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Water has a wide range of uses in civilization. Water resources are closely linked
to climate change, which has become the object of several studies in the recent
decade. The goal of this study was to evaluate the tendencies of the rainfall patterns
in the region of Lavras, Minas Gerais State, Brazil, after the formation of the Funil
Lake. The study used daily rainfall data (1987 to 2017) from the BDMEP database,
available on the Brazilian Meteorology Institute (INMET) website. Analysis of
variation was conducted using the Mann-Kendall test for monthly mean rainfall,
rainy and the dry season of the year, before and after the lake formation, LFB and
LFA, respectively. It was verified, for the LFB period, that April and August had
significant tendencies. For the LFA, the months February, June, July, and December
reached significant tendencies. The LFA period in the rainy season had a significant
negative tendency, and the LFB period in the dry season had a significant negative
tendency, as well. These significant tendencies cases show that the formation of the
Funil Lake did not trigger any relevant change in the rainfall regime in the region.

© 2020 SBAgro. All rights reserved.

Introduction

generation, and so on. It is impossible to imagine human
life without water (Marengo, 2008).
However, water resources are closely linked to climate

It is estimated that only 2% of all the water on the Earth
planet is fresh. Of this percentage, a portion is contained
in glaciers, and therefore, it is unavailable for human
consumption. Brazil is in a privileged position with regard
to water resources, as it holds up to 12% of all fresh water
worldwide (ANA, 2013).

Water resources are intrinsically related to human
life. Water has a wide range of uses in civilization, such
as domestic supply, irrigation, leisure, industry, energy

change and have become an object of many studies over
the last decades (Gocik & Trajkovic, 2013; Neves et al., 2018;
Schmidt et al., 2018; Schuster, 2019). Ely et al. (2003) state
that alterations in rainfall patterns lead to decreases in
agricultural production in rural environments.

In the context of likely climate changes, the assessment
of tendencies in climatologic data series is common. Where
tendencies are defined as a systematic and continuous
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change in any parameter of a given sample, in case of
climatic tendencies it aims to study the comportment
of climatic parameters along with a temporal series
(Yevjevich, 1972). These studies are essential for, besides,
figuring out possible fluctuation that can occur over time.

Paulino et al. (2019) has shown, for the Brazilian State
of Cear4, that there are significant positive tendencies in
maximum temperature for five meteorological stations
analyzed. Moreover, increasing tendencies are verified
for evapotranspiration, which also increases the need
for irrigation in the coming decades. Souza et al. (2018)
demonstrated a reduction in the cumulative rainfall
volume, for the region of Alfenas, a city in the state of Minas
Gerais in Brazil, for the historical series from 1984 to 2016.
Salviano et al. (2016) also observed significant tendencies
for the rainfall regime in all the political regions of Brazil.
Back (2001) verified growth tendencies for mean rainfall.

Minuzzi et al, (2010) using the Mann-Kendall test,
found significant positive tendencies for maximum
temperature in the state of Minas Gerais from 1961 to 2004.
Recent studies carried out in the city of Goiania, GO, point
to a tendency toward elevation of the mean maximum
temperature in the region. It was also observed that there
is a decline in the values for relative air humidity for the
same region. The results presented a socio-environmental
problem since they might result in health issues, like
breathing problems and airborne diseases (Luiz et al,
2012). Those climate changes may result in impacts in the
socioeconomic segments of agriculture and livestock in
Brazil (Pinto et al,, 2009).

In this sense, it is extremely important to study climatic
variations since variability can cause severe changes in
human behavior and in the environment.

Inthe context of changes in the pattern of precipitation,
there are few studies on changes in the microclimate.
Comparing monthly rainfall in Marcelino Ramos (RS,
Brazil) before and after filling the hydroelectric plant lake
at the It4, Sanches et al. (2015) found that there were no
significant changes in the region’s rainfall pattern. Similar
results were found by Sanches et al. (2017), who found that
the formation of the Passo Fundo (RS) hydroelectric plant
lake did not trigger changes in local monthly rainfall. Silva
Filho & Rabelo (2012) found that there was an increase in
precipitation in the region of Jaguarema (CE) due to the
formation of the CastanhZo lake.

In a more general context, artificial lakes can cause
changes in other meteorological variables. Still on the
Castanhdo reservoir, Dantas & Sales (2015) found that the
reservoir influenced the local air temperature and the
relative humidity of the air. Souza (2010), in Presidente
Epitécio (SP), found that the artificial lake of the Engenheiro
Sérgio Motta hydroelectric plant did not cause changes
in local temperature and relative air humidity, however,
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the lake contributed to a better thermal and hygrometric
balance.

Thus, this work seeks to verify the possible influence on
the rainfall regime due to the formation of the Funil Lake
that power the hydroelectric power plant in the region of
Lavras, state of Minas Gerais, Brazil.

Materials and Methods

Description of the data

Rainfall data was collected from the meteorological
database for studies and research (BDMEP), available
in the Brazilian Meteorology Institute (INMET) website
(INMET, 2017). The BDMEP platform holds records of
historical series from continuous observations of daily
meteorological variables, obtained from climatological
stations distributed throughout the Brazilian territory, as
part of the national network of meteorology stations for
surface observations. This study used a historical series of
data from BDMEP for daily rainfall from the Main Weather
Station in the region of Lavras, MG, obtained for the
period from January 1%, 1987 to December 31%, 2017. The
period comprehends 15 years before and 15 years after the
formation of the Funil Lake in 2002. The lake was created by
damming the water of the Rio Grande River for powering
the Engenheiro José Mendes Junior hydroelectric plant,
also known as the Funil Power Plant.

The lake covers an area of 35 square kilometers
with a maximum capacity of 258 million cubic meters
of water. It is located in the region of the city of Lavras,
nearby cities of Perddes, ljaci, Bom Sucesso, Itumirim,
and Ibituruna, in the south of the state of Minas Gerais,
Brazil. The referred weather station is the only station
used to infer the climate in the region. It is registry in
the World Meteorological Organization (WMO) is 83687
with geographical coordinates latitude 21°14’ S, longitude
45°00’ W, and altitude 918.8 meters.

Historical series

Among the statistical methods applied for studying
tendencies in time series, the Mann-Kendall test stands
out. This method was proposed by Mann (1945) and Kendall
(1975), it is a non-parametric statistical test used to detect
significant tendencies in variations of certain data series
(Salviano et al., 2016).

The test accepts or rejects a null hypothesis (Ho)
that there is no significant tendency in the series of data
analyzed considering a significance level (), that indicates
the percentage of error in the acceptance or rejection of
the hypothesis Ho (Salviano et al., 2016).

In the Mann-Kendall test the statistical variable S is
estimated from the sum of signals (s) of the difference
in pairs of values taken for all the n values of the sample,



which is obtained from the difference in each initial value,
according to the equation below:

NEp iy ?=i+1s(xj —X;) (1)

The statistical variance Var (S) can be obtained
using the equation (2), which is compared to the normal
distribution for cases where n > 10.

Var(s) = = ?8* (n+5) g 2

Following the normal distribution, the Z index, from
equation (3), is calculated for verifying the hypothesis and
comparing it to table value. The case of a positive Z index
indicates that there are growth tendencies, and the case of
anegative Z index shows decrease tendencies.

For S>0,

7 _S5-1
- Jvar(s) (3)
For S<0,
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Z=—— @
JVar(S)
For S=0,Z=0.

To reject the null hypothesis, that affirms that there
are no significant tendencies, the Z modal value must be
greater than the Z table value for the significance level
used in the test. Considering, for example, the significance
level of 5% the Z table value is 1.96. So, the Z modal value
calculated must be greater than 1.96.

While performing the Mann-Kendall test in the current
study, to verify significant tendencies levels of significance
of 1,5, and 10% were used following the normal distribution
for the Z table.

Calculation

With the daily data from the BDMEP platform it was
possible to calculate the total rainfall and the standard
deviation for every month from 1987 to 2017.

From the monthly rainfall amount, the mean value for
each month was calculated in two distinct periods. The first
period was from 1987 to 2002 (year of the lake formation
in the region), and the second period corresponds to the
years after the Funil Lake formation, from 2003 to 2017.

Using the monthly rainfall data, the Mann-Kendall
test was applied to verify positive or negative tendencies.
The test was performed using computational spreadsheets
for rainfall data in three parts. The first was performed

for each month of the year using the data of the months
separately, for the period before and after the Funil lake
formation. The second test was conducted using data for
the rainy season of the year, considering the sum of the
total volume of rainfall for months of October, November,
December, January, February, and March. The rainy season
of each year was compiled in two tables from 1987 to 2002,
and from 2003 to 2017, applying the test in each table.
The third test was conducted using the data from 1987 to
2017 for the dry season of each year, considering the total
volume of rainfall for the months of April, May, June, July,
August, and September, also separating the years prior to
2002, and from 2003 to 2017.

Results and discussion
As shown in Table 1, the values are shown in millimeters

(mm) and are equivalent to values in liters (L) for every 1.0
square meter area.

Table 1. Mean rainfall (mm) for each month before and after the
formation of the Funil Lake.

Before 2002 From 2003 to 2017
Mean Standard Mean Standard
rainfall deviation rainfall deviation
(mm) (mm) (mm) (mm)
January 284 174 308 156
February 222 94 141 85
March 168 57 159 7
April 52 33 61 39
May 53 50 36 25
June 16 19 26 28
July 9 10 13 14
August 16 20 10 1
September 64 44 50 42
October 103 55 95 38
November 180 65 187 75
December 249 84 245 107

The maximum value of rainfall monthly, on the period
prior to the lake formation, was 284 mm for the month
of January, while the minimum value was 9 mm for the
month of July. For the period after the lake formation, the
maximum rainfall was 308 mm for the month of January,
while the minimum was 10 mm of rainfall for the month
of August.

According to the normal distribution, the values of the
Z index for significance levels of 1, 5, and 10% are 1.64, 1.96,
and 2.57, respectively.

In the first part of the analysis, the Mann-Kendall
test was applied separately for each month using the

Agrometeoros, Passo Fundo, v.28, €026697, 2020.



consecutive rainfall values year after year. This procedure
was carried out for the period before and after 2002. The
values of the Z index calculated by the Mann-Kendall test
are shown in Table 2.

Table 2. Z value calculated for each month in the period before
and after the Funil Lake formation. Z,_ =2.57;Z . =1.96;Z, . =1.64.

(10%)

(5%) (1%)

Months
(from 1987 to 2002) (from 2003 to 2017)

January -0.42 -0.52
February 0.06 -2.22*
March -0.18 0.13
April -3.53* 0.39
May -0.54 -1.05
June -1.85 2.22*
July -1.37 -1.70*
August 2.33* 0.26
September -1.37 0.00
October -1.02 0.00
November 1.61 -0.26
December 0.90 -2.22*

Analysis of indices before 2002 on Table 2 showed that
only the months of April and August had shown significant
tendencies, where April has shown negative tendency for
significance levels of 1, 5, and 10%, and August has shown
positive tendency for significance levels of 5 and 10%, and
no tendency for 1% of significance level.

The period after the lake formation the months of
February, June, July, and December showed significant
tendencies. February showed negative tendency for
significance levels of 5 and 10%, June showed positive
tendency for significance levels of 5 and 10%, July showed
negative tendency for significance level of 10%, and
December showed negative tendency for significance
levels of 5 and 10%.

According to the results obtained, there are significant
trends for only a few months, which indicates that there
were possibly no severe weather changes in the region due
to the formation of the Funil lake. This fact is accentuated
when analyzing that the months of April and August
already presented trends before 2002. Similar results were
found by some others authors (Gongalves & Back, 2018;
Mondal et al., 2012; Penereiro et al., 2018).

In turn, Sanches et al. (2017) verified that there was
little statistical variability in monthly rainfall in the
city of Passo Fundo (RS) and, therefore, there were no
weather changes in the region due to the formation of
the lake. Sanches et al. (2015), analyzing changes in the
rainfall pattern of Marcelino Ramos (RS), also observed,
statistically, that the monthly rainfall values had a very
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similar behavior before and after the filling of the It4 lake
and, therefore, there were no rainfall pattern changes in
the region due to the formation of the lake.

In the second part of the test applied, the Z values were
calculated for the series of rainfall data of the rainy and
the dry season of the year, considering before and after the
Funil lake formation.

Table 3. Z Values calculated for the rainy and the dry season of
the year, before and after the Funil Lake formation. Z__=2.57;
Z,..=1.96;Z  =1.64.

(10%)

(5%)

(1%)

Period

Rainy season Dry season
From 1987 to 2002 -0.18 -2.09*
From 2003 to 2017 -2.22¢ 0.92

As demonstrated in the results for the rainy season, the
data after 2002 has shown a significant negative tendency
for significance levels of 5 and 10%.

According to the results for the dry season, the period
before 2002 showed a significant negative tendency for
significance levels of 5 and 10%.

Through the results, it is possible to observe a possible
tendency to reduce rainfall in the rainy season after the
formation of the lake. These results concur with those
of Almeida et al. (2019). They found negative tendencies
for rainfall were found for the hydrographic basin in the
city of Itajubd, in the southern region of Minas Gerais.
Negative tendencies for rainfall were also demonstrated by
Rodrigues et al. (2018) for the region of the city of Machado,
state of Minas Gerais, for the month of October. Silva et al.
(2015), also found negative tendencies for annual rainfall
using the same Mann-Kendall statistical test.

However, it appears that the dry period showed
significant trends in reducing the volume of rainfall for
the period prior to the formation of the lake. Therefore, it
can be that there is no very well defined trend pattern for
the dry and rainy periods before and after the formation
of the Funil lake. Melo et al. (2018), used the Mann-Kendall
test, to assess the rainfall pattern in the Sobradinho region
(BA) after the existence of the Sobradinho hydroelectric
power plant lake. They found that it was not possible to
state that there were changes in rainfall in the region
because there were significant trends only in some cases of
the tests performed. Sanches & Fisch (2005) also found few
statistically significant results analyzing the distribution
of rainfall and the formation of the artificial lake of the
Tucuruf hydroelectric plant (PA).

According to the results obtained, in which few
statistically significant results are observed, it is not
possible to state that the Funil lake interfered with the
rainfall pattern in the Lavras region. However, further



studies of trends are necessary, using a longer period of
time and involving other climatological variables in order
to obtain a more expressive result.

Conclusion

As there are expressive results for some cases of the
applied tests, it appears that there is no significant trend
to change the rainfall pattern in the Lavras region due to
the formation of the Funil lake.
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tendéncias

A 4gua possui uma ampla utilizagdo em diferentes setores da civilizagdo. Os
recursos hidricos estdo intimamente ligados as mudangas climéticas, o que tém
se tornado objeto de crescentes estudos nas ultimas décadas. Com este trabalho
objetivou-se avaliar as tendéncias no padrio de chuvas na regido de Lavras, estado
de Minas Gerais, apds a formagdo do Lago do Funil. Os dados pluviométricos
(1987 a 2017) foram extraf{dos no BDMEP disponivel no site do Instituto Nacional
de Meteorologia (INMET). A andlise foi realizada pelo teste de Mann-Kendall com
médias pluviométricas mensais, para o perfodo chuvoso e para o perfodo seco,
anterior e posterior a formacgio do lago, AFL e PFL, respectivamente. Verificou-se
que para o perfodo AFL, os meses de abril e agosto tiveram tendéncias significativas.
Por sua vez, para o periodo PFL, observou-se que os meses de fevereiro, junho,
julho e dezembro atingiram tendéncias significativas. O periodo chuvoso PFL teve
tendéncia significativa negativa assim como o periodo seco AFL. As tendéncias
significativas em apenas alguns casos evidenciam que a formago do Lago do Funil
ndo desencadeou mudangas relevantes no padrdo de chuvas da regido.
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