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Abstract: The Cantareira System is one of the largest water supply systems in the world, supplying
about half of the water consumed by 22 million inhabitants in the Metropolitan Region of São Paulo,
in southeastern Brazil. In this scenario, in view of climate change, silting is a serious environmental
threat and a major challenge to the sustainability of water reservoirs. Therefore, identifying the
provenance of sediments is an essential tool to support soil conservation policies, slowing erosion
processes and mitigating the deposition of sediments in water reservoirs. Thus, this study aimed
to model soil losses—sediment production, by water erosion in the Cantareira System, based on
the RUSLE model—Revised Universal Soil Loss Equation, GIS—Geographic Information System
and SR—Remote Sensing. The work was conducted on data obtained from online platforms of
Brazilian public institutions. The results indicate an average rate of soil loss of 13 Mg ha−1 yr−1,
which corresponds to an annual loss of 3 million tons, of which 22% reaches water bodies. The data
also show that: (1) in 66 % of the Cantareira System, soil losses are below the soil loss tolerance limits,
and, in 34% of the region, water erosion is compromising the sustainability of water and soil resources;
(2) the areas with the greatest soil losses are predominantly located in planted forests, agricultural
crops and non-vegetated areas; and (3) sectors with high rates of soil loss require the adoption of
conservationist practices aimed at reducing sediment production rates and thereby increasing supply
and improving water quality.

Keywords: soil losses; sediment delivery; soil conservation; RUSLE

1. Introduction

Life on earth depends on topsoil, a resource that is rapidly degraded but takes hun-
dreds to thousands of years to regenerate [1]. Water erosion, the main cause of soil degra-
dation, is a natural process that is intensified by human activities and causes losses of soil
and organic matter and reduced fertility [2–4]. In addition, water erosion deteriorates the
ecological environment, as sediments also carry nutrients such as nitrogen, phosphorus,
potassium and pollutants to water bodies [5,6]. Sediments deposited in watercourses
lead to siltation and, consequently, a reduction in the useful volume of water resource
reservoirs [7–12].

The Cantareira System is one of the largest water supply systems in the world; it has
six reservoirs interconnected by a channel and 48 km of tunnels. It has the capacity to
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supply 33 thousand liters of water per second, crossing the natural barrier of the Serra
da Mantiqueira and supplying almost half of all the water consumed by the 22 million
inhabitants of the Metropolitan Region of São Paulo in southeastern Brazil [13,14]. The
Cantareira System is a work of engineering from the 1970s that was planned to provide
clean and abundant water in a scenario of severe environmental and land use changes,
water stress and acute pollution [14–16].

The eroded sediments that enter the water supply system cause the degradation of
its quality due to increased levels of suspended solids, which increases the need for water
treatment and the costs involved in this process [17,18]. In addition, sediment pollution
contributes to the wear and tear of the water treatment and distribution infrastructure, re-
quiring more frequent maintenance and replacement of equipment utilized in the turbidity
removal process [14,19,20]. In this scenario, it is relevant to carry out innovative studies to
advance knowledge and assist in the management of environments of this nature, whether
in the Cantareira System or in other water reservoirs worldwide.

Models for estimating water erosion are tools capable of quantitatively estimating the
rates of soil loss and sediment deposition and thus help propose effective erosion control
practices [21,22]. Modeling is a simple, easy-to-interpret technique that requires minimal
resources and can be implemented with readily available information in areas exposed to
high erosion risks. Additionally, this tool allows the assessment of large-scale erosion rates,
overcoming the main limitation of experimental plots in the field [23,24].

Considering the lack of studies on soil losses and their impacts throughout the
Cantareira System, the objective of the present study was to model soil losses due to water
erosion in the Cantareira System and to identify priority areas for the implementation of mit-
igation measures. It also aims, from the spatial distribution of the data, to identify the areas
with the highest rates of soil loss and thereby define those that are priorities for intervention
and impact mitigation. Furthermore, it also aims to encourage scientific debate within the
scope of water resource reservoirs, contributing to their more effective management.

2. Materials and Methods
2.1. Study Area

The Cantareira System is a hydraulic set of structures that ensures the transfer of part
of the flow from the Piracicaba, Capivari and Jundiaí watersheds to the largest metropolitan
region in Brazil, and one of the largest in the world. The system is located in southeastern
Brazil between coordinates 45◦51′47” to 46◦42′40” W and 22◦36′40” to 23◦25′52” S (Figure 1).
The Cantareira System occupies an area of 228,278 ha, with 55% in the state of São Paulo
and 45% in the state of Minas Gerais. According to the Köppen classification, the climate is
predominantly temperate oceanic (Cfb), with cold, dry winters and hot, humid summers.
The average annual rainfall is 1570 mm, and the average annual temperatures range from
18◦ to 20 ◦C [25,26].

The altitude ranges from 734 to 2026 m (Figure 1B). The lowest areas (<900 m) are in the
state of São Paulo, in the municipalities of Mairiporã and Nazaré Paulista, while the highest
areas (>1700 m) are in the state of Minas Gerais, in the municipalities of Camanducaia
and Sapucaí-Mirim. The region has an average slope of 24%, with a predominance of
strongly undulating relief (20–45%). The areas with flat and gently undulating reliefs (<8%)
are in the valleys of the main rivers, whereas the steepest reliefs (>20%) are distributed
throughout the region on the faces of the hills and mountains of the Cantareira System
(Figure 1C).
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Figure 1. Study area settings. (A) Location of the study area; (B) digital elevation model (m a.s.l.); 
(C) slope map; (D) land use map from Mapbiomas, Collection 7 [27] and (E) soil class map of the 
Cantareira System adapted from soil maps of the states of Minas Gerais [28] and São Paulo [29]. The 
geographic coordinate system is UTM Sirgas 2000. The basemap is available on ArcMap v. 10.5. 

The Cantareira System is occupied by forest formations (45.1%), planted forest 
(8.46%), pastures (18.80%), temporary crops (22.47%), coffee cultivation (0.27%), water 
bodies (3.18%), urbanization (1.47%) and non-vegetated areas (0.25%) (Figure 1D) [27]. 
The pastures present in the Cantareira System are mostly degraded with low productivity 
and high negative environmental impact [26,30,31]. The planted forest consists mainly of 
eucalyptus plantations, an important economic activity in the region, with two types of 
demands: the wood is mainly utilized as fuel, and part of the production is allocated for 

Figure 1. Study area settings. (A) Location of the study area; (B) digital elevation model (m a.s.l.);
(C) slope map; (D) land use map from Mapbiomas, Collection 7 [27] and (E) soil class map of the
Cantareira System adapted from soil maps of the states of Minas Gerais [28] and São Paulo [29]. The
geographic coordinate system is UTM Sirgas 2000. The basemap is available on ArcMap v. 10.5.

The Cantareira System is occupied by forest formations (45.1%), planted forest (8.46%),
pastures (18.80%), temporary crops (22.47%), coffee cultivation (0.27%), water bodies
(3.18%), urbanization (1.47%) and non-vegetated areas (0.25%) (Figure 1D) [27]. The
pastures present in the Cantareira System are mostly degraded with low productivity
and high negative environmental impact [26,30,31]. The planted forest consists mainly of
eucalyptus plantations, an important economic activity in the region, with two types of
demands: the wood is mainly utilized as fuel, and part of the production is allocated for
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paper manufacturing [26]. The soils of the Cantareira System consist of Argisols (45.1%),
Latosols (34.1%) and Cambisols (16.15%) [30,31] (Figure 1E).

2.2. Revised Universal Soil Loss Equation (RUSLE)

The Universal Soil Loss Equation (USLE) [32] and its revised version (RUSLE) [33]
are the most popular and applied empirical models to predict soil loss by erosion world-
wide [34,35]. The RUSLE is a practical, easy-to-interpret and flexible model for different
edaphoclimatic conditions. In addition, the application can be integrated with geoprocess-
ing techniques, which improve the accuracy of its results, requiring minimal resources. The
RUSLE calculates an area’s average annual soil loss by multiplying its factors according to
Equation (1).

A = R × K × LS×C× P (1)

where A is the average annual soil loss in Mg ha−1 yr−1; R is the rainfall erosivity factor
in MJ mm ha−1 h−1 yr−1; K is the soil erodibility factor in Mg ha−1 MJ−1 mm−1; LS is the
topographic factor, dimensionless; C is the soil use and management factor, dimensionless;
and P is the conservation practices factor, dimensionless.

The general flowchart of the methodology demonstrates the procedures adopted to
obtain soil loss rates (Figure 2).
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Figure 2. Flow chart of the methods used to estimate soil erosion.

2.2.1. Rain Erosivity (R)

Erosivity (R) represents the potential of rainfall and its associated runoff to cause
erosion in unprotected soil. The R factor considers the kinetic energy of the rain and its
maximum intensity within 30 min [32].

Due to the lack of detailed rainfall records in the Cantareira System, the R factor was
generated according to the multivariate geographic model for Brazil [36] (Equation (2)),
which allows estimating the R factor from the latitude, longitude and altitude of the studied
area. Such methodology [36] has provided accurate results in several studies in other
Brazilian regions [34,37,38].

R = −399433 + 420.49×A− 78296× LA− 0.01784×A2 − 1594.04× LA2

+195.84·LO2 + 17.77×A× LO− 1716.27× LA× LO + 0.1851× LO2·A
+0.00001002× LO2 ×A2 + 1.389× LA2 × LO2 + 0.01364× LA2 × LO3

(2)
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where R is the rainfall erosivity factor in MJ mm ha−1 h−1 yr−1; A is the altitude in m; and
LA and LO are the latitude and longitude, respectively, both in negative decimal degrees.

2.2.2. Soil Erodibility (K)

The erodibility (K) expresses the susceptibility of soil to suffer detachment of its
particles by the impact of raindrops and by the surface runoff [33]. This factor is calculated
in experimental plots based on the physical, chemical and mineralogical properties of the
soil. However, determining factor K in the field is a process that requires several years of
high-cost experiments. Therefore, factor K values were obtained from the erodibility of
soils of the State of São Paulo [39,40], which are 0.0228, 0.0254 and 0.0162 Mg ha−1 MJ−1

mm−1 for Argisols, Cambisols and Latosols, respectively.

2.2.3. Topographic Factor (LS)

The LS factor represents the influence of length (L) and the inclination (S) of an area
on soil water erosion. The LS factor was calculated by Equation (3) [41].

LS = (m + 1)×
(

FA× 30
22.13

)m
×

(
sin(S)
0.0896

)n
(3)

where LS is the dimensionless topographic factor; FA is the flux accumulation expressed as
the number of grid cells in the digital elevation model; S is the slope of the area in degrees;
m and n are empirical parameters that vary from 0.4 to 0.6 and from 1.0 to 1.4, respectively,
according to the predominant type of erosion (sheet or rill); and 30 is the spatial resolution
of the digital model elevation in meters.

The parameters m and n were defined as 0.4 and 1.0, respectively, assuming the
prevalence of sheet erosion in the area, due to forest formations and pastures representing
the highest proportion of land use.

2.2.4. Soil Use and Management Factor (C) and Factor of Conservation Practices (P)

The soil use and management factor represents the effect of all soil management
and vegetation cover variables on water erosion. The C factor is obtained in the field in
long-term experiments. This factor can also be determined from the scientific literature,
considering the land use classes with characteristics like those in the study area. Therefore,
the C values for the Cantareira System were defined from the modeling of soil losses in
an area of the state of São Paulo [42]. From the land use map, C values were defined
for each use class: 0.0004 for native forests and 0.047 for planted forests. For the other
land use classes, the C factor was 0.05 for pastures, 0.02 for temporary crops, 0.0135 for
coffee-growing areas and 1 for non-vegetated areas. Urbanization and water bodies were
not considered in the calculation of soil losses.

Due to the large dimensions of the Cantareira System area, factor P in situ was not
determined. Thus, the parameter was defined for each land use class based on specialized
literature. In the class of use “non-vegetated areas”, the value of P was 1; in temporary
cultivation, coffee and pasture cultivation was 0.35; and in forest and planted forest was 0.2
and 0.56, respectively [35].

2.3. Geoprocessing and Spatial Analysis

To obtain the parameters and modeling, all the data processing steps were developed
using ArcMap 10.5 [43]. The digital elevation model (DEM), with a spatial resolution of
30 m, was obtained based on elevation data extracted from the digital platform “United
States Geological Survey” [44]. The slope map was prepared based on the digital elevation
model with the Slope tool [43]. The land use map was extracted from Collection 7 of
2021, on the MapBiomas platform [27]. MapBiomas is a collection of annual land use and
land cover maps in Brazil. They are made from several observations and a large database,
which generate high-precision maps [34,45,46]. The soil map was prepared using the
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Union tool [43], based on the revised and enlarged soil map of the state of São Paulo (Scale
1:250,000) [29], and the soil map of the state of Minas Gerais (Scale 1:650,000) [28].

The calculation of the R factor (Equation (2)) was performed using the Raster Calculator
tool [43] for each cell, with a spatial resolution of 30 m in the digital elevation model. From
the soil map, the values of the K factor were assigned according to the soil classes of the
Cantareira System using the Editor tool [43]. The soil map was converted to a 30 m spatial
resolution raster file by the Polygon to Raster tool [43].

Regarding Equation (3), the FA parameter was calculated from the digital elevation
model (Figure 1B) using the Flow Accumulation tool [43]. The slope of the Cantareira
System (S) was determined from the slope map. The LS factor was calculated using the
Raster Calculator tool [43] based on each cell of the digital elevation model. Using the
Editor tool [32], the values of the C and P factors were assigned to each land use class of
the Cantareira System. The C and P factors were converted to a raster file with a spatial
resolution of 30 m by Polygon to Raster tools [43].

The RUSLE factors were multiplied by the Raster Calculator tool [43], giving the
spatial distribution of soil losses. The resulting maps were represented with a resolution
of 30 m, standardized by the cell size of the digital elevation model (Figure 1A). The
soil losses in the Cantareira System were classified as low (<10 Mg ha−1 yr−1), moderate
(10–20Mg ha−1 yr−1), high (20–50 Mg ha−1 yr−1) and very high (>50 Mg ha−1 yr−1) [35] by
the Reclassify Raster tool [43]. In addition to determining priority areas for the adoption of
conservation management, the results were compared with the Soil Loss Tolerance (T) [47]
values by the Raster Calculator tool [43]. In the Cantareira System, the T values were
determined to be 10.5, 11.6 and 13.9 Mg ha−1 yr−1 for the Argisols, Cambisols and Latosols,
respectively [39,48].

2.4. Data Validation

The RUSLE estimates all water erosion that occurs in each area, both the soil that is
eroded and retained in the relief and the fraction of soil that reaches water bodies. The
estimation of sediment production, that is, the fraction of soil that reaches water bodies, is
possible by integrating the sediment delivery rate coefficient (SDR) with the RUSLE model.
The SDR was obtained by Equation (4) [49].

SDR = 0.472×A−0.125 (4)

where SDR is the sediment delivery rate in %, and A is the catchment area in km2.
Sediment production can be directly observed and measured in the field, and the

data are generally obtained from hydro-sedimentological monitoring stations of national
monitoring institutions. The observed sediment delivery rate can be used to validate
soil loss estimates. Therefore, after integrating the RUSLE results with the SDR, it was
possible to validate the model results using data from total sediments transported with
water discharge and daily runoff [50].

First, a curve was constructed relating the total sediments transported in the watershed
and the water discharge (Figure 3). Data monitored between 2016 and 2021 at a hydro-
sedimentological station located in the Jaguari River watershed were utilized (Figure 1A).
This station is maintained by the Minas Gerais Institute for Water Resources Management—
IGAM, and the data were obtained from the Hidroweb platform of the National Water and
Basic Sanitation Agency. Although there are several sediment monitoring stations in the
Cantareira System, there are stations with discontinuous and sparse measurements, and
some are inoperative [51]. Due to this, the validation was based on a sub-catchment [50] of
the study area.
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The sediment production observed at the hydro-sedimentological station was calcu-
lated considering the sediment x flow curve and the daily flow dataset, referring to the
Jaguari River Subbasin (400.5 km2), obtained from the National Water and Basic Sanita-
tion Agency. The observed sediment was compared with the sediment estimated by the
RUSLE/SDR.

3. Results and Discussions
3.1. RUSLE Factors

In the Cantareira System, the R factor ranged from 7203 to 12,448 MJ mm ha−1 h−1

yr−1, with an average value of 7843 mm ha−1 h−1 yr−1 (Figure 4A). The values show the
region as of “strong erosivity” [36], due to heavy rains in the Cantareira System. The R
values obtained are also consistent with those of the Tietê River watershed [34], adjacent to
the studied area. In the Cantareira System, the highest values of R are associated with the
highest altitudes in the northeast of the area. The highest R values occur predominantly in
regions with a predominance of Argisols.
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Figure 4. Map of the spatial distribution of the rainfall erosivity factor—R (A) and the topographic
factor—LS (B) in the Cantareira System, Brazil. Note: factor LS = dimensionless. The geographic
coordinate system is UTM Sirgas 2000. The basemap is available on ArcMap v. 10.5.

The average value of the LS factor is 4.2, and the maximum is 34 (Figure 4B). In this
range, the sites with LS greater than 10, which represent only 1% of the area, may be highly
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susceptible to water erosion [50]. Despite the low percentage, such areas are distributed
throughout the area (Figure 4B), which reveals the importance of sustainable soil and water
management in tropical watersheds in southeastern Brazil [37]. The steepest areas play
an important role in the hydrological cycle. Such areas concentrate the surface runoff of
rainwater, which makes the soils more vulnerable to erosion and mass movements, causing
damage to the quality of water and soils [26].

In the Cantareira System, in addition to the high values of R and LS (Figure 4),
there is a predominance of Argisols and Cambisols with high erodibility (Figure 1E) and,
consequently, high susceptibility to erosion associated with lower tolerance limits for soil
loss. Therefore, sustainable management practices for C and P factors are essential to protect
soils from erosion. In addition, in the Cantareira System, land use based on agricultural
aptitude and the ability to use each soil is essential [52]. The sustainable use of the soil
promotes the maintenance of organic matter in the soil, the improvement of its structure
and water infiltration, the reduction of surface runoff and the need to add fertilizers and
pesticides, and the mitigation of damages related to contamination, eutrophication and
silting up of water bodies [34].

3.2. Soil Losses and Priority Areas for Conservation Management

In the Cantareira System, in 62% of the area, low soil loss rates predominate, and,
in 13.7%, they are moderate. However, in 17.3% (39,492 ha), soil losses are high and, in
another 7% (15,979 ha), very high (Figure 5).
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The soil loss estimates in the Cantareira System were compared with the Soil Loss
Tolerance (T), which consists of an indicator index of the maximum intensity of the erosion
process that still allows an economically sustainable production of agricultural crops [32,53].
Thus, the T values allow identifying priority areas for the adoption of erosion mitigation
measures to promote soil sustainability [49,54]. In the Cantareira System, 34% of the area
has losses above the T limits (Figure 5B).

The modeling by RUSLE estimated an average rate of soil loss for the region at
13 Mg ha−1 yr−1, which corresponds to an annual loss of about 3 million tons. On average,
the results were well below the average of 30 Mg ha−1 yr−1 obtained by RUSLE for the
entire state of São Paulo [52]. On the other hand, the results are similar to those of the
Tietê River watershed, also in the state of São Paulo, with an average rate of soil loss of
8.9 Mg ha−1 yr−1 [34]. The variation in RUSLE results in areas that make up the same
region could be attributed to methodological differences in obtaining its factors. However,
the application of different methods for obtaining RUSLE factors in the same area resulted
in similar magnitudes of soil loss rates [50,55]. The selection of the methodology for
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calculating the RUSLE factors depends on the data available for the area and the possibility
of comparing the results with the erosion values observed in the field. However, in this
case, the adopted methodology was validated by the data of total sediments observed in a
hydro-sedimentological station.

The predominance of areas with low soil loss in the Cantareira System (66%) is mainly
due to the high percentage of forest formations (45.1%). The average rate of soil loss in
this use was very low, 0.1 Mg ha−1 year−1, which points to the importance of natural and
reforested vegetation cover in reducing soil loss and water conservation [34,35]. Notably,
in the Cantareira System, important initiatives have recognized the role of forest cover
in water management and its benefits, such as the reduction of erosion. These initiatives
generate measures to implement forest restoration and conservation as a central strategy to
protect the Cantareira System from the water crisis [14].

In the Cantareira System, soil and water conservation programs are worth mentioning,
including the Nascentes Program of the state government of São Paulo, whose objective is
to optimize and direct public and private resources for the restoration of degraded areas,
the river basin committees that are responsible for water management planning, mediating
conflicts over water resources and defining mechanisms for charging for water use, and
the Water Producer Program of the Municipality of Extrema in Minas Gerais, created in
2005, which is a payment program for environmental services, whose main objective is to
increase forest cover in sub-basins that drain into the Cantareira System, aiming to control
the impacts of soil erosion on water quality to increase water infiltration and to promote
aquifer recharge. The municipality allocates approximately 3% of its budget to the program,
demonstrating the support of the local community with soil and water conservation [14,51].

It is worth highlighting the role of the Basic Sanitation Company of the state of São
Paulo (SABESP), the public institution responsible for operating the Cantareira System,
in managing the region’s soils. SABESP has been committed to reforesting and restoring
its private areas and conserves approximately 35 thousand hectares of the Cantareira
System [14]. In addition, federal and state laws, such as the Brazilian Forest Code and the
São Paulo watershed law, are important legal instruments to encourage the conservation of
natural resources in the Cantareira System.

Even in the face of water management and soil erosion reduction initiatives, 34% of
the Cantareira System soil losses are above the limits of T. These areas are distributed
throughout the region (Figure 5B). Considering that planted forests, agricultural crops and
areas without vegetation presented average soil losses higher than T values (Figure 6), they
are a priority for the adoption of measures to mitigate water erosion.

To reduce the impacts on the hydro-sedimentological cycle, mechanical, edaphic and
vegetative conservationist practices must be adopted. In steep areas, techniques to slow
surface runoff should be used, such as vegetation cords, border strips and windbreaks
in watershed dividers. Channels and stairs can be used to direct flows from the slopes
and relief breaks to the infiltration basins. In low areas and floodplains, the maintenance
of riparian forests is essential. In general, level planting and terracing are efficient and
relatively low-cost practices and should be widely used [34,56].

In temporary crops, the alternatives are direct planting, cultivation with minimal soil
disturbance and alternating planting with legumes. In coffee and silviculture, practices that
favor the maintenance of living or dead vegetation cover, such as alternating weeding and
joint planting, combined with dense planting, are options. Integrated cropping, livestock
and forestry systems, pasture rotation and edaphic practices can also be adopted [34,56].

The conversion of non-vegetated areas and degraded pastures into areas of sustainable
agricultural production will promote the growth of agricultural production and the supply
of ecosystem services and, at the same time, will prevent soil erosion [56]. Furthermore,
areas with very high soil losses should be priority targets for conservation programs for
the region’s natural resources. Identifying these priority areas for mitigating water erosion
is essential for managing the Cantareira System, as random reforestation of 2% of the area
would reduce sediment production by 8% [14]. However, by directing the restoration
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towards areas of greater susceptibility to erosion, the carrying of sediments into water
bodies can be reduced by 36% [14].
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3.3. Validation of Results

The sediment delivery rate (SDR) in the Jaguari River watershed was calculated at
0.22, indicating that 22% of soil losses in the region reach water bodies. By RUSLE/SDR
integration, it was estimated that the region has an average sediment generation of 2.8
Mg ha−1 yr−1, whereas the observed sediment transport, which was calculated based
on data from the hydro-sedimentological station, was 0.8 Mg ha−1 yr−1. Therefore, the
RUSLE model overestimated soil losses in the Cantareira System region, like the overes-
timation also observed in modeling soil losses in the Rio Grande Basin in southeastern
Brazil [50]. These results are supported by studies comparing RUSLE with other models
for estimating soil loss and sediment generation, which showed that RUSLE tends to
overestimate the results [57].

RUSLE overestimates soil losses and presents tolerable errors, but greater accuracy
of the results is observed in areas with greater soil losses [55]. The spatial distribution of
soil losses generated by RUSLE has good accuracy, and sites with high estimates are most
susceptible to the erosion process [58].

Water erosion modeling is a representation of reality, and not reality itself, and is
therefore subject to errors, which in most cases are acceptable [59]. In general, measured
and modeled soil loss rates show the same order of magnitude [60,61]. Therefore, modeling
is an efficient way to identify areas with different soil management [59].

Thus, the estimation of the RUSLE model for the Cantareira System should be in-
terpreted as a tool capable of identifying areas with greater susceptibility to erosion and
thereby directing resources and actions to priority locations in the adoption of conserva-
tionist measures for soil and water. In addition, the evaluation of erosion in large areas
such as the Cantareira System is only economically viable by modeling. Estimating the
magnitude of erosion and its spatial trends is essential for planning conservationist soil
management and water conservation.

4. Conclusions

In the Cantareira System, 66% of the area has low soil losses, mainly attributed to
areas with forest formations, which are the result of soil and water conservation programs
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implemented in the region. There are still areas with large soil losses (34%), demonstrating
that advances are needed in the adoption of conservationist practices in crops, aiming to
reduce the generation of sediments and increase the availability and quality of water in the
Cantareira System.

The adopted methodology identified areas susceptible to soil loss and defined pri-
ority areas for the implementation of mitigation measures. The results contribute to the
scientific debate on future works, bringing more information and knowledge to society and
sector managers.
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