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ABSTRACT: The objective of this study was to evaluate the temporal variation of precipitation and flow of several sub-basins of
the Manhuacu River-MG and to define which would need application of techniques that favor water infiltration into the soil. The
study was conducted upstream the municipality of Manhuagu, where the morphometric characterization was carried out in 23
sub-basins; land use classification through LandSat 8 OLI scenes; reference flow of 16 sub-basins was evaluated over 14 months,
between May 2018 to July 2019; precipitation was measured by using four local rain gauges. The basin has cover predominance
of coffee, 31.06%. Among evaluated sub-basins, those with the greatest temporal variation of flow were the Cérrego Fundo,
Corrego Palmital, Corrego Manhuaguzinho, and Corrego S&o Sebastido. The Manhuagu River basin has a large temporal
variation flow, with a marked reduction during the winter and a high elevation during the period of intense rains, requiring soil and
water conservation techniques to promote the regulation of watercourses, thus reducing floods in Manhuagu.
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Variagao temporal da precipitagcao e da vazao
em 16 sub-bacias montanhosas do Rio Manhuagu

RESUMO: O objetivo deste trabalho foi avaliar a variagdo temporal de precipitacdo e vazéo de variadas sub-bacias do Rio
Manhuagu-MG e definir quais sub-bacias necessitam de aplicagéo de técnicas que favore¢am a infiltracdo de agua no solo.
O estudo foi realizado a montante da cidade de Manhuagu, onde foi feita a caracterizacdo morfométrica em 23 sub-bacias;
classificagdo de uso da terra através de cenas LandSat 8 OLI; foi avaliada a vaz&o de referéncia de 16 sub-bacias por um periodo
de 14 meses, entre maio de 2018 a julho de 2019; a precipitagédo foi medida em quatro pluviémetros locais. A bacia possui
predominéncia de cobertura por café, 31,06%. Dentre as sub-bacias avaliadas, as que apresentaram maior variagéo temporal de
vazdo foram o Corrego Fundo, Corrego Palmital, Cérrego Manhuaguzinho e Cérrego Sao Sebastido. A bacia do rio Manhuagu
apresenta grande variagéo temporal de vazao, ocorrendo acentuada redugéo da vazao durante o periodo de inverno e grande
elevacado durante o periodo de chuvas intensas, sendo necessaria a aplicagdo de técnicas conservacionistas de solo e agua para
promover regulacdo dos cursos d’agua, reduzindo a ocorréncia de enchentes em Manhuagu.

Palavras-chave: enchentes; hidrologia florestal; infiltragéo de agua
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Temporal variation of precipitation and flow in 16 mountainous sub-basins of the Manhuagu River

Introduction

In recent decades, significant changes in the temporal
distribution of rains have influenced water availability. This
has caused prolonged droughts and floods (Avila et al., 2016),
leaving the population more vulnerable to climatic factors (Lei
& Zhu, 2018).

After precipitation, the amount of water retained in the
soil varies with the land cover (Lei & Zhu, 2018), soil type
(Beutler et al., 2002), vegetation development (Sun et al.,
2018), adopted management practices (Mendes Junior et
al., 2018), and the intensity of said precipitation (Avila et al.,
2016).

Maintaining water in the soil favors plant development
and contributes to the recharge of aquifers (Silva et al., 2015).
With this in mind, adopting soil and water conservation
practices is fundamental to meet the water demand from the
population (Gomes et al., 2012). Hence, land cover changes
can alter water dynamics within the watershed, leading to
soil degradation and reduced infiltration capacity (Lei & Zhu,
2018).

Disorderly growth of cities and increased incidence
of extreme precipitation events promote the occurrence
of floods, thus putting the population at risk (Avila et al.,
2016). Therefore, when such extreme events happen in
the contributing basin, the risk of peak flows is very high
within watersheds located in mountainous regions, making
the hydrological monitoring and adoption of practices that
conserves water in the soil important to reduce flood risks
(Silva et al., 2020; Domingues et al., 2020).

In the Manhuagu River basin, the presence of coffee
plantations and cattle production around the headwaters is
traditional, making the adoption of adequate management
practices essential to promote water infiltration into the
soil. These soil and water conservation measures promotes
infiltration, increased groundwater levels, and regulation of
watercourses (Gomes et al., 2012).

Characterizing and monitoring sub-basins are fundamental
for adopting more effective conservation techniques. The
region of the Manhuagu River headwaters has anthropic
activities in places of great slope, which favors surface runoff
and ends up promoting flooding, causing great damage and
environmental impacts. Therefore, prioritizing the adoption
of soil and water conservation measures in sub-basins is
necessary for better management of water resources. This
study aimed to evaluate the water dynamics in sub-basins
of the Manhuagu River-MG, as well as to define the need for
technical intervention for improving water infiltration into the
soil.

Materials and Methods

Study area description

The Manhuagu River basin is located in the central
eastern portion of the Rio Doce basin, bordering the state of
Espirito Santo. The evaluated site was limited to the mouth
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Figure 1. Study area location in the Manhagu River basin, MG
(A.), hypsometry of the basin (B.)

upstream the municipality of Manhuagu, fully covering the
municipalities of S3o Jodo do Manhuacgu and Luisburgo and
partially Manhuagu, with 41.61% of its territory inserted into
the area considered by the study (Figure 1). Characterized by
having many rural properties, this region presents the climate
classified as Cwb, according to the Képpen classification,
having a humid temperate climate with dry winters and
temperate summers.

Data processing

A database of contour lines, quoted points (http://iede.fjp.
mg.gov.br/) and mapped hydrography (http://www.ibge.gov.
br/), both at the 1:50,000 scale, were used in delimiting the
Manhuacgu River basin. Data were reprojected and used for
the generation of a Hydrologically Consistent Digital Elevation
Model (HCDEM), which is a model characterized by having
a sharp coincidence between the numerical hydrography
(raster) with the mapped one (vector).

Several corrections and adjustments to the hydrography
were needed in order to generate the HCDEM, as the Topo
to Raster interpolator, necessary to make the hydrography
unifilar, requires them. Double-banked streams were replaced
by the centerline, polygons such as lakes and dams were
identified by the Geometric Network tool and corrected by
the editing tool; connected, through the geometric network,
where disconnected locations are identified and corrected
by the editing tool; and oriented, where each hydrography
segment should be oriented towards the mouth. After
generating the model, possible anomalies are corrected to
ensure that water will flow from higher to lower locations.

A systematic and organized method is required to obtain
accurate results to generate the hydrograph. For this, the
flow direction and cumulative flow in each cell indicate where
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the channel areas have been established; therefore, the tool
indicates the location of main channels. This method has
an output that is the basis for creating flow-order vectors,
corresponding to the river hierarchy as according to the
number of the Strahler stream order (1964). Data processing
and analyses were performed in a Geographic Information
System (GIS) environment, ArcGIS 10.2.2 software.

After delimiting the basin and drainage network, 16 sub-
basins were selected for flow monitoring and environmental
characterization. They were chosen because of their easy
access for monitoring and for being representative for the
study.

Image classification

Supervised classification of the images was by using the
Maximum Likelihood algorithm (maxver) employed through
the ArcGis 10.2.2 software interface. This procedure uses
the mean and covariance of training samples to compute
the statistical probability of an unknown pixel taking part of
a given class, which is assigned to the category of highest
probability after the probabilistic evaluation.

LandSat 8 OLI scenes with 30 meters of spatial resolution
from January 20, 2018, passing date of the sensor, were
acquired and subsequently processed and sampled for
training to perform supervised classification by using the
Maximum Likelihood classifier (maxver).

Selection of land cover classes was deemed as the
predominant field observations in the basin, with five main
classes considered, namely: native forest; coffee; pasture;
eucalyptus; and urban occupation. The efficiency of both
classification and validation was evaluated by the overall
accuracy index and the kappa.

Precipitation collection

Precipitation was evaluated for 14 months, with two rain
gauges installed in the basin region; one in the municipality of
Simonésia, in January 2018, and another in the municipality of
Manhuagu, Ponte do Silva district, in March 2018. These rain
gauges had aperture of 172 cm? and the measurement was
with a graduated cylinder.

Data from a station located in S3o Jodo do Manhuagu,
owned by the Companhia de Saneamento de Minas Gerais
(COPASA), was also employed as well as data from the
automatic station located in the municipality of Manhuagu,
which also provides data for the National Institute of
Meteorology (INMET).

After collection, data were tabulated and interpolated
to evaluate the precipitation variation in the basin and the
Thiessen Method was used to determine areas of influence
of the rain gauges. This method generates a weighted average
of the heights recorded by the rain gauges, which is directly
proportional to the basin area of influence, it also considers
the non-uniformity of spatial distribution of the stations, and
does not take into account the basin relief (Marciano et al.,
2019). To delimit these areas, the Thiessen Poligon tool of
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ArcGIS software was employed. The area of influence has a
weight in relation to the total area, expressed by Equation 1.

Fp=— (1

where: Fp = Weighting Factor; Ai = Area of influence of the
rain gauge within the basin; A = basin total area.

Mean precipitation of the basin by the Thiessen method
was obtained according to Equation 2.

D PixAi
Pt(mm) == (2)

where: Pt = Mean precipitation by the Thiessen method;
Pi = precipitation registered in the rain gauge; Ai = Area of
influence of the rain gauge within the basin; A = basin total
area.

Besides the stations, historical data from rain gauges
located near the basin, in Alto Jequitiba and Martins Soares,
were used as reference for the site.

Reference flow record

Reference flow rate from 16 sub-basins was evaluated
and monitored for a 14-months period, between May 2018
and July 2019. During this period, six visits were paid to the
sub-basins: May 2018; November 2018; January 2019; March
2019; May 2019; and July 2019. The reference flow rate was
measured by the micro-vane method, where instrument
counts the number of spins of its propeller for a given time
and then calculates the speed instantaneously, which is in
turn recorded by the operator. To find the flow it is necessary
measuring the area of the river section, for which a tape
measure was used and, after finding the area, it is multiplied
by the velocity to obtain the approximate flow rate obtain
(Equation 3).

Vr=Lxhxv (3)

where: Vr = reference flow rate, m3s?; L = channel width in m;
h = mean depth of the channel section in m; v = mean water
flow velocity (m/s);

Defining the conservation techniques

Information collected on land use and cover, flow and field
trips enabled to evaluate the sub-basins with the greatest
temporal variation of flow and flood risk. Based on this very
information, suggesting conservation techniques aimed at
proper management was then made possible.

Results and Discussion

Water dynamics (flow) in sub-basins of the Manhuagu River-MG
The upstream basin of the Manhuacgu River has 89 sub-
basins, with 45 of these of first order; 21 of second order;
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Table 1. Characteristics of monitored sub-basins in the watershed from Manhuagu River-MG.

16 of third order; 5 of fourth order; 1 of fifth order and 1 of
sixth order (Figure 2A, Table 1). The 16 sub-basins that went
under reference monitoring had an area varying from 0.56 to
242.93 km? and corresponded to 74% of the Manhuagu River
drainage area.

The amplitude between the maximum and minimum
elevations found in the 16 sub-basins were high, suggesting
predominance of a mountainous relief in the Manhuacu
River basin (Table 1, Figure 2B). This characteristic results in a
reduced concentration time (Domingues et al., 2020), making
the municipality susceptible to a great variation in the river
water volume, which can cause flooding during the rainy
season, harming the population that live near the river and
the public services of the municipality.

The sub-basin of the S3o Luis River was the largest
evaluated and the one that had greatest altimetric
amplitude and predominance of a mountainous relief
(Table 1, Figure 2B). Most of this basin area is related
to the main channel higher order, which potentiates

A. B.

Figure 2. Hydrography of the Manhuacgu River basin and
division of its 16 sub-basins (A.); hypsometry of evaluated
sub-basins in the Manhagu River-MG (B.).
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greater water production due to the equally greater cloud
overlapping possibility and the rain spatial distribution
over it (Dikpal et al., 2017).

Land use classification had an global accuracy index of 0.80
and a Kappa index of 0.75. Coffee plantations, with 31.06%,
were the predominant land cover of the basin area; followed
by cattle pasture, with 21.94%; and eucalyptus plantations,
representing 17.87%. On the other hand, native vegetation
represented 27.03% of the area, with greater presence in
springs and hilltops, being little evident in the riparian zone
along the watercourses (Figure 3A).

There is a predominant rainy period in the basin
between the months of October and March, corresponding
to 80% of the total precipitation of the historical average.
During it, the precipitation varied among stations, with
this variation observed also in the flow of the sub-basins.
January had precipitation below average for the site and.
between November 2018 and January 2019, a reduced flow
was observed. The highest precipitation was in Sdo Jodo do
Manhuagu (1,365 mm) between May 2018 and July 2019
(Figure 3B). Average precipitation by Thiessen Polygon was
of 1,095 mm for the monitoring period of the basin between
May 2018 and July 2019 (14 months), below the common
precipitation for Manhuagu-MG, 1,319 mm year? (Alvares et
al., 2013).

Employed by several authors (Macédo et al., 2013;
Marciano et al., 2019), Thiessen polygon method allows using
rain gauges located within and near basins for estimating
mean precipitation. Macédo et al (2013) evaluated the
factors that influence the hydrological behavior in a western
Amazonia sub-basin and verified differences of 32 mm in the
values found for precipitation when comparing the methods
of arithmetic mean and by Thiessen polygon.

An Indian summer (known as “veranico”) took place in
January in the Manhuacu River basin. This river belongs to the
Rio Doce basin, which has a precipitation pattern of a longer
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Figure 3. Classes of cover and land use (A.) and total
precipitation recorded with pluviometers between May 2018
and June 2019, and area reached by the Thiessen Polygon
method (B.) in the watershed from Manhuagu River-MG.

rainy period in its western region and longer dry seasons in its
eastern region, as well as interruption in precipitation during
summer, the “veranico”, which is greater towards the coastal
region (Cupolillo et al., 2008).

In the Cérrego Manhuaguzinho basin, a higher flow rate
was observed in January when compared to November.
Moreover, in the months prior to March, a high precipitation
was recorded by the rain gauge located in Simonésia, which
may have contributed to the supplying of the aquifers (Figure
4A). The highest flow observed was in the Sao Luis River (3,603
I's1), in November 2018 (Figura 4b).

Cérrego Cachoeira and Cdérrego Cachoeira Chata sub-
basins showed higher reference flow in November 2018,
different from the ones closer to the seat of the municipality,
with higher flow in March of the same year (Figure 5). These
sub-basins are also considered as micro drainage basins
with first and second order channels, respectively, where
they are also considered fragile areas that are threatened by
disturbances with greater frequency (Calijuri & Bubel, 2006).

The Coérrego Palmital sub-basin had a sharp reduction
in the measured flow during the evaluated period. Growing
urban occupations and fragmentation of rural properties
increase the soil sealing, thus, in turn, favoring a peak flow
(Figure 5).

Cérrego Fundo presented a peak flow in May 2018, with
the basin shape, occupation and present soil class having
contributed to the flow variation. This flow variation was more
pronounced in the sub-basins of Cdrrego Manhuaguzinho,
Cérrego dos Faustinos, Cérrego Fundo, Cérrego Palmital, and
Corrego Sao Sebastido (Figure 6).

Precipitation characteristics interfere in water erosion;
the intensity, frequency, duration and erosivity are mainly
responsible for disaggregating and dragging the particles
(Santos et al., 2010). Cérrego Fundo demonstrated a high flow
rate in May, compared to the other collections; most of the
basin is anthropized due to the proximity to the municipality
and has great variation in elevation, which can in turn
accentuate flow variation.

There is a high correlation (0.60) between heavy rains and
flooding, concerning the mountainous region of Rio de Janeiro
(Avila et al., 2016). Silva et al. (2020) reported that the South
Atlantic convergence zone and passage of a frontal system
were responsible for 80% of precipitation and 20% were
related to local convective storms in the Quitandinha river
basin. They also stated that 85% of precipitation occurred
near the mountainous region of Rio de Janeiro, characterizing
the importance of topography in formation of rains in this

Figure 4. Precipitation hydrograph and reference flow rate of sites under influence of the rain gauge 1 in Simonésia (a) and 3 in
Ponte do Silva (b,c), in the drainage basin of the Manhuagu River-MG between May 2018 and June 2019.
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Figure 5. Precipitation hydrograph and reference flow rate of sites under influence of the rain gauge 2, in Manhuagu in the
Manhuacu River-MG drainage basin between May 2018 and July 2019.

Figure 6. Precipitation hydrograph and reference flow rate of sites under influence of the rain gauge 4, in Sdo Jodo do Manhuagu
in the Manhuagu River-MG drainage basin between May 2018 and July 2019.

region. Domingues et al. (2020) evaluated the flood risk in the  Soil conservation techniques that favor water infiltration
Pardo River basin due to the high slope and high maximum into the soil

flow by the permanence curve (108.06 m3 s?), paying special Implementing conservation techniques for coffee
attention to the proximity to the Serra do Caparad. production allows greater infiltration of water into the soil in
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the Manhuagu River basin. Techniques involving weeding the
coffee rows and planting downhill favor erosion and surface
runoff, and are currently adopted by only few landowners
in the region. Coffee produced while adopting conservation
practices allows a significant reduction in the loss of water,
soil and N in relation to the conventional system; furthermore,
keeping the soil covered with vegetation contributes to the
reduction of losses (Guimardes et al., 2015).

Adopting vegetative practices such as the maintenance
of vegetation on the coffee tree paths favors soil moisture
retention (Castanheira, 2018). Mechanical practices, such as
micro-tillage and water retention basins, are recommended
for mountainous regions (Alves et al., 2017). Mendes Junior
et al. (2018) verified high soil loss potential with the absence
of soil and water conservation practices for coffee, maize, and
bean crops in the Cdrrego da Laje basin, in Alfenas-MG.

Among evaluated sub-basins, some presented greater
flow variation, having less watercourse regularity. Cérrego
Manhuacuzinho and Cdérrego S3o Sebastido are where
coffee crops and pastures are predominant and most of the
properties adopt conservation techniques; yet, the great slope
and presence of shallow soils ended up in a greater loss of
water from the sub-basins. However, adopting conservation
techniques can lead to greater infiltration of water into the
soil and improve the flow regulation, with the application of
mechanical techniques for conserving the rural raods being
also recommended.

Observed pastures demonstrated laminar erosion and
productivity loss in evaluated sub-basins, representing
a greater risk of surface runoff of the rainwater in these
locations. Animal husbandry is an economic activity in the
region, practiced by producers who trade milk and other dairy
products through local cooperatives. Silva (2013) recorded a
5% increase in dairy cattle production between 2002 and 2010
in the micro-region of Manhuacu, conditioned to the increase
in the number of animals, from 24,890 to 37,808 milking
cows, having no increase in pasture productivity.

Eucalyptus production is characterized as the main existing
forest plantation in the region, with the wood produced used
for maintenance of rural property, fence building, coffee
drying, charcoal production, and civil construction; part of the
plantations observed was densified, increasing competition
for growth resources such as water and nutrients. Sun et al.
(2018) observed higher soil moisture-holding capacity under
eucalyptus plantation when compared to other crops for 5

years, also verifying that sediment loss and surface runoff
was lower in more mature plantations, favoring soil water
infiltration.

The sub-basins Cérrego Fundo, Corregos dos Faustinos and
Cérrego Palmital have a greater urban occupation presence,
thus presenting a larger impermeable area, which reduces
the water infiltration into the soil and sharply increasing the
flow in these basins, thus requiring conservation practices on
rural roads, and the adequacy of lots and forest restoration,
especially in the riparian zone.

Many areas with condominiums and small farms were
located, thus requiring the removal of land and landfill
in places close to the watercourses, causing their silting
and degradation. Opening condominiums requires soil
disturbance for clearing lots and the adequacy of streets, such
practices with negative environmental impacts, due to the
lack of greater efficiency in the authorization and supervision
of this venture type (Barbosa et al., 2018). Urban growth
occurs in a disorganized manner, especially in the municipality
of Manhuacgu, where constructions on the banks from the
Manhuagu River cause environmental impacts such as the
discharge of effluents and silting (Oliveira et al. 2019).

Adopting conservation techniques is essential for
regulating basin flow. Techniques that are suggested for
sub-basins are relative to similar characteristics of seasonal
variation, land use, and physical characteristics (Table 2).
Damping the impact of raindrops on the soil, responsible for
the triggering of the erosive process, is fundamental, where
forest restoration, coffee plantations management, adoption
of intercropping systems and productive maintenance of
pastures are vegetative techniques that favor the infiltration
processes (Guimardes et al.,, 2015). Gomes et al. (2012)
observed that after implementation of techniques of
management and soil conservation in the basin of Ribeirdo
S3o Bartolomeu, the minimum flow increased from 80 | min?,
in 2002, to 188 | min, in 2004, thus proving the efficiency of
using techniques for water conservation in the soil.

Application of forest restoration techniques s
recommended for the riparian zones of the basins, since they
have great variation in humidity and the permanence of native
forest favors the water quality in the basin (Pires et al., 2017).
The Cérrego Cachoeira Chata sub-basin was the one with the
highest cover of native forest in the contribution basin, having
greater flow regulation.

Table 2. Conservation techniques suggested for sub-basins of Manhuagu River, MG.

Rev. Bras. Cienc. Agrar., Recife, v.16, n.2, €8620, 2021
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Conclusions

The sub-basins had great variation in terms of temporal
distribution of the rains, influencing the observed reference
flow rate.

Sao Luis River sub-basin had the highest flow during the
evaluated period among all monitored 16 sub-basins.

Coffee plantations are the main land cover, bringing about
the need to produce while employing conservation techniques
that favor water infiltration into the soil.

The sub-basins Corrego dos Faustinos, Corrego Fundo,
Corrego Palmital, Corrego Manhuaguzinho and Corrego Sao
Sebastido all presented large flow temporal variation during the
observed period, being recommended the improvement of water
conservation techniques to provide greater flow regulation in
these basins, thus reducing the flooding risk in the municipality.

Main conservation techniques recommended for the
Manhuacu river basin were the adequacy of rural roads, coffee
plantations, and of farmland and plots, as well as the micro
landscaping, rainwater catchment boxes, pasture recovery,
and forest restoration.
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