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ABSTRACT

Climate changes have been observed all over the world and are pointed out as responsible to impact the natural resources,
especially the amount and the quality of the water in a hydrographic basin. Thus, the present research aimed to analyze
the variability and trends of air temperature and rainfall data in the Hydrographic Basin of the Ribeirdo do Lobo, So
Paulo state, Brazil. The weather data from 1988 to 2017 were collected in the Center of Water Resources and Environment
Studies of the University of Sdo Paulo (CRHEA), and in five rainfall stations of the National Water Agency of Brazil
(ANA) spread all over the basin. To identify climate changes were applied the simple regression, the run test, the Mann-
Kendall and modified Mann-Kendall tests. The results showed significant positive trends in air temperature, especially in
the annual period and during the third quarter with rising up to 0.068 °C year . Significant increases were verified to
minimum, maximum and mean air temperature, which suggests possible climate changes during the period in the analysis.
To the rainfall data, periods with positive and negative trends were found, although, most of the time the trends were non-
significant. However, a significant negative trend of the rainfall was observed in Ribeirdo do Feijdo station with a
reduction of -10.03 mm year.

Key words: climate changes, simple regression, Mann-Kendall, trend.

Variabilidade e tendéncia da temperatura do ar e precipitacdo na Bacia
Hidrografica do Ribeirédo do Lobo, Brasil

RESUMO

As mudancas climaticas tém sido observadas em todo o mundo e sdo apontadas como responsaveis por impactar 0s
recursos naturais, especialmente a quantidade e a qualidade da agua em uma bacia hidrografica. Assim, o presente trabalho
teve como objetivo analisar a variabilidade e as tendéncias da temperatura do ar e da chuva na Bacia Hidrogréafica do
Ribeirdo do Lobo, Estado de Séo Paulo, Brasil. Os dados meteoroldgicos de 1988 a 2017 foram coletados no Centro de
Recursos Hidricos e Estudos Ambientais da Universidade de Sdo Paulo (CRHEA), e em cinco esta¢Ges pluviométricas
da Agéncia Nacional de Aguas do Brasil (ANA) distribuidas por toda a bacia. Para identificar as mudancas climaticas,
foram aplicados os testes de regressdo simples, teste de run, Mann-Kendall e Mann-Kendall modificado. Os resultados
mostraram tendéncias positivas significativas na temperatura do ar, especialmente no periodo anual e durante o terceiro
trimestre, com aumento de até 0,068 °C por ano. Aumentos significativos foram verificados para temperatura minima,
méaxima e média do ar, 0 que sugere possiveis mudancas climaticas no periodo analisado. Para os dados de chuva, foram
encontrados periodos com tendéncias positivas e negativas, contudo, na maioria das vezes, as tendéncias ndo foram
significativas. No entanto, uma tendéncia negativa significativa da precipitagdo foi observada na estacdo de Ribeirdo do
Feijdo com reducéo de -10,03 mm ao ano.

Palavras-chave: mudangas climaticas, regressdo simples, Mann-Kendall, tendéncia.
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Introduction

Climate changes are defined as
modification over the climate conditions through
30 years and, can be represented by air temperature
rises, changes in rainfall patterns and by the
increase of the frequency and intensity of extreme
meteorological events. Due to the impact that
climate change has on the environment, this theme
has been the research focus worldwide. According
to the International Panel of Climate Change
(IPCC, 2013), these modifications are considered
as non-natural, therefore are associated with the
global warming, that can be the result of the human
activities, which emit greenhouse gases, as carbon
dioxide and methane into the atmosphere.
However, climate changes also can be resulted by
natural causes and, other human activities, for
example, changes in land use.

The impact of the climate changes over
natural resources are diverse and, promote
drawbacks in the agriculture (Verhage et al., 2017)
human health and food security (Myers et al.,
2017) and, at the economic and social development
of a region. Thus, the evaluation of these impacts
must encompass different areas (agriculture, hydric
resources, infrastructure and, industrial
production) and spatial scale (local, regional and
global) (Huber et al., 2014).

The local climate changes are distinct from
the global scale, once human-specific activities are
the main sources of regional climate modification
(Wheeler and von Braun, 2013). Therefore, the
regional analysis of climate change is crucial to
understand their impacts over the environment,
furthermore, this knowledge may be used in the
development of climate models making their more
reliable to predict a modification, since the local
data have better quality for a region representation
(Challinor et al., 2014; James et al., 2017).

Differences have been observed in climate
changes comparing local and global scale,
especially in Brazil, due to a large geographic
dimension. Recent research showed raises in the
month mean air temperature in the Southeast
Brazilian region for a period between 1981 and
2010, wherein for the S&o Paulo State the mean air
temperature was of 3.5 °C above the average for
January (Marengo et al., 2016).

In spite of the consensus that climate
change promotes raises in air temperature, their
effects over the rainfall regime still are variable
(Knapp et al., 2015). According to Zilli et al.
(2017), there is no clear trend of increase or
reduction in rainfall for the Amazonia, Southeast
and Central-East regions. Rao et al. (2016)
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analyzing the rainfall trends and their variability
for different Brazilian regions between 1979 and
2011, verified a rainfall reduction in the southeast
region and, this negative trend caused detriment
over the water availability, which impacted in the
energy  hydroelectric  production and the
agricultural production. Reduction in the rainfall
trends for the Southeast region also was observed
by Marengo et al. (2016), where were observed
values of 10 to 20 mm per year lowest than the
average for 1981 to 2010 period.

To confirm the presence of significant
trends of the climate characteristics through a
period in a specific site it is necessary to adopt
statistical analysis. For this purpose, the use of
linear regression, Mann-Kendall (Mann, 1945;
Kendall, 1975) or both tests simultaneous has been
used to identify a significant trend in climate data.
In Brazil, these tests have been applied to identify
significant changes in temperature (Avila et al.,
2014; Ferreira et al., 2015; Neves et al., 2016) and
in rainfall (Ely and Dubreuil, 2017; Zilli et al.,
2017). In the same way, worldwide studies were
conducted to confirm changes in the weather
variables mentioned previously (Chen and Zhai,
2017; Shi et al., 2018; Qian et al., 2019).

Although the Mann-Kendall test is an
important statistical tool to identify trends in the
climate data series, its use is possible when the data
are random and the series must be independent.
Therefore, previously to the Mann-Kendall test, it
is mandatory to evaluate the serial correlation,
whereas the serial correlation may alter the
probability of rejecting the null hypothesis of non-
tendency in the Mann-Kendall test, leading to the
incorrect conclusions. Thus, to evaluate the
presence of the serial correlation the run test has
been used. In the case of a significant correlation,
the modified Mann-Kendall test can be applied
(Sridhar and Raviraj, 2017; Sa’adi et al., 2019).

The Ribeirdo do Lobo Hydrographic Basin
is located at the Central-East of the S&o Paulo state
and it’s important due to being the main component
of the Lobo dam, which is used to generate electric
energy, moreover, it’s used to recreation tourism
and fishing of the population around. Based on
that, the research aimed to analyze the variability
and trends of the air temperature and rainfall in this
Hydrographic Basin, to identify regional climate
changes in the historic period and to promote the
environmental management of the region.
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Material and Methods
Study area

The Hydrographic Basin of the Ribeirdo do
Lobo is distributed among the localities of Brotas,
Itirapina and S&o Carlos, all in the Sdo Paulo State,
Brazil. This hydrological network is constituted by
a damming of the Ribeirdo do Lobo and the
Itaqueri River (Agua Branca and Limoeiro
tributaries) and by the Geraldo and Perdizes

Streams (Figure 1). The climate of the area, based
on Koppen classification, is Cwa which is
characterized by a humid subtropical, with dry
winter and hot summer. The mean annual
cumulative rainfall values range from 1300 to 1500
mm, with higher frequency and volume occurring
during the summer season (Alvares et al., 2013).
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Figure 1. Hydrographic Basin of the Ribeirdo do Lobo in the S&o Paulo State, Brazil. And the location of the
climatological and rainfall stations used to obtain the meteorological data.

Temporal series analysis

The weather daily data was collected
between 1988 and 2017 by climatological and
rainfall stations spread of the Hydrographic Basin
of the Ribeirdo do Lobo (Figure 1). The daily air
temperature data were obtained from a
climatological station of the Center of Water
Resources and Environment Studies of the
University of S&o Paulo (CRHEA). The minimum
(Tmin) and maximum (Tmax) air temperature were
measured by a thermometer installed in standard
conditions (1.5 m height and over a grass surface
as the reference culture). The mean air temperature
(Tmean) data was calculated following the extreme
values method, considering the Tmin and Tmax
data.

The daily rainfall data were collected in
five rainfall stations (Est. Ferrov. Campo Alegre,
Itaqueri da Serra, Itirapina and Ribeirdo do Feijéo).
The data series were obtained HidroWeb
Information System, which belongs to the National
Water Agency of Brazil (the Portuguese acronym
is ANA) and from a climatological station of the
CRHEA (Figure 1). For both data sources, the
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rainfall was measured by conventional rain gauges,
which were tested and calibrated based on
specifications of the World Meteorological
Organization (WMO).

The daily data of the corresponded period
was organized monthly. The consistency of the
data was verified and, when periods of missing data
were found the filling was made using the
PGECLIMA_R software (Virgens Filho et al.,
2013). After that, the analyses were realized for
each quarter of the year starting in January.

The data trend was determined following a
simple regression approach, which can be
represented by an equation:

y =a+ bx @
Where:

X = independent variable (time)

y = dependent variable, which was represented by
an air temperature or the rainfall data

a = intercept standard for the period t =0

b = coefficient that indicates the direction of the
relationship between a predictor variable and the
response variable.
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Thus, the trend magnitude was obtained
using the standard coefficient fitted to the data,
which represent the changes in the climate variable
per year.

To confirm the significance of the trend,
the Student’s t-test was applied (p-value < 0.05)
and the hypothesis tested was:

Ho = there is no trend;
H; = there is trend considering the significance
threshold (p-value < 0.05).

The run test (p-value < 0.05) was used to
test the hypothesis that the elements of the
sequence are mutually independent. The method is
based on rejecting or not the null hypothesis (Ho),
which considered that a data set is from a random
process.

In the random data series, the Mann-
Kendall test was used aiming to identify trends in
climate data. The Mann-Kendall is a non-
parametric test considered more robust than the
simple regression to detect trends in series rainfall
(Ely and Dubreuil, 2017).

Considering the sequence of values
observed both for maximum and minimum
temperature along the time (1980-2009), the
hypotheses testes were:
Ho = data comprise a random variable sample of n
independent and identically distributed items”, that
is, there is no trend in this data set.
Hi: There is an increasing trend (positive) or
decreasing (negative). For the data with no
randomness, the modified Mann-Kendall was
applied (Hamed and Rao, 1998).

The hypotheses tested were:
Ho = there is no trend
Hi = there is a positive or negative trend (p-value <
0.05).

To indicate the trend direction Kendall’s
tau statistics was applied (Neves et al., 2016). A
positive tau value means an increasing trend while
a negative value represents a decreasing trend.

All tests were applied to annual and quarter
data series using the R software (v.3.5.3). To the
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Mann-Kendall and modified Mann-Kendall test,
the package "Kendall" (Hipel and McLeod, 1994)
and “modifiedmk” (Hamed and Rao, 1998) were
used.

Results and Discussion

Annual data variability

Analyzing the air temperature data from
the CRHEA climatological station for the whole
period, it was verified that the average minimum
air temperature (Tmin) was of 14.0 °C, which
presented a minimum value of 12.0 °C and
maximum of 16.5 °C observed in 1999 and 2015,
respectively. Concerning the maximum air
temperature (Tmax), the values ranged from 26.6
°C 10 29.3 °C resulting in an annual average of 26.6
°C. The values of mean air temperature (Tmean)
varied between 19.7 °C and 22.6 °C at 1999 and
2015, respectively, resulting in an annual Tmean of
21.0 °C (Figure 2).

In the last 10 years was possible to identify
an increase in Tmin, Tmean and Tmax, where the
average increased by 0.7, 0.4 and 0.6 °C,
respectively, compared to the historical air
temperature average. During the year of 2011 was
measured an average temperature of 15.5 °C to
Tmin, 28.5 °C to Tmax and 22.0 °C to Tmean.
Among the variables in the analysis, the highest
rise was observed in the Tmin, with values of 1.5
°C above the historical average (Figure 2b). Fante
and Sant’Anna Neto (2017) analyzing changes in
the air temperature patterns into the S&o Paulo
state, found that raises in the minimum air
temperature was more prominent compared with
maximum air temperature.
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Figure 2. Variability, historical air temperature average, trend and their respective p-values (Student’s t-test)
of the maximum (Tmax) (a), minimum (Tmin) (b), and mean (Tmean) (c) air temperature collected in the
CRHEA climatological station, between 1988 and 2017. Sdo Paulo State, Brazil.

*significant — (p-value < 0.05).

A considerable increase in the air
temperature also was observed during 2014 and
2015. In this period, the values of Tmin, Tmean,
and Tmax were of 2.4, 1.6 and 1.4 °C, respectively,
above the historical air temperature average.
According to Marengo et al. (2015), the high
temperature observed into the referee period can be
related to a rise in evaporative demand generating
a severe drought in this region. Furthermore, a
source of heat located in the north and northeast of
Australia caused a displacement of the South
Atlantic Subtropical Anticyclone (SASA) that
implies in positives anomalies in the atmospheric
pressure in southeast Brazilian region promoting
an increase in the sea surface temperature which
causes a reduction in the rainfall frequency and
volume (Reboita et al., 2015; Coelho et al., 2016).
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The rainfall occurrence showed a similar
pattern throughout the years and among the sites,
which represent a spatial homogeneity of this
variable into the Hydrographic Basin of the
Ribeirdo do Lobo (Figure 3). Considering the 30
years, the average annual rainfall values ranged
from 1473.9 mm year? to 1611.6 mm year! for
CRHEA (Figure 3-1) and Itaqueri (Figure 3-3),
respectively. Spite of the homogeneity in the
average rainfall values, periods of variability in the
rainfall of each year can be observed.
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Figure 3. Cumulative rainfall values (bars), historical rainfall average, standard deviation (bar error), trend and
their respective p-values (Student’s t-test) observed in the CRHEA climatological station (1) and in five rainfall
stations: Est. Ferrov. Campo Alegre (2), Itaqueri da Serra (3), Itirapina (4) and Ribeirdo do Feijao (5), from

1988 to 2017. S&o Paulo State, Brazil.
*significant — (p-value < 0.05).

The higher annual rainfall values were
recorded in Itirapina (Figure 3-4) and Est. Ferrov.
Campo Alegre (Figure 3-2) stations in 1995. The
maximum rainfall values were measured in
Itirapina with a cumulative value of 2122.6 mm
year?, 616 mm above the historical average, and
in Est. Ferrov. Campo Alegre which presented a
value of 2042.5 mm year?, 316 mm above the
historical average. Considering the CRHEA and
Itaqueri stations a high annual rainfall volume
was identified during 2011, which showed raises
of 418 mm year* and 450mm year, respectively,
compared to the historical average value (Figure
3).

In contrast, the lowest annual rainfall
values were observed during 2014 among the
stations, except to Itirapina. The minimum annual
value was of 906.1 mm year! measured in
Ribeirdo do Feijéo (Figure 3-5) station, this value
was 623 mm year?® below the average. For the
remained stations the reductions in the rainfall
annual values were of 362, 375, and 540 mm to
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CRHEA, Itaqueri, and Est. Ferrov. Campo
Alegre, respectively. Considering the Itirapina
station, the lowest value of annual cumulative
rainfall was observed during 2010 with the total
amount of 1096 mm year?, 409 mm below the
historical average.

The low rainfall values during 2014 can be
related to a long drought period that affected the
southeast Brazilian region, especially the Sao
Paulo state throughout the rainy season
(December to February). In general, the rainfall
regime in the S&o Paulo state is characterized by
high volume during the summer season and lower
values in the wintertime. All over the summer,
rainfall in this location is caused by the South
Atlantic convergence zone (SACZ), by the
movement of the cold air mass, and by the strong
condition of the thermodynamic atmospheric
instability (Marengo et al., 2015). However,
during the summer of 2014, a high-pressure
(anticyclone) persisted during 45 days upon the
southeast Brazilian region, this system create a
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blocked and did not permit the arrival of humidity The figures 4, 5 and 6 show the linear
flow from the Amazonia region, as a regression analyzes applied to Tmin, Tmax and
consequence reducing the volume and frequency Tmean data for the CRHEA station for each
of rainfall in this region (Marengo et al., 2015). quarter.

Trend analysis

Air temperature
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Figure 4. Simple regression approach, values of b coefficient and their respective p-values (Student’s t-test)
obtained confronting the Tmin data, calculated in CRHEA climatological in different periods: 1° Quarter (a),
2° Quarter (b), 3° Quarter (c) and 4° Quarter (d).

*significant — (p-value < 0.05).

= 0.0527% = = c+95 75
34.00 y=0.0527x+28.714 3400 y =0.0208x +25.756
p-valie = 0.001* p-value = 0.147

i R e R R R R R R R L
s TMAX_CRHEA_1° QUARTER «+ 442+ historical aver sge Linear (TMAX_CRHEA_1° QUARTER) s TMAX_CRHEA 2° QUARTER #4414+ historical aver sge Linear (TMAX_CRHEA_2° QUARTER)

"
=

¥ =0.0669x ~ 25812 y=0.0392x+28.77
p-value = 0.001* p-value = 0.031*

Figure 5. Simple regression approach, values of b coefficient and their respective p-values (Student’s t-test)
obtained confronting the Tmax data, calculated in CRHEA climatological in different periods: 1° Quarter (a),
2° Quarter (b), 3° Quarter (c) and 4° Quarter (d).

*significant — (p-value < 0.05).
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Figure 6: Simple regression approach, values of b coefficient and their respective p-values (Student’s t-test)
obtained confronting the Tmean data, calculated in CRHEA climatological in different periods: 1° Quarter (a),
2° Quarter (b), 3° Quarter (c) and 4° Quarter (d).

*significant — (p-value < 0.05).

According to the b coefficient, it was Tmin (b = 0.051 °C year?) (Figure 2b), Tmax (b =
verified an increase in air temperature in all 0.045 °C year?) (Figure 2a), and Tmean (b = 0.048
stations and periods in analysis, which ranged from °C year?) (Figure 2c).

0.02 °C to 0.07 °C year®. Through the quarter A positive change in air temperature
periods, the higher rise in Tmin, Tmax, and Tmean represented by the b coefficient also was obtained
was observed in the third quarter (p-value < 0.05), by Penereiro and Ferreira (2017) for the most of the
which pointed out that increase in air temperature S&o Paulo state, including the municipally of Sdo
was high during the winter season (Figures 4c, 5¢ Carlos, the location where is located the
and 6¢). For the remained quarters positive changes Hydrographic Basin of the Ribeirdo do Lobo. The
in the air temperature were founded, however, no authors previously mentioned verified a rise of
significant rise was observed during the second 0.03 °C year? to Tmin, Tmax, and Tmean, being
quarter for Tmax (Figure 5b) and all remained this modification statistically significant.

quarters for Tmin (Figures 4a, 4b and 4d). In the Previously to the Mann-Kendall test, the
annual period significant changes were verified for run test was applied to check the randomly of the

data (Table 1).

Table 1. Values of p-values calculated by the use of the run test in different quarters for air temperature in
CRHEA climatological station.

Annual 1t Quarter 2" Quarter 39 Quarter 4™ Quarter

p-value p-value p-value p-value p-value
Tmin 0.009* 0.063 0.009* 0.137 0.063
Tmax 0.137 1.000 0.265 0.265 0.457
Tmean 0.063 0.710 0.265 0.026* 0.137

*significant — (p-value < 0.05).

Based on the run test output, the Mann-Kendall tests, non-significant trends were
randomness was not verified for Tmin in the annual found differently of the results from the t-test of the
period and second quarter and Tmean in the third simple regression analysis. In this case, the
quarter. Thus for these periods, the modified contrasting results were verified to Tmin during the
Mann-Kendall test was used. annual period and to Tmean in the second and

With the trend tests analysis, the positive fourth quarter periods (Table 2).

tau values pointed out a positive trend for Tmin,
Tmax and Tmean, which confirm the results,
obtained using the simple regression. However,
with the use of the Mann-Kendall and the modified
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Table 2. Values of tau and p-values calculated by the use of the Mann-Kendall and Mann-Kendall modified
tests to the air temperature data in different quarters in CRHEA climatological station.

Annual 1t Quarter 2" Quarter 3" Quarter 4™ Quarter
tau p-value tau  p-value tau p-value tau p-value tau p-value
Tmin 0.179™ 0.402™ 0.085 0.521 0.230™ 0.199™ 0.305 0.019* 0.228 0.080
Tmax 0.436 0.001* 0.414 0.001* 0.187 0.153 0.379 0.003* 0.295 0.023*
Tmean 0.329 0.011* 0.218 0.094 0.322 0.013* 0.524m 0.000*™ 0.226 0.083

*significant — (p-value < 0.05); ™modified Mann-Kendall test.

The opposite results obtained by the
application of the simple regression and the Mann-
Kendall test suggest an upper estimation of the
significant trend using the simple regression
method, which may induce to an incorrect
conclusion. This divergent result also was
identified by Bombardi and Carvalho (2017)
analyzing a rainfall series in the Brazilian central
region, in this case, the authors verified a
significant trend by the use of the simple regression
and a non-significant using the Mann-Kendall test,
which confirm the robustness of the test, being this
trustworthy to identify trends in temporal series of
weather data.

Blain et al. (2009) analyzing the minimum
air temperature in Campinas, Piracicaba,
Cordeirdpolis/Limeira, Monte Alegre do Sul,
Pindorama and Ribeirdo Preto, all in Sdo Paulo
state, during 1917 until 2006 detected positive
trend in all sites, however, significant raises were
found just in Campinas, Cordeirdpolis/Limeira and
Ribeirdo Preto. Related to the maximum annual air
temperature, Blain (2010) also analyzing different
locations in S&o Paulo state, verified significant
positive trend in Piracicaba, Campinas, Pindorama
and Ubatuba, contrarily to Cordeirépolis, Mococa,
Monte Alegre do Sul and Ribeirdo Preto was
observed stability or even reduction trend was
found. Opposite results to locations in Sdo Paulo

y = -0.0694x ~ 668.94
p-value = 0.9

Rainfall (mm y,
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state were observed by Ferrari (2012), where
significant reduction trend for the mean air
temperature was identified to Pirassununga.

Divergent results in the air temperature
trend into the S&o Paulo state can be related to the
different periods in analysis, thus, it is important to
mention that the present research used recent data
period (1980 to 2017), compared to other studies
previously described, showing a current trend for
the air temperature data, which may indicate that
the increase has occurred most clearly in the last 10
years over the Hydrographic Basin of the Ribeirdo
do Lobo. Therefore, the changes found must to be
considered in practices that intend to manage the
water in this region, due to increase in air
temperature promote raise the evaporative
atmospheric demand, as a consequence impact
positively the evapotranspiration and results in
changes in all hydrological cycle and at the hydric
availability in the Hydrographic Basin of the
Ribeirdo do Lobo.

Rainfall

The figures 7 to 11 show the linear
regression analyzes applied to rainfall data for
stations for each quarter.

e RAINFALL R hi e RAN

ARTER)

e RAINF. hist L LL_CRHEA_&

Figure 7. Simple regression approach, values of b coefficient and their respective p-values (Student’s t-test)
obtained confronting the rainfall data, calculated in CRHEA climatological station in different periods: 1°
Quarter (a), 2° Quarter (b), 3° Quarter (c) and 4° Quarter (d).

*significant — (p-value < 0.05).
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Figure 8. Simple regression approach, values of b coefficient and their respective p-values (Student’s t-test)
obtained confronting the rainfall data, calculated in Est. Ferrov. Campo Alegre rainfall station in different
periods: 1° Quarter (a), 2° Quarter (b), 3° Quarter (c) and 4° Quarter (d).

*significant — (p-value < 0.05).
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Figure 9. Simple regression approach, values of b coefficient and their respective p-values (Student’s t-test)
obtained confronting the rainfall data, calculated in Itaqueri da Serra rainfall station in different periods: 1°
Quarter (a), 2° Quarter (b), 3° Quarter (c) and 4° Quarter (d).

*significant — (p-value < 0.05).
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Figure 10. Simple regression approach, values of b coefficient and their respective p-values (Student’s t-test)
obtained confronting the rainfall data, calculated in Itirapina rainfall station in different periods: 1° Quarter
(@), 2° Quarter (b), 3° Quarter (c) and 4° Quarter (d).

*significant — (p-value < 0.05).
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obtained confronting the rainfall data, calculated in Ribeirdo do Feijéo rainfall station in different periods: 1°
Quarter (a), 2° Quarter (b), 3° Quarter (c) and 4° Quarter (d).
*significant — (p-value < 0.05).

Based on the b coefficient obtained by the
simple regression, it was verified increases and
reductions in rainfall data throughout the analyzed
period (Figures 7 to 11). In the annual scale rise in
rainfall was observed only to CRHEA station
(Figure 3-1), with an increase of 4.797 mm year,
however, this value was not significant by the
Student’s s t-test. In contrast, reductions in rainfall
were verified in the remain stations with values
until -10.030 mm year? to Ribeirdo do Feijdo
station (p-value < 0.05) ( Figure 3-5).

A considerable variability on the rainfall
data was verified all over the quarter periods
(Figures 7 to 11).

Analyzing all stations and periods were
observed rainfall reductions to first, third and
fourth quarter periods with values ranging from
-0.053 to -5.906 mm year*. Besides that, except for
the Est. Ferrov. Campo Alegre, during the second
quarter, a rise in rainfall value was observed. Spite
of the fact of simple regression evince possible
changes in the rainfall, the changes were not

statistically significant for almost periods and
stations analyzed.

Using the same method to identify changes
in rainfall patterns, Penereiro and Ferreira (2017)
analyzing 11 locations spread the Sdo Paulo state,
obtained b coefficient that indicated reductions and
increases in the annual rainfall, similar results
those obtained in the present research. The authors
also identified a reduction trend for this variable in
the municipally of Sdo Carlos, where is located the
Hydrographic Basin of the Ribeirdo do Lobo, once
more confirming the results observed in this
research.

Even as the air temperature data, the run
test was applied to the rainfall data to confirm the
randomly of the data and, just for the first quarter
period to the Ribeirdo do Feijao the rainfall data did
not present randomness (p-value < 0.05), thus the
modified Mann-Kendall test was applied. To the
other periods and locations, due to the randomly of
the data the Mann-Kendall test was used (Table 3).

Table 3. Values of p-values calculated by the use of the run test in different periods of time in climatological
and rainfall stations: CRHEA (1), Est. Ferrov. Campo Alegre (2), ltaqueri da Serra (3), Itirapina (4) and

Ribeirdo do Feijéo (5).

Station Annual 1t Quarter 2" Quarter 3" Quarter 4" Quarter
p-value p-value p-value p-value p-value
1 0.457 0.710 0.710 0.265 0.457
2 0.457 0.457 0.710 0.137 0.137
3 0.710 0.710 0.265 1.000 0.710
4 1.000 0.457 0.710 1.000 0.710
5 1.000 0.026* 0.710 1.000 0.265

*significant — (p-value < 0.05).

Analyzing the tau values an agreement was
verified between results of the simple regression
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and the Mann-Kendall test, except to the second
quarter of all stations, where values close to zero
was found, which represent an inconsistent trend in
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the rainfall data. Although no significant results
were obtained for the most stations and periods, a
reduction trend in rainfall data can be observed.
However, in the CRHEA station for
annual, second and fourth quarter periods positive

tau values pointed out to an increase for this
variable (Table 4). Only to Ribeirdo do Feijdo for
the annual period, a significant reduction trend was
verified (p-value < 0.05), a result confirmed by the
simple regression (Table 4).

Table 4. Values of tau and p-values calculated by the use of the Mann-Kendall and Mann-Kendall modified
tests to the rainfall data in different periods of time in climatological and rainfall stations: CRHEA (1), Est.
Ferrov. Campo Alegre (2), Itaqueri da Serra (3), Itirapina (4) and Ribeirdo do Feijao (5).

Station Annual 15t Quarter 2" Quarter 3" Quarter 4" Quarter
tau p-value tau p-value tau p-value tau p-value tau p-value
1 0159 0225 -0.0713 0592 0.048 0.721 -0.058 0.669 0.159  0.225
2 -0.182 0.164  -0.099 0.454 -0.016 0915 -0.184 0.159 -0.141 0.284
3 -0.094 0475 -0.062 0.643 -0.002 1.000 -0.103 0.432 -0.140 0.284
4 -0.246 0.059 -0.205 0.116 -0.071 0592 -0.094 0475 -0.163 0.212
5 -0.283 0.030* -0.209™ 0.108™ -0.021 0.887 -0.152 0.246 -0.140 0.284

*significant — (p-value < 0.05); ™ modified Mann-Kendall test.

Resembling the present research, Blain
(2010) found negative and positive trends to
rainfall in different locations over the Séo Paulo
state between 1948 and 2007. However, the author
verified a positive trend during the May periods to
Campinas and Ribeirdo Preto, moreover, raises
also were identified considering the annual scale in
Monte Alegre do Sul and Jundiai. These results
were not similar to those obtained in the present
research, where no significant increase in rainfall
trend was observed (Table 4).

Ferrari et al. (2012) analyzing the rainfall
in Pirassununga, Sao Paulo state, for 1976 to 2008
verified negative trend in the variable in analysis
considering the annual scale, however, the results
were not significant. Similar results were obtained
by Folhes and Fisch (2006) in Taubaté, Sdo Paulo
state between 1983 and 2005, where a negative
trend was observed at the annual scale and during
April.

Considering the results obtained in the
present research and other obtained by researchers,
considerable variability was observed in different
locations all over the S&o Paulo state, which means
that changes are contrasting from each location of
the state. Specific for the stations located in
analysis herein, the modifications of the rainfall
patterns can result in negative impacts into the
qualitative and quantitative hydrological aspects of
the Hydrographic Basin of the Ribeirdo do Lobo of
the with direct effect over the quality index and the
amount of water flow of the river and their
tributaries.

Conclusions
With the current research was possible to
conclude that the air temperature showed a positive
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trend for all periods with an increase between 0.6
°C and 2.1 °C over the 30 years. The raises were
noted in Tmin, Tmax and Tmean suggesting a
climate change for this period. Considering the
rainfall data, inconsistency trends were observed,
due to periods with positive and negative trends,
moreover, most of the time non-significant trend
was observed. However, was confirmed a negative
trend in the Ribeirdo do Feijdo (-10.03 mm year).
It was possible to conclude that exist a
difference between the applied tests to check the
presence of trends. The simple regression
represented by the b coefficient (Student’s t-test)
was less accurate, once overestimation in trend was
calculated. Highest accurate results to indicate
trends were observed using the Mann-Kendall test,
due to considering that the order of values occurs
independently and randomly and that it does not
depend on the probability distribution of the data.
Spite of the results obtained with the trend
tests in the Hydrographic Basin of the Ribeirdo do
Lobo between 1998 and 2017 period, it is
necessary a more complex analysis to detect the
causes of the local climate changes, once these
changes may be attributed to deforestation, in the
soil management practices, and activities that
promote the development in the region. However,
it is important to highlight that the changes in air
temperature and rainfall observed in this research
can promote negative impacts on natural resources,
especially in water availability. Thus, these results
can indicate the way to environmental studies in the
Hydrographic Basin of the Ribeirdo do Lobo
collaborating with long-term planning.
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