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A B S T R A C T 
The phenomenon of urban heat islands (UHIs) is caused by an increase 
in temperatures in a given urban area as a result of human activities and 
is usually studied in medium and large cities. This study aimed to verify if 
the phenomenon of UHIs occurs in the city of Três Rios, RJ, a small-sized 
town. In this study, a mobile measurement transect was performed 
considering preestablished data collection points/stations. Five points 
were selected, including a rural area, an urban park within the city 
(Parque Natural Municipal), and three points within the urbanized area. 
The equipment used was the Brunton®/ADC PRO handheld weather 
station. The data collection period ranged from September 2018 to July 
2019, which included the four seasons of the year. Measurements were 
taken at 6:00, 12:00, 15:00, 18:00, and 21:00 in alternate days during 
the study period. Considering the temperature measurements, two 
different indicators of thermal variability were used. Strong magnitude 
heat islands were detected taking into consideration the relevant 
variation of maximum temperatures observed in the urban area 
when compared to the rural area. The results point out that the most 
affected population are the ones located within urban areas, mostly 
individuals under socioeconomic vulnerability. The results obtained can 
be used as support for the development of strategies to minimize the 
thermal discomfort to populations exposed to the influence of higher 
magnitude UHIs.

Keywords: anthropogenic heat; small town; thermal magnitude; 
thermal anomaly.

R E S U M O
O fenômeno ilha de calor urbana (ICU) consiste no aumento de temperaturas 
de uma área urbana e é influenciado pelo desenvolvimento de atividades 
antrópicas e comumente estudado em cidades de médio e grande porte. 
Esta pesquisa buscou verificar a ocorrência do fenômeno ICU na cidade 
de Três Rios/RJ, um município de pequeno porte. Para este trabalho foi 
estabelecido um transecto móvel de medição das temperaturas em locais 
com diferentes tipos de ocupação. Os pontos medidos foram: um na área 
periurbana, no parque municipal, e dois locais de urbanização consolidada, 
além de uma área rural, pontos estes para os quais foram considerados 
dados da estação meteorológica automática existente no município. 
O equipamento portátil utilizado foi uma central meteorológica Brunton®/ 
ADC PRO. O período analisado compreendeu de setembro de 2018 a julho 
de 2019, englobando as quatro estações climáticas. As medidas foram 
realizadas às 6, 12, 15, 18 e 21 h em dias alternados dos meses em questão. 
Com base nas medições de temperatura, dois indicadores distintos de 
diferenciação térmica foram considerados, e foi possível constatar ilhas 
de calor de forte magnitude, considerando-se a relevante variação das 
máximas das temperaturas identificadas para a zona urbana em relação 
à zona rural. De acordo com a análise dos resultados, a população mais 
afetada seria a que reside na área urbanizada, sobretudo aquela em 
vulnerabilidade socioeconômica. Os resultados obtidos poderão servir 
como subsídios para a elaboração de estratégias que visem minimizar o 
desconforto térmico na população em áreas onde ocorreram maiores 
amplitudes sob influência das ilhas de calor.

Palavras-chave: calor antropogênico; região centro-sul fluminense; 
magnitude térmica; anomalia térmica.
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Introduction
Air temperature can be affected by the human interventions in a 

region, once urbanization creates a new space and shifts general envi-
ronmental conditions, such as creating changes in energy flow (Fialho, 
2009). Gunawardena et al. (2017) explained that the energy absorbed 
by urban surface is related to solar radiation and to the anthropogenic 
heat generated, and that its balance is established by convection and 
humidity evaporation processes and by the configuration of the urban 
environment. The impacts of urban development on energy balance 
can define the climate within the cities, by not just causing thermal 
discomfort but also affecting habitat conditions and human health 
(Oke, 1988). Considering this scenario, the increasing level of tem-
peratures within urban areas can lead to the phenomenon of urban 
heat islands (UHIs). 

The phenomenon of UHIs is characterized by an increase in 
temperatures in an urban area when compared to the surrounding 
rural areas, and this is considered a consequence of anthropogenic 
influence (Ward et  al., 2016). Analyzing the phenomenon of heat 
islands, in terms of an “urban energy balance,” the way energy enters 
and leaves a system considers that the solar radiation that enters the 
system is retained for a longer period on artificial surfaces when 
compared to natural surfaces (Oke, 1988; Gartland, 2010; Gunawar-
dena et  al., 2017). The formation of UHI is influenced by several 
factors, such as the reduction in wind circulation, as a consequence 
of tall buildings; atmospheric pollution; reduction in tree cover; re-
duction of humidity rates; and the emission of particles (Yow and 
Carbone, 2006). 

While the spatial configuration of cities can alter the energet-
ic balance in a way that heat is retained, in rural areas, heat absorp-
tion is lower and the dissipation of solar radiation is more efficient. 
This  is  stimulated by the constant wind flow and vegetation cover, 
which naturally absorbs less heat and contributes to the increase in 
air humidity through evapotranspiration (Gallo et  al., 2019). More-
over, the highest cover of permeable surfaces on natural spaces allows 
water infiltration, which contributes to the process of evaporative cool-
ing (Gartland, 2010; Santos et al., 2012; Oliveira et al., 2018). 

Studies on the relationship between the urban climate and human 
health found an association of thermal stress to pollution, thereby 
affecting children, elderly, and people in socioeconomic vulnerabil-
ity with chronic disease (Gabriel and Endlicher, 2011; Scherer et  al., 
2013; Larsen, 2015). Also, studies pointed to the spread of infectious 
diseases as a consequence of climatic conditions of the cities (Mun-
yuli et al., 2013; Ribeiro et al., 2016). According to the previous report 
published by the Intergovernmental Panel on Climate Change (IPCC, 
2014), which examined the negative effects of UHI on the population, 
this phenomenon might aggravate and become more frequent in a near 
future. Considering this, Viegas et al. (2013), Dhar and Khirfan (2017) 
and Jiang et  al. (2017) discussed the importance of evaluating and 
identifying UHI when making decisions about plans and adaptation 

projects regarding the impacts of urbanization and climate change and 
their mitigation.

Yamashita (1996) reported the occurrence of UHIs in Tokyo and 
concluded that these UHIs remained constant in the summer but 
presented thermal variation in the winter in different areas, reaching 
differences of 5°C. Montávez et  al. (2000) showed that in the city of 
Granada (Spain), densely developed areas presented intense UHIs, 
showing an increase in temperature of up to 3°C when compared to 
the rural areas. In contrast, this same study registered a decrease in 
temperature of up to 1°C in a specific region, associated with the buffer 
effect of an urban park. 

A study involving 397 global cities, between 2001 and 2007, consid-
ered the differences between urban and rural temperatures. This study 
pointed a significant variation in the intensity of temperatures of the 
cities with 42.1% for day time and 30.5% for night time (Yao et  al., 
2019). Vegetation was also pointed by the authors as an important fac-
tor driving differentiation between day and night times in rural areas, 
as it causes a lower variation in temperature. Amorim (2012) analyzed 
the variation in temperature during the day, taking into consideration 
the urban–rural configuration in the city of Presidente Prudente, SP, 
and observed that in the first hours of the day, the solar energy reaches 
the land surface in an inclined degree, which creates a “shade effect,” 
making it difficult for solar rays to penetrate on the urban structure. 
Whereas in environments with sparse rural buildings, the transforma-
tion of solar energy from short to long waves happens more quickly, 
generating warmer environments.

Because of their magnitude, studies on UHIs are usually made 
on medium or big cities, such as Brasília (Vianna, 2018), Presidente 
Prudente — SP (Amorim, 2012), Belo Horizonte — MG (Almeida and 
Abreu, 2010), and Goiânia — GO (Nascimento and Oliveira 2011), 
in Brazil. Nowadays, some studies on the theme have also been pub-
lished for small cities (i.e., cities with < 100,000 population), such as 
Ilha Solteira — SP (Romero, 2016) and Iporá — GO (Alves, 2016), and 
those have applied different methods.

Some of the methods used to analyze the effect of urbanization 
include geotechnical analyses, fixed-base weather stations, and mo-
bile transects. Romero (2016) used images from the satellite Landsat 
8/TIRS and found UHIs of weak and medium magnitudes, following 
the UHIs indicators proposed by Garcia (1996). Even though this is 
an effective method to visualize temperatures of large areas, the sat-
ellites that provide the images do not record continuous information 
along the day, as they are constantly moving around the Earth (Gart-
land, 2010). Other than the limitation in providing images, it is also 
necessary to choose proper images, with clear days and few levels, for 
better analyses, as the visualization of satellite images can be affected 
by atmospheric conditions.

Alves (2016) collected data on air temperature and humidity using 
two fixed-base weather stations in urban and rural areas and found that 
UHI intensity varied between 0.5 and 3.5°C. The fixed-base weather 
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stations method is the simplest method for analyses of UHI effects. 
However, there are not always enough weather stations in the target 
areas and the position of weather stations might bias the results. The 
possibility of installing temporary weather stations might be unfeasible 
due to financial and logistical limitations (Gartland, 2010). 

Considering the limitations of satellite images and fixed-base weath-
er stations, mobile transects are an alternative method for the evaluation 
of UHIs. In this method, data collection points are preestablished along 
transects, and then data are collected with the use of portable equipment, 
such as a portable thermohygrometer. Studies developed with the use 
of mobile transects (Silva et al., 2018; Sun et al., 2019) found important 
information and had relevant results involving the identification of heat 
islands. However, these studies were completed in a period of days with-
in one season and did not cover longer periods of time, which would be 
ideal to describe and identify heat islands and their patterns. 

This study brings out a novel approach to identify heat islands using 
the mobile transects method in the city of Três Rios, a small city that 
had a considerable increase in urbanization rates in the past 10 years. 
The city of Três Rios is in a naturally hot and dry region, which has 
presented progressive discomfort caused by high temperatures, as re-
ported by the population. 

A second novel aspect of this study is the time frame of data col-
lection; meteorological data were collected in a whole year, on specific 

times of the day. The analyses covered all four seasons, which allowed a 
complete and consistent analysis of the studied phenomenon. 

The objective of this study was to verify the occurrence of UHI in 
the city of Três Rios, considering the analyses of differences in tem-
peratures between rural and urban areas. 

Materials and Methods

Study area
The city of Três Rios (Figure 1) is located in the central south region 

of the state of Rio de Janeiro. Its territory covers an area of 322.843 km² 
and it has a population of 81,804 habitants (IBGE, 2015). Its proximity 
to the three largest consumer centers of the country (São Paulo, Rio de 
Janeiro, and Minas Gerais), its water availability, and its government 
program of tax exemption attracted the industry sector to the city in 
the past 10 years, speeding the process of urbanization.

About 97% of the habitants in the city of Três Rios live in the 
urban zone, which has a territorial area of about 28 km2; 88% of this 
area is classified as densely urbanized, and 12% with low urbanization 
(IBGE, 2015). Densely urbanized areas contain land with continuous 
occupation, constructions very close to each other, normally com-
posed of buildings without outdoor areas or with small backyards 
(IBGE, 2017). 

Figure 1 – Location of measurement points in the city of Três Rios/RJ.
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The city is located in the unit of ridge alignments of the Paraíba do 
Sul river with morphological forms separated by mountain ranges and 
from 300 to 800 m. Some important mountain ranges in the region 
are the hilly areas such as Alto da Terra Seca, Retiro, and Cavaru; in 
these examples, the topography ranges from 200 to 400 m and the hills 
are shaped with ample round tops and moderate slopes with amplitude 
inferior to 100 m (Valladares et al., 2012; COHIDRO, 2016). Because of 
the presence of hills, the land urban occupation in the city is mostly 
focused in the valleys, which tend to be the flooding areas. 

When it comes to climate, the city of Três Rios is in the subtrop-
ical humid zone, presenting cold dry winters and warm wet sum-
mers. The mean annual temperature is 22°C, the warmest month is 
February, with historic mean temperatures of 25.5oC, and the coldest 
month is July, with mean temperature of 18.4oC. Mean annual precip-
itation is 1592 mm, with most precipitation happening from Novem-
ber to January, and the driest period is from June to August (Alvares 
et al., 2013).

The city of Três Rios has low wind frequency, with mean speed of 
1.90 m/s, during almost all year, with exception of August to October, 
when the predominant direction is Northeast. The highest wind inten-
sities occur during the Spring and lowest during the Fall (INEA, 2015).

Fieldwork
To understand the dynamics of the urban climate in the city of 

Três Rios, air temperature was monitored between September 2018 
and July 2019, using mostly the method of mobile transects. The mea-
surements encompassed the four seasons of the year in the city of Três 
Rios. The periods of weather instability (rain and weather fronts) were 
disregarded during analysis, to avoid bias.

The mobile transects method consists of covering preestablished 
routes in order to obtain data points about locations along the routes 
with the use of meteorological portable equipments. Spronken-Smith 
and Oke (1998) noted that in small study areas, it is possible to cover 
the region with the use of a bicycle. Among the negative sides, Gartland 
(2010) points out the impossibility of collecting data from different lo-
cations simultaneously. 

The temperature measurements were taken on five collection points 
in a preestablished circuit. Temperature data were also collected from a 
weather station in the city. The measurement points were as follows: P01, 
weather station located in a rural area; P02, located in a suburban area; 
P04, located in the Natural Municipal Park of Três Rios (i.e., urban park), 
and points P03, P05, and P06, which were located in the urban area. P03 
and P04 are located in the Paraíba do Sul river’s buffer zone, while P05 
and P06 are located in the oldest urban area within the city, which has 
high vehicle traffic and dense land occupation. The locations of measure-
ment points are presented in Figure 1 and Table 1. 

The measurements were done considering the urban canopy, 
which is characterized as the ideal location to measure temperatures 

of heat islands. Measurements were taken 1.50 m from the soil sur-
face, which comprises the volume below the tops of buildings and 
trees (Gartland, 2010).

An ADC PRO summit (handheld weather station Brunton®) was 
used to measure air temperature. For better accuracy, equipment cali-
bration was done weekly and/or when weather conditions were altered. 
P01 (Três Rios weather station-A625), the fixed weather station oper-
ated by the National Institute of Meteorology (INMET), was used as 
a reference for alterations in weather conditions. P01 is located in the 
rural area of the Purys neighborhood. 

A bicycle was used for moving along the mobile transect. The bi-
cycle was a solution to avoid traffic jam, reducing delays on the mea-
surement times. Data collection was performed at 06:00, 12:00, 15:00, 
18:00, and 21:00 considering a 1-min cool down for equipment stabi-
lization. Moving along transects and running the whole circuit took 
about 40 min, which is in accordance with Araujo et al. (2010), that 
recommends a maximum of 1 h for the duration of a measurement 
circuit in mobile transects. Collections were interspersed each three 
days during the measurement period.

Measurement times were selected based on the energy entry 
and dissipation flux (i.e., solar radiation) through the city as well as 
atmospheric and human activities. Also human activities were con-
sidered, including the density of constructions, geometry of streets, 
population size, and intensity of flux of vehicles and paving (Fialho, 
2009). For  morning measurements, 06:00 h was the time chosen 
since this is the time with lower urban movement within the city 
and low incidence of solar radiation. The 12:00 h measurement rep-
resents the period of higher incidence of solar radiation. The 15:00 
h measurement was chosen based on strong solar radiation inci-
dence and energy retention in the atmosphere, which is influenced 
by land use and urban movement. The 18:00 h measurement was 
influenced by rush hour and the consequential increase in vehicle 
traffic. The 21:00 h measurement, after sunset, was chosen based on 
the influence of thermal emissions from urban constructions and 
possible presence of relevant magnitudes of anthropogenic heat 
(Oke, 1988; Fialho, 2009).

Table 1 – Measurement points within the city of Três Rios/RJ, including 
type of area, coordinates, and elevation.

ID Type of area Coordinates UTM (WGS84) (m) Elevation (m)

P01 Rural 684794.0 7555182.0 305

P02 Suburban 686437.7 7554200.7 278

P03 Urban 685347.3 7553091.3 269

P04 Urban park 684653.6 7552616.0 270

P05 Urban 684707.6 7553082.0 274

P06 Urban 684654.7 7553592.8 279
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In total, this study included 505 field campaigns for air temperature 
measurement, during 11 consecutive months, totaling 3030 measure-
ments in a period that included the 4 climatic seasons of the year.

Indicators of thermal differentiation

Magnitude of heat islands
Two indicators of thermal differentiation based on temperature 

measurements were considered. The first method is the calculation of 
the magnitude of heat islands or freshness islands adapted from Garcia 
(1996). Considering magnitudes as the difference between mean tem-
peratures in the urban and rural areas, Garcia (1996) proposed mag-
nitude degrees to characterize intensity levels of heat islands; positive 
numbers indicate heat islands, negative numbers indicate freshness is-
lands. This approach assumes that the rural area incurs lower influence 
of urbanization, and therefore, this area is considered a reference to 
indicate the impacts caused by urban occupation on the temperatures. 

This study’s indicators differed from the ones considered by Gar-
cia (1996), as in this study, not only the differences between mean 
temperatures of rural and urban areas were considered. Here the 
temperatures on each collection point were computed from the mean 
values obtained from the reference point, that is, the rural area, P01. 
This approach was used taking into consideration that the number 
of collection points for each type of area (urban, suburban, urban 
park, and rural) was small, so comparing means and running statis-
tical analysis would not be representative of the land use classes, as 
areas had a sample size of one experimental unit. Also, calculating the 
magnitudes for each point would allow a higher spatial differentiation 
of thermal differences. Equation 1 represents the expression for the 
thermal magnitude.

 (1)

Where:
Mi,n: the UHI magnitude on collection point i in the n moment;
Ti,n: the temperature of point i in the n moment;
T0,n: the temperature of point 0 (rural) in the n moment. 

Thus, different magnitudes were calculated for each point that was 
not P01. After the magnitude was calculated, a categorization of results 
was made based on the intensity levels proposed by Garcia (1996), as 
presented in Table 2.

Thermal anomalies
The second indicator to evaluate thermal differentiation is 

the calculation of thermal anomalies for each point, following the 
method used by Alves (2016) and Alcoforado and Andrade (2006). 
This method is calculated using the standardized scores that consider 
the mean temperature of a specific time and the standard deviation of 

the mean. Equation 2 represents the expression for the calculation of 
this indicator. 

 (2)

Where:
Ai,n: the thermal anomaly in the moment n and at the point i; 
Tn: the mean temperature in the moment n; 
Ti,n: the temperature of point i in the moment n; 
σTn: the standard deviation of temperatures in that moment. 

The reference for the evaluation of thermal anomalies is not the 
temperature of a specific area, as it was for the measurement of magni-
tude, but it is the mean temperature of all points. 

Data analyses
For a better visualization and description of the variations of the 

phenomenon for different time periods, data were subdivided in two 
ways: one considering the four seasons of the year, and the other con-
sidering the different times of the day. Following the subdivisions, the 
results for temperature, magnitude, and anomalies were analyzed us-
ing descriptive statistics (e.g., means, standard deviations, median, fre-
quency analysis, and quartiles) and boxplot graphics, which represent 
the distribution of results. This type of graphic was chosen as it presents 
the values of most interest for the research, that is, extreme and cen-
tral values. Iversen and Gregen (1997) and Montgomery and George 
(2003) supported the use of boxplot for these purposes. These authors 
explained that boxplots are strong tools for the comparison of data di-
vided in groups, such as the data included in this study, which were 
grouped into three categories: occupation, time, and season. 

Outliers were removed to avoid bias. The reference for outlier re-
moval was based on the method suggested by Montgomery and George 
(2003), which is considered as criteria for the removal of the values that 
were higher than the sum of the third quartile with 1.5 times the in-

Table 2 – Intensity degrees of freshness and heat islands according to 
calculated magnitudes. 

Magnitude (°C) Category Intensity

< -6

Freshness island

Very strong

-6 to -4 Strong

-4 to -2 Moderate

-2 to 0 Weak

0 to 2

Heat island

Weak

2 to 4 Moderate

4 to 6 Strong

6 Very strong

Source: Garcia (1996, p. 285).
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terquartile interval or smaller than the subtraction of the first quartile 
from 1.5 times the interquartile interval. 

Statistical analyses and figures were obtained using RStudio 
v. 1.2.5042, based on the R language R v. 3.6.1. Following these meth-
ods, discussion was made based on the frequency, intensity, and vari-
ability of thermal differentiation among the collection points and con-
clusions were elaborated.

Results and Discussion
The temperatures ranged between 7.2 and 37.8°C, with mean tem-

perature of 24.3°C, at the rural point P01; at P02 (suburban point), the 
values ranged between 6.3 and 39.1°C, with average of 24.5°C; and at 
P04 (urban park), the range was between 6.3 and 40.6°C, with mean of 
24.4°C. At the urban points, the values ranged between 6.6 and 40.4°C 
at P03, between 6.6 and 40.1°C at P05, and between 6.0 and 39.4°C at 
P06, with average temperature of 24.6°C.

Figure 2 includes the daily means by land use types. It is possible 
to observe situations in which the means are lower for the rural area 
(less impacted by urbanization) and higher for the other type of areas.

Analyses of results for temperature
The boxplots presented in Figure 3 include the distribution of tem-

peratures during the different times of the day for the entire series of 

data (102 days). From these results, it is observed that the tempera-
tures were generally lower around 06:00, with an increase during the 
day, reaching maximum values around 15:00, and after this time of 
the day, the temperatures decrease. 

Table 3 presents minimum and maximum temperatures observed, 
as well as their amplitude (difference between maximum and mini-
mum values, considering all points and the entire monitoring period) 
by time of measurement. The lower amplitude (considering all points 
and the period analyzed) happened at 06:00, with value of 18.6°C. Fol-
lowing that, the highest amplitudes were found at 15:00 (21.8°C), 18:00 
(20.3°C), 12:00 (19.4°C), and 21:00 (17.3°C).

The values between the base and the top of the block represent 50% 
of the boxplot data, and the distance between the two limits can be 
considered to establish a measure of dispersion, related to variability. 
For this analysis, it is observed that the smaller box occurs for the time 
of 06:00, with a difference of 3.60°C, indicating that this was the time 
with smallest variability, followed by the times of 21:00, 18:00, 15:00, 
and 12:00, which presented differences of 4.38, 5.10, 5.40, and 5.92°C, 
respectively. That way, the highest intensities happened on the times 
of solar irradiation, representing the influence of this variable on the 
temperatures, as observed by Capelli de Steffens et al. (2001).

The boxplots in Figure 4 present the distribution of results for the 
entire data series, similar to what was previously presented, but instead 
of time of the day, data were looked by season (considering all times). 
From these data, it is noted that the lowest temperatures occurred in 

Figure 2 – Mean daily temperatures by land use types.

Figure 3 – Boxplots including temperature variation by time of the day. Figure 4 – Temperature boxplots by season of the year, including median values.

Table 3 – Minimum and maximum temperatures and the amplitudes 
observed by time of measurement (considering all points). 

Time Minimum temperature 
(°C)

Maximum temperature 
(°C)

Amplitude 
(°C)

06:00 6.0 24.4 18.6

12:00 18.2 37.6 19.4

15:00 18.8 40.6 21.8

18:00 14.8 35.1 20.3

21:00 11.4 28.7 17.3
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the winter, followed by autumn, spring, and summer. When analyz-
ing amplitudes, the highest occurred in the winter (26.2°C), and the 
lowest occurred in the autumn (20.6°C), followed by summer (21.9°C) 
and spring (23.7°C). This agrees with what was stated by Fialho (2009) 
about highest variations in temperatures occur in the winter, as it is the 
driest season in the studied region. 

The differences between the first and the third quartiles were of 
7.85°C in the winter, 7.1°C in autumn, 6.1°C in the spring, and 9.3°C 
in the summer. Thus, even though winter amplitude was higher than 
the other seasons, the highest dispersion (size of the box) happened 
in the summer, season in which solar irradiation is more intense. 

Thermal magnitude indicator
Thermal magnitude indicators varied from -8.2 to 7.6°C at P02, 

from -8.0 to 5.7°C at P03, from -8.0 to 5.5°C at P04, from -7.8 to 5.8°C 
at P05 and -8.2 to 6.0°C at P06. An analysis of frequency of the UHI 
intensity categories for each point of collection was done, without the 
removal of outliers, and is presented in Table 4. 

For all points, more than 50% of measurements presented weak 
heat island, that is, temperatures up to 2°C higher than the temperature 
at the rural area P01. Considering all points in urban areas (P03, P05, 
and P06), more than 5% presented moderate heat island. Points P02 
and P06 presented very strong heat islands, with three occurrences at 
P02 and one at P06. In all points, freshness islands occurred in less than 
35% of the measurements. 

Thus, the indicator of thermal magnitude points to a thermal dif-
ferentiation between the rural area (P01) and the other types of land 
use for most of the measurement period with predominance of heat is-
lands of weak intensity. These observations are in accordance to what 
was exposed by Sun et al. (2019) and Rodríguez et al. (2020), which 
pointed that weak heat islands are common in small cities. The points 
in urban area presented lower frequency of freshness islands than the 
suburban (P02) and urban park (P04) points. Among the urban points, 

Table 4 – Number of occurrences (N) of the heat and freshness islands intensity categories and relative frequency (%) for the period of monitoring.

Intensity
P02 (Suburban) P03

(Urban)
P04

(Park)
P05

(Urban)
P06

(Urban)

N % N % N % N % N %

Freshness island

Very strong 1 0.20 3 0.59 1 0.20 1 0.20 1 0.20

Strong 7 1.39 11 2.18 10 1.98 7 1.39 5 0.99

Moderate 30 5.94 18 3.56 17 3.37 18 3.56 20 3.96

Weak 129 25.54 89 17.62 155 30.69 117 23.17 122 24.15

Heat island

Weak 307 60.79 337 66.73 293 58.02 323 63.96 318 62.97

Moderate 24 4.75 40 7.92 24 4.75 30 5.94 34 6.73

Strong 4 0.79 7 1.39 5 0.99 9 1.78 4 0.79

Very strong 3 0.59 0 0.00 0 0.00 0 0.00 1 0.20

Total 505 100 505 100 505 100 505 100 505 100

P03 presented the highest frequency of weak and moderate heat is-
lands; however, P06 was the only one that presented very strong inten-
sity of heat island. Another relevant observation is that the suburban 
station (P02) presented the highest magnitude value and also the high-
est frequency of very strong heat islands. Figure 5 presents boxplots for 
the magnitude results by time of day and season.

The boxplots for urban points only presented positive values at the 
second quartile, which means that, for all conditions considered, at 
least at 50% of the time the temperature of the urban area was higher 
than the temperature of the rural area. The same pattern is observed 
for the suburban area, except for the 06:00 in the spring and autumn 
seasons. At the urban park, it is observed a high frequency of values 
around zero or negative for the second quartile: at 15:00 in the winter; 
06:00 in the autumn, summer, and spring; and 18:00 in the spring.

When looking at 18:00 in the winter, for all points, the second 
quartile presented values > 2, which means that in at least 50% of times 
it was observed the occurrence of heat islands of moderate intensity 
during this time at this station. 

Thus, the magnitudes with predominant positive values, and high-
er frequency of heat islands than freshness islands, indicate that there is 
thermal differentiation between the urban, suburban, urban park, and 
rural points. The frequency analysis showed the predominance of weak 
heat islands; however, moderate and very strong heat islands were also 
observed. Moderate heat islands were observed mostly during the win-
ter at 18:00. 

The four occurrences of very strong intensity happened on Feb-
ruary 9, 2019 (summer) at 15:00 at P02 and P06, on April 27, 2019 
(autumn) and June 29, 2019 (winter) at 18:00 at P02. These data are 
outliers, which means they are not representative of the average se-
ries of data. Still, extreme temperatures can become more frequent 
and have impacts on the well-being and health of the population, as 
described in several studies (Akhtar et al., 2016; Misslin et al., 2016; 
Brousse et al., 2019). 
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Figure 5 – Boxplots including magnitude by time of the day and season.

Thermal anomalies
Thermal anomalies are presented in Figure 6. The results show that 

for the rural point, the second quartile has negative values for all sub-
groups, with the exception of 06:00 and 18:00 h in the spring. The nega-
tive second quartile means that, in at least 50% of the observations, the 

temperatures in the rural point were lower than the mean of all collec-
tion points. Also, negative values were observed for the third quartile 
at the rural point, for 18:00 and 21:00 h in the winter; 12:00, 15:00, and 
18:00 in the summer; and 12:00 h in the autumn, indicating that at 
these subgroups, in at least 75% of the observations, the temperatures 
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at the rural area were lower than the average. When looking at the rural 
point, the 06:00 time point in the spring presented higher values than 
the other points at the second and third quartiles.

At the urban points, the second quartile values are higher than the 
ones for the other collection points in most times of the day, followed 

by suburban and urban park points. In addition, when looking at pat-
terns of different times, there is a trend that the urban park and subur-
ban areas behave similarly to the urban areas as the day goes by.

The suburban point presented the second quartile values lower 
than the rural point at 06:00 and 12:00 in the summer and spring, sea-

Figure 6 – Thermal anomalies by collection point, season, and time of the day.
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sons with higher intensity of solar irradiation. This might be an indica-
tor of the sun’s influence and the reduction of humidity on these spaces. 

A pattern of dispersion was not identified for the rural area, as the 
differences between the second and third quartiles can be big when 
compared to the other collection points and, in some cases, they can 
be very small. 

Predominant negative values for thermal anomalies at the rural 
station and higher values for the urban stations indicate that there is 
thermal differentiation between the urban and non-urban areas in 
Três Rios. The urban park and suburban points presented, in most 
cases, values for the indicators of thermal differentiation that were 
lower than the ones obtained at the urban points. This observation 
indicates that the heat islands tend to be less intense at the points P04 
and P02. The urban park (P04) is the only space around the down-
town area of Três Rios with substantial tree cover and the heat islands 
might be lessened in this area due to the contribution of the vegeta-
tion cover to the maintenance of lower temperatures in this region. 
The suburban area (P02) is characterized by less intense urbanization 
when compared to the urban area, thus the impacts on microclimate 
are less intense. 

However, the differences between suburban, urban park, and ur-
ban areas are not very big, following the categories proposed by Garcia 
(1996). Still, very strong heat islands were identified at P02. Thus, it 
is possible that the process of urbanization might be causing impacts 
on the microclimate of the suburban area and the urban park even if 
in low intensities. At the suburban area, the impacts are likely a con-
sequence of the density of urban occupation, while at the urban park, 
this process might be related to what was described by Andrade et al. 
(2016), in which the fragmentation of a habitat can be drastically af-
fected by the external environment and the humidity from the river 
was added to the evapotranspiration, all these were not the enough fac-
tors to provide freshness islands in this area. 

As a caveat, it is important to mention that the rural point is close 
to surrounding urban areas, so it is also under the influence of the 
impacts caused by urbanization, but in less intensity if compared to 
the urban and suburban areas included in this study. It is possible that 
these impacts reflected on the results.

Thus, the results indicate the occurrence of heat islands in Três 
Rios potentially caused by urban densities in the city, which have 

been increased in the recent past years. The UHIs might also be 
related to the low vegetation cover in the urban area (Santiago and 
Gomes, 2016).

In contrast with cities from developed countries, where the growth 
rates are limited or inexistent, cities in developing countries, such as 
Brazil, can use the intensities of UHIs to guide urban planning (Zhou 
et al., 2017). Therefore, this study brings attention to the importance 
of UHIs on the public management of cities. We recommend that the 
issue is considered, studied, and monitored moving forward.

Três Rios is still considered a small city, although it is going through 
an intense process of growth. Thus, if prevention is not applied to the 
public management during the growth process of the city, the impacts 
indicated in this study can become aggravated in the future, resulting 
in negative effects on the health and well-being of the population. 

Conclusions
In face of the results presented, this study is relevant as it introduc-

es the existence of initial state UHIs in the city of Três Rios. This can 
be considered by the government and public management to guide ur-
ban development applying preventive measures. Such measures could 
include the increase in urban trees and afforestation of surrounding 
conservation areas affected by constant burns. 

There is a need to sustainably plan the growth and development of 
the city, adopting preventive measures, inhibiting the increase in verti-
cal buildings, and considering from an orderly and contiguous growth.

It is important to highlight the social aspect of this study, consid-
ering that the population most affected by the impacts of UHIs is con-
centrated in central and suburban areas and therefore establishing the 
importance of creating public policies that consider, above all, those 
who are in greater socioeconomic vulnerability.

The fact that the research was developed within a large time frame 
was interesting, as it allowed the observation of the variability of the 
phenomenon in the city, which is not common in other studies pub-
lished on the theme. 

This study had a limitation related to the number of collection 
points observed, which complicated the analysis of the spatial influ-
ence of the phenomenon. We suggest that future studies include more 
collection points representing each type of area, considering also 
more variables other than temperature. 

Contribution of authors:
Silva, Y.M.N.: Conceptualization, Data curation, Investigation, Formal analysis, Methodology, Validation, Visualization, Writing — original draft, Writing — 
review and editing; Silva, H.M.: Conceptualization, Data curation, Formal analysis, Methodology, Software, Validation, Visualization, Writing — review and 
editing; Silva, R.D.A.: Data curation, Formal analysis, Software, Writing — review and editing; Marques, E.D.: Supervision, Validation, Visualization, Writing — 
review and editing; Gomes, O.V.O.: Funding acquisition, Project administration, Resources, Methodology, Supervision, Visualization, Writing — original draft, 
Writing — review and editing .



Identification of the urban heat islands phenomenon in a small city:  the study case of Três Rios/RJ, Brazil

103
RBCIAMB | v.57 | n.1 | Mar 2022 | 93-104  - ISSN 2176-9478

References
Akhtar, R.; Gupta, P.T.; Srivastava, A.K., 2016. Urbanization, urban heat 
island effects e dengue outbreak in Delhi. In: Akhtar, R. (Ed.), Mudança 
climática e cenário de saúde humana no Sul e Sudeste Asiático. Advances 
in Asian Human-Environmental Research. Springer, Cham. https://doi.
org/10.1007/978-3-319-23684-1_7.

Alcoforado, M. .; Andrade, H., 2006. Nocturnal urban heat island in Lisbon 
(Portugal): main features and modelling attempts. Theoretical and Applied 
Climatology, v. 84, 151-159. https://doi.org/10.1007/s00704-005-0152-1.

Almeida, M.F.L.C.; Abreu, J.F., 2010. Ilha de calor urbana, metodologia para 
mensuração: Belo Horizonte, uma análise exploratória. Revista de Biologia e 
Ciências da Terra, v. 10, (1), 1-24 (Accessed September 16, 2020) at: https://
www.redalyc.org/articulo.oa?id=50016930001.

Alvares, C.A.; Stape, J.L.; Sentelhas, P.C.; Moraes, G.J.L.; Spavorek, G., 2013. 
Köppen’s climate classification map for Brazil. Meteorologische Zeitschrift, v. 
22, (6), 711-728. https://doi.org/10.1127/0941-2948/2013/0507.

Alves, E.D.L., 2016. Análise das influências geourbanas no clima urbano da 
cidade de Iporá - Goiás. Doctoral Tehsis, Faculdade de Ciências da Engenharia 
Ambiental, Universidade de São Paulo, São Paulo. doi:10.11606/T.18.2016.tde-
26082016-085246. Retrieved 2019-01-03, from www.teses.usp.br.

Amorim, M.C.C.T., 2012. A produção do clima urbano em ambiente tropical: 
o exemplo de Presidente Prudente/SP. Revista GeoNorte, v. 3, (9), 52-64.

Andrade, L.P.; Novais, Z.W.J.; Musis, R.C.; Sanches, L.; Pereira P.S., 2016. 
Efeitos de borda sobre o microclima de um parque ecológico urbano em 
Cuiabá-MT. Estudo & Debate, v. 23, (2), 180-194. https://doi.org/10.22410/
issn.1983-036x.v23i2a2016.1078.

Araujo, A.P.; Aleixo, N.C.R.; Menezes, B.B.; de Souza, C.G.; Rivero, C.A.V.; 
Montezani, E.; Braldo, L.M.H.; Teodoro, P.H.M.; Amorim, M.C.D.C.T., 2010. 
Ensaio metodológico sobre a utilização de transectos móveis no período 
diurno em Presidente Prudente-SP. Formação (Online), v. 1, (17), 77-95. 
https://doi.org/10.33081/formacao.v1i17.415.

Brousse, O.; Georganos, S.; Demuzere, M.; Vanhuysse, S.; Wouters, H.; Wolff, 
E.; Linard C.; Lipzig, N.P.-M; Dujardin, S., 2019. Using local climate zones in 
Sub-Saharan Africa to tackle urban health issues. Urban Climate, v. 27, 227-
242. https://doi.org/10.1016/j.uclim.2018.12.004.

Capelli de Steffens, A.; Cintia Píccolo, M.; Hernández González, J.; Navarrette, 
G., 2001. La isla de calor estival en Temuco, Chile. Papeles de Geografía, (33), 
49-60. (Accessed September 10, 2020) at: https://revistas.um.es/geografia/
article/view/47211

COHIDRO, 2016. Plano integrado de recursos hídricos (PIRH) da bacia 
hidrográfica do Rio Paraíba do Sul e planos de ação de recursos hídricos 
(PARH) das bacias afluentes (Accessed August 11, 2019) at: http://ceivap.org.
br/conteudo/REL-Produto-C-versao-final-dez16.pdf.

Dhar, T.K.; Khirfan, L., 2017. A multi-scale and multi-dimensional framework 
for enhancing the resilience of urban form to climate change. Urban Climate, 
v. 19, 72-91. https://doi.org/10.1016/j.uclim.2016.12.004.

Fialho, E.S., 2009. Ilha de calor em cidade de pequeno porte: caso de 
Viçosa, na zona da mata mineira. Doctoral Thesis, Faculdade de Filosofia, 
Letras e Ciências Humanas, Universidade de São Paulo, São Paulo. 
doi:0.11606/T.8.2009.tde-22022010-154045. Retrieved 2019-11-21, from 
https://www.teses.usp.br.

Gabriel, K.M.; Endlicher, W.R., 2011. Taxas de mortalidade urbana e 
rural durante ondas de calor em Berlim e Brandenburg, Alemanha. 
Poluição Ambiental, v. 159, (8-9), 2044-2050. https://doi.org/10.1016/j.
envpol.2011.01.016.

Gallo, D.; Dobbert, L.Y.; Niemeyer, C.A.C., 2019. Impacto ambiental e social 
das áreas verdes no clima urbano. Periódico Técnico e Científico Cidades 
Verdes, v. 7, (14), 1-11. https://doi.org/10.17271/2317860461420191843.

Garcia, F.F., 1996. Manual de climatologia aplicada: clima médio ambiente 
planificacion. Madrid, Síntesis, 285 pp. 

Gartland, L., 2010. Ilhas de calor: como mitigar zonas de calor em áreas 
urbanas. Oficina de Textos, São Paulo, 256 pp.

Gunawardena, K.R.; Wells, M.J.; Kershaw, T., 2017. Utilising green 
and bluespace to mitigate urban heat island intensity. Science of the 
Total Environment, v. 584-585, 1040-1055. https://doi.org/10.1016/j.
scitotenv.2017.01.158.

Instituto Brasileiro de Geografia e Estatística – IBGE, 2015. Três Rios (RJ) | 
Cidades e Estados (Accessed October 26, 2018). at: https://www.ibge.gov.br/
cidades-e-estados/rj/tres-rios.html.

Instituto Brasileiro de Geografia e Estatística – IBGE, 2017. Áreas urbanizadas 
do Brasil (Accessed October 26, 2018). at: https://www.ibge.gov.br/apps/
areas_urbanizadas/.

Instituto Estadual do Ambiente – INEA. 2015. Estudo de impacto ambiental – 
EIA. Central de Tratamento e Destinação de Resíduos Sólidos de Três Rios-RJ 
(Accessed October, 2020) at: http://www.inea.rj.gov.br/cs/groups/public/@
inter_dilam/documents/document/zwew/mtex/~edisp/inea0111742.pdf.

Intergovernmental Panel on Climate Change – IPCC. 2014. Climate Change 
2014 impacts, adaptation, and vulnerability (Accessed September 9, 2020) at: 
https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-PartA_FINAL.pdf.

Iversen, G.R.; Gregen, R., 1997. Statistics: The conceptual approach. Springer, 
Cham, pp. 82-84.

Jiang, Y.; Hou, L.; Shi, T.; Gui, Q., 2017. A review of urban planning research 
for climate change. Sustainability, v. 9, (12), 2224. https://doi.org/10.3390/
su9122224.

Larsen, L., 2015. Urban climate and adaptation strategies. Frontiers in Ecology 
and the Environment, v. 13, (9), 486-492. https://doi.org/10.1890/150103.

Misslin, R.; Telle, O.; Daudé, E.; Vaguet, A.; Paul, R.E., 2016. Urban climate 
versus global climate change–what makes the difference for dengue? Annals 
of the New York Academy of Sciences, v. 1382, (1), 56-72. https://doi.
org/10.1111/nyas.13084.

Montávez, J.P.; Rodríguez, A.; Jiménez, J.I., 2000. A study of the urban 
heat island of Granada. International Journal of Climatology, v. 20, (8), 
899-911. https://doi.org/10.1002/1097-0088(20000630)20:8<899::AID-
JOC433>3.0.CO;2-I.

Montgomery, D.C.; George, C.R., 2003. Applied statistics and probability for 
engineers. 3rd ed. John Wiley & Sons, Inc., New York, 207-208 pp. 

Munyuli, M.T.; Kavuvu, J.M.; Mulinganya, G.; Bwinja, G.M., 2013. The 
potential financial costs of climate change on health of urban and rural 
citizens: a case study of Vibrio cholerae infections at Bukavu Town, South Kivu 
Province, eastern of Democratic Republic of Congo. Iranian Journal of Public 
Health, v. 42, (7), 707-725 (Accessed September 7, 2020) at: https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC3881617/.

Nascimento, D.T.F.; Oliveira, I.J., 2011. Análise da evolução do fenômeno de 
ilhas de calor no município de Goiânia-GO (1986-2010). Boletim Goiano de 
Geografia, v. 31, (2), 113-127. https://doi.org/10.5216/bgg.v31i2.16849.

Oke, T.R., 1988. The urban energy balance. Progress in Physical Geography, v. 
12, (4), 471-508. https://doi.org/10.1177/030913338801200401.

https://doi.org/10.1007/978-3-319-23684-1_7
https://doi.org/10.1007/978-3-319-23684-1_7
https://doi.org/10.1007/s00704-005-0152-1
https://www.redalyc.org/articulo.oa?id=50016930001
https://www.redalyc.org/articulo.oa?id=50016930001
https://doi.org/10.1127/0941-2948/2013/0507
http://www.teses.usp.br
https://doi.org/10.22410/issn.1983-036x.v23i2a2016.1078
https://doi.org/10.22410/issn.1983-036x.v23i2a2016.1078
https://doi.org/10.33081/formacao.v1i17.415
https://doi.org/10.1016/j.uclim.2018.12.004
https://revistas.um.es/geografia/article/view/47211
https://revistas.um.es/geografia/article/view/47211
http://ceivap.org.br/conteudo/REL-Produto-C-versao-final-dez16.pdf
http://ceivap.org.br/conteudo/REL-Produto-C-versao-final-dez16.pdf
https://doi.org/10.1016/j.uclim.2016.12.004
https://www.teses.usp.br
https://doi.org/10.1016/j.envpol.2011.01.016
https://doi.org/10.1016/j.envpol.2011.01.016
https://doi.org/10.17271/2317860461420191843
https://doi.org/10.1016/j.scitotenv.2017.01.158
https://doi.org/10.1016/j.scitotenv.2017.01.158
https://www.ibge.gov.br/cidades-e-estados/rj/tres-rios.html
https://www.ibge.gov.br/cidades-e-estados/rj/tres-rios.html
https://www.ibge.gov.br/apps/areas_urbanizadas/
https://www.ibge.gov.br/apps/areas_urbanizadas/
http://www.inea.rj.gov.br/cs/groups/public/@inter_dilam/documents/document/zwew/mtex/~edisp/inea0111742.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-PartA_FINAL.pdf
https://doi.org/10.3390/su9122224
https://doi.org/10.3390/su9122224
https://doi.org/10.1890/150103
https://doi.org/10.1111/nyas.13084
https://doi.org/10.1111/nyas.13084
https://doi.org/10.1002/1097-0088(20000630)20
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3881617/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3881617/
https://doi.org/10.5216/bgg.v31i2.16849
https://doi.org/10.1177/030913338801200401


Silva, Y.M.N. et al.

104
RBCIAMB | v.57 | n.1 | Mar 2022 | 93-104  - ISSN 2176-9478

Oliveira, L.L.; Sousa, C.; Barreto, N.D.J.C.; Santos, G.P.; Almeida, R.M., 2018. 
Ilha de calor urbana: diagnóstico como ferramenta de gestão ambiental 
urbana para a cidade de Santarém (PA). Revista Ibero-Americana de 
Ciências Ambientais, v. 9, (6), 428-443. https://doi.org/10.6008/cbpc2179-
6858.2018.006.0038.

Ribeiro, H.; Pesquero, C.R.; Coelho, M.D.S.Z.S., 2016. Clima urbano e saúde: 
uma revisão sistematizada da literatura recente. Estudos Avançados, v. 30, (86), 
67-82. https://doi.org/10.1590/S0103-40142016.00100005.

Rodríguez, L.R.; Ramos, J.S.; Flor, F.J.S.; Domínguez, S.Á., 2020. Analyzing 
the urban heat Island: Comprehensive methodology for data gathering and 
optimal design of mobile transects. Sustainable Cities and Society, v. 55, 
102027. https://doi.org/10.1016/j.scs.2020.102027.

Romero, C.W.S., 2016. Uso e ocupação do solo em áreas com ilhas de calor na 
cidade de Ilha Solteira – SP. Mastering Dissertation, Faculdade de Engenharia 
de Ilha Solteira, Universidade Estadual Paulista “Júlio de Mesquita Filho”, São 
Paulo (Accessed October 26, 2020) at: http://hdl.handle.net/11449/144494.

Santiago, D.B.; Gomes, H.B., 2016. Estudo de Ilhas de Calor no Município 
de Maceió/AL, por meio de Dados Orbitais do Landsat 5 (Heat Islands in 
the City of Maceió/AL using Orbital Data from Landsat 5). Revista Brasileira 
de Geografia Física, v. 9, (3), 793-803. https://doi.org/10.26848/rbgf.
v9.3.p793-803.

Santos, K.P.; Cunha, C.A.; Costa, L.C.A.; Souza, B.E., 2012. Índices de 
tendências climáticas associados à “ilha de calor” em Macapá-AP (1968-2010). 
Revista Brasileira de Ciências Ambientais (Online), v. 16, (23), 1-16 (Accessed 
October 18, 2020) at: http://www.rbciamb.com.br/index.php/Publicacoes_
RBCIAMB/article/download/327/276.

Scherer, D.; Fehrenbach, U.; Lakes, T.; Lauf, S.; Meier, F.; Schuster, C., 2013. 
Quantification of heat-stress related mortality hazard, vulnerability and risk 
in Berlin, Germany. Die Erde, v. 144, (3-4), 238-259. https://doi.org/10.12854/
erde-144-17.

Silva, V.J.D.; Silva, C.R.D.; Almeida, L.D.S.; Silva, C.R.D.; Carvalho, H.D.P.; 
Camargo, R.D., 2018. Mobile transect for identification of intra-urban heat 
islands in Uberlandia, Brazil. Ambiente & Água, v. 13, (4), 1-9. https://doi.
org/10.4136/ambi-agua.2187.

Spronken-Smith, R.A.; Oke, T.R., 1998. The thermal regime of urban 
parks in two cities with different summer climates. International 

Journal of Remote Sensing, v. 19, (11), 2085-2104. https://doi.
org/10.1080/014311698214884.

Sun, C.Y.; Kato, S.; Gou, Z., 2019. Application of low-cost sensors for urban 
heat island assessment: A case study in Taiwan. Sustainability, v. 11, (10), 2759. 
https://doi.org/10.3390/su11102759.

Valladares, C.S.; Pascutti, A.G.; Silva, T.M.D., Heilbron, M.; Almeida, J.C.H.D.; 
Duarte, B.P.; Tupinambá, M.; Nogueira, J.R.; Valeriano, C.M.; Silva, L.G.E.; 
Schimitt, R.; Ragatky, C.D.; Geraldes, M.; Valente, S.C.; André, J.L.F.; Corval, 
A.; Viana, S.M.; Mota, G.S.; Menezes, P.T.L.; Mane, M.A.; Palermo, N.; Melo, 
R.P.; Guimarães, P.V.; Silva, F.L., 2012. Geologia e recursos minerais da folha 
Três Rios SF. 23-ZBI. Serviço Geológico do Brazil (Accessed October 28, 2020) 
at: http://rigeo.cprm.gov.br/jspui/handle/doc/11523.

Vianna, E.O., 2018. O campo térmico urbano: ilhas de calor em Brasília-DF. 
Doctoral Thesis, Faculdade de Arquitetura e Urbanismo, Universidade de 
Brasília, Brasília (Accessed October 4, 2020) at: https://repositorio.unb.br/
handle/10482/33012.

Viegas, C.V.; Saldanha, D.L.; Bond, A.; Ribeiro, J.L.D.; Selig, P.M., 2013. Urban 
land planning: the role of a master plan in influencing local temperatures. 
Cities, v. 35, 1-13. https://doi.org/10.1016/j.cities.2013.05.006.

Ward, K.; Lauf, S.; Kleinschmit, B.; Endlicher, W., 2016. Heat waves and 
urban heat islands in Europe: a review of relevant drivers. Science of 
the Total Environment, v. 569-570, 527-539. https://doi.org/10.1016/j.
scitotenv.2016.06.119. 

Yamashita, S., 1996. Detailed structure of heat island phenomena from moving 
observations from electric tram-cars in metropolitan Tokyo. Atmospheric 
Environment, v. 30, (3), 429-435. https://doi.org/10.1016/1352-2310(95)00010-0.

Yao, R.; Wang, L.; Huang, X.; Gong, W.; Xia, X., 2019. Greening in rural areas 
increases the surface urban heat island intensity. Geophysical Research Letters, 
v. 46, (4), 2204-2212. https://doi.org/10.1029/2018GL081816.

Yow, D.M.; Carbone, G.J., 2006. The urban heat island and local temperature 
variations in Orlando, Florida. Southeastern Geographer, v. 46, (2), 297-321. 
https://doi.org/10.1353/sgo.2006.0033.

Zhou, B.; Rybski, D.; Kropp, J.P., 2017. The role of city size and urban form 
in the surface urban heat island. Scientific Reports, v. 7, 4791. https://doi.
org/10.1038/s41598-017-04242-2.

https://doi.org/10.6008/cbpc2179-6858.2018.006.0038
https://doi.org/10.6008/cbpc2179-6858.2018.006.0038
https://doi.org/10.1590/S0103-40142016.00100005
https://doi.org/10.1016/j.scs.2020.102027
http://hdl.handle.net/11449/144494
https://doi.org/10.26848/rbgf.v9.3.p793-803
https://doi.org/10.26848/rbgf.v9.3.p793-803
http://www.rbciamb.com.br/index.php/Publicacoes_RBCIAMB/article/download/327/276
http://www.rbciamb.com.br/index.php/Publicacoes_RBCIAMB/article/download/327/276
https://doi.org/10.12854/erde-144-17
https://doi.org/10.12854/erde-144-17
https://doi.org/10.4136/ambi-agua.2187
https://doi.org/10.4136/ambi-agua.2187
https://doi.org/10.1080/014311698214884
https://doi.org/10.1080/014311698214884
https://doi.org/10.3390/su11102759
http://rigeo.cprm.gov.br/jspui/handle/doc/11523
https://repositorio.unb.br/handle/10482/33012
https://repositorio.unb.br/handle/10482/33012
https://doi.org/10.1016/j.cities.2013.05.006
https://doi.org/10.1016/j.scitotenv.2016.06.119
https://doi.org/10.1016/j.scitotenv.2016.06.119
https://doi.org/10.1016/1352-2310(95)00010-0
https://doi.org/10.1029/2018GL081816
https://doi.org/10.1353/sgo.2006.0033
https://doi.org/10.1038/s41598-017-04242-2
https://doi.org/10.1038/s41598-017-04242-2

