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Abstract Soil and water are vital natural resources.
However, due to their indiscriminate use, these re-
sources are being seriously threatened. Therefore, it is
essential to manage them in a sustainable way and leave
them for future generations. Population and agricultural
areas have expanded, deforesting native landscapes for
cultivation and pastures. As a result, soil loss from
agricultural areas is increasing the amount of sediment
transport in water courses. The objective of this study

was to quantify soil loss and sediment yield from the
Corrente dos Matões sub-basin (CMSB). These mea-
surements are essential to quantify the environmental
impact of advancing agricultural frontiers. The Univer-
sal Soil Loss Equation (USLE) was applied due to its
wide use, compatibility with GIS, and data availability.
The suspended sediment transport was calculated by
collecting samples with DH-48 sampler. From the ap-
plication of USLE, the average soil erosion contributed
very little to sediment delivery in the watercourse, with a
magnitude of only 0.37 t ha−1 year−1. The highest soil
loss was associated with greater slope and was observed
in areas with agriculture or under the absence of vege-
tation cover. The low transport of suspended sediments
in CMSB is due to the existence of preserved sites.
About 99% of the sub-basin had a low degree of ero-
sion. The high degree of soil loss was attributed to the
cliffs and the development of agricultural activities leav-
ing the soil uncovered. This work will help identify the
most susceptible areas to water erosion for optimizing
the allocation of financial resources for the preservation
of this natural resource.
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Introduction

Quantification of soil loss at different scales, including plots
under simulated rainfall and measurement of sediment
transport and yield in river basins, is essential for proper

https://doi.org/10.1007/s10661-020-08789-y

Highlights Soil loss and sediment transport were measured under
different scales.
About 99% of the sub-basin had a low degree of erosion.
The average annual loss of soil predicted by the USLE was 0–1 t
ha−1.
The high degree of soil loss was attributed to the cliffs.
The suspended sediment yield equal to 0.89 t km−2 year−1 was
considered low.
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management of water resources. The erosive process is
often intensified by the increase in agricultural areas, dam-
aging preserved areas, which accelerate the transfer of
sediments and contaminants to water courses (Minella
et al. 2014; Shivhare et al. 2018; Rey 2003; Ochoa et al.
2016;Mehri et al. 2018; Tian et al. 2020). Sediments can be
transported on the riverbed as bed load or in suspension as
suspended load, which is often the highest contribution to
sediment yield and transfer of contaminants (Silva et al.
2015, 2018; Guo et al. 2018). In addition to chemical
problems, the excessive amount of sediment causes eco-
nomic losses, mainly due to the sedimentation of rivers and
reservoirs (Batista et al. 2017; Zhou et al. 2019; Aghsaei
et al. 2020).

Soil loss can be determined using mathematical models
or by direct measurements of sediment transport in water-
courses. These measurements are essential to quantify the
environmental impact of advancing agricultural frontiers
(Júnior et al. 2019; Hao et al. 2012). The Universal Soil
Loss Equation (USLE) is used for the quantification of rill
and interrill erosion and allows for integration with remote
sensing, geoprocessing, and modeling of environmental
processes (Singh and Panda 2017; Alewell et al. 2019).
Júnior et al. (2019) used USLE to assess the influence of
land use change on erosion in a tropical basin.

The Corrente dos Matões sub-basin (CMSB) is the
only perennial water resource in the Gurguéia
watershed—the second largest watershed in the State
of Piauí and an affluent of the Parnaíba River. This
water resource mainly includes areas for soybean and
livestock which can increase erosion and sediment
yield. Despite some areas with preserved riparian vege-
tation, mainly close to the channel banks, sedimentation
has been observed in almost the entire stream, especially
downstream and close to the outlet. Therefore, the ob-
jective of this work was to quantify soil losses using
simulated rainfall and USLE as well as quantify sedi-
ment transport and yield at the CMSB. Results will help
identify the most susceptible areas to water erosion and
optimize the allocation of financial resources for the
preservation of this natural resource.

Material and methods

Studied catchment

Located in the municipality of Bom Jesus, southwestern
portion of the state of Piauí (9° 01′ 52′′ and 9° 20′ 00′′

South and 44° 25′ 34′′ and 44° 52′ 16′′ West) (Fig. 1),
the CMSB covers an area of 964 km2, within a perimeter
of 168.7 km in length and 63.5 km in length of the main
water course.

At approximately 360 m of altitude, the CMSB is the
main tributary of the Gurguéia River which empties into
the Parnaíba River—the largest genuinely northeastern
river being navigable in its entire length of more than
1400 km. The climate is warm and semi-arid. The
average annual rainfall is 900 mm, ranging from 800
to 1200 mm. The rainiest period is from December to
April. The temperature ranges from 18 to 36 °C. The
predominant geomorphology in the region is the wide,
flat, or slightly wavy tabular surface, limited by steep
escarpments that can reach 600 m, showing relief with
lowered and dissected areas. The CMSB’s relief is pre-
dominantly flat. The predominant soils are Oxisol,
Entisol lithic, and Entisol fluvents (Fig. 1).

In the sub-basin area, there is a well-preserved flora
typical of the Cerrado forest, with the presence of semi-
deciduous, deciduous, and epiphytic species, and of
typical caatinga forest, with the presence of trees and
low shrubs with twisted branches, creeping herbs, and
cactus. It is also possible to verify the presence of
permanent preservation area that borders the river
course. The densest Cerrado vegetation and areas with
agriculture and livestock cover around 33 and 27%,
respectively.

Soil collection and physical and chemical analysis

Fifty-nine composite samples (0–10 cm) were collected,
according to the methodology described by Teixeira
et al. (2017). The organic carbon content of the samples
was determined by wet digestion K2Cr2O7-H2SO4

(Yuan 1963). The granulometric analysis was deter-
mined by the pipette method (Gee and Bauder 1986).

Estimation of parameters of the Universal Soil Loss
Equation

The use of USLE was preceded by a survey of second-
ary data, determination of qualitative primary data, de-
termination of quantitative primary data by on-site ex-
periment, classification of orbital images, and integra-
tion of data from the analysis and processing in the
environment of geographic information systems.

The methodology proposed by Bertoni and
Lombardi (2005) was used to obtain the erosivity factor
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(R). The values were interpreted according to Carvalho
(1994): low (R < 2452), medium (2452 < R < 4905),
medium to strong (4905 < R < 7357), strong (7357 < R <
9810), and very strong (R > 9810).

The erodibility factor in the area composed of
Oxisols was obtained through a direct and an indirect
method. In the first case, a rainfall simulator was used,
and the final value compared to the estimated value
obtained by the indirect method (nomogram). The ex-
periment was carried out in experimental plots with a
useful area of 0.70 m2 delimited by galvanized steel
sheets. Before the application of rain, the soil moisture
standardization was carried out through micro sprinkler.
The simulated rain was applied with a portable rainfall
simulator model InfiAsper, developed by Alves
Sobrinho et al. (2008). This equipment was calibrated
before the test with a rain intensity of 65 mm h−1. Each
test lasted 60 min from the beginning of runoff.

The methodology described in Panachuki et al.
(2011) was used to evaluate runoff in each treatment,
in which the volume drained with the aid of plastic pots
with a capacity of 1 l was collected. A runoff sample
was collected every 2 min. After measuring the runoff

volume, every 6 min a sample was stored, totaling 10
samples for each treatment. The sediment mass was
obtained by the evaporation method. From these values,
soil loss and erodibility were calculated. To estimate soil
erodibility values, an indirect method proposed by
Wischmeier (1978) was used. To facilitate the work,
an approximation of the nomogram, developed by
Arnold (1994), was used.

The topographic factor (LS) was elaborated from
data obtained from the Digital Elevation Model
(DEM) provided byNASA’s Shuttle Radar Topography
Mission (SRTM). The equation proposed by Bertoni
and Lombardi (2005) (Table 1) was also used by Corrêa
and Dedecek (2009). To finalize the LS map, it was
necessary to individually obtain the slope length (λ) for
each pixel in the DEM.

EL, soil loss; Rij, rainfall erosivity; Ki, soil erodibility,
LSi, topographic factor, CPij, soil cover and conserva-
tion practices, Pm, average monthly total rainfall (mm);
Pa, average annual total rainfall (mm). Ka, % of organic
matter;Kb, coefficient relative to the soil structure (b = 1
for very fine granular structure; b = 2 for fine granular
structure; b = 3 for medium or coarse granular structure;

Fig. 1 Sampling sites and soil classes of the CMSB
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b = 4 for block, laminar or massive structure); Kc,
permeability class (c = 1 for fast permeability; c = 2
for moderate to fast permeability; c = 3 for moderate
permeability; c = 4 for slow to moderate permeability; c
= 5 for slow permeability; c = 6 for very slow perme-
ability). Px, pixel size; and S: land slope

In order to verify possible changes in the landscape
along the main water course that influence the C and P
factors of USLE, trips were made and divided into six
phases: three in each semester of the year. The degree of
conservation of the vegetation filter strips and perma-
nent preservation sites was evaluated, based on a qual-
itative model, for assessing the characteristics and level
of environmental impacts resulting from human activi-
ties and the conditions of habitat and level of conserva-
tion. The evaluation of model was used during the visits
and monitoring, allowing changes in the area to be
monitored. The representative aspects at each point were
noted, recorded with a camera with a remotely piloted
aircraft (RPA) of the quadricopter type. Each point was
also geolocated with a navigation GNSS receiver. In this
model, the presence and appearance of water, forms of
land use, and conservation status of vegetation and soil
were considered.

Finally, the C factor was obtained with the aid of a
Landsat satellite image 8 ETM sensors fromOctober 21,
2017, from orbit and point 220/66. The image classifi-
cation was performed using the compositions to express
plant and soil components (i.e., vegetation (comp_654)
and combination to differentiate water from soil,
highlighting vegetation (comp_564) and bands 4, 3,
and 2 which corresponded to the infrared, red, and green
bands of the spectrum, respectively). This image was
classified using the classification method supervised by
the maximum likelihood algorithm. Subsequently, four
classes were defined within the basin: water, thin

vegetation, dense vegetation, and bare soil. Once the
image of area was classified, the percentage of each
class was calculated, and the corresponding value of
the C factor recommended by Fujihara (2002) was
determined, which determined the factor C as 0, 0.01,
0.025, and 1 for water, dense vegetation, thin vegeta-
tion, and bare soil, respectively.

At the end, the map of soil loss was made from the
interaction of each USLE factor, being possible to gen-
erate the following maps: erosivity, erodibility, topog-
raphy, and land use. These databases were integrated by
map algebra, where the maps of each factor necessary
for the application of USLE were used: the LS factor
that constitutes the effect of slope and the C and P
factors considered in the vegetation cover map, factor
K, and factor R. By combining these maps, it is possible
to categorize the territory and obtain a map of
homogeneous units susceptible to erosion. The results
were classified according to Pham et al. (2018) (t ha−1):
very low erosion (0–1), low erosion (1–5), medium
erosion (5–10), high erosion (10–50), and extreme ero-
sion (> 50).

Hydraulic flow characterization and sediment yield

CMSB’s hydrosedimentometric monitoring was carried
out in two cross sections located upstream and down-
stream of the main watercourse. The upstream cross-
section presented the mean values for the width and
height of the water flow equal to 6.2 m and 0.42 m,
respectively; for the downstream section, the values
were 4.7 m and 0.6 m, respectively. The average flow
velocity (m s−1) was obtained during the period of low
and high flow regime using a current meter. The number
of points on which the windloss was positioned varied
according to the water flow depth at the time of each

Table 1 Description of parameters of the universal soil loss equation

Variable Equation Unit

EL Ri,j.Ki.LSi.CPi,j t ha−1

Rj 67.3550*(Pm2/Pa)0.85 MJ mm ha−1 h−1

Ki (2.1×10-4*M1.14**(12-ka) + 3.25(kb-2) + 2.5(kc-3))*0.001317 t ha−1/MJ ha−1 mm h−1

M (% silt + fine sand) × (100 − % clay) %

LSi 0.00984 × λ0.63 ×D1.18 Pixel

λ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Px2 þ S

100

� �� Px
� �2

q Pixel
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measurement (Back 2006). The flow was calculated by
the product between the cross-sectional area and the
average flow velocity (Table 2).

Ql water discharge (m3 s−1); Qi, water discharge of
each profile (m3 s−1); Ai, area of influence of each
vertical (m2); Vi, average flow velocity in each vertical
(m s−1). V, flow velocity (m s−1); K, proportionality
constant (i.e., 0.4 for the sampler tip ¼”); Tsampling,
minimum time for sampling (s); h, depth of the sampling
vertical (m); Vt, transit ratio (m s−1); Css, suspended
sediment concentration of each vertical (mg L−1);Msed,
mass of the sediment (mg); Vsample, sample volume
(L); Qss, suspended sediment discharge (t day−1); Ql,
net discharge from the respective vertical (m3 s−1). Ps,
sediment yield (t day−1); A, sub-basin area (Km2); Re,
Reynolds number (dimensionless); Rh, hydraulic radius
(m); v, kinematic viscosity of water; Fr, Froude number
(dimensionless)

The sampling of suspended sediment was carried out
according to the Equal Width Increase (IIL) method
(Edwards and Glysson 1999). The suspended sediment
was collected using the US DH-48 sampler. This equip-
ment is one of the most suitable ones for the flow
characteristics of the sub-basin and allows for obtaining
isokinetic samples. The transit ratio was calculated from
the adjustment proposed by Edwards and Glysson
(1999). This minimum sampling time was calculated
according to Carvalho et al. (2000) and Merten and
Poleto (2006). The sediment mass was obtained follow-
ing the evaporation methodology (USGS 1973). The
suspended sediment concentration (SSC) for each verti-
cal was calculated by the ratio between the mass of dry
sediment and the sample volume. With the data of
suspended sediment concentration, it was possible to

calculate the Coefficient Box that defines the sampling
accuracy.

The suspended solid discharge was determined by
the sum of the product between the CSS and the respec-
tive Q. The sediment yield was calculated by the aver-
age of the product of the suspended solid discharge and
the total area of the basin.

Results and discussion

Measuring soil erosion and obtaining USLE parameters

The average soil loss in the experimental plots submitted
to simulated rainfall in Oxisols was equal to 0.001321 t
ha−1. This value was considered low according to Pham
et al. (2018). The texture of the sandy loam soil provided
greater water infiltration to the detriment of runoff and,
therefore, a reduced and low energy liquid discharge for
the displacement of solid material. In field conditions,
the low value of soil loss in Yellow Latosol was attrib-
uted to soil preparation at a level, providing unfavorable
conditions to the increase in runoff and, consequently,
the soil loss (Kok and Kim 2019). Another factor is the
soil texture, sandy loam, which provided greater water
infiltration to the detriment of runoff.

The average value of rainfall in the CMSB was
912 mm year−1. These values were similar to those
presented by Andrade Júnior et al. (2004), who identi-
fied an average annual rainfall of 800 to 1000 mm for
the southern region of the state of Piauí. The R factor
obtained through the methodology proposed by Bertoni
and Lombardi (2005) was 6348 MJ mm ha−1 year−1

(Fig. 2a). Close values were found by Morais and
Sales (2017) in the same region (6256 to 6319 MJ mm
ha−1 year−1). Based on the classification proposed by
Carvalho (1994), the CMSB erosivity was considered
medium to strong and, therefore, agricultural practices
that promote soil detachment, changing the surface con-
ditions of the land, should be used carefully, especially
from November to March.

The spatial distribution and the magnitude of erod-
ibility factor (K) varied between 0.0593 and 0.0382 t h
MJ−1 mm−1 (Fig. 2b). Low values represent more resis-
tance of the soil to the detachment by high intensity
rains. The Entisol lithic showed greater erodibility due
to the lower contents of organic matter and clay. Ac-
cording to Brady and Weil (2009), soil erodibility is

Table 2 Description of sediment transport variables in CMSB

Variable Equation Unit

Ql ∑n
i ¼iQi ¼ ∑n

i ¼1Ai � Vi
m3 s−1

Vt Ve ×K m s−1

Tsampling
2h
Vt

s

SSC Msed /Vsample mg L−1

QSS ∑(SSCi ×Qli) × 0.0864 t day−1

Ps Qss × 365/A t day−1

Re V × Rh/v Dimensionless

Fr
V=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
9:8*Rhð Þp Dimensionless
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influenced, above all, by the infiltration capacity and
structural stability.

A considerable part of the sub-basin showed the K
values greater than 0.05 t h MJ−1 mm−1, indicating a high
susceptibility to water erosion. The erodibility of the
Oxisol, calculated by direct and indirect methods, present-
ed practically similar values, 0.0593 and 0.0534 t MJ−1

mm−1, respectively, increasing the reliability of results.
The CMSBhas a predominantly flat and smoothwavy

relief, covering about 54% and 27% of the sub-basin
area, respectively (Fig. 2c). The flat relief areas are main-
ly located at the top of the plateaus, as well as along the
river plain, while the smooth wavy relief extends
throughout the territory of the sub-basin, as well as the
wavy relief that occurs in 10% of the sub-basin area (Fig.
2). The areas of strong wavy and mountainous relief (4%
and 2% of the basin, respectively) occur especially at the
headwaters of drainage and at the base of the exhausts of
the plateaus. The areas of strong mountainous relief (1%
of the sub-basin) are associated with the escarpments
eroded at the edges of the plateaus and plateaus.

Analysis of the topographic factor is important in the
application of USLE, since this parameter characterizes
the speed of runoff and, therefore, is an indicator of the
risk of soil erosion in watersheds. In the field of soil
management, it is important to determine whether areas
with higher LS values coincide with areas of greater
erodibility and low soil coverage (high soil exposure) to
identify the areas at greatest risk to water erosion and
where conservation needs to be intensified.

It is worth noting that the escarpments eroded at the
edges of plateaus, common and naturally occurring in
productive cerrado areas, limit the applicability of ero-
sion models based on USLE when applied spatially.
These interfere when determining the contribution or
effective influence of the parameters related to slope
and slope length, limiting the modeling and tending to
overestimate and generate erosion peaks outside the
average representativeness of the area. In these bands
of abrupt topography change, it is necessary to carefully
parameterize the slope and length factors of the USLE or
even to exclude these bands.

Fig. 2 Maps of erosivity (a), erodibility (b), slope (c), and land use (d) of CMSB
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The southwestern part of Piauí, where CMSB is
located, is in a growing development of agribusiness.
The area where the grains are grown spends most of the
year in the absence of vegetation cover. About 38.02%
of the area is reserved for agriculture and 8.32% under
pasture (Fig. 2d). The intensification of monoculture
and pasture cultivation can offer efficient vegetation
cover to the soil, accelerating erosion processes.

Soil loss

The estimated soil loss for CMSB ranged from 0.01 to
76.64 t ha−1 year−1. The results clearly indicated that the
average soil erosion of CMSB contributed little to the
delivery of sediments in the watercourse and had a
magnitude of only 0.37 t ha−1 year−1. The results
showed that 99% of the total area of the study was under
the low rate of soil loss (i.e., < 5 t ha−1 year−1) which
seemed to be tolerable according to the established
limits, especially for the flatter areas (Fig. 3). The area
in which the soil rate was greater than 10 t ha−1 year−1

occupied less than 1% of the total area, mainly in high
slopes. This area was mainly affected by the high to
extremely high rate of soil loss through erosion. These
values were concentrated in areas where the slope was
relatively high and the undulating topography was com-
bined with little or no soil cover.

These results allowed for the hypothesis that there
was a compensatory effect of attenuating vegetation on
the sedimentological processes in the basin to the point
that there was a break in the connectivity of sediments
from agricultural areas and eroded escarpments, making
it impossible for these materials to reach the channel
(Okin et al. 2015; Saco et al. 2020). In this way, the
degree of connection between the sediment detachment
sites and the drainage network was minimized due to the
accelerated dissipation of the transfer of energy and
matter between two topographic units. Understanding
the dynamics about the connectivity patterns in the basin
allowed the efficient targeting of practices to control the
processes of erosion, sedimentation, and sediment trans-
port, being able to guarantee the water quality, due to the

Fig. 3 Soil erosion map in CMSB
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reduction of eutrophication by the increase in the quan-
tity of nutrients; and soil fertility, due to less soil loss.

In order to maintain the current trend of soil erosion
and minimize the high rate of erosion in some parts of
the area currently observed, some means of conserva-
tion need to be implemented on a priority basis, which
will help prevent erosion from other areas. According to
Ali and Hagos (2016), high values of soil loss result
from the combination of steep slopes, high rainfall, and
soils with little or no vegetation cover due to anthropic
influences such as deforestation and activities such as
livestock, located in the areas most sensitive to erosion.
According to El Jazouli et al. (2019), any decrease in
vegetation cover will have a direct consequence on the
rate of soil erosion. In addition, deforestation in soil
areas is one of the most relevant factors in erosion
induced by the change in land use. Panagos et al.
(2015) observed that factor C and its associated rates
of soil loss can potentially be influenced by changes in
land use, especially deforestation.

Validation is one of the main challenges with erosion
models, and it can be carried out by surveying and simu-
lating soil loss (Lazzari et al. 2015; Ganasri and Ramesh
2016). However, there are always difficulties due to the
scarcity of measured data to correlate the results of the
simulated model. SBRCM is located in the countryside
and has problems with the distribution of energy and
water. In the area of Oxisols, it was possible to compare
the erodibility values obtained in the field directly with the
estimated values. The values were practically identical,
confirming the reliability of prediction.

It was observed that only 1% of the sub-basin was
classified as high and extreme erosion classes. However,
there were indications that soil erosion in the study area
would increase due to the use of more areas for the
cultivation of annual crops and pasture and under land
use and management systems that did not apply soil
conservation practices properly. Other studies rein-
forced intensive agriculture as an adverse factor to soil
conservation (García-Ruiz et al. 2013; Nunes et al.
2011; Gessesse et al. 2015). This expansion can lead
to an increase in soil loss rates, increasing the supply of
sediments to drainage channels, solubilization, and
leaching of phosphate fertilizers (NPK). In addition,
the intense mobilization of agricultural land can favor
the silting and eutrophication of reservoirs, as discussed
by Pantano et al. (2016). For this reason, CMSB requires
attention to areas classified as medium to extreme in
terms of soil conservation.

Sediment transport

In the upstream cross section, it was found that the
lowest concentration of suspended sediments (7.73 mg
L−1) occurred in the non-rainy period and under a flow
rate of 0.10 m3 s−1. The highest suspended sediment
concentration was 136.61 mg L-−1, with a flow rate of
0.17 m3 s−1. The Reynolds and Froud numbers ranged
from 18126.22 to 30247.41 and from 0.04 to 0.05,
showing greater turbulence associated with flow during
the high flow period. In the downstream section, the
lowest concentration of suspended sediments (6.41 mg
L−1) was found in the non-rainy season with the flow
rate of 0.24 m3 s−1 and the highest concentration
(99.28 mg L−1) in the rainy season, with a flow rate of
0.31m3 s−1 (Table 3). The Reynolds and Froud numbers
ranged from 54765.53 to 63569.1 and from 0.04 to 0.07,
respectively, demonstrating greater energy associated
with downstream flow, as reinforced by the higher mean
value of suspended sediment discharge.

The greatest variations in the suspended sediment
concentration were triggered by the high variations in
rainfall events, which coincided with the high variation
in the transport of suspended sediments (Table 3). The
largest transport of suspended sediments occurred in the
downstream cross section due to the higher values of
flow and turbulence associated with flow (Table 3). This
result indicated that not only runoff played a relevant
role in the movement of soil particles, but also that the
process of soil erosion was still substantially affected by
other factors, including erodibility, slope, use, and man-
agement of the soil.

Some local conditions may justify an increase in
sediment from one section to another. The first visible
aspect was the contribution of sediments from crops.
The cross section located upstream was close to the
preserved areas, in a sparsely populated area; the second
monitoring section was located near the mouth of the
stream, where there was a contribution of sediment from
cattle farms and crops. However, the suspended sedi-
ment yield equal to 0.89 t km−2 year−1 was considered
low.

All these characteristics are especially important,
since during the dry season the soils in the Cerrado
region are not normally cultivated, making the surface
evenmore exposed to rain.With the use of USLE, it was
possible to estimate soil loss per year, but not all of this
eroded soil reached CMSB directly, as can be seen
through direct measurement campaigns for suspended
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sediment transport. According to Larsen (2019), the soil
cover can retain the sediment in the catchment area,
preventing it from reaching the stream bed. The preser-
vation of vegetation filter strips tended to increase the
infiltration rate and reduce peak flows and floods.

This study provides useful information for future
planning and management of natural resources and pro-
vides support in implementing strategies to mitigate the
effects of increased soil loss in the region. In sub-basins
that present similar conditions, the results of this study
can be used to predict the hydrological behavior and
sediment loads of data from data-scarce watersheds. In
addition, this study may support future studies of eco-
logical impacts in the Gurguéia and Parnaíba River
basins, mainly in improving the methodological
approach.

Conclusion

A quantitative assessment of soil erosion from CMSB
using the USLE equation in the GIS environment

effectively provided a set of different spatial manage-
ment approaches to estimate erosion in the sub-basin.
The average annual loss of soil predicted by the USLE
was 0–1 t ha−1, being validated with the soil loss mea-
sured through the rain simulator.

The low transport of suspended sediments in CMSB
is due to the existence of preserved sites. About 99% of
the sub-basin had a low degree of erosion. The high
degree of soil loss was attributed to the cliffs and the
development of agricultural activities leaving the soil
uncovered.

With the use of USLE combined with the GIS envi-
ronment, it was possible to generate a map where it was
possible to identify the areas most susceptible to ero-
sion, facilitating the choice of appropriate conservation
practices for the management of CMSB.

The USLE-SIG association was valid, but the erosion
modeling in an area where there were eroded natural
escarpments must be treated separately in the
parameterization.

It is worth noting that the escarpments eroded at the
edges of plateaus and plateaus, common and naturally

Table 3 Variables for sediment transport in the upstream and downstream cross sections

Measurements P CSS CB QSS Q CSS CB QSS Q
(mm) (mg L−1) (t day−1) (m3 s−1) (mg L−1) (t day−1) (m3 s−1)

Upstream Downstream

03/10/2018 0 7.73 0.1 0.08 0.1 8.2 0.2 0.08 0.1

10/10/2018 0 45.2 0.6 0.62 0.14 12.13 0.2 0.05 0.08

17/10/2018 59 107.1 1.3 6.41 0.54 29.91 0.6 9.3 0.83

24/10/2018 0 33.46 0.4 0.23 0.22 6.41 0.1 0.12 0.24

31/10/2018 0 136.61 1.7 2.32 0.17 54.62 1 2.74 0.58

14/11/2018 0 109.5 1.4 0.43 0.18 43.05 0.8 0.81 0.23

21/11/2018 6 24.87 0.3 0.81 0.36 39.16 0.7 0.76 0.16

10/12/2018 7 50.7 0.6 1.13 0.29 52.74 1 7.29 0.53

20/02/2019 3.2 87.07 1.1 1.49 0.21 78.84 1.5 2.37 0.36

22/02/2019 22 58.84 0.7 1.77 0.36 77.37 1.4 2.26 0.36

25/02/2019 0 68.74 0.8 1.19 0.16 99.28 1.8 1.96 0.31

07/03/2019 0 63.66 0.8 3.03 0.38 51.47 0.9 3.22 0.38

08/03/2019 0 96.24 1.2 2 0.29 59.58 1.1 3.33 0.39

21/03/2019 3.2 46.96 0.6 1.52 0.25 63.84 1.2 3.28 0.38

27/03/2019 3.4 49.08 0.6 1.77 0.3 77.71 1.4 3.01 0.35

04/04/2019 12.1 33.27 0.4 1.99 0.32 34.15 0.6 0.67 0.21

11/04/2019 2 35.84 0.4 2.52 0.22 29.47 0.5 0.7 0.29

03/05/2019 6 34.96 0.4 0.68 0.18 19.43 0.4 0.32 0.18

Means 6.77 60.54 0.8 1.67 0.26 46.52 0.9 2.35 0.33

*P, precipitation; CSS, concentration of suspended sediments; QSS, solid discharge in suspension; Q, flow
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occurring in productive cerrado areas, limited the appli-
cability of erosion models based on USLE when applied
spatially. These interfered when determining the contri-
bution or effective influence of the parameters related to
slope and ramp length, limiting the modeling and
tending to overestimate and generate erosion peaks out-
side the average representativeness of the area. In these
bands of abrupt topography change, it was necessary to
carefully parameterize the slope and ramp length factors
of the USLE or even to exclude these bands.
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