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Abstract: The efficiency and useful life of reservoirs are directly related to the production and input
rates of sediments resulting from erosive processes at the edges and those resulting from the action
of surface runoff in contribution areas and transported via tributary channels. Knowledge of the
intensity, as well as the relationship between generation and input, allows more precise identification
of critical environments, helping in the decision-making process and allowing the definition of
mitigating measures. This work aims to relate the spatial variability of soil loss with the respective
sediment transfer potential in two sub-basins tributary to the HPP Batalha reservoir in the Midwest
region of Brazil. The methodology comprised the bivariate analysis between estimates of soil loss in
areas of contribution and the Declivity-Extent Relationship along the channels. The results point to
the configuration of four spatial patterns, indicating different levels of criticality in terms of sediment
generation potential and transport capacity. In addition, they highlight basins with high potential
and greater proximity to the reservoir, which constitute priority areas for monitoring, especially the
conditions of soil cover and management, to contribute to the reduction of sediment inputs and
prolong the efficiency of these structures.

Keywords: water erosion; sediment contribution; tropical reservoirs

1. Introduction

Understanding the phenomena involving sediment generation and transport along
hydrographic systems requires the application of appropriate methodologies when one
intends to identify critical areas and implement intervention projects aimed at reducing the
impacts resulting from hydrosedimentological imbalances [1,2]. The reason for that is the
representation of each process involved is based on direct observations, data systematiza-
tion, the definition of equations, and the implementation of spatial models representative
of each stage [3]. In this sense, the definition of appropriate methodological chaining
is fundamental for more assertive detection of critical environments and more efficient
application of resources aimed at reducing or mitigating the impacts arising from soil loss
and sediment generation. Maintaining efficiency, as well as extending the useful life of
large reservoirs [4], is important for the maintenance of socioeconomic arrangements [5].
Similarly, maintaining one of the essential sources of energy today, especially in tropical
countries with large dimensions and considerable hydroelectric potential, such as Brazil.

Soil erosion is a critical phenomenon to be considered both in the land use planning
and management definition phase and in monitoring the processes in watersheds destined
for the multiple uses of hydric resources [6]. It has direct and indirect implications not only
on agricultural productivity and ecosystem services but also on the lifetime of reservoirs [7].
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Although they may be a natural phenomenon, erosive processes tend to be enhanced
in historical time due to anthropogenic activities, such as deforestation, silvopastoral
activities, and inadequate soil use and management, which result in several geosystemic
imbalances [8,9]. Erosion at an accelerated pace acts by eliminating mainly the uppermost
layers, with the consequent reduction of soil fertility and infiltration capacity. Consequently,
the material resulting from the disintegration tends to be transported via flow convergence,
which can result in high sediment deposition rates in low-energy environments, such as
backwater areas, which reduces reservoir efficiency and useful life [10–14].

Sediment input to reservoirs can be evaluated under two approaches, taking as criteria
the source area and the mechanisms of disaggregation and transport [15]. This way,
sediment-producing environments can be located at the edges or in contribution basins
with varying distances. The first situation covers the phenomenon of mass movements
resulting from the destabilization of edges. One of the leading causes is the soil that, in
contact with water bodies, begins to acquire new behaviors in the face of changing moisture
conditions. This process involves the disintegration and transfer of mass from steep areas
with greater displacement power to lower areas and lower slopes, resulting in increased
concavization due to the deposition process and consequent bottom flattening. Another
approach concerns the generation of sediments in contribution areas and along the river
channels, whose translation time varies as a function of distance, with the transfer to the
reservoirs occurring via drainage channels. In this sense, sediment generation occurs in
a more concentrated path, considering that the most accentuated processes tend to occur
during rainy events. In this context, sediment transport capacity is related to the flow
power responsible for the interaction between the slope system and the plains, being
considered as the force of the processes of formation of the morphology and dynamics of
the hydrographic system [16–19].

Thus, having as reference the principles that govern the processes of erosion and
transport, it is possible to perform diagnostics that allow the identification of the most
significant variables, as well as forms of spatial and temporal representation [20]. In the
watershed context, one of the hypotheses is that the generation rate is directly proportional
to the specific contribution area, which represents the influence of the factors of contri-
bution area and flow convergence on the behavior of the processes involved. However,
anthropic interventions can reverse this relationship, indicating a high potential for erosive
contribution in areas near the springs due to geosystemic imbalances [21,22]. Therefore,
the relationship between soil loss estimates and the Declivity-Extent Relationship index
helps to identify unstable areas with distinct sediment generation and transfer potentials
along hydrographic systems. This index was proposed by Hack in 1973 [23] and is propor-
tional to the product between the extent and the respective altimetric gradient of a given
channel segment. When applied in large basins, considering the constituent sub-basins, the
relationship between soil loss and transfer potential becomes relevant. It occurs because it
allows the connection of each contributing area with its respective channel, allowing the
configuration of spatial patterns of the erosive contribution potential in the constituent
basins. The process may be justified because the variability of erosive processes is highly
complex and still not sufficiently understood for environments of great extension and
variability of conditioning factors [24].

Considering the above, we relate the spatial variability of soil loss with the respective
sediment transfer potential in the characterization of basins with distinct levels of criticality
in two sub-basins of the São Marcos River in the Midwest region of Brazil. It is noteworthy
that among the main advantages of working with the spatial variability of production and
sediment transfer is that of integrating the results of two processes in a single plane of
information in a computational environment, allowing an integrated representation and,
therefore, more conducive to decision-making.
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2. Materials and Methods
2.1. Location and Characterization of the Study Area

The research area corresponds to the basins of two tributaries of the right bank of the
São Firmino River, a tributary of the São Marcos River in the state of Goiás, Midwestern
region of Brazil (Figure 1). It comprises an area in which there is extensive and intense
agricultural activity, with emphasis on irrigated cultivation [25], as well as small and large
reservoirs intended for agricultural activities and hydroelectric power generation [26].
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Figure 1. (a) Location of Brazil in South America, (b) State of Goiás—Midwestern Region of Brazil,
and (c) right margin of the São Firmino River.

Under the physical aspect, it is characterized by high, residual tops, sometimes flat,
supported by detritic–lateritic ferruginous covers composed of clusters of laterites, clay,
and sand. The intermediate and steeper segments are associated with the dissection of the
Canastra Geological Group—Paracatu Formation, with the predominance of rocks such as
sericite and carbonaceous phyllite. Alluvial deposits, composed of sand and gravel, occur
in transitioning from these to the lower and flatter parts [27]. In the higher and residual
areas, there is a predominance of Plintossols (Petric) with a texture varying from clayey to
gravelly, followed, sometimes, by steep segments with the occurrence of Leptsol (Litholic)
with sandy to gravelly texture [28,29]. At intermediate altitudes are flatter areas with a
predominance of Ferralsol (Red) with a clayey to very clayey texture and, to a lesser extent,
Ferralsol (Red-Yellow) with a clayey texture. On the lower levels, with significant slopes
in dissected terrains, there is a predominance of Cambisol (Haplic) of clayey to medium
texture, sometimes substituted or associated in the steeper segments with Leptsol (Litholic)
of sandy to gravelly texture. Along the plains, in low altimetric gradients, there is an
association of Fluvisol (Dystrophic) and Gleysol (Haplic).

In general, they are very elongated basins with low circularity index, developed in the
form of amphitheaters resulting from the association between the low altimetric gradient
in the longitudinal direction and high slopes in the transverse direction. According to
Monteiro’s classification [30], the climate of such areas can be recognized as semi-humid
tropical, with a dry winter, rainfall of 5.3 to 6.9 mm from June to July, and an average
temperature of 24.6 ◦C during the same period. The summer is hot and rainy, with
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temperatures around 30.3 ◦C in October and accumulated precipitation ranging from
243.1 mm to 275.2 mm in January and December [31].

2.2. Methodology

The evaluation of the spatial variability of the sediment production and transfer estimates
comprised the bivariate spatial relationship between the soil loss estimates, resulting from the
application of the Modified Universal Soil Loss Equation (MUSLE) [32–34] and the Declivity-
Extent Relationship (DER) proposed by Hack in 1973 [23]. Therefore, the data processing and
structuring of the MUSLE variables occurred cumulatively, that is, considering the gradual
increase in the contribution area and the spatial variability of each variable involved using
geoprocessing procedures. Otherwise, the DER index was applied considering the extension
of the channels from the springs to their connection with the reservoir.

2.2.1. Sediment Generation Estimate

The relationship between the MUSLE and the DER index was established from the
connection point of each contributing area with its respective channel, allowing each
unit to be characterized as the generation, transport, and, consequently, the estimation of
sediment input. This approach allowed, besides the simultaneous analysis of two processes,
to preserve the application protocols of each model, the MUSLE being applied to the
contributing area and slope scale and the DER index at the drainage channel scale. Both
models were implemented via geoprocessing in the present work, with the MUSLE applied
based on Equation (1).

S = 11.8 × (Q × pq)0.56·K × LS × CP (1)

where S = estimated soil loss per rainfall event, in tons; Q = runoff volume resulting from
the relationship between effective precipitation and contribution area, in m3; pq = peak
runoff rate along the rainfall event, in m3/s; K = soil erodibility factor, in t-h MJ−1 mm−1;
LS = topographic factor (L is the slope-length factor; and S is the slope-steepness factor, both
dimensionless); and CP = land cover and support practice (C is the cover and management
factor, and P is the support practice factor, both dimensionless). As it is possible to observe,
the soil loss estimation in MUSLE tends to be more accurate in time because it shows more
correlation to rainfall conditions, directly related to the volume in runoff and to the flow
resulting from the rainfall event.

The spatial variability of surface runoff and peak flow estimates were determined
from the effective precipitation. This was determined based on the proposal of the Soil
Conservation Service (SCS), now the Natural Resource Conservation Service (NRCS) of the
U. S. Department of Agriculture, with its first version published in 1954 [35]. This proposal
has undergone several revisions and consists of the ratio between the rainfall resulting
from the rainfall event and the infiltration capacity of soils, as presented in Equation (2).

Qd =

[
(R − 0.2 × S)2

(R + 0.8 × S)

]
, as long as P ≥ Ia = 0.2 × S (2)

where Qd = effective precipitation, or resulting water sheet height, in mm; R = rainfall
height resulting from the rainfall event, in mm; S = soil infiltration potential, in mm; and
Ia = 0.2 S abstraction or initial loss considered, in mm.

As observed in Equation (2), an initial loss corresponding to 20% of the soil infiltration
potential is considered for effective precipitation. This percentage results from interception
by plants, retention in the microrelief, and other forms of environmental wetting. Thus,
rainfall events that have total precipitation of less than 20% of the soil infiltration potential
do not generate runoff.

The rainfall height or accumulated precipitation was determined from the product
between the intensity and the duration time of the rainfall event. Following the example
of other initiatives [36,37], precipitation intensity was determined using the Intensity–
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Duration–Frequency (IDF) relationship [38]. For this, the relationship obtained [39] was
used for the municipality of Cristalina, as presented in Equation (3).

i =
K × TR a

(tc + b)c =
878.213 × TR 0.2088

(t + 12)0.7600 (3)

where i = average of maximum rainfall intensities, in mm/h; TR = return time considered,
in years; t = runoff concentration time, in minutes; and K, a, b, and c being adjustment
coefficients proper of the climatological station.

To calculate the average maximum rainfall intensities, a return period of 25 years
was considered, considering that the present study does not involve safety works and
thus allows considering a scenario with a higher probability of occurrence. As for the
runoff concentration time, the longest time found among the involved contribution areas
was considered. This choice is due to the need to consider a scenario in which the largest
contribution area can contribute to the runoff, allowing a condition to be reached for the
peak flow. For this, we used the relationship between the flow length on the slopes and the
average slope of the basin [40] through Equation (4).

Tc = 7.68 × (L/Sw0.5 )
0.79

(4)

where Tc = runoff concentration time, in min; L = length of the basin main flow line, in km;
and Sw = average basin slope in m/m.

The infiltration potential S was calculated by determining the CN (Curve Number)
values according to the Natural Resources Conservation Service (NRCS) [35], as presented
in Equation (5).

S =
25400
CN

− 254 (5)

where S = infiltration potential, in mm; CN = Curve Number, dimensionless; and 25,400
and 254 are constants originating from the model.

The CN values were defined according to the evaluation of the soil types, mainly the
texture, depth, and classification in Hydrological Groups (Table 1), as well as the cover
and use conditions. Therefore, the CN values (Table 2) vary from 0 (low flow capacity) to
100 (high flow capacity). Therefore, to calculate the infiltration potential, the soil was in
antecedent moisture condition III, which considers accumulated rainfall in the last 5 days
greater than 53 mm.

Table 1. Soil classes, texture, and their correspondence in Hydrological Groups and K factor. Source:
adapted by authors from [28,29,41–43].

Soil Class Texture Hydrological Group K
Factor

Cambisol (Dystrophic Haplic) Clayey to Mean C 0.0441

Ferralsol (Dystrophic Red) Clayey to Very Clayey B 0.0061

Ferralsol (Dystrophic Yellow-Red) Clayey B 0.0081

Fluvisol (Dystrophic) Mean to Sandy A 0.0290

Plintossol (Concretionary Petric) Clayey to Gravel C 0.0438

Leptsol (Dystrophic) Sandy to Gravel D 0.0570
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Table 2. Land cover and land use types and conditions, Hydrologic Groups, Runoff Number
(considering accumulated rainfall greater than 53 mm in the last five days), and CP factor. Source:
Prepared by the authors from the multi-spectral Instrument (MSI) sensor of the Sentinel-2 satellite,
with passage on 8 June 2020 and adapted from [41,42,44,45].

Coverage and Use Classes

Hydrological Group

CP FactorA B C D

Curve Number

Agriculture—level terracing 60 71 79 82 0.005775

Bare ground—with conservation 62 71 78 81 0.051365

Pasture—medium and low transpiration 47 67 81 88 0.005

Reforestation—medium transpiration 36 60 70 76 0.01635

Forests—dense and high transpiration 26 52 62 69 0.00004

Savannas—medium transpiration 36 60 73 79 0.0007

Permanent grasslands—dense coverage
and high transpiration 25 55 70 77 0.01

Permanent grasslands—dense coverage
and mean transpiration 36 60 73 79 0.02

The peak flow rate was determined from the relationship between the effective pre-
cipitation, the effective contribution area, and the peak time of the hydrograph [46], as
presented in Equation (6).

pq = 0.0021 × Qd × A/Tp (6)

where pq = peak flow along the rainfall event, in m3/s; Qd = effective precipitation or
portion of precipitation available for surface runoff, in mm; A = contribution area, in ha;
and Tp = peak time of the hydrograph, in hours. The peak time adopted corresponded to
0.6 of the time concentration for each basin, as presented in Equation (7).

Tp = 0.6 × Tc (7)

The LS factor was calculated from the Digital Elevation Model NASADEM HGT
v001 [47], with a spatial resolution of 30 m, based on the relationship between flow length
and slope [48]. Such a proposal is an adaptation of the classic LS factor. It aims to better
represent terrains that have steeper slopes, thus avoiding the overestimation of results due
to higher slopes, which is calculated based on the following equation:

LS = (I/22.13)m × (16.8 × sin θ− 0.5) (8)

where I = ramp length, in m; and m = dimensionless exponent calculated using the follow-
ing equation:

m =
sin θ

sin θ+ 0.269 x (sin θ)0.8 + 0.05
(9)

where θ = slope, in degrees.
The result of the factor S = 3.0 × (sine θ)0.8 + 0.56 (for ramp length less than 4 m); S = 10.8

× sine θ + 0.53 (for ramp length greater than 4 m and slope less 9%); S = 16.8 × sine θ − 0.5
(for ramp length greater than 4 m and slope greater than 9%).

It is important to highlight that the calculation of the LS factor was applied to the slope
length, as recommended by the methodological orientation. Thus, all the lineaments referring
to the fluvial flows were removed so that they would not overestimate the resulting values.
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2.2.2. Sediment Transport Capacity Estimates

Estimates of sediment transport capacity were calculated by relating altimetric range
and horizontal distance in a given segment as a function of upstream channel length [23]
by means of the following equation:

DER =

(
∆h
∆l

)
× L (10)

where ∆h = altimetric amplitude between two extreme points of a given segment along the
watercourse, in m; ∆l = length or horizontal projection of the length of said segment, in
m; and L = total length of the watercourse upstream of the point for which the DER index
is being calculated, in km. As explicit in this proposal, the sediment transport capacity is
estimated by means of the altimetric gradient of the considered segment, the upstream flow
length, and, mainly, the association between the two variables.

The sequential and logical chaining of the methodology adopted in this paper is
presented in Figure 2, and it can be divided into four modules. The first corresponds to the
rainfall–flow relationship; the second results from applying the MUSLE variables; the third
corresponds to the Declivity-Extent Relationship; the fourth to the bivariate relationship
between production and sediment transport capacity.
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3. Results and Discussion
3.1. Morphometric and Morphographic Configuration of the Basins

The study area’s morphometric and morphographic configuration indicates that the
development or sculpting of the relief in the four basins occurs predominantly in the
longitudinal direction, i.e., following the profile of the main drainage channels. This finding
can also be corroborated by the elongated format of the basins, as well as the preservation
of the interfluvial tops, resulting in a notable asymmetry between the main channels and
their tributaries, which confers a low circularity index.
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As observed in part a of Figure 3, the highest slopes tend to occur in the transition
between the various altimetric landforms, especially between the highest, dissected one and
the intermediate ones. The first occurs in residual hills of the old regional flattening surface,
supported by a lithology more resistant to weathering. The second occurs in the form
of flatter surfaces with more rounded tops, resulting in lower slopes. Another essential
aspect being highlighted refers to the difference between the flow dimensions of the main
channels and their tributaries and, mainly, between the two and the length of the slopes,
as can be seen in part b of Figure 3. This asymmetry results from the fact that while the
area’s slopes have a maximum length of 2.216 km, the present channels have lengths of up
to 34.2 km. As a result, the altimetric gradient classes present similar behavior to the slope,
with differences concentrated at the edges of the interfluves and mainly at the transition
between the altimetric steps, as presented in part c of Figure 3.
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horizontal distance of 30 m.

The main implication of this slope configuration with the length of slopes and the
length of the main channels is the notable difference in the behavior of the altimetric
gradient in the transversal and longitudinal directions. In the first direction and starting
from the top of the interfluves until reaching the closest channels, the altimetric gradient
is more accentuated, which results in high slopes, often occurring in a staggered manner,
also resulting from the short length of the slopes. In the longitudinal direction or along the
profile of the main channels, the predominance is of a smaller gradient varying from 0 to
0.5 m every 30 m.

On the other hand, the high gradient in the transversal direction resulting from the
strong fluvial incision verified at the end of the larger channels, associated with the high
declivities resulting from differential erosion that drains directly to the reservoir area
implies a greater predisposition to sediment production and transport. For this reason,
these environments are more propitious to the configuration of critical areas given the
non-existence of dams, the short distance, and the direct contribution to the reservoir.
This observation is also valid for environments with a similar configuration close to the
backwater areas. In this sense, each sub-basin or contribution area should be evaluated in
terms of generation capacity and its respective channel in sediment transport capacity, as
presented in the following topics.
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3.2. Rainfall–Runoff Relationship, Soil Erodibility, Topographic Factor, Land Use Cover and
Conservation Practices in Sediment Generation Estimates

Considering the relationship between the length of the main flow line and the average
slope of each basin in the study area, a maximum concentration time of 46.9 min was
reached for the largest specific contribution area, which is about 145.45 ha. With this time
and considering the rainfall intensity-duration-frequency equation, a maximum rainfall
intensity of 77.56 mm/h was reached, which resulted in an estimated rainfall height
of 60.75 mm. Given the characteristics of cover and use and the antecedent humidity
considered for the area (5-day precipitation > 53 mm), the effective precipitation ranged
from 0 to 49.4 mm, as can be seen in part a of Figure 4.
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The portion of precipitation available for the formation of surface runoff was notori-
ously low in the lower areas, flat areas with sandy soils and larger vegetation cover. The
most expressive values, ranging from 40 to 49.4 mm, were predominant in the steepest
areas, with less developed soils where savannah and grassland formations occur.

As for the runoff volume estimates, the classes’ spatial behavior tends to correlate
with effective precipitation behavior. However, the configuration of the lateral flow lines
conditions a gradual increase in the downstream flow due to the increase in the effect
provided by the specific contribution area. Under these conditions, the estimates of peak
flows ranged from 0 m3/s—at the water dividers—to 18.38 m3/s at the point of maximum
flow convergence of the largest specific contribution area, as shown in part b of Figure 4. As
for the erodibility classes of the soils, one can see that they have a considerable correlation
with the classes of coefficient m and the LS factor. The less developed soils with greater
erodibility tend to occur associated with the classes of the greater slope. This is one of
the reasons why the more erodible soils are related to the classes with a higher LS factor,
resulting in a cumulative effect of soil loss. The exception is the Fluvisol, whose occurrence
is associated with the low altimetric gradient prevailing along the floodplains. Given this
physical–hydrological configuration, it should be emphasized that the using the area for
agricultural activities with adequate management factors contributes to low CP factor
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values—0.01 to 0.02—in most of the basin areas. The classes of each component variable of
the MUSLE and their respective percentages of area occurrence are shown in Figure 5.

Water 2022, 14, x FOR PEER REVIEW 10 of 15 
 

 

is associated with the low altimetric gradient prevailing along the floodplains. Given this 
physical–hydrological configuration, it should be emphasized that the using the area for 
agricultural activities with adequate management factors contributes to low CP factor 
values—0.01 to 0.02—in most of the basin areas. The classes of each component variable of 
the MUSLE and their respective percentages of area occurrence are shown in Figure 5. 

 

Figure 5. Classes of effective precipitation (a); peak flow (b); soil erodibility (c); m coefficient (d); LS 
factor (e); CP factor (f) and respective percentages of coverage areas. 

3.3. Bivariate Relationship between Estimates of Sediment Generation and Transport Capacity 
Considering the established hydrological conditions and their relation to soil 

erodibility, as well as the cover and use conditions of the area, we arrived at generation 
estimates ranging from 0 to, exceptionally, 115.43 tons of sediment. The lowest estimates 
are predominantly distributed in the central and higher portion of the interfluves. These 
environments are marked by the predominance of low slopes, still incipient flows, and 
little specific contribution area. However, it is already possible to observe estimates of 
more developed flows with steeper slopes and, especially, a larger area of contribution in 
the intermediate portions of the slopes. This can influence the volume available for surface 
runoff and, consequently, increase erosive power. In this sense, the segments with more 
accentuated values correspond to those that mark the transition from the slopes to their 
respective drainage channels. In the research area, the most critical point corresponds to 
that under the hydrological effects of a contribution area with approximately 145.45 ha, 
which resulted in an estimate of 115.43 tons, as highlighted in the blue rectangle in Figure 
6. Similarly, the high sediment transport potentials—44.16—also occur preferentially in 
lower-order basins, as observed in the yellow rectangle of the same figure. The reason for 
their occurrence in a more localized way resides in the fact that the equation used for their 
calculation does not consider the hydrological conditions and, mainly, the gradual effect 
of the upstream area, resulting in classes with a more linear format. 

From the association of these two components—estimation and sediment transport 
capacity—it is possible to perceive contribution basins in four distinct situations, as 
illustrated in part c of Figure 6. 

Figure 5. Classes of effective precipitation (a); peak flow (b); soil erodibility (c); m coefficient (d); LS
factor (e); CP factor (f) and respective percentages of coverage areas.

3.3. Bivariate Relationship between Estimates of Sediment Generation and Transport Capacity

Considering the established hydrological conditions and their relation to soil erodibil-
ity, as well as the cover and use conditions of the area, we arrived at generation estimates
ranging from 0 to, exceptionally, 115.43 tons of sediment. The lowest estimates are predom-
inantly distributed in the central and higher portion of the interfluves. These environments
are marked by the predominance of low slopes, still incipient flows, and little specific
contribution area. However, it is already possible to observe estimates of more developed
flows with steeper slopes and, especially, a larger area of contribution in the intermediate
portions of the slopes. This can influence the volume available for surface runoff and,
consequently, increase erosive power. In this sense, the segments with more accentuated
values correspond to those that mark the transition from the slopes to their respective
drainage channels. In the research area, the most critical point corresponds to that under
the hydrological effects of a contribution area with approximately 145.45 ha, which resulted
in an estimate of 115.43 tons, as highlighted in the blue rectangle in Figure 6. Similarly, the
high sediment transport potentials—44.16—also occur preferentially in lower-order basins,
as observed in the yellow rectangle of the same figure. The reason for their occurrence in a
more localized way resides in the fact that the equation used for their calculation does not
consider the hydrological conditions and, mainly, the gradual effect of the upstream area,
resulting in classes with a more linear format.
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From the association of these two components—estimation and sediment transport
capacity—it is possible to perceive contribution basins in four distinct situations, as illus-
trated in part c of Figure 6.

One result from the low estimate of yield and low sediment transfer potential, resulting
from flat surfaces with little surface runoff, is a little area of contribution that predominates
in most of the area; another is related to the low estimate of yield and high sediment
transfer capacity resulting from steep surfaces, but without a large area of contribution;
another formed by the high estimate of contribution, but the low capacity of sediment
transfer, resulting from the convergence of large areas of contribution, of more erodible
soils, with inadequate management, predominates from the intermediate third to the lower
third of the slopes; and another, more worrying one, resulting from the convergence of
situations of high production estimate, as well as of high capacity of sediment transfer,
whose occurrence tends to concentrate in the segments of convergence of the slopes with
the drainage channels.

Of all the situations reported, the one resulting from high estimated production and
sediment transport capacity, whose drainage occurs directly into the reservoir, deserves to
be highlighted. This situation represents a greater probability of direct impact in a short
period of time, both at the edges and in the backwater areas. For this reason, these areas
require greater attention through continuous monitoring, as well as priority concerning
improvements in soil management practices.

4. Concluding Remarks

The improvement and application of predictive models, such as the SCS method,
is an increasingly efficient strategy to support the evaluation of phenomena involving
runoff, generation, transport, and sediment input. This is extremely necessary when one
aims to evaluate hydrographic systems with thousands of square kilometers, such as the
contribution basins of large reservoirs, without losing sight of the level of detail required
for analysis at the slope scale and its cumulative effects on the other scales of analysis.
It constitutes a primordial step for evaluating systems that present a complex chain of
processes involving the shape of the slopes, the profiles of drainage channels, and the area
of the hydrographic systems’ contribution basins [49].
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Even when it comes to predictive situations when supported by basic maps of incredi-
ble precision that allow considering the pedological, geomorphological, hydrological [50],
climatological [51], land cover, land use, and management conditions in excellent levels
of detail [52] offer results for the elaboration of increasingly accurate diagnoses and prog-
noses, especially considering the spatial-temporal variability of land cover and land use
changes [53] and meteorological conditions [54]. The use of these materials at an excellent
level of detail via geoprocessing resources allows weighting of the spatiotemporal vari-
ability of constraints and their application for large areas without losing the sophistication
and efficiency of the SCS method [55]. Consequently, they reduce the uncertainties of the
predictions [56] and allow the identification of critical areas and, therefore, priority areas
for monitoring and adequate soil management, resulting in greater efficiency in the use of
water resources. The calibration process is always recommended [57], and the results can
be compared, for example, with suspended sediments or turbidity at reservoir edges [58],
allowing us to reach increasingly more comprehensive results.

In this case, it was possible to identify with a considerable level of detail the relation
between the main conditioning factors of sediment generation, the transport capacity along
each drainage channel, and the resulting potential contribution of each basin. Thus, it
was observed that a low estimate of sediment generation and low sediment transport
capacity predominated in most of the area; a low estimate of generation and high sediment
transport capacity occurred mainly in the steeper segments and close to the channels;
a high estimate of generation and low transport capacity related to the areas of higher
altitudes and intermediate thirds of the slopes; and high estimate of generation, as well
as high transport capacity, whose occurrence in the immediate vicinity or even in the
direct contribution basins draw more attention to degradation by erosive processes and
sedimentological impacts.

It is understood that the representation of the spatial variability of the estimates of pro-
duction and transport of sediments indicates areas with distinct levels of potential sediment
contribution and, consequently, priority for field evaluations and better dimensioning of hy-
drosedimentological imbalances. This can subsidize the elaboration of monitoring projects and
the definition of best practices for soil use and management to contribute to reducing sediment
inputs and, consequently, maintain the efficiency and useful life of large reservoirs.

The proposed methodological contribution presented here is focused on sediment
generation and transport along the tributaries of HPP (Hydroelectric Power Plant) con-
tributing basins. As mitigating measures to reduce soil loss, it is proposed to improve soil
management practices in the basins with the greatest potential for sediment generation and
transport. Complementarily, it is known that from an integrated point of view, the debris
generated needs to flow gradually along the fluvial system, obeying the natural tendency
of the relationship between soil erosion, relief sculpturing, and material transport via
drainage channels. The sediments generated and transported tend to be deposited initially
on the less steep banks and in the backwater areas (low gradient segments that connect the
channels with the reservoir). Another deposition point refers to the dam (structure installed
to the dam and raises the water level). Overcoming, even if only partially, the effects of
these two deposition environments requires a direct connection between the upstream
portions and the dam section, in this case, at the dam’s base, allowing the sediment flow
to continue downstream. In practice, this would be like installing submerged pipelines
connecting the backwater areas and a passage under the dam structure. In this sense,
testing this hypothesis and evaluating its efficiency is an important field to be investigated.
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