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ABSTRACT

Extreme weather events have emerged as one of  the main manifestations of  climate change, being that the mitigation of  the elapsed 
impacts demand studies of  the magnitude and frequency of  their occurrence. This study aims to identify the trends of  extreme precipitation 
events in the Metropolitan Region of  Belo Horizonte, especially concerning their frequency. The trends of  precipitation were studied 
with especial regard to the indices set by ETCCDMI (Expert Team on Climate Change Detection Monitoring and Indices), including 
time series of  annual number of  rainy days above a certain threshold recorded at fourteen rainfall gauging stations. One stage of  this 
study consisted in surveying the flood occurrence in the area, besides analyzing the precipitation data corresponding to date of  flood 
occurrences, in order to establish a threshold value beyond which an event would entail potential impacts. No regional index pattern 
could be set based on such results, although the rainfall station located in the city of  Belo Horizonte reported a statistically significant 
increase in daily precipitation events above 10, 20, 30 and 40 mm, in maximum precipitation recorded over five consecutive days, in daily 
intensity, and in total annual precipitation. Abrupt changes in rainfall series were also recorded. The results have indicated that the city 
may be potentially impacted by extreme rainfall increase, probably associated to changes in temperatures on regional and local scales.

Keywords: rainstorm events; climate changes; non-stationarity.

RESUMO

Eventos climáticos extremos são considerados uma das principais manifestações de mudança climática, sendo que a minimização 
dos impactos decorrentes passa pelo estudo da magnitude e frequência de suas ocorrências. Neste sentido, a presente pesquisa busca 
identificar tendências em eventos extremos de precipitação na Região Metropolitana de Belo Horizonte, à luz da crescente preocupação 
com o aumento de sua ocorrência na região. As tendências da precipitação foram estudadas, principalmente, por meio dos índices 
estabelecidos pela ETCCDMI, incluindo séries temporais do número anual de dias chuvosos acima de um certo limiar estabelecido, 
considerando quatorze estações pluviométricas. A fim de estimar o valor de precipitação limiar, que acarretaria potenciais impactos, foi 
realizada uma busca de alagamentos ocorridos na região, para que estes fossem associados aos dados de precipitação nos dias de sua 
ocorrência. A análise efetuada não permitiu a detecção de um padrão regional nos índices analisados, no entanto, a estação localizada 
em Belo Horizonte apresentou aumento dos eventos de precipitação diária iguais ou superiores a 10, 20, 30 e 40 mm, na precipitação 
acumulada em cinco dias consecutivos, na intensidade diária e no total anual precipitado. Foram também registradas mudanças abruptas 
nas séries de precipitação. Os resultados indicaram que Belo Horizonte pode ser impactada pelo aumento de chuvas extremas, fato 
que pode estar associado a mudanças identificadas nas séries de temperatura.

Palavras-chave: chuvas extremas; mudanças climáticas; não estacionariedade.
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INTRODUCTION

Extreme climatic events have been one of  the main 
consequences of  climate changes in many places around the 
world. Extreme events have usually been characterized by atypically 
high or low values recorded within an observation time frame 
(IPCC, 2012).

The global warming, the increase in the temperature 
averages around the planet, may cause higher evaporation rates that 
raise the amounts of  water vapor released into the atmosphere, 
and speed up the global hydrologic cycle (XU; ZHANG; RUAN, 
2006). Thus, one of  the consequences of  the global warming 
would be the increase in the magnitude and frequency of  extreme 
precipitation occurrences brought forth by the raise of  atmospheric 
humidity and/or convective activities on a large scale (SEN ROY; 
BALLING JR, 2004).

Such assumption has also been validated by considering 
the increase trend in the specific humidity all over the world that’s 
been observed since 1970 (WILLETT et al., 2008), followed by 
Alexander  et  al. (2006) who reported a significant increase in 
extreme precipitation events on a global scale.

On the other hand, Shang  et  al. (2011), based on an 
increasing concern about whether there is a significant trend in 
extreme precipitation associated with climate changes in Ethiopia, 
performed a trend analysis with daily time series of  precipitation 
records at Debre Markos in the Northwestern Highlands of  
Ethiopia, and found no strong evidence of  increasing trend in 
extreme precipitation at this location. In addition, studies perfomed 
in Brazil (SALVIANO; GROPPO; PELLEGRINO, 2016) and 
India (KRISHNAKUMAR; PRASADA RAO; GOPAKUMAR, 
2009) showed contrasted results (positive, negative and insignificant 
trends) according to the region.

Parallel to these climatic changes, many regions have also been 
rapidly urbanizing (KISHTAWAL et al., 2009). There is increasing 
evidence that urbanization can have a significant feedback on the 
spatiotemporal patterns of  precipitation (DANTAS; SANTOS; 
OLINDA, 2015; SOUZA; NASCIMENTO; ALVALÁ, 2015).

Cotton and Pielke (2007) cite many studies on how the 
urbanization changes precipitation patterns as a result of  mesoscale 
circulations and through changes in the potential convective energy 
available. In addition, the recent researches continue to show evidence 
on how the increase in the surface temperature (FERREIRA; 
BATISTA; VIANNA, 2015; ARAÚJO; SILVA; MACHADO, 
2016) and precipitation anomalies (RAIMUNDO; SANSIGOLO; 
MOLION, 2014) may be linked to urban environments.

According to Sigrist, Künsch and Stahel (2012) precipitation 
is a very complex phenomenon that varies in space and time, 
and there are many efforts to model its nonstationarity. Tsonis 
(1996) analyzed low-frequency variability of  global precipitation 
over the past century and found that the fluctuations about the 
global mean have increased significantly, while the mean values 
have not changed. Thus, in this example, it is implied that the 
global precipitation process was nonstationary in the past century. 
Such a change in regime highlights a destruction of  the stationary 
behavior of  the system, even though the cause for this change 
has not been identified. Most theories of  time series prediction 
assume that a predicted process is stationary, but in some instances, 

weather and climate time series are shown to be nonstationary 
(YANG et al., 2010).

Studies were carry out in different places of  the world in 
order to identify changes in hydrological time series, especially 
to try out the application of  statistical test to detect trends (e.g. 
BLANCHET; MOLINIÉ; TOUATI, 2016; SANCHES; VERDUM; 
FISCH, 2013; and others). The investigation of  possible climate 
changes is primary focus of  such studies (MADSEN et al., 2014).

The main statistical tests used in studies to estimate the 
significance of  gradual changes in the series of  hydrological data are 
the nonparametric tests Mann-Kendall, Spearman (e.g. MOREIRA; 
NAGHETTINI, 2016; SILVEIRA; FERNANDES; SILVA, 2017; 
SANTOS et al., 2016) and Seasonal Kendall, and the parametric 
test of  linear regression (e.g. WANDERLEY et al., 2013), which 
is mean to check whether there is a linear trend in the relationship 
between time and the variable of  interest. Other important trials 
performed to detect changes in hydrological data related to the 
series have been meant to detect abrupt changes by the analysis 
of  the significance of  the change in the mean or median of  the 
sample compared to the known and/or unknown series points.

Van den Bessalar, Klen-Tank and Buishand (2013) analyzed 
the trends of  extreme precipitation events in Europe by applying the 
linear regression test to one-day rainfall index - maximum monthly 
rainfall event in one day - and the 5-day rainfall index - maximum 
monthly precipitation in 5 consecutive days – record at 478 rainfall 
stations over the period between 1951 and 2010. In Northern 
Europe, there was an increase in the extreme precipitation in the 
fall, winter and spring, while in Southern Europe there was only 
a small increase in extreme precipitation in all seasons.

Villarini et al. (2011) studied extreme precipitation events 
occurred in the Midwest United States from annual maximum 
daily rainfall time series of  221 rain gages with a record of  at least 
75 years. The occurrence of  slowly varying changes was analyzed 
by Mann-Kendall and Spearman tests, at the 5% significance level, 
that have found an increasing trend at 19 stations.

In Brazil, a study carried out in the Metropolitan Region of  
Belo Horizonte (ALEXANDRE; BAPTISTA; NAGHETTINI, 
2010) have demonstrated the likelihood of  precipitation increase 
over the dry season, and precipitation decrease over the rainy 
season, although the total yearly precipitation has not shown any 
evidence of  changes in their series.

Queiroz (2013) studied trends of  annual maximum daily 
precipitation series in central area of  the state of  Minas Gerais, 
in Brazil, based on the precipitation indices recommended by 
CLIVAR (Climate and Ocean: Variability, Predictability and 
Change), which is one of  the four core projects of  the World 
Climate Research Programme, that may be applied to detect 
climate changes. Precipitation indices of  heavy precipitation 
days (R99p), number of  days with precipitations above 30 mm 
(R30mm), maximum precipitation amount in five days (Rx5day), 
and Simple Day Intensity Index (SDII) showed predominantly 
positive trends.

Many studies have reported significant changes in local and 
regional climate characteristics, and furthermore, how environmental 
changes have affected the weather. Although atmosphere controls 
of  each scale differ, many scale levels are interconnected, and may 
interfere with each other. For example, regional climate changes 
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may occur after changes in the atmosphere controls that organize 
that scale such as action centers and associated atmosphere systems 
and geographic attributes. At a local level, the scope includes places 
where the anthropic action is among the main organization factors, 
and cause innumerous atmospheric changes (NUNES, 2003).

Also at a local level, the development and growing of  
urban centers have brought forth a peculiar phenomenon called 
‘urban heat island’, characterized by temperature raise in urban 
areas compared to their surrounding areas, and the increase in 
the turbulence of  condensation nucleus in the atmosphere, which 
favors the occurrence of  rainstorms (SHAW; SHARMA, 2011). 
It seems that such phenomenon may cause the same mentioned 
effects, and increase the magnitude and frequency of  extreme 
precipitation events.

Considering the significant concentration of  people in 
urban centers, the issue of  vulnerability of  cities regarding possible 
non‑stationarity of  hydro-climatological conditions must be checked 
for the potential induction of  rainstorm occurrences caused by 
the urban concentration, and as well for possible global climate 
changes. Therefore, it’s of  all importance to search for evidences 
of  such trends, quantify them, and develop tools and strategies 
to improve the resilience of  urban centers.

In this context, it is important to know the evolution of  
the magnitude and frequency of  extreme precipitation events in 
the city of  Belo Horizonte, which is very sensitive to the problem 
of  flood due to its topography, urbanization pattern and intense 
land use. This work aims at detecting the trends of  rainstorm 
series, based on extreme precipitation series with potential to 
cause flood events around the area by performing statistical tests 
and applying methods and indices set by WMO (2009) – World 
Meteorological Organization. The temperature behavior in and 
around the city has also been studied in order to evaluate the 
‘urban heat island’ effect.

MATERIAL AND METHODS

Characterization of  the study area

The Metropolitan Region of  Belo Horizonte (MRBH) is 
located between the latitudes 19°00’ and 20°30’ S and longitudes 
43°15’ and 44°45’ W, in the central area of  the state of  Minas 
Gerais, in Southeast region of  Brazil (Figure 1), on the basin of  
the rivers ‘das Velhas’ and ‘Paraopeba’, which are tributaries of  
the ‘São Francisco’ river.

The region comprises the third largest urban population 
in Brazil, with 5.8 million inhabitants (2.5 million inhabitants in 
the city of  Belo Horizonte), according to 2010 census (IBGE, 
2010), spread over an area of  9,468 km2 with 34 municipalities. 
The population of  Belo Horizonte has been significantly growing in 
the last 50 years, as shown in Figure 2. Such growth has particularly 
impacted the environment quality, noticeably regarding the average 
annual temperature that raised 1.5 °C over the last 80 years, while 
there was a considerable increase in the occurrence of  floods 
(BAPTISTA; NASCIMENTO; BARRAUD, 2011).

The MRBH is inserted in area with climate types classified 
by Köppen as Aw, Cwa and Cwb (humid climates, with dry winter 
and wet summer). In fact, it may be considered a rainy area as its 

average annual precipitation is about 1,500 mm, highly concentrated 
in the season that goes from October to March, with nearly 90% 
of  the total annual. The rainfalls in the area are mostly caused by 
the passage of  fronts and the South Atlantic Convergence Zone.

Trend analysis for time series of  temperatures

The “urban heat island” phenomenon, frequent in large 
urbanized areas, is characterized by higher temperatures in the 
city than their surrounding areas. In the city of  Belo Horizonte 
it was evidenced by some researches (MAGALHÃES FILHO; 
ABREU, 2015; and others) and in this paper, the temperature 
data were also analyzed.

The database used, corresponding to the climatological 
stations of  Belo Horizonte - MG (83587) and Florestal - MG 
(83581), located in the cities with the same names (Figure  1), 
was obtained from INMET (National Institute of  Meteorology). 
The  data collection periods were from 1961 to 2016 at Belo 
Horizonte station, and from 1961 to 2001 at Florestal station.

To verify any possible change in the temperature patterns, the 
gradual change test Mann-Kendall was applied, at the significance 
level of  5%, to the series of  mean, mean maximum and mean 
minimum temperatures of  both stations. The results obtained 
were then compared, considering that Belo Horizonte station 
is located at an altitude of  915 meters and Florestal station at 
760 meters. In contrast of  Belo Horizonte, Florestal is a small 
city, in principle not significantly influenced by urbanization or 
industrialization impacts.

Data collection and analysis about rainfall in the 
MRBH

The daily precipitation data of  MRBH were selected from 
the georeferenced database provided by the Brazilian National 
Water Agency (ANA), and the available hydrologic series on 
hydrologic information system of  the agency, named ‘Hidroweb’. 
The parameters that guided such selection were series comprising 
at least 50 years of  records, searching for a uniformity of  spatial 
distribution of  rainfall stations in the MRBH.

Fourteen (14) rain gauges were selected and the positioning 
map of  the stations is presented on Figure 3. Due to the requirement 
to keep records with at least 50 years of  data, it was not possible 
to obtain a homogeneous coverage of  rainfall stations in the 
analyzed region, as can also be noticed in Figure 3. Nevertheless, 
it has been assumed that the selected stations may be enough to 
characterize the rainfall pattern of  the metropolitan area of  Belo 
Horizonte. The precipitation series were validated by the classical 
double-mass analysis method.

Data collection and analysis about floods around the 
MRBH - Definition of  the threshold of  precipitation 
which potentially generates floods

According to the National Secretariat of  Civil Defense, in 
publication of  Joint Ordinance No. 148, of  December 18 (BRASIL, 
2013), urban flood can be defined as an “Extrapolation of  the 
outflow capacity of  urban draining systems and the consequent 
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inundation of  lowland areas overflowing thoroughfares, sidewalks 
or other urban infrastructures due to heavy precipitations”. Based 
on such definition, flood events that occurred over the last 35 years 
in the city of  Belo Horizonte were surveyed in order to correlate 
the date of  such events to the records of  rainfalls in the area on 
the same days. So, warning rainfall events were defined in this 
work as precipitations able to cause floods in the area.

The flood events survey covers the time frame from 1979 
to 2014 according to the minimum 30-year period required by 
World Meteorological Organization for a climatic characterization 
of  an area (WMO, 2007). The occurrence of  such events was 
collected from the database of  the technical department of  

Figure 1. Location of  the MRBH in Brazil.

Figure 3. Location of  rainfall gauging stations selected in MRBH.

Figure 2. Growth of  the Population of  Belo Horizonte from 
1900 to 2010. (Source: BAPTISTA; NASCIMENTO; BARRAUD, 
2011; IBGE, 2010).
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the City Hall (SUDECAP), consolidated by news published in 
Brazilian newspapers such as ‘Estado de Minas’ and ‘Folha de São 
Paulo’. The consolidation of  the data by different sources was 
necessary because records of  long-term flood events were not 
available; such type of  data is not object of  systematic collection 
in Belo Horizonte.

Regarding the stations located closer to, or in Belo Horizonte 
(01943055 and 02044012), their time series were analyzed according 
to the dates corresponding to flood events; the precipitation 
depths on those days were selected. Once obtained these daily 
precipitation depths, the median of  these values was calculated 
to set a threshold value that would indicate a rainfall that could 
cause flood in the city, i.e. an extreme rainfall.

Considering that it was not possible to obtain the duration 
of  the precipitations and, consequently, to estimate the average 
intensity of  the events and to identify if  these floods were a 
consequence of  drainage problems (obstructed storm drains and 
drainage galleries, etc), it was used a measure of  central tendency 
that is less susceptible to the presence of  outliers, i.e., the sample 
median, as an indicator of  daily rainfall that can cause flood 
problems. The median’s resistance to the effect of  a presence 
of  outlying observations is an important property (HELSEL; 
HIRSCH, 2002).

It is worth mentioning that the threshold value to be 
established is only a rainfall indication with the potential to cause 
floods in the metropolitan region of  Belo Horizonte. In fact, 
several factors may influence the behavior of  the basin during a 
rainstorm event such as, for example, initial soil moisture, land 
use and occupation, drainage system maintenance and actual 
conditions, among others.

Analysis of  the time series of  precipitation indices

In that stage, precipitation indices were applied according 
to the definition of  ETCCDMI, the Expert Team on Climate 
Change Detection Monitoring and Indices (PETERSON et al., 
2001). The precipitation indices are shown in Table 1.

For each rainfall gauging station, time series of  indices by 
hydrological year were prepared. The trends of  the time series 

were evaluated, according to Kundzewicz and Robson (2004), by 
the gradual changes test Mann-Kendall, and by the abrupt changes 
tests, described in Chiew and Siriwardena (2005), Distribution 
Free CUSUM (detect the average change in two periods) and 
Rank Sum (detect the median change in two periods), being all 
them nonparametric tests. The significance level considered in 
the tests was 5%.

RESULTS AND DISCUSSION

Analysis of  the time series of  temperatures

In Figure 4 is shown the evolution of  the mean, mean 
maximum and mean minimum temperatures in climatological 
stations from Belo Horizonte and Florestal. It is possible to 
observe a positive trend in the data of  mean and minimum 
annual temperature for the two stations, and an apparent change 
in temperature patterns from the 80’s.

An important fact to observe is a positive trend in the annual 
maximum temperatures for Florestal station, which is not observed 
in the station located in Belo Horizonte. Apparently, the increase 
of  the mean temperature is justified, in the city of  Belo Horizonte, 
by a marked increase of  the minimum temperatures, unlike the 

Table 1. Precipitation indices.
ID Index name Units

CDD Consecutive dry days Days
CWD Consecutive wet days Days
SDII Daily intensity index mm/day
R10 Annual number of  rainy days above 10 mm Days
R20 Annual number of  rainy days above 20 mm Days
R30 Annual number of  rainy days above 30 mm Days
Rnn Annual number of  rainy days above a 

threshold of  nn mm
Days

Rx1DAY Maximum monthly precipitation on a day mm
Rx5DAY Maximum monthly precipitation over 5 

consecutive days
mm

R95P Very wet days mm
R99P Extremely wet days mm

PRCPTOT Total annual wet days mm
Source: WMO (2009).

Figure 4. Mean, mean maximum and mean minimum temperatures 
- Stations of  Belo Horizonte (a) and Florestal (b).
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- Q3; and maximum and minimum magnitude of  precipitation) 
and are shown in Table 4.

Considering the preliminary analysis of  the data, it is 
observed that the minimum and maximum precipitation heights 
(Min and Max) represent values ​​that could, in principle, be 
characterized as outliers, since they represent atypical points when 
compared to the other recorded precipitation heights. However, 
when analyzing other rain gauges of  the MRBH, it was possible to 
infer that these events were observed with similar magnitudes in 
other areas of  the region. In addition, considering the notorious 
urbanization in Belo Horizonte city, rainfall with low magnitudes, 
such as the minimum precipitation height recorded (Min), when 
associated with short durations may be responsible for floods.

Considering the impossibility of  obtain the duration of  the 
precipitations and, consequently, to estimate the average intensity 
of  the events, it was obtained the median of  the daily rainfall, a 
measure of  central tendency that is less susceptible to the presence 
of  atypical values, allowing to set a threshold of  40 mm. To check 
the pertinence of  the adopted reference value, studies applied to 
Belo Horizonte and other places were analyzed.

The classification of  precipitation in Belo Horizonte, 
for the use of  flood warnings, shows that rains in the range 
of  30 to 50 mm, according to the recording of  rain gauges 
(daily precipitation) located in the city, are considered heavy rains, 
and greater than 50 mm, extremely heavy rains (REIS et al., 2004). 
It was also calculated the percentile of  the daily precipitation in 
rainy days (above 0.1 mm) at the two gage stations equivalent 
to the threshold of  40 mm, being obtained a percentile of  92.5; 
the survey of  some thresholds taken for other studies indicated 
percentiles of  85 (XAVIER, 2001; ANANIAS et al., 2010), and 95, 
and daily totals equivalent to values ranging from 42 and 65 mm 
(MOURA; ESCOBAR; ANDRADE, 2013) in cities with the level 
of  urbanization similar to Belo Horizonte.

Analysis of  the time series of  precipitation indices

The time series of  precipitation indices were checked, 
firstly, by the gradual trend test Mann-Kendall, considering the 
significance level of  5%. Figure 5 shows the spatial distribution 
of  the trends by precipitation index, considering that S+ stands 
for significant positive trend, while S– stands for significant 
negative trend.

The results shown indicate that R10, R20, R40, Rx1DAY, 
Rx5DAY, R95P and PRCPTOT indices presented significant 
trends at most in three rain gauges, which suggested that there is 
no regional trend to such indices in MRBH. On the other hand, 
when a statistic significance was found it was noticed that such 
indices preponderantly indicate positive trends, and possible 
changes in the rainfall pattern may indicate an increase in the 
relevant indices related to urban drainage systems, such as very wet 
days (R95P), the maximum monthly precipitation in one and five 
consecutive days, and the number of  rainy days with precipitation 
above 10, 20, 30 and 40 mm.

R30 index showed significant positive trend at four stations 
of  the MRBH. It’s been noticed that the stations which have 
shown an increasing trend in R30 index are located within the 
East side of  the MRBH, which indicates an increase in the number 

Table 2. Trend analysis for temperature performed by Mann-
Kendall test, at the significance level of  5%.

Station
Mean 

Maximum 
Temperature

Mean 
Annual 

Temperature

Mean 
Minimum 

Temperature
Belo Horizonte NS S+ S+

Florestal S+ S+ S+

city of  Florestal that presents increase of  the three temperatures, 
although it is possible to note that the series are shorter.

It is noteworthy that, although an increase in annual 
maximum temperatures for the city of  Florestal has been 
observed, the mean and minimum temperatures for the city of  
Belo Horizonte are considerably higher, besides also presents a 
positive trend over the years (an increase of  about 1.0 °C in mean 
annual temperature for Belo Horizonte, while Florestal station 
indicates an increase of  approximately 0.4 °C – considering a 
common period of  1961‑2001). In addition, although the two 
cities in MRBH are in the same climatic region, approximately 
with the same latitudes, Belo Horizonte station is located about 
a 165 m higher than Florestal.

Similar results were found in studies carried out for the cities 
of  Campinas (BLAIN; PICOLI; LULU, 2009) and Petrolina and 
Juazeiro (LEITÃO et al., 2011), which detected a higher increase 
in minimum temperature for the urban center when compared to 
nearby areas, less affected by the effects of  urbanization. These 
authors relate the elevation of  the minimum temperature with 
local factors, for example, to the urban heat island, excluding the 
hypothesis of  large scale factors, such as global warming.

In order to verify the significance of  the observed changes, 
the trend analysis was performed using the Mann-Kendall test, 
at the significance level of  5%, and the results are presented in 
Table 2 (S+ stands for significant positive trend, while NS stands 
for non-significant trend).

It is observed that the questions pointed out in the visual 
analysis of  the temperature data were confirmed. Temperatures 
indicate, in general, positive trends, except for the annual maximum 
temperature data for the city of  Belo Horizonte.

Analysis of  floods and rainfall

The investigation aimed to analyze flood events that 
took place from 1979 to 2014 in the city of  Belo Horizonte 
reported 104 flood events that have been sorted in chronological 
order. The days of  flood occurrence were analyzed in the time 
series of  daily precipitation recorded at the rainfall stations 
01943055 and 02044012 in order to find any rainfall indication 
that may have contributed to flood events in the city.

Table 3 presents the daily heights of  precipitation observed 
in days of  occurrence of  such events. It is observed some flood 
dates without corresponding rainfall data because the analysis 
was carried out by coverage area of  the station, i.e. if  there is not 
flood registered in specific area, no rainfall data was analyzed.

The descriptive characteristics of  the selected samples, 
considering the precipitation heights of  both stations, were 
obtained (first quartile - Q1, second quartile - Q2; third quartile 
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of  rainy days over the year above 30 mm in this area. It’s worth 
mentioning that the stations showing significant positive trend in 
R20 and R40 indices, also showed significant trend in R30 index, 
which reinforced the assumption of  changes in the precipitation 
pattern in the East side of  area.

Considering the spatial distribution of  the CWD index, 
it can be seen that four (4) stations reported significant negative 
trend, and indicated a decrease in the number of  consecutive rainy 
days in the Northern and South-west areas. By also analyzing 
Figure 5, it’s noticed that CDD index indicates a prevailing and 
concentrated positive trend in the Northern and Central areas, 
which indicates an increase in the number of  consecutive dry days 
within these areas. Such findings indicated a trend to accumulate 
precipitations on a shorter time scale in the Northern and Central 

areas, which’s been confirmed by the SDII index with positive 
significance at the stations 01943004 and 01943055.

Taking into account the localization of  the station 01943055, 
in the city of  Belo Horizonte, it is important to underline such 
results. The identified trends indicate the increase in relevant indices 
for urban drainage systems, i.e., CDD, SDII, R10, R20, R30, R40, 
Rx5DAY and PRCPTOT (the graphs with the temporal variation 
of  the precipitation indices are shown in Figure 6), being also the 
station with the highest number of  indices which presented trend.

It’s observed a clear change in the precipitation patterns 
in the city of  Belo Horizonte, reinforced by the fact that the 
increasing trend in the daily precipitation intensity (SDII) is 
associated with significant increases in the annual total precipitation 
(PRCPTOT), and the number of  consecutive dry days over the 
year (CDD), which clearly indicates the increase in the events of  
intense rainfalls on the city.

The results from the abrupt changes tests are shown in 
Table 5. It can be observed that there are different years of  change 
for the abrupt changes presented, eliminating the possibility of  
determining a single year of  change which could be representative 
of  changes in rainfall patterns of  MRBH. This result was expected, 
since different trends were observed throughout the study.

Nevertheless, the station 01943055, which represents the 
city of  Belo Horizonte, showed changes concentrated in the year 
of  1988 (highlighted in red in the Table 5), that in principle could 

Table 3. Daily precipitation heights recorded in flood days.
Date of  

flood
dd/mm/

yyyy

P (mm) Date of  
flood

dd/mm/
yyyy

P (mm) Date of  
flood

dd/mm/
yyyy

P (mm) Date of  
flood

dd/mm/
yyyy

P (mm)

01943055 02044012 01943055 02044012 01943055 02044012 01943055 02044012

21/10/2014 19 60 15/01/2010 61 23.5 08/02/1989 27.9 12.2 11/02/1983 51.8 78.6
02/04/2014 37 - 07/10/2009 18.9 33.7 30/09/88 68 61.7 21/01/83 51 53.5
03/04/2014 48.8 - 22/01/2009 35.9 9.9 17/03/88 50 30.5 04/01/1983 11.2 18.6
18/01/2014 - - 18/12/2008 21.8 47.3 08/02/1988 63.6 59.4 02/01/1983 32.4 63.2
22/12/2013 29 - 15/12/2008 67.7 31.2 14/12/87 40.2 61.2 26/01/1982 13 14.1
12/12/2013 63.1 75.4 17/09/2008 - - 09/12/1987 89.2 47.1 24/01/1982 35.6 52.2
09/04/2013 - 24.8 26/11/2007 - 21.3 06/12/1987 28.6 30 03/01/1982 112.6 81.6
07/01/2013 60.8 18.5 30/11/2006 156.3 36.6 11/03/1987 37.8 65.7 27/11/1981 11.8 17.7
29/12/2012 - 13.8 29/11/2006 29.4 40.3 08/03/1987 5.4 18.6 14/11/1981 53.3 50.8
15/11/2012 14.1 19.6 04/12/2003 57.2 24.9 27/12/86 19.8 45.2 13/11/1981 25.6 32.6
07/11/2012 10.5 9.7 16/01/2003 83.4 206.1 26/12/86 37.6 24.8 11/11/1981 95 71
05/11/2012 60.9 31.9 18/12/2000 158.8 126 12/12/1986 44.5 14 10/11/1981 40.7 34.2
15/03/2012 29.7 14 28/01/2000 77.2 124.5 11/01/1986 28.3 34.8 13/01/1981 62.3 68.4
30/01/2012 56.6 55.7 24/12/1999 80.2 60.8 10/01/1986 35.1 - 12/01/1981 35.8 55.8
28/01/2012 30.6 46.9 30/10/1998 10.6 35.9 09/01/1986 11.3 52.6 10/01/1981 35 79.2
02/01/2012 74.4 88 04/01/1997 147.4 116.9 18/03/85 99.7 90.2 10/12/1980 24.2 35.2
30/12/2011 10 8.4 14/12/1995 138.7 196.2 26/02/85 92.6 61 07/12/1980 22 34.9
29/12/2011 9.9 25 09/10/1995 72.4 46.9 29/01/85 60 19.8 05/12/1980 - 10.2
27/12/2011 48.6 39.5 24/01/1992 72.6 71.6 26/01/85 117.2 52.6 03/12/1980 20.8 44.4
15/12/2011 91.4 51.5 28/01/1991 46.9 129.4 07/01/1985 17.8 12.4 25/11/80 55.4 21.1
11/12/2011 18.6 24.3 28/11/1990 54.8 17.2 17/12/84 63 62.2 29/01/1980 22.6 28.4
28/02/2011 39.9 23.5 16/12/89 76.4 51.2 16/12/84 134.3 92.2 02/01/1980 38.5 33.8
15/01/2011 - - 14/12/89 38.7 65.6 04/12/1984 70 80 28/12/79 50.2 26
06/12/2010 60.4 84.9 13/12/89 78 85.4 10/12/1983 49.2 77.4 27/12/79 54.9 10.9
23/11/2010 75.5 40.8 06/11/1989 20 - 07/12/1983 40.7 44 08/02/1979 35.6 9
03/03/2010 30.6 14.3 15/03/89 41.2 32 01/03/1983 35.6 - 04/02/1979 - -

Table 4. Descriptive characteristics of  the time series of  daily 
precipitation heights recorded in flood days.

Sample characteristics 
(mm)

Station
01943055

Station 
02044012

Min (Minimum precipitation) 5,4 8,4
1Q (First quartile) 28,5 23,7
2Q (Second quartile) 42,9 40,6
3Q (Third quartile) 64,6 62,1
Max (Maximum precipitation) 158,8 206,1
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Figure 5. Spatial distribution of  the trends by precipitation index.
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Figure 6. Temporal variation of  the precipitation indices.
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Table 5. Results from the abrupt changes tests for precipitation considering the significance level of  5%.

Code
CDD CWD SDII R10 R20 R30

Cusum Rank Cusum Rank Cusum Rank Cusum Rank Cusum Rank Cusum Rank
01943004 S (1987) S (1987)
01943006 S(1996)
01943009
01943010 S(2000)
01943023 S(1988)
01943024
01943055 S(1988) S (1988) S(1988) S(1988) S(2000) S(1988) S(2000) S(1988)
01944004 S (2011)
01944007 S (1987) S (1987)
01944009
02043002 S(2001)
02043004
02044008 S (1982) S (1986)
02044012 S(1988)

Code
R40 Rx1DAY Rx5DAY R95P PRCPTOT

Cusum Rank Cusum Rank Cusum Rank Cusum Rank Cusum Rank
01943004
01943006 S(1990) S(1990) S(1984)
01943009
01943010 S(1975)
01943023
01943024
01943055 S (1988)
01944004
01944007
01944009
02043002 S (1987) S (1992)
02043004 S (1986)
02044008
02044012

be a representative year of  a significant urban expansion due to 
an intense migration to the MRBH.

Observing Figure 2 it is possible to notice that the city 
presented an expressive occupation process between the decades 
of  50 and 90. However, although it could be thought that a 
trend evidenced from the year 1988 did not make sense for the 
city, in practice, even with the deceleration of  the urban sprawl 
process, Belo Horizonte has been suffering with the process of  
verticalization of  the city, being the 10th city with the greatest 
verticality of  all Brazil (IBOPE, 2010).

In addition, it is worth mentioning that the consequences 
of  the urban sprawl in the city were not evidenced exactly at 
the moment they occurred, since the city presented a significant 
development as a consequence of  the strong immigration that 
occurred between the decades of  50 and 90, i.e the city has been 
planned on demand. It is observed, for example, that from the 
90’s many rivers of  the city were channeled with the purpose of  
increasing the space for urban traffic.

The findings regarding existing trends and abrupt changes 
are only indications of  possible changes in the climate pattern of  
the area. Despite the study of  Alexandre, Baptista and Naghettini 
(2010), for the Metropolitan Region of  Belo Horizonte, point to 
some trends of  precipitation increase in the region, it analyzed 
only series of  quarterly, semi-annual and annual precipitations. 

From the surveys carried out, no studies were found that analyzed 
the frequency of  occurrence of  extreme precipitation events at 
stations in the region, based on daily data, and also have associated 
the results with temperature series.

CONCLUSIONS

The trend analysis for mean and minimum annual temperatures 
indicates a more pronounced positive trend for the Belo Horizonte 
station, when compared to the Florestal station (located in the 
RMBH), signaling to possible existence of  an “urban heat island” 
in the Capital, where the rain gauge 01943055 is located.

Most indices showed significant trends in, at most, three 
stations in the MRBH, without a clear spatial pattern, and therefore 
had an inconclusive result at regional level. Nevertheless, the 
analysis of  trends in R30 time series points to a positive trend in 
four rainfall stations, located in eastern part of  the region.

Regarding the spatial distribution of  the CWD, CDD and 
SDII indices, the results point to a trend to accumulate precipitations 
on a shorter time scale in the Northern and Central areas. However, 
no change was observed in PRCPTOT, indicating that extreme 
short-term precipitation events are more sensitive to changes in 
the environment when compared to annual precipitations.
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Regarding the station located in the city of  Belo Horizonte, 
the identified trends indicated an increase in relevant indices 
related to urban draining systems. With regard to abrupt changes, 
it was observed a convergence of  change in the year of  1988, so 
evidencing a representative year of  a period of  expressive urban 
expansion.

The findings regarding existing trends and abrupt changes 
are important to emphasize that the hypothesis of  stationarity 
(the future will be statistically the same as the past) can not be 
confirmed. This type of  information is essential to the decision-
making process within the risk management perspective.
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