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ABSTRACT: In the summer of 2013/2014 the Brazil’'s Southern region dealt with a
severe crisis in water supply. Recent studies have shown that the low volume of rainfall
was caused by an anomalous atmosphere blocking condition. Would this anomaly be a
regional effect caused by climate change? To answer this question this study aims to
analyze the pattern of temperature, rainfall and relative humidity in the Tridngulo Mineiro
region, located at the Middle Eastern part of Brazil. Temperature (maximum, average and
minimum), rainfall and relative humidity data for the weather stations of the Uberaba
(1961 - 2015) and Capindpolis (1971 - 2015) cities were submitted to a Mann-Kendall
statistical test (MK) in order to investigate trends. The results showed significant positive
trends in temperature for both stations. Likewise, the MK test identified a significant
negative trend in rainfall and relative humidity for the month of October, thereby
suggesting a delay in the return of the rainy season (spring/summer). Analysis of
covariance (ANCOVA) showed that there is a relationship between the reduction of
rainfall and relative humidity, and the increase in temperature. The rainy season delay
severely affects the water resources availability, and combined with expansion of crop
areas, population growth, and the increase in temperatures, which leads to the increase
in evapotranspiration, worsens the water stress in the Tridngulo Mineiro region.

Keywords: Statistical Testing; Mann-Kendall, water resources; Uberaba city;
Capinodpolis city.

MUDANCAS CLIMATICAS NA REGIAO DO TRIANGULO MINEIRO - BRASIL

RESUMO: No verdo de 2013/2014 a regido sudeste do Brasil enfrentou uma grave crise
de abastecimento. Trabalhos recentes demonstraram que a falta de chuvas foi
consequéncia de condicdes andémalas de bloqueios atmosféricos. No entanto, seria essa
anomalia uma manifestacdo regional dos efeitos das mudancas climaticas? O trabalho
analisa o comportamento das temperaturas, precipitacdbes e umidade relativa para a
regido do Tridangulo Mineiro — MG - Brasil, buscando evidéncias de mudangas climaticas.
Dados de temperatura (maxima, média e minima), precipitacdes e umidade relativa para
Uberaba (1961-2015) e Capindpolis (1971-2015) foram submetidos ao teste de Mann-
kendall (MK) para verificacdo de suas respectivas tendéncias. Os resultados apontaram
tendéncias significativas de aumento para as temperaturas (maximas, médias e
minimas) em ambos os locais. O MK também demonstrou tendéncias significativas de
reducdo das chuvas e da umidade relativa nos meses de outubro, sugerindo atraso no
retorno da estagdo chuvosa (primavera/verdo). A anadlise de covariancia (ANCOVA)
mostrou que existe uma relagcdo entre a reducdo das precipitagdes pluviométricas e da
umidade relativa com o aumento das temperaturas. O atraso na estagao chuvosa afeta
severamente a disponibilidade de recursos hidricos e, combinado com a expansao das
areas cultivadas, o crescimento populacional e o aumento das temperaturas leva ao
aumento da evapotranspiracdo, acentuando o estresse hidrico na regido do Triangulo
Mineiro.
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1. INTRODUCTION

In the past 60 years, mankind has been more responsible for changes in
ecosystems than over any other period of time in human history (RICHARDSON
et al., 2009). In regards for climate change, the Fifth Assessment Report (AR5)
reinforced evidences on climate change previously published in the AR4,
pointing out the unequivocal warming of the climatic system and, since the
fifties, the observed changes are unprecedented (IPCC, 2013).

To the Intergovernmental Panel on Climate Change (IPCC) (IPCC, 2013),
as the averaged Earth’s surface temperature increases, the temperature and
precipitation extreme events over continents in middle and tropical regions,
most likely, will become more frequent and intense by the end of the twenty
first century.

Research on this theme has demonstrated that greenhouse gas emissions
(GARREAUD et al., 2009; KELLER, 2009; RUZMAIKIN et al., 2015) and other
aspects of climate change are reaching the IPCC projections upper limits
(EASTERLING et al., 1997; VINCENT et al., 2005; ALEXANDER et al., 2006;
SILLMANN & ROECKNER, 2008; ORLOWSKY & SENEVIRATNE, 2012; CHOI et al.,
2014; SHARMAA & BABELB, 2014; BARBU et al., 2015; GUAN et al., 2015; HU
et al., 2015; PARAK et al., 2015; ALEXANDER, 2016 and RAO et al., 2016). In
addition, the climate change key indicators are showing values beyond the
natural variability in the Earth system, i.e. increases in averaged Earth’s
average surface temperature, global average sea level and temperature,
Greenland and Antarctic ice sheets shrinking, and ocean acidification.

In Brazil, evidence on climate change (temperature and rainfall) is being
widely presented and discussed. Studies on trends have shown a decrease in
rainfall in the southern part of Amazon related to deforestation process (PAIVA &
CLARKE, 1995), an increase in rainfall in the northern part of Amazon due to
warming water of the Atlantic Ocean (MARENGO & ALVES, 2005), a decrease in
rainfall in the southern and southeastern part of Brazil (FOLHES & FISCH, 2006;
OBREGON & MARENGO, 2007 and BLAIN, 2009), an increase in magnitude of
rainfall extreme events in the Twentieth Century in the southern and
southeastern part of Brazil (HAYLOCK et al., 2006; OBREGON & MARENGO,
2007; MARENGO & CAMARGO, 2002; BLAIN, 2009; BORSATO & SOUZA FILHO,
2010; SANCHES et al., 2013, 2014; SILVA DIAS et al., 2013; VALVERDE &
MARENGO, 2014), an increase in temperature observed in many cities in Brazil
(VINCENT et al., 2005; HAYLOCK et al., 2006; OBREGON & MARENGO, 2007;
MARENGO & CAMARGO, 2008), an increase in number of warm air masses in
the Middle-South of Brazil (BORSATO & SOUZA FILHO, 2010).

The recent water shortage which took place in the southeastern part of
Brazil in 2013 and 2014 due to the decrease in rainfall drew the water resources
managers’ and Brazilian society attention to the water availability issue.
Research presented in (COELHO et al, 2015a, 2015b; LUIZ SILVA et al., 2015;
NOBRE et al., 2016) thoroughly analyzed the drought climatology events and
the ocean-atmosphere dynamic related to the years 2013-2014. The authors’
research demonstrated that the anomalous water shortage was due to an
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atmospheric blocking condition triggered by the development of an anticyclone
over the central region of Brazil for a longer period, thereby impeding frontal
systems passage over the southern part of Brazil. The presence of this
anticyclone increased temperature, decreased rainfall and relative air humidity
in the region.

Furthermore, the occurrence of these and other extreme events causes
enormous damages and impacts to agriculture, water resources, renewable
energy, human health, ecosystems and biodiversity, coastal zones, cities and
industry (NOBRE et al., 2016; YAZID & HUMPHRIES, 2015). Thereby, it is of
value to study climate change in micro scales in order to assist decision makers
in facing extreme events, such as, heat surges, storms, floods etc. mitigating
impacts on society, mainly on those groups that are most vulnerable (DUCAN et
al., 2013).

In this regard, this study aims to analyze the pattern of temperature
(maximum, average and minimum values), rainfall and relative humidity in the
Triangulo Mineiro region, located in the middle eastern part of Brazil as a means
to search for climate change at the small scale. The paper is organized as
follows: section 2 presents the data sources and the statistical methods
employed; section 3 presents the results and discussion; finally, section 4 the
conclusions, where the main findings are highlighted.

2. MATERIALS AND METHODS
2.1. STUDY AREA

The Triangulo Mineiro region is 52.760 km2 in area and located between
18° S and 20.5° S, and 51° W and 47.5° W (Figure 1). The eastern area limit
encompasses part of the administrative region of the Alto Paranaiba (BATEZELLI
et al., 2005; IBGE, 2016). The region landscape is characterized by tabular
surfaces with gradual reduction of elevations to the west, varying between
750m and 350m. Its geological structure is formed by sedimentary and volcanic
terrain Mesozoic, of the Parana Basin (IBGE, 2016; NOVAIS, 2011).
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Figure 1 - Location of Tridngulo Mineiro and weather stations in Uberaba and Capinopolis
cities.

According to the Kdppen climate classification system, the predominant
climate in the region is the Aw type (Tropical Savanna). The annual average
temperature ranges from 22C to 26C and the annual rainfall varies from 1,100
mm to 1,750 mm with the dry season lasting throughout the winter period
(May, June and July) (NOVAIS, 2011; SA JUNIOR, 2009). The savanna
ecoregion called Cerrado forms the natural land use composed of savanna
forest, wooded savanna, park savanna, gramineous-woody savanna, savanna
wetlands and gallery forests. Currently, it represents 20 % of the natural
conditions (NOVAIS, 2001; SA JUNIOR, 2009; IBAMA, 2016).

Important urban areas are located in the region (Uberlandia - 662,362
hab., Uberaba - 322,126 hab., Araguari - 116,267 hab. and Ituiutaba - 103,333
hab.) (IBGE, 2016), which present a high demographic growth rate and,
therefore presenting a high demand on water resource for water supply. It is a
region with raising livestock and mining activities (limestone, diamond, clay and
aggregates), which also highlights the expansion of the biofuel cane ethanol
sector with sugarcane crops replacing, gradually, soybean crops and degraded
pastures (NOVAIS, 2011). In 1997 cane croplands occupied roughly 100,000
hectares in the Tridngulo Mineiro region. In 2003, these areas occupied roughly
150,000 hectares (BRITO & REIS, 2012). In 2010, however, the cane croplands
areas increased to roughly 650,000 hectares (IBGE, 2016), thereby marking the
biofuel production boom.
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2.2. DATA AND METHODOLOGY

Rainfall and temperature data were acquired from the Meteorological
Database for Research and Teaching (BDMEP in Portuguese), belonging to the
National Institute of Meteorology (INMET in Portuguese). The acquired data
were organized into monthly average maximum temperature (Tmax), monthly
average temperature (Tmean), monthly average minimum temperature (Tmin),
monthly average relative humidity (RH) and monthly rainfall at the weather
stations of Uberaba city (station number WMO 83577), at the elevation of 737 m
above the sea level, from 1961 to 2015 and Capindpolis city (station number
WMO 83514), at the elevation of 650 m above sea level, from 1970 to 2015.
Thereafter, the monthly rainfall data were summed across quarters (seasonal
data): December, January and February (DJF) - Summer; March, April and May
(MAM) - Autumn; June, July and August (JJA) - Winter; and September,
October and November (SON) - Spring.

To fulfill the proposed objective, trends in temperature, relative humidity
and rainfall data (both stations) were investigated by means of parametric
(linear regression) and non-parametric (Mann-Kendall) tests.

The seasonal as well as the monthly data were subjected to the
parametric and non-parametric tests. The Mann-Kendall (MK) test is a non-
parametric statistical test used for trend analysis of long term time-series and
recommended by the World Meteorological Organization (WMO) (ALEXANDER,
2016; HAYLOCK et al., 2006; BLAIN, 2009).

According to the MK test, the null hypothesis (Ho) represents the time
series stability, in which realizations (Xn) must be independent and identically
distributed. The alternative hypothesis (Ha) represents a monotonic trend in the
time series. Thus, the MK statistic test is defined according to:

n-1 n
S = sgn (X; - Xy) (1)
k=1 j=k+1
Where,
1; for X;-X; >0
sgn (X]_ Xk) = O;fOT'Xj—Xi =0 (2)
_1;fOTX]'— Xi <0
The mean of S (E[S]) is zero and its variance is given by:
n(n—1).(2n+5)
VAR(S) = (3)

18

The statistic S is approximately normal distributed, therefore a
transformation to the reduced variable, Z, is applied:

Ano 13 - Vol. 21 - JUL/DEZ 2017 574



Revista Brasileira de Climatologia

ISSN: 2237-8642 (Eletrbnica)

s—1
(JVAR(S) ¥ 50

7= if S=0 (4)
|

\/VAR(S)

s+ 1
if $<0
VAR(S)

If S equals to zero there is no trend, if it is different from zero there is a
monotonic trend. In order to evaluate the trend significance, a certain
confidence interval has to be chosen. Taking into account a 95% confidence
interval, i.e., a significance level p equals to 0.05, the Z values must lie out of
the interval ranging from -1.96 to 1.96.

Thereafter, a covariance analysis (ANCOVA) was applied to the data as a
means of verifying the relationships and significant trends in temperature,
rainfall and relative humidity.

3. RESULTS AND DISCUSSION
3.1. ANNUAL DATA ANALYSIS

The analysis of annual average maximum, annual average and annual
average minimum temperatures for the weather stations of Uberaba and
Capinopolis cities (Figure 2) shows upward trends during the analyzed period.
The MK test results (Table 1) indicate the observed trends are statistically
significant, which are consistent with the results observed by (EASTERLING et
al. 1997; ALEXANDER et al., 2006; ALEXANDER, 2016).
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Figure 2 - Annual average maximum (a) (b), Annual average (c) (d) and Annual average
minimum temperature (e) (f) trend for the weather stations of Uberaba and Capindpolis

cities.

Table 1 - MK test Z values for the annual values of temperature at the significance level

of 0.05.
Weather Station TMax Annual TMean Annual TMin Annual
Uberaba 3.83* 3.46* 4.40%*
Capindpolis 2.69% 3.81* 5.15%

* Significant at p=0.05.

Annual rainfall data and average relative humidity showed no significant
trends by means of the MK statistic test application.
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3.2. SEASONAL DATA ANALYSIS

The seasonal data analysis showed significant trends during the analyzed
period. For the weather station located in Uberaba city, average temperatures
for summers (DJF), winters (JJA) and springs (SON) presented significant
trends, as well as, winters and springs for the station in Capindpolis city.
Regarding seasonal average temperatures, winters, springs and summers
presented upward trends for both weather stations (Table 2).

Table 2 - MK test Z values for the seasonal temperature, rainfall and relative humidity

data.
Uberaba Capinépolis

DIF 3.30% 1.56

TMax MAM 1.43 0.99
JIA 2.95% 2.05%

SON 4.09% 3.36%

DJF 3.97% 2.40%

TMean MAM 1.88 1.92
JIA 2.86% 2.49%

SON 3.34% 4.09%

DJF 4.16% 3.53%

™i MAM 3.20% 3.24%
n JIA 2.97% 3.84%
SON 3.71% 4.49%

DJF 1.04 1.90

i MAM 1.72 0.23
Rainfall. — ,, 0.25 -0.39
SON -1.34 -1.26

DJF _2.47% -1.93
RH MAM 0.88 -3.17%
JIA -1.06 -3.75%
SON -2.18% -3.65%

* Significant at p=0.05.

In respect to the average minimum temperatures (Figure 3), upward
trends for both weather stations and seasons of the year were observed. These
results agree with those of other studies in tropical regions (EASTERLING et al.,
1997; VINCENT et al., 2005; ALEXANDER et al., 2006; SILMANN & ROECKNER,
2008; ORLOWSKY & SENEVIRATNE, 2012; SHARMAA & BABELB, 2014; BARBU
et al., 2015; GUAN et al., 2015; HU et al.,, 2015; PARAK et al., 2015;
ALEXANDER, 2016; OBREGON & MARENGO, 2007). The EI Nifio Southern
Oscillation (ENSO) phenomenon in its negative phase (La Nifia) resulted in a
decrease in temperature in the years 1975-1976, 1984-1985 and 1988-1989
(Figure 3) (RAO & RADA, 1990). The southern part of South America is affected
by the positive (El Nifio) and negative phases of the ENSO. A decrease in rainfall
and a decrease in temperature was observed for the negative phase (Figure 3)
(RAO & RADA, 1990).

The downward trend found in average relative humidity data for the
weather station in Uberaba city might be related directly to the observed
increase in temperature during the warmer seasons (summer and spring).
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Whereas for Capindpolis city, located at lower elevations and more inland, the
downward trend was observed throughout the seasons, particularly, a significant

downward trend for the winter, fall and spring.

Although the upward trend

in temperature directly

influenced the

reduction of the relative humidity, it apparently did not show any influence on
the seasonal rainfall. However, in both analyzed stations, downward trends in
rainfall during spring were observed despite the fact they were not significant

according to the MK test.
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Figure 3 - Seasonal average minimum temperature trends (Summer - DJF (a) (b); Fall
- MAM (c) (d); Winter - JJA (e) (f) and Spring SON (g) (h)) for the weather stations in
Uberaba and Capindpolis cities.

3.3. MONTHLY DATA ANALYSIS

Observing the monthly temperature, rainfall and relative humidity values,
one can detect the increase in temperatures (for both cities) and its relationship
with rainfall and relative humidity.

Table 3 - MK test Z values for monthly temperature, rainfall and relative humidity data.

TMax TMean TMin Rainfall RH TMax TMean TMin Rainfall RH
Jan 1,56 3,26* 3,56* 0,72 -0,73 1,42 1,38 2,14* 1,13 0,16
Feb 2,82* 2,82* 2,96* -0,30 -1,69 0,82 1,11 3,19* 1,26 -0,78
Mar 0,61 0,86 2,48* 1,79 087 1073 0,78 2,35* 0,58 -0,75
Apr 2,50* 1,67 2,39*% 1,26 -0,06 2,10* 2,23* 3,64* 0,53 -1,91
May 0,20 0,55 1,52 1,11 -0,34 0,47 0,31 1,94 0,28 -2,37%
Jun 1,42 1,38 2,37 -0,18 0,13 0,92 1,26 3,32* 0,30 -2,25*
Jul  2,99* 2,53* 2 56* 0,77 -0,64 1,92 2,05* 3,49* 0,62 -2,55*
Aug 2,02* 1,19 0,49 -0,23 -1,23 1,55 1,50 2,19* 1,42 -3,27%
Sep 1,26 1,12 1,99* 0,89 -0,19 2,83* 3,05* 4,05* 0,06 -3,08*
Oct 3,50* 3,54* 3,12* -1,96* -3,30* 2,85* 3,54* 3,74* -2 25% -3,37%
Nov 2,95* 2,73* 3,54* -0,19 -0,68 2,51* 3,32* 295* (0,19 -1,76
Dec 3,85* 4,38* 4,71* -0,06 -2,44* 2,18* 3,60* 4,37* 0,46 -2,40%

* Significant at p=0.05.

Although, there were significant upward trends in maximum and average
temperatures for some months and for both stations, the minimum
temperatures presented a higher significant change (Table 3). The upward trend
in minimum temperatures (TMin) was observed in all the months for Uberaba
weather station, except for the months of May and August. Whereas for
Capinopolis weather station, the upward trend was not significant only for the
month of May. These results are consistent with the research of Marengo &
Camargo (2008), Borsato & Souza Filho (2010), Guan et al (2015), Hu et al
(2015), Alexander (2016) and Caloiero (2016).

The MK test for the monthly rainfall and relative humidity data showed
significant downward trends for the month of October (Figure 4).
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Figure 4 - Monthly rainfall and relative humidity for the month of October. Uberaba city
weather station (a) (b) and Capindpolis city weather station (c) (d).

ANCOVA evaluates the difference between means of two or more groups,
considering the relationship between a quantitative covariate and the response
variable (MARDIA et al., 1994). ANCOVA application suggest a direct
relationship between the increase in temperatures (average maximum, average
and average minimum) and the decrease in rainfall and relative humidity for the
month of October in both stations (Figure 5). The values of F confirm the
covariance between temperatures, rainfall and relative humidity (Table 4 and 7).
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Figure 5 - ANCOVA of October temperature, rainfall and relative humidity data. Uberaba
city weather station (a) (b) and Capindpolis city weather station (c) (d).

Table 4 - Test for equal means, adjusted for covariate - October temperature and rainfall
data - Uberaba weather station.

Sum of df Mean F p (same)
sqrs square
Adj. mean: 40315,2 1 40315,2 15,52 0,0001461
Adj. error: 278020 107 2598,32
Adj. total: 318335 108
Homogeneity (equality) of slopes:
F: 2,341
p (same) 0,129
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Table 5 - Test for equal means, adjusted for covariate - October temperature and
relative humidity data — Uberaba weather station.

Sum of sqgrs df Mean F p (same)
square
Adj. mean: 5903,24 1 5903,24 123,7 1,469E-19
Adj. error: 5106,27 107 47,7222
Adj. total: 11009,5 108
Homogeneity (equality) of slopes:
F: 7,028
p (same) 0,009253

Table 6 - Test for equal means, adjusted for covariate - October temperature and
rainfall data - Capindpolis weather station.

Sum of sqgrs df Mean F p (same)
square
Adj. mean: 2975,27 1 2975,27 2,199 0,1416
Adj. error: 120423 89 1353,06
Adj. total: 123398 90
Homogeneity (equality) of slopes:
F: 3,656
p (same) 0,05911

Table 7 - Test for equal means, adjusted for covariate - October temperature and
relative humidity data - Capinépolis weather station.

Sum of sqrs df Mean F p (same)
square
Adj. mean: 4845,78 1 4845,78 120,3 3,275E-18
Adj. error: 3584,58 89 40,2762
Adj. total: 8430,36 90
Homogeneity (equality) of slopes:
F: 11,08
p (same) 0,001273

The climatology of tropical regions in Brazil suggests that the return of
the rainy season should occur in the middle of the month of October (SAMPAIO
et al., 2006; REBOITA et al., 2010). Consequently, the downward trend in the
monthly rainfall data suggests the delay in the rainy season is increasing the dry
season period. Likewise, the downward trend in relative humidity, which was
considered significant by the MK test, influences the dry season period since the
temperatures (Tmax, Tmean and Tmin) for the month of October showed
upward trends.

According to Borsato & Souza Filho (2010), the warming effect, which
took place in the Parana watershed, influenced the atmosphere dynamics at
global and local scales. Thus, it is possible that the higher temperatures pattern

Ano 13 - Vol. 21 - JUL/DEZ 2017 582



Revista Brasileira de Climatologia

ISSN: 2237-8642 (Eletrbnica)

at the end of the hydrological winter lead to a delay trend in the rainfall pattern
in the Triangulo Mineiro region, thereby producing longer dry seasons.

4. CONCLUSIONS

As a way to contribute to the current discussion on climate change at
small scales by means of the study of local and regional effects, this work
studied the pattern of temperature, rainfall and relative humidity in the
Triangulo Mineiro region.

The upward trend observed in temperature, as well as the decrease in
rainfall and relative humidity, agrees with results from other studies on climate
change in Brazil and South America.

It is worth noting that the decrease in rainfall and relative humidity is
associated to the upward trend in temperature (maximum, average and
minimum) for the month of October. The analysis carried out in this study
suggests the increase in temperatures is affecting the decrease in rainfall and
causing longer dry seasons. The rainy season delay combined with expansion of
crop areas, population growth, and the increase in temperatures (which leads to
an increase in evapotranspiration), severely affects the water resources
availability and worsens the water stress.

Eventually, the results presented herein might contribute for public
management in order to mitigate the climate change effects.

Acknowledgments: The authors thank FAPERGS (grant no. 002073-
2551/13-1) and CNPq (grant no. 460329/2014-6) for financial support. The
authors also thank the reviewers for their corrections and contributions.

REFERENCES

ALEXANDER, L.V. et. al. Global observed changes in daily climate extremes of
temperature and precipitation. Journal of Geophysical Research. 111, 2006.
D05109 (doi: 10.1029/2005ID00690).

ALEXANDER, L.V. Global observed long-term changes in temperature and
precipitation extremes: A review of progress and limitations in IPCC
assessments and beyond. Weather and Climate Extremes. v.11, p.4-16. 2016.
(doi:10.1016/j.wace.2015.10.007)

BARBU, N.; CUCULEANU, V.; STEFAN, S. Investigation of the relationship
between very warm days in Romania and large-scale atmospheric circulation
using multiple linear regression approach. Theor Appl Climatol., p.1-12, 2015
(doi: 10.1007/s00704-015-1579-7).

BATEZELLI, A.; SAAD, A.R.; FULFARO, V.].; CORSI, A.C.; Landim, P.M.B.;
Perinotto, J.A.]). Andlise de bacia aplicada as unidades mesozdicas do Triangulo
Mineiro (sudeste do Brasil): uma estratégia na prospeccao de recursos hidricos
subterraneos. Aguas Subterraneas. V. 19, p. 63-73. 2005.
(doi.org/10.14295/ras.v19i1.1352)

BLAIN, G.C. Consideragbes estatisticas relativas a oito séries de precipitagdo
pluvial da Secretaria de Agricultura e abastecimento do estado de Sao Paulo.

Ano 13 - Vol. 21 - JUL/DEZ 2017 583



Revista Brasileira de Climatologia

ISSN: 2237-8642 (Eletrbnica)

Revista Brasileira de Meteorologia. v.24, n.1l, p.12-23. 2009.
(doi.org/10.1590/50102-77862009000100002).

BORSATO, V.A.; SOUZA FILHO, E.E. A participacdao dos sistemas atmosféricos
atuantes na bacia do rio Parana no periodo de 1980 a 2003. Revista Brasileira
de Climatologia. v.7, n.6. 2010. (doi.org/10.5380/abclima.v7i0)

BRITO, J.L.S.; REIS, L.N.G. Mapeamento das areas de conversdao do uso da
terra para cana-de-acglcar na mesorregido do Triangulo Mineiro/Alto Paranaiba
por meio de imagens TM/Landsat. Caminhos da Geografia. v.13, n.41, p.170-
186. 2012.

CALOIERO, T. Trend of monthly temperature and daily extreme temperature
during 1951-2012 in New Zealand. Theoretical and Applied Climatology. 2016.
(doi: 10.1007/s00704-016-1764-3).

CHOI, W.; TAREGHIAN, R.; CHOI, J.; HWANG, C. Geographically heterogeneous
temporal trends of extreme precipitation in Wisconsin, USA during 1950-2006.
International Journal of Climatology. 34: 2841-2852. 2014. (doi:
10.1002/joc.3878).

COELHO, C.A.S.; CARDOSO, D.H.F.; FIRPO, M.A.F. Precipitation diagnostics of
an exceptionally dry event in Sdo Paulo, Brazil. Theoretical and Applied
Climatology. pp 1-16. 2015a (d0i:10.1007/s00704-015-1540-9).

COELHO, C.A.S.; OLIVEIRA, C.P.; AMBRIZZI, T.; REBOITA, M.; CARPENEDO,
C.B.; CAMPOS, J.L.P.S.; TOMAZIELLO, A.C.N.; PAMPUCH, L.A.; CUSTODIO,
M.S.; DUTRA, L.M.M.; ROCHA, R.P.; REHBEIN, A. The 2014 southeast Brazil
austral summer drought: regional scale mechanisms and teleconnections.
Climate Dynamics. p.1-16. 2015b (doi 10.1007/s00382-015-2800-1).

DUNCAN, J.M.A.; BIGGS, E.M.; DASH, J].; ATKINSON, P.M. Spatio-temporal
trends in precipitation and their implications for water resources management in
climate-sensitive Nepal. Applied Geography. v.43, p.138-146. 2013.
(doi:10.1016/j.apgeog.2013.06.011).

EASTERLING, D.R.; HORTON, B.; JONES, P.D.; PETERSON, T.C.; KARL, T.R.;
PARKER, D.E.; SALINGER, M.].; RAZUVAYEV, V.; PLUMMER, N.; JAMASON, P.;
FOLLAND, C.K. Maximum and Minimum Temperature Trends for the Globe.
Science. 277(5324):364-367. 1997. (doi: 10.1126/science.277.5324.364).

FOLHES, M.T.; FISCH, G. Caracterizagdo climatica e estudo de tendéncia nas
séries temporais de temperatura do ar e precipitacdo em Taubaté (SP). Ambi-
Agua. v.1, n.1, p.61-71. 2006. (http://www.redalyc.org/pdf/928/92810108.pdf)

GARREAUD, R.D.; VUILLE, M.; COMPAGNUCCI, R.; MARENGO, J. Present-day
South American climate. Palaeogeography, Palaeoclimatology, Palaeoecology,
281. p.180-195. 2009. (doi:10.1016/j.palaeo.2007.10.032).

GUAN, Y.; ZHANG, X.; ZHENG, F.; WANG, B. Trends and variability of daily
temperature extremes during 1960-2012 in the Yangtze River Basin, China.
Global and Planetary Change. v.124, p.79-94. 2015.
(doi:10.1016/j.gloplacha.2014.11.008).

HAYLOCK, M.R. et al., Trends in Total and Extreme South American Rainfall in
1960-2000 and Links with Sea Surface Temperature. Journal of Climate. 19,
1490-1512. 2006. (doi: http://dx.doi.org/10.1175/ICLI3695.1)

Ano 13 - Vol. 21 - JUL/DEZ 2017 584



Revista Brasileira de Climatologia

ISSN: 2237-8642 (Eletrbnica)

HU, C.; XU, Y.; HAN, L.; YANG, L.; XU, G. Long-term trends in daily
precipitation over the Yangtze River Delta region during 1960-2012, Eastern
China. Theor Appl Climatol. 2015. (do0i:10.1007/s00704-015-1493-z).

IBAMA - Instituto Brasileiro do Meio Ambiente e dos Recursos WNaturais
Renovaveis. (http://www.ibama.gov.br) (accessed on 10.05.2016).

IBGE - Instituto Brasileiro de Geografia e Estatistica
(http://www.cidades.ibge.gov.br/xtras/home.php) (accessed on 10.05.2016).

IPCC - Summary for Policymakers. In: Stocker, T.F.; Qin, D.; Plattner, G.-K.;
Tignor, M.; Allen, S.K.; Boschung, J.; Nauels, A.; Xia, Y.; Bex, V. and Midgley,
P.M.; Eds.; Climate Change 2013: The Physical Science Basis, Contribution of
Working Group I to the Fifth Assessment Report of the Intergovernmental Panel
on Climate Change, Cambridge University Press, Cambridge and New York,
2013; 1-30.

KELLER, C.F. Global warming: a review of this mostly settled issue. Stochastic
Environmental Research and Risk Assessment. v.23, Issue 5, pp 643-676. 2009.
(doi: 10.1007/s00477-008-0253-3).

LUIZ SILVA, W.; NASCIMENTO, M.X.; MENEZES, W.F. Atmospheric Blocking in
the South Atlantic during the Summer 2014: A Synoptic Analysis of the
Phenomenon. Atmospheric and Climate Sciences., v.5, 386-393. 2015.
(doi.org/10.4236/acs.2015.54030).

MARDIA, K.V., KENT, 1.T., BIBBY, J.M. Multivariate analysis. London: Academic
Press, 1994, 518p.

MARENGO, J.A.; ALVES, L.M. Tendéncias hidroldgicas da bacia do rio Paraiba do
Sul. Revista Brasileira de Meteorologia. v.20, n.2. p.215-226. 2005.

MARENGO, J.A.; CAMARGO, C.C. Surface air temperature trends in Southern
Brazil for 1960 - 2002. Int. J. Climatol. 28: 893-904. 2008. (doi:
10.1002/joc.1584).

NOBRE, C.A.; MARENGO, J].A.; SELUCHI, M.E.; CUARTAS, L.A.; ALVES, L.M.
Some Characteristics and Impacts of the Drought and Water Crisis in
Southeastern Brazil during 2014 and 2015. Journal of Water Resource and
Protection. 8, 252-262. 2016. (doi.org/10.4236/jwarp.2016.82022).

NOVAIS, G.T. Caracterizacdo climatica da mesoregidao do Triangulo Mineiro/Alto
Paranaiba e do entorno da Serra da Canastra (MG). Dissertagdo (Mestrado em
Geografia), Universidade Federal de Uberlandia (UFU), Uberlandia, 2011.

OBREGON, G.; MARENGO, J.A. Caracterizacao do clima no Século XX no Brasil:
Tendéncias de chuvas e Temperaturas Médias Extremas. Relatorio n° 2.
Ministério do Meio Ambiente. Secretaria de Biodiversidade e Florestas. Diretoria
de Conservacgao da Biodiversidade, 2007.
(http://mudancasclimaticas.cptec.inpe.br/~rmclima/pdfs/prod_probio/Relatorio_
2.pdf)

ORLOWSKY, B.; SENEVIRATNE, S.I. Global changes in extreme events: regional
and seasonal dimension. Climatic Change. 110:669-696. 2012. (doi:
10.1007/s10584-011-0122-9)

PAIVA, E.M.C.D.; CLARKE, R.T. Analise de tendéncia de precipitacdo na
Amazobnia. Revista Brasileira de Meteorologia. n.10 (1/2), 1995. p.37-41.

Ano 13 - Vol. 21 - JUL/DEZ 2017 585



Revista Brasileira de Climatologia

ISSN: 2237-8642 (Eletrbnica)

PARAK, F.; ROSHANi, A.; Jamali, J.B. Trends and anomalies in daily climate
extremes over Iran during 1961-2010. Journal of Environmental & Agricultural
Sciences. 2:11. 2015.

RAO, V.B.; FRANCHITO, S.H.; SANTO, C.M.E.; GAN, M.A. An update on the
rainfall characteristics of Brazil: seasonal variations and trends in 1979-2011.
Int. J. Climatol. 36: 291-302. 2016. (doi: 10.1002/joc.4345).

RAO, V.B.; HADA, K. Characteristics of rainfall over Brazil: anual variations and
connections with the southern oscilliations. Theoretical na Applied Climatology.
42. 81-91. 1990.

REBOITA, M.S.; GAN, M.A.; ROCHA, R.P.; AMBRIZZI, T. Regimes de
precipitacdo na América do Sul: uma regido bibliografica. Revista Brasileira de
Meteorologia. v.25, n.2, p.185-204. 2010.
(http://www.scielo.br/pdf/rbmet/v25n2/a04v25n2.pdf).

RICHARDSON, K.; STEFFEN, W.; SCHELLNHUBER, J.; ALCAMO, J.; BARKER, T.;
KAMMEN, D.M.; LEEMANS, R.; MUNASINGHE, M.; OSMAN-ELASHA, B.; STERN,
N.; WAEVER, 0. Congresso Cientifico Internacional Mudangas Climaticas: Riscos,
Desafios e Decisdes Globais - Relatério Sintese. Compenhague, 2009.
(www.climatecongress.ku.dk)

RUZMAIKIN, A.; BYALKO, A. On the Relationship between Atmospheric Carbon
Dioxide and Global Temperature. American Journal of Climate Change. v.4, n.3.
2015 (doi: 10.4236/ajcc.2015.43014).

SA JUNIOR, A. Aplicacdo da classificacido de Koppen para o Zoneamento
Climatico do Estado de Minas Gerais. Dissertacdo (Mestrado), Universidade
Federal de Lavras (UFV), Lavras, 2009.

SAMPAIO, G.; ALVES, L.M.; SILVA DIAS, P.L.; MARENGO, J. O inicio da estacdo
chuvosa no Sudeste do Brasil pelo MCGA CPTEC/COLA. In: XIV Congresso
Brasileiro de Meteorologia. Anais.... Florianopolis, Brasil, 2006.

SANCHES, F.O.; VERDUM, R.; FISCH, G. Estudo de tendéncia de chuvas de
longo prazo. Rev. Ambiente & Agua. v.8 n.3 Taubaté - Sep./Dec.
2013.(doi.org/10.4136/ambi-agua.1168).

SANCHES, F.O.; VERDUM, R.; FISCH, G. Tendéncia de longo prazo das chuvas
didrias no Sudoeste do Rio Grande do Sul: os eventos extremos e a arenizacdo.
Revista Brasileira de Geografia Fisica. v.7, p.1100-1109. 2014.
(doi.org/10.5935/1984-2295.20140012).

SHARMAA, D.; BABELB, M.S. Trends in extreme rainfall and temperature indices
in the western Thailand. International Journal of Climatology. 34: 2393-2407.
2014. (doi: 10.1002/joc.3846).

SILLMANN, J.; ROECKNER, E. Indices for extreme events in projections of
anthropogenic climate change. Climatic Change. 86:83-104. 2008. (doi:
10.1007/s10584-007-9308-6).

SILVA DIAS, M.A.F.; DIAS, J.; CARVALHO, L.M.V.; FREITAS, E.D.; SILVA DIAS,
P.L. Changes in extreme daily rainfall for Sao Paulo, Brazil. Climatic Change.,
116:705-722. 2013.(doi: 10.1007/s10584-012-0504-7).

Ano 13 - Vol. 21 - JUL/DEZ 2017 586



Revista Brasileira de Climatologia

ISSN: 2237-8642 (Eletrbnica)

VALVERDE, M.C.; MARENGO, J].A. Extreme rainfall indices in the hidrographic
basins of Brazil. Open Journal of Modern Hidrology. v.4, n.1, 2014. p. 10-26.
(doi.org/10.4236/0jmh.2014.41002).

VINCENT, L.A.; PETERSON, T.C.; BARROS, V.R.; MARINO, M.B.; RUSTICUCCI,
M.; CARRASCO, G.; RAMIREZ, E.; ALVES, L.M.; AMBRIZZI, T.; BERLATO, M.A.;
GRIMM, A.M.; MARENGO, J.A.; MOLION, L.; MONCUNILL, D.F.; REBELLO, E.;
ANUNCIAGCAO, Y.M.T.; QUINTANA, J.; SANTOS, J.L.; BAEZ, J.; CORONEL, G.;
GARCIA, J.; TREBEJO, I.; BIDEGAIN, M.; HAYLOCK, M.R.; KAROLY, D. Observed
Trends in Indices of Daily Temperature Extremes in South America 1960-2000.
Journal of Climate. v.18, p.5011-5023. 2005. (doi:10.1175/]JCLI3589.1)

YAZID, M.; HUMPHRIES, U. Regional Observed Trends in Daily Rainfall Indices of
Extremes over the Indochina Peninsula from 1960 to 2007. Climate. 3, 168-192;
2015. doi:10.3390/cli3010168

Ano 13 - Vol. 21 - JUL/DEZ 2017 587



