTbIpbir,
KoHdyumMoH e3eHi 6accerHi ywiH TOMbIPaKTbiH, >KOFAaAYblH 6araAay YCbIHbIAAbL. KoHycHoH e3eHi
6accenHiHAeri TonbIpakTbiH WarbiAybl 2018 XbIAFbl MOAIMETTEP GoMbiHLIA 2484 T/ra/>kbIA AeHreniHAe
6araraHaAbl.

Ty#in ce3aep: 3po3us; KoHdycrMoH e3eHiHiH 6accerHi; ayblA LWapyallbiAblFbl AQKbIAbI.
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M3meHeHHe 3eMHOro nokpoBa B 6acceiiHe 3anapHoro naato Cax-Tlayay
B 5pa3MAMM M €ro CBa3b C YyHUBepCaAbHbIM YPAaBHEHUEM NOTEPU MNMOUBDbI

Aerpasaums nousbl CTaAa NPoOOAEMON OKPY>KaloLLEN CPEeAbl Ha 10ro-BocToke bpasmamun. B paitoHe
TPOMMYECKOrO KAMMaTa C 0CaAKamMM, COCPEAOTOUYEHHBIMW B AETHWMX M MeCYaHbIX MOYBaX, 3amellleHne
MECTHOM PaCTUTEALHOCTM MacTOMLLIAMM M BO3AEAbIBAHMEM CaxapHOro TPOCTHMKA BbI3BAAO M3MEHEHMe
FMAPOAOIMUYECKOro pexkmnma ruaporpadmnyeckmnx 6accerHoB. YCAOBUS AerpaAaLiun NoyBbl C NpU3Haka-
MU, MPUCYTCTBYIOLLIMMU B AQHALLIA(DTE, AOAXKHDBI ObITb KOAMYECTBEHHO OLIEHEHbI SMMUPUUYECKUMU METO-
Aamu. [pu oLeHKe BOAHOW 3p03uK HanboAee HacTo UCMOAb3YETCS METOA YHUBEPCAALHOIO YPaBHEHUS
MOYBEHHbIX MOTEPb. MEeTOA OLEHKM NMOTEPb MOUBbI OCYLLECTBASIETCS MyTEM MOAYYeHUs reorpadumye-
CKOM MH(OPMaLMM M NMPOCTPAHCTBEHHbIX AaHHbIX. bacceiiH pekn KoHycnoH pacnoAoxeH B paiioHe
3aMeHbl MacTOMLHbIX YrOAMIA, 3aCesIHHbIX CaxapHblM TPOCTHMKOM AAS MPOU3BOACTBA TOMAMBA. ITO
MCCAEAOBaHME HaMpaBAEHO HA OLLEHKY MOTepb MOYBbl B 6accerHe Ha OCHOBE CPABHUTEAbHbIX A@HHbIX
3a 2009 1 2018 roapbl, MOAYYEHHbIX B PE3yAbTaTe aHaAM3a CMYTHUKOBbIX M306paxkeHnii CBERS ¢ npo-
CTPaHCTBEHHbIM pa3pelleHrem 20 MeETPOB MpU KapTorpadurpoBaHnM 3eMHOrO MOKPOBa NOCPEACTBOM
KAaccupukaumm n3obpaxkeHnin B reorpadmnyueckorn nHhopmaumonHorn cructeme IDRISI. Kosdbdpmum-
€HTbl 3PO3MOHHOM aKTUBHOCTU OCAAKOB M 3POAMPYEMOCTb MOUBbI ObIAM MOAYYEHbI M3 BTOPUUHBIX MUC-
TOuHUKOB. Tonorpadguueckuin aktop ObiA MOAYUeH B pe3yAbTaTe 06paboTkm AaHHbIX Shuttle Radar
Topography Mission. TAoWaAM KAQCCOB 3eMHOIr0 MOKPoBa ObiAM CBsA3aHbl ¢ KO3hdurumeHTomM C yHU-
BEPCaAbHOro ypaBHeHust aerpaaaumm nousbl (USLE) u oueHkaMn A@HHbIX BTOPUYHBIX MCTOYHWKOB KO-
3¢ppurumerTta aposmm (R), kKoadhurumeHTa s3pos3noHHocTr (K) n Tonorpacmueckoro caktopa C AQHHbI-
MM ykAoHa (LS). o 3Tim napameTpam OblAa NPEACTaBA€HA OLIEHKa MOTepu NouBbl AAS GaccerHa pekm
KondycmoH. Cmbi nousbl B 6acceriHe pekn KoHdycnoH oueHnBaeTcs no aaHHbiM 2018 1. B 2484 1/

ra/roa.

KaloueBble caoBa: 5po3ums; 6acceiH peki KoHMYCHOH; CEAbCKOXO3SMCTBEHHAs KYAbTYpa.

Introduction

The first estimates of soil losses in Brazil were
analyzed in the 1940s using experimental plots at
the Agronomic Institute of Campinas (Bertoni;
Lombardi Neto, 1999).

The Universal Equation of Soil Losses was de-
veloped from the studies of Wischmeier and Smith
(1961 Apud Laflen; Moldenhauer, 2003) from
10,000 data on soil loss rates in experimental plots
in the United States of America.

Soil losses in Brazil are estimated at approxi-
mately 848 million tons per year (Merten; Minella,
2013). Fast-paced soil losses in the degraded areas
of the Western Plateau of Sdo Paulo represent envi-
ronmental and economic damage.

The scale of watersheds has repercussions in re-
cent years due to the details of the guaranteed by
advances in geographic technologies. On the local
scale, the particularities of each rural producer are
found and mitigating measures are applied in the
face of land degradation conditions. The dialogue
with rural producers takes place through the tech-
nical knowledge of public agencies and research-
ers guide these agencies through extension proj-
ects. The definition of the concepts and principles
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of water management is essential to consolidate the
necessary measures in river basins. Ideals based on
rational water use are important to guide political
decisions and favor of soil conservation measures
and recovery of degraded areas.

The geoprocessing techniques used met the re-
search needs, confirming that its use improves the
processes and phases of spatial analysis. In addition,
the created database can be replicated, corrected and
updated at any time, which makes it dynamic and
applicable to the most diverse spatial representation
demands of the information contained therein (PI-
ROLI, 2013).

The watershed is a territorial and physical unit
present in nature bounded by drainage. Nature pres-
ents its diversity and researchers need to avoid gen-
eralizing small scales and seek to understand natural
phenomena in field research.

In this sense, fieldwork is necessary, as the main
methodology of the geographer, to investigate the
nature of each hydrographic basin and present the
diagnoses (inventories), to carry out environmental
planning from the perspective of water resources
management with adequate prognoses to ensure the
future availability of drinking potable water (Gui-
maraes, 1999).
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From the development of Geographic Informa-
tion Systems, spatial data from watersheds served
as parameters applying the Universal Equation of
Soil Losses, mainly by the formation of numerical
elevation models. The development of erosive pro-
cesses in the large hydrographic basins of tropical
environments made it propitious to apply this em-
pirical model in river basins to generate databases in
Geographic Information Systems (Parveen; Kumar,
2012).

In recent years, research on river basins and
geoprocessing techniques has become more pres-
ent in geographical studies. The spatiality of erosive
processes involves the understanding of the aspects
of hydrographic basins and the transformations that
occur in rural landscapes of changes in agricultural
activities. The use of conservation practices for the

recovery of areas with degraded soils can contrib-
ute to the mappings performed by geographers with
support in geographic information systems.

The Confusion Stream’s basin has an area of
46,760 ha, located in the northwest part of the mu-
nicipality of Rancharia. It is considered a sub-basin
belonging to the River of Fish basin. The basin has
an average width of 22 km and a maximum length
of 34 km. The channel of Confusion stream of the
main course is 35 km long, being the tributary
Saltinho stream with an extension of 16 km. The
Confusion stream has the maximum flows by the
annual averages are 12 m*/s, with the highest oc-
currences in summer, where in region has tropical
climate.

Figure 1 shows the location of the Confusion
Stream’s basin.
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Figure 1 — Map of Confusion Stream’s Basin

The quotas relief of the Confusion Stream’s basin
has between 380 and 540 meters. The relief consists
of wide hills and wavy tops belonging to the Western
Plateau of Sdo Paulo. The slope is generally low be-
tween 5° and 15° in more than 80% of the area.

According to the Map of Soils in the State of
Sdo Paulo (Oliveira et al., 1999), the predominant

soils in the Confusion Stream’s basin are the Red
Oxisols and the Red-Yellow Clay Sols. The erod-
ibility values of the surface horizon of the Red Clay
Sols of the Presidente Prudente region are estimated
at 0.051 Mg/ha/year. For the Red Oxisols of the san-
dy phase, the estimated values were 0.016 Mg/ha/
year (Freire; Godoy; Carvalho, 1992).
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On the climatic conditions in the region affected
by water erosion, Francisco (2017) presents the ero-
sivity of rain for the municipality of Rancharia, con-
sidering precipitation data between 1945 and 2003,
being in rainy years the R factor of 9,088 MJ.mm/
ha.h.year; 7,129 MJ.mm/ha.h.year for regular years
and 5,665 MJ.mm/ha.h.year for dry years.

Despite deforestation for cotton planting until
the 1970s and later the domain of pasture planting
for cattle herd farming, the Confusion Stream’s
basin has preserved fragments of native forest (ap-
proximately 8% of the area), including a fragment of
approximately 3,000 hectares.

In the last 15 years, installing a sugar-alcohol
plant in the southwestern part of the basin favored
the increase of sugarcane planting areas (23% to
34% of the area) with the existence of terraced plan-
tations, replacing the degraded pasture areas.

Materials and Methods

The clinographic letter of slope was elaborated
based on data from the digital elevation model from
the SRTM mission, in the Slope routine of the Terr-
Set GIS. The slope data served as the basis for the
elaboration of the estimation of the LS factor, ramp
length (slopes) and unevenness (slopes).

The preparation of the land cover charts were
carried out in the TerrSet Geographic Information
System with orbital images of the CBERS satellite
dated October 2009 and February 2018, through the
supervised classification routine. The geographic
referencing of the images was performed at GIS

Idrisi. After geographic referencing, the false-color
composition was applied with bands 2, 3 and 4.

Using the Digitize routine, reliable samples were
selected with the vectorization of polygons, whose
each class to be represented had a value. With the use
of the Make-sig routine, signatures are created and
then the classifier is defined with maximum likelihood
with the use of the Max-like routine. Then, mode fil-
tering was applied using a size 7x7. To cut out the
area of the Confusion Stream’s basin, the limits of
the Shuttle Radar Topography Mission (SRTM) data
were delimited using SRTM data in the GlobalMap-
per software. The vector that delimits the watershed
was exported in Shapefile format, having as reference
system the horizontal datum SIRGAS-2000.

Regarding the factors attributed to the Universal
Equation of Soil Losses, the erodibility indexes pre-
sented by Freire et al. (1992). The rainfall erosivity
(R) was estimated based on the reference of Fran-
cisco (2017) when presenting the values for an adja-
cent basin 15 km away from the Confusion Stream’s
basin. The types of soils identified in the hydro-
graphic basin were adopted by the map presented
by Oliveira et al. (1999). The C factor of soil man-
agement forms, by the land cover classes, followed
the reference adopted by Pinto (1991). The factor
conservation practices (P) was estimated based on
the indices of calculations expressed by Bertoni and
Lombardi Neto (1999).

Results and Discussion
Table 1 presents the land cover classes in 2009
and 2018 in the Confusion Stream’s basin.

Table 1 — Areas and plots of land cover classes in Confusion Stream’s basin

Land covers classes Area in 2009(ha) % Area in 2018(ha) %
Urban areas and roads 0.58 0.01 1.55 0.003
Native forest 3,610.00 7.72 3,913.28 8.37
Water channel 1.42 0.01 1.58 0.003
Agricultural crop 10,679.00 22.84 15,768.36 33.72
Pasture 23,085.00 49.75 22,571.32 48.27
Land wood 326.00 0.70 - -
Bare soil 8,698.00 18.75 3,504.06 09.61

The Figure 2 presents the land cover map of the Confusion Stream’s basin by 2009 data.
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Figure 2 — Map of Land Cover of the Confusion Stream’s Basin (2009)

Figure 3 presents the land cover map of the Confusion Stream’s basin by 2018 data.
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Figure 3 — Map of Land Cover of the Confusion Stream’s Basin (2018)
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The table 2 shows the relationship between the

land use applied in the Universal Equation of Soil

areas of the land cover classes and the C factor of  Losses.
Table 2 — Relation land cover classes with factor C of USLE
Land covers classes Factor C Area in C Area in C

2009 (ha) (2009) 2018 (ha) (2013)

Native forest 0.0004 3,610 0.00003 3,913.28 0.00003

Agricultural crop 0.0500 10,679 0.11420 15,768.36 0.16860

Pasture 0.0075 23,085 0.37000 22,571.32 0.36200

Bare soil 0.1000 8,698 0.18601 3,504.06 0.00370

The data show factor C from 810.17 to 994.31,

The table 3 presents the relation of the areas of

an increase of 18.5% in erosive potential according
to land cover changes in 9 years.

Table 3 — Factor of erodibility (K) in relation areas of land covers

the land cover classes with the predominant types of
soils by the K factor of erobility.

Class of land cover Soil type Factor K Area in K Area in 2018 (ha) K
2009 (ha) (2009) (2018)
Native forest Hydricsoil 0.003 3,610 0.00023 3,913.28 0.00025
Agricultural crop Clay soil 0.051 10,679 0.01165 15,768.36 0.01719
Pasture Oxissoil 0.016 23,085 0.00799 22,571.32 0.00772
Bare soil Clay soil 0.051 8,698 0.00949 3,504.06 0.00382

The erodibility factor remained practically sta-
ble in 9 years, being present the addition of native
forest areas present in hydromorphic soils of prima-
ry forests and a decrease in exposed soil areas, very
conducive to the development of laminar erosion.

Table 4 — Factor of erosivity rain (R) in relation areas land covers

Based on the data of the factors of application
of the Universal Equation of Soil Losses by ero-
sivity presented to the municipality of Rancharia
(Perusi et al., 2004) in 7,300 MJ.mm/ha.h.year, we
have the estimated indices for the land cover classes
in table 4.

Class of land cover Area in R Area in 2018 (ha) R
2009 (ha) (2009) (2018)
Native forest 3,610 564.66 3,913.28 610.92
Agricultural crop 10,679 1,667.16 15,768.36 2,461.64
Pasture 23,085 3,603.94 22,571.32 3,523.7
Bare soil 9,024 1,408.8 3,504.06 547.03
> 46,398 7,244.55 46,398 7,143.29

When considering the average length of 100 m
of ramp in the basin and the mean slope of 5.67%
or 10° the topographic factor was estimated at
0.006.
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The factor of conservation practices was calculated
based on the mean slope of 10°, being obtained in 0.19342.

Considering the estimated factors of the USLE
for the basin, the rates of soil losses were estimated
in 2009 by the land cover classes in table 5.
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Table 5 — Estimated factors of the USLE for the basin in 2009

A
Land covers Factor R Factor K Factor LS Factor C Factor P Ei (t/ha/year)
Native forest 564.66 0.00023 0.006 0.00003 0.19342 2.107 0.0002
Agricultural crop 1,667.16 0.01165 0.006 0.11420 0.19342 0.0257 1,201.73
Pasture 3,603.94 0.00799 0.006 0.37000 0.19342 0.0123 577.51
Bare soil 1,357.9 0.00949 0.006 0.18601 0.19342 0.0027 130

The Confusion Stream’s basin, with 46,760 ha,
presents an estimate of soil losses at 1,909.24 t/ha/
year in 2009. In the estimated soil loss in 2009, an
erosion rate of 1,201 t/ha/year was found in the ag-
ricultural area, corresponding to 63% erosion rate in

Table 6 — Estimated factors of the USLE for the basin in 2018

basin, whereas the agricultural area corresponds to
23% of the territorial area of the basin.

When considering the estimated factors of the
USLE for the basin, the rates of soil losses were es-
timated in 2018 by the land cover classes in table 6.

A
Land covers Factor R Factor K Factor LS Factor C Factor P Ei (t/ha/year)
Native forest 610.92 0.00023 0.006 0.00003 0.19342 2.10” 0.0002
Agricultural crop 2,461.64 0.01165 0.006 0.11420 0.19342 0.038 1,777.23
Pasture 3,523.7 0.00799 0.006 0.37000 0.19342 0.012 566
Bare soil 547.03 0.00949 0.006 0.18601 0.19342 0.003 140.85

The Confusion Stream’s basin, with 46,760
hectares, presents an estimate of soil losses at
2,484.08 t/ha/year in 2018. In the estimate of soil
loss in 2018, an erosion rate of 1,777 t/ha/year was
found in the agricultural area, corresponding to
71.5% erosion rate in basin, whereas the agricul-
tural area corresponds to 34% of the territorial area
of the basin.

The Confusion Stream’s basin, with 46,760 ha,
presents an estimate of soil losses at 1,909.24 t/ha/
year in 2009. The Confusion Stream’s basin, with
46,760 hectares, presents an estimate of soil losses
at 2,484.08 t/ha/year in 2018. The data show factor
C from 810.17 to 994.31, an increase of 18.5% in
erosive potential according to land cover changes in
9 years.

Conclusion

The Universal Equation of Soil Loss (USLE)
is a method applicable to the studies of land cov-

er changes in watersheds. In this article, erosion
rates were estimated in a basin located on the
plateau of a tropical region where in the last 9
years (2009-2018) there have been changes in
land cover.

In the basin of Confusion stream there was a
change from 23 to 34% of the agricultural crop area
in 9 years, and the rate of erosion in the segment of
the agricultural crop area was also increased from
63 to 71.5%. The largest geographical distribution
of agricultural crop areas in this basin are where
with clay soils with high susceptibility to erosion,
erodibility of 0.051 (K factor).

Although conservation practices are applied in
planting in level curves in sugarcane areas, erosion
rates may be evident in this study. Despite few ar-
eas, the cover with bare soil needs attention in the
face of rain action in the tropical climate during the
summer.
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