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Abstract
Urban heat islands (UHIs), urban cool islands (UCIs), and their varying effects due to land use/land cover
types and the local climate were investigated from 2014 to 2015 in three urban zones located in Cuiabá
city, Brazil, during hot-humid, and hot-dry periods. All the urban zones were analysed for land use/land
cover type, local climate, and rate of warming and cooling based on the difference in air temperature (ΔT)
between the urban zones and the rural zone located outside the urban perimeter. The annual UHI effect in
all the urban zones exhibited varying intensities during the day, with the highest daytime intensity
recorded after the sunrise. The duration of UHI effect varied with land use/land cover type; a consequence
of high built-up density, verticalization, waterproof surface, and other peculiarities of urban areas. In the
urban zones with high built-up density, the duration of UHI effect was observed for up to 24 h, while in the
urban areas with low built-up density, the maximum duration of UHI effect was 8 h. On an average, during
the daytime, the urban zone with approximately 70% of vegetation cover and water bodies recorded a UCI
value of approximately –8 °C, whereas the urban zones with approximately 80% waterproof surface and
bare land recorded a UCI value close to +2 °C during the hot-dry and hot-humid periods. The results
indicate that land use and land cover types directly in�uence UHI intensity.

1. Introduction
With rapid urban expansion over the past decades, the green spaces have been replaced by impervious
surface such as concrete buildings and highways. These changes in natural land cover alter the thermal
properties, surface radiation, and humidity of the urban areas (Meng et al. 2018), resulting in an increase
in the Earth's surface temperature, leading to the urban heat island (UHI) effect and urban cool island
(UCI) effect, particularly in large cities (Maharjan et al. 2021). Both UHI and UCI represent the rate of
warming and cooling based on the difference in air temperature (ΔT) between urban zones and rural
zones located outside the urban perimeter.

UHI effect is one of the most studied effects in the urban climate, and can be described as the tendency
of the surface air temperature to be higher in the cities than in the surrounding rural areas. The UHI effect
can be denoted as the difference in air temperature between the urban and rural areas (Kłysik and
Fortuniak 1999), described by Oke (2006) as particular meteorological processes and atmospheric
changes that take place in the urban areas.

Many urban patterns can in�uence the local climate, including the distribution of land use, the design of
streets, buildings, and open spaces, as well as the choice of materials; which generate local changes in
wind speed and direction, humidity, precipitation, air temperature, dispersion, and deposition of air
pollutants (Janković 2013).

The materials used in urban environments play an important role in surface thermal balance. The impact
of these materials on the urban atmosphere depends on how they absorb and re�ect the incident solar
radiation (Monteiro et al. 2021). The major impact of urban heating is on urban land surfaces with more
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built-up areas, including paved surfaces (Carnielo and Zinzi 2013). Xie and Li (2021) reported that water
bodies in Wuhan were the main contributors to the UCI effect, more than the vegetation cover.

The magnitudes of UHI in different types of local climatic zones vary as the result of surface structure
and land cover characteristics of urban canopy layer, which does not always �uctuate continuously in the
horizontal space (Zhang et al. 2021). The evaluation of UHI in densely populated cities is crucial to
analyse the changes in surface albedo, emissivity, and evapotranspiration.

This paper investigates the UHI and UCI effects due to various land use/land cover types and the local
climate in three urban zones in Cuiabá city, Brazil, during hot-humid and hot-dry periods from 2014 to
2015.

2. Material And Methods

2.1. Location and description of the study area
The city of Cuiabá, capital of the state of Mato Grosso (15°35'S and 56º06'W, 165 m), has an area of
3,224.68 km², 254.57 km² of urban area and 2,970 km² of rural area. It has an estimated population of
618,124 inhabitants with a demographic density of 157.66 inhabitants/km² (IBGE 2021). The urban
macro-area of Cuiabá is divided into four administrative regions (Fig. 1).

The southern region of Cuiabá has a larger territorial area (128.63 km²), whereas the eastern region has a
higher population density. According to Köppen climate classi�cation, the regional climate in Cuiabá is
classi�ed as Aw, a semi-humid tropical climate with two well-de�ned seasons: a dry season (autumn–
winter) and a rainy season (spring–summer). The average annual precipitation is 1500 mm/year
(Sampaio 2006), with dry winters and rainy summers. The predominant wind direction is N (north) and
NO (northwest) for most of the year, except S (south) in the winter (Duarte and Serra 2003). Cuiabá is an
urban area located in a geographical depression, so the frequency and the average speed of the winds
are extremely low. This minimises the effect of thermal exchanges by convection and further emphasises
the in�uence of the built-up space on the air temperature, which generates ideal conditions for
experiments with microclimate measurements. Cuiabá has a predominantly hot climate, accentuated by
the process of continuous urbanisation that results in high temperatures throughout the year.

2.2. Urban Zones
The selected urban zones in the eastern and western regions of Cuiabá, MT exhibited different
characteristics of land cover found in urban areas, and were numbered according to the installed
micrometeorological station, as illustrated in Fig. 2.

Urban Zone 1, near meteorological station 1 that was installed in an institutional building, was located
close to the Cuiabá River in the eastern region of Cuiabá (Fig. 2).
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Urban Zone 2, near meteorological station 2, was located in the Coxipó neighbourhood, an area with
lower level of urbanisation than Urban Zone 3, which was located in a residential neighbourhood with
high urban density.

2.3. Characterization of land use type
The characterisation and quanti�cation of land use/land cover in the urban areas were de�ned as green
areas, asphalt, water bodies, and buildings using Google Earth images processed in CAD software. The
selection of the 200 m radius (Oke 2006) in each area with the scaled image was used to de�ne the land
use/land cover type.

2.4. Climatic variables
Air temperature, air humidity, and global solar radiation were measured at four meteorological stations;
three of which were installed in an urban area and one in a rural area.

Three 2-m tall micrometeorological towers were installed in the urban area to record the temperature and
relative humidity (Model S0THB-M002, ONSET). In order to measure the global solar radiation, a
pyranometer (Model S-LIB-M003, ONSET) was connected to a datalogger (Model U30, ONSET) for the
storage and remote data transmission.

A 2-m tall micrometeorological tower was installed in a rural area (15º43' S, 56º04' W), and a reference
station for heat island analysis was located at a rural farm in the Santo Antônio de Leverger municipality,
MT, 15 km from the capital city. It consisted of a datalogger (Model CR1000, Campbell Scienti�c), and a
sensor to measure relative humidity and air temperature (Model HMP45C, Campbell Scienti�c). The
measurements were performed at intervals of 5 min from 8 August 2014 to 20 July 2015.

2.5. Urban Heat Island (UHI) and Urban Cool Island (UCI)
UHI and UCI were calculated by obtaining the differences in surface air temperatures (ΔT) of the urban
centres (Urban Zone 1, 2, and 3) in relation to their rural surroundings (Rural Zone), recorded every 30 min.
The hot-dry period was considered from 8 August to 30 September 2014 and the hot-humid period was
considered from 1 January to 28 February 2015.

2.6. Data processing and analysis
The eventual data gaps detected (failures of less than 5% of the total) were �lled out using an arti�cial
neural network with a structure con�gured by generic algorithms.

After the data gaps were �lled, the climatic characterisation of the urban areas was carried out using the
hourly average during the month, thus characterising the values of the variables for 24 h a day, called the
daily cycle. Similarly, daily cycles for the hot-humid and hot-dry periods were calculated based on the
hourly average of the months that comprised of each period.
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The hot-dry and hot-humid periods were determined at the beginning of the annual hydrological cycle and
the months with total precipitation less than the monthly average of the annual precipitation were
considered as the hot-dry period. Thus, in 2014, August, September, and October were considered as the
hot-dry period and the rest of the months were classi�ed as the hot-humid period. Similarly, in 2015, May,
June, and July were considered as the hot-dry period and January to April were considered as the hot-
humid period.

Paired-samples t-tests were conducted to investigate the differences among the UHI intensities across the
urban zones. Linear regression analyses were conducted to determine the relationship between
environmental variables and UCI values in the urban zones.

3. Results And Discussion

3.1. Land use surface classi�cation
The land use type in Urban Zone 1, 2, and 3 was mapped to classify and quantify the land use class
(water, built-up, shrubland, underbrush, remnants of vegetation, bare land, concrete, and asphalt) (Fig. 3).

Urban Zones 1, 2, and 3 exhibited similar land use type with variation in percentages. Urban Zone 1
recorded low urbanisation and high vegetation and water cover due to the Cuiabá river’s permanent
preservation area (Figs. 3 and 4).

Urban Zone 2 recorded a higher percentage of bare land (24.7%), contributing to the encroachment of the
remnants of natural vegetation and urban expansion. This zone did not have all roads paved (Figs. 3 and
4). Urban Zone 3 recorded a high demographic growth and a higher percentage of built-up and urban
areas (29.6%), as well as a higher percentage of asphalt pavement (Figs. 3 and 4).

Four categories of land use types in urban zones were identi�ed: waterproof surfaces (buildings and
asphalt and concrete pavements), vegetation cover (remnants of natural vegetation, underbrush, and
shrubland), bare land, and water surface. Urban Zone 3 recorded the highest percentage of waterproof
surfaces, Urban Zone 1 exhibited the highest percentage of vegetation and water surface, and Urban
Zone 2 recorded the highest percentage of bare land (Table 1).

 
Table 1

Percentages of land use type (waterproof surface, vegetation cover, bare land, and water
surface) in Urban Zone 1, 2, and 3 in Cuiabá, MT, Brazil.

Urban Zone Waterproof surface Vegetation cover Bare land Water Surface

1 23.5% 50.6% 8.2% 17.7%

2 45.3% 29.7% 24.7% 0.3%

3 74.4% 20.0% 5.0% 0.6%
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Urban Zone 3 recorded 74.4% of waterproof surface (Table 1) due to the presence of construction
materials such as concrete and asphalt, which do not allow water to penetrate and absorb a large
amount of heat, thereby increasing the urban temperatures. However, Urban Zone 1 exhibited the largest
area under the vegetation cover and water surface (Table 1), which triggered the latent heat transfer
process and contributed signi�cantly to attenuating the urban heat.

3.2. Micrometeorological analysis during the hot-dry and
hot-humid periods
During the daily cycle, the air temperature tended to be lower from 0 to 5 a.m., which is in contrast to the
relative humidity of the air; during the �rst hours of the day (from 0 to 5 a.m.), it reached its maximum
value (Fig. 5).

The maximum air temperature was observed for approximately 14 h, while the relative humidity was
recorded at minimum value and was found to be inversely proportional. Similarly, the lowest value of air
temperature was recorded at approximately 6 a.m., while the relative humidity was at its peak.

In Urban Zone 1, the difference between the maximum and minimum air temperatures was 8°C during the
hot-humid and hot-dry periods, whereas the differences between the maximum and minimum humidity
during the hot–humid and hot–dry periods were 28% and 35%, respectively. In Urban Zone 2, the
difference between maximum and minimum temperature during the hot-dry and hot-humid periods was
11.5°C and 8.5°C, respectively, whereas the difference between the maximum and minimum humidity
during the hot-humid and hot-dry periods was 40% and 32%, respectively. In Urban Zone 3, the difference
between the maximum and minimum air temperatures during the hot-dry and hot-humid periods was
11.2°C and 7.4°C, respectively, whereas the difference between the maximum and minimum humidity
during the hot-humid and hot-dry periods was 27% and 35%, respectively.

Urban Zone 1, with the highest percentage of vegetation cover and area under water cover, recorded the
lowest air temperature. According to Estoque et al. (2017), vegetation cover reduces the land surface
temperature due to its low thermal inertia, as it provides shade against sun radiation and generates cool
island effects owing to evapotranspiration and emissivity.

Our results of air temperature and relative humidity corroborated the results of climate studies in Cuiabá,
MT (Franco 2010; Maciel et al. 2011; Gomes 2012; Oliveira et al. 2012; Luz et al. 2013; Ávila et al. 2015).
In Cuiabá, MT, Callejas (2012) and Santos (2012) reported that the thermal amplitude of the hot-dry
period was higher than that of the wet period.

Global solar radiation exhibited a similar behaviour with maximum radiation values recorded between 11
a.m. and 12 p.m. (Fig. 6), when the hot-dry and hot-humid periods were analysed with their radiation
values according to the daily photoperiod. The incidence of global solar radiation begins at sunrise,
which increases until it reaches its peak between 11 a.m. and 12 p.m., and starts decreasing until sunset,
around 6 p.m. and 7 p.m.. Maximum radiation values are observed during the hot-humid period.
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Variations in global solar radiation across all the urban zones may have been in�uenced by the locations’
characteristics. For example, the Cuiabá River at station 1 favoured higher precipitation, and
consequently increased cloudiness.

The minimum values of global solar radiation during the hot-dry period were in accordance with the
studies carried out in Cuiabá, MT (Gomes 2010; Maciel et al. 2014), which can be explained by the low
relative humidity causing the hot air masses, making it di�cult for the global solar radiation to penetrate
(Romero 2007).

3.3 Urban Heat Island (UHI) and Urban Cool Island (UCI)
The UHI and UCI intensities can be analysed through the warming and cooling rates in the local climate
zones, where a positive ΔT indicates an average increase in the surface air temperature (warming) and
negative ΔT indicates an average decrease in the surface air temperature (cooling).

To understand the behaviour of surface air temperature within a more urbanised area, it is important to
analyse the hourly variation of ΔT in different seasons, while evaluating the processes that occur
throughout the day.

In general, across all the three urban zones, ΔT reached its highest values after the sunrise, followed by a
rapid change. In Urban Zone 1, the ΔT values tended to decrease after the morning period, and the results
suggest existence of a ΔT with greater intensity within the urban green spaces during the hot-dry period.

This is because during the daytime, urban surfaces absorb more radiation than the urban edges
(Monteiro et al. 2021), in this case, the rural areas. In Urban Zone 3, a higher ΔT value compared to Urban
Zone 2 and Urban Zone 1 was recorded because of the con�nement of the re�ected radiation between the
buildings in urbanised areas. However, in open spaces such as rural areas, a rapid radiative cooling is
observed due to no con�nement of warm air (Fig. 7, Table 2).

The results demonstrated presence of the UHI effect in all metropolitan areas, with intensities varying
according to the period of the day. For example, the UHI intensity had a duration of 4 to 7 h/day during
the hot-dry and hot-humid periods, respectively; however, in the urban zone, the UHI intensity had a
duration of 15 to 24 h/day. The persistent effect of UCI in local green spaces can be explained by the fact
that the monitoring weather station in Urban Zone 1 was installed in areas with high vegetation and
surface water cover, leading to a cooling effect due to evapotranspiration and shadows cast by the trees.

In Urban Zone 1, the UCI values exhibited greater amplitude than that of the denser stations as urban
con�gurations, varying between positive and negative values in relation to the average. Moreover, a
substantial fraction of negative UHI intensity suggests the existence of a UCI effect.

The intensity of the UHI effect (during the day and night) was calculated considering the daytime from 6
a.m. to 6 p.m. and night-time from 7 p.m. to 5 a.m.
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During the daytime, among all the zones, Urban Zone 3 recorded the highest ΔT value (Fig. 7) during the
hot-dry and hot-humid periods with an approximate average intensity of + 2.0°C and + 1.3°C, respectively;
followed by Urban Zone 2 with an average intensity of + 1.35°C and + 1.0°C, indicating a UHI effect. In
Urban Zone 1, a negative value of ΔT indicating a UCI effect was observed during the hot-dry and hot-
humid periods, with an average intensity of -7.0°C and − 2.2°C, respectively. This reduction in ΔT value
can possibly be attributed to occupation on the edge areas or greater afforestation in the zone. In general,
during the daytime, the three areas presented different energy balances due to the environment’s urban
characteristics, especially where concrete and asphalt contributed to heat retention. These materials heat
up during the day, and then reradiate this heat during the night, making urban temperatures higher than
the adjacent rural surroundings (Rizwan et al. 2008).

During the night-time, the Urban Zone 3 recorded the highest UHI value during hot-dry and hot-humid
periods, with an average intensity of + 1.45°C and + 1.05°C, respectively. The UHI effect was still present
in the zone during the night, possibly due to considerable concrete and asphalt areas.

Much research has been conducted to investigate the effect of increased air temperature on the energy
demand of buildings in the urban areas (Kolokotroni 2007). The effect of vegetation cover reduces the
heat island values (Kolokotroni et al. 2007; Watkins et al. 2007; Alves 2010) through photosynthesis; the
solar energy is used to carry out evapotranspiration, thus avoiding this energy to heat the region (Gartland
2010), and by providing shade (Oliveira et al. 2012). Furthermore, in warmer and drier climates, the effect
of vegetation cover is even greater (Lucena 2013).

In Tokyo, Dhakal and Hanaki (2002) reported the implications of anthropogenic heat discharge into the
urban environment, and reported the maximum improvement of 0.47°C in mean temperature for the
daytime as a result of greening the areas around the buildings.

In a tropical city, Wong and Yu (2005) reported difference between the urban and rural temperature of + 4
ºC. In Rio de Janeiro, Marques Filho et al. (2009) reported UCI value of approximately 4 to 5 ºC.

In a study conducted on the island of heat and its in�uence on the regional climate in the province of
Gaungdong, South of China, Chen et al. (2006) found regions of bare land that were warmer than the
other land covers. In Brazilian north-eastern cities, Bezerra et al. (2013) reported that the area with the
highest urban density recorded higher UHI values, reaching up to + 7 ºC, compared to areas under
vegetation cover.

Due to the high built-up density, verticalization, waterproof surfaces, and other characteristics, the
warming effect generated in buildings and the manner in which this heat is exchanged with the ambient
environment can play an important role in the urban climate (Krpo et al. 2010). Furthermore, the high
demographic growth and urban expansion rates encroach on the last remnants of natural vegetation,
contributing to thermal impacts (Oke and Maxwell 1984; Pongracz et al. 2006; Callejas 2012; Callejas et
al. 2015).
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The highest values of UHI in Cuiabá, MT occurred during the hot-wet period, according to Murphy et al.
(2011), who recorded the difference of up to 1 ºC between UHI during the hot-humid and hot-dry periods
in Puerto Rico.

According to the published UHI values from various tropical cities, the UHI effect is found to be more
intense during the morning, reaching its maximum value only before mid-day (Marques et al. 2009;
Murphy et al. 2011; Bezerra et al. 2013). This �nding is not in agreement with the UHI values recorded in
the temperate cities, where it reaches the maximum intensity at night (Oke 1982; Kolokotroni and
Giridharan 2008; Van Hove et al. 2015).

A non-parametric t-test was performed to determine a statistically signi�cant difference in UCI in urban
zones 1, 2, and 3. The results suggest that the local conditions led to different UCI values with different
variances, which proves the relationship between land cover and microclimates formed in each urban
zone.

No signi�cant relationship (R2 < 0.43, p < 0.05) was observed between the UHI intensity and global solar
radiation during the hot-humid and hot-dry periods in urban zones 1, 2, and 3. These results demonstrate
the importance of local cloud during a typical wet period and dry fog during the hot-dry period. During the
hot-dry period, accumulated particles in the atmosphere are present due to the intense �re events that
occur when the native vegetation is burnt in the state of Mato Grosso, Brazil (Dias et al. 2012). Both the
effects reduce the incoming global solar radiation.

When the relationship between UHI intensity and air temperature in Urban Zones 2 and 3 was analysed,
no signi�cant relationship (R2 < 0.43, p < 0.05) during the hot-humid period and hot-dry period was
observed. However, a signi�cant relationship (R² = 0.808 during the hot-dry period and R² = 0.783 during
the hot-humid period) was observed in Urban Zone 1.

Conclusion
The UHI and UCI based on ΔT were analysed using in-situ measurements for the three urban and one
rural zone in the city of Cuiabá, Brazil. First, these zones were selected, and their land use/land cover
types were determined. The daily cycles of meteorological variables and ΔT were analysed. Based on the
results, the following conclusions can be drawn: 

Local conditions determined different UHI with variances, which proves the relationship between land
use/land cover and microclimates formed in each urban zone. 

On an average, all the urban zones exhibited the UHI effect, with intensities varying according to the
period of the day, with the highest daytime intensity after sunrise. The duration in hours of UHI varied
according to the land use/land cover type, as a consequence of the high built-up density,
verticalization, waterproof surface, and other peculiarities of urban areas. In urban zones with high
built-up density, UHI could be observed up to 24 h, while in urban areas with low built density, the
maximum duration was 8 h.
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On an average, during the daytime, urban zones with approximately 70% of vegetation cover and
water surface recorded UCI value close to –8 °C. However, the urban zones with approximately 80%
of waterproof surface and bare land recorded a UCI close to +2 °C during the hot-dry and hot-humid
periods.
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Figure 1

Location of the urban area of Cuiabá-MT with its administrative regions and urban zones (solid circles).
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Figure 2

Aerial images (radius of 200 m, altitude 80 m, pixel resolution 1.25 x 1.25 cm) of Urban Zone 1, 2, and 3
captured by the DroneDeploy application during the hot-dry and hot-humid periods.
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Figure 3

Land use class (built-up, asphalt, concrete, underbrush, remnants of vegetation, shrubland, bare land, and
water) of Urban Zone 1, 2, and 3 in Cuiabá, MT, Brazil.
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Figure 4

Map of the land use class (built-up, asphalt, concrete, underbrush, remnants of vegetation, shrubland,
bare land, and water) of Urban Zone 1, 2, and 3 in Cuiabá, MT, Brazil.
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Figure 5

Daily cycle for each period of air temperature, relative humidity, and global solar radiation during the hot-
dry and hot-humid periods in Urban Zone 1, 2, and 3 in Cuiabá, MT, Brazil.
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Figure 6

Average (±SD) hourly values of ΔT (delta T, °C) in Urban Zones 1, 2, and 3 in Cuiabá, MT, Brazil. The solid
line represents the limit of UHI and UCI. The shaded area represents UHI.
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Figure 7

Boxplot of ΔT (delta T, °C) of the daytime and night-time during the hot-dry and hot-humid periods in
Urban Zone 1, 2, and 3 in the Cuiabá, MT, Brazil. The boxplots represent the median, 10th, 25th, 75th, and
90th percentiles as vertical boxes with error bars. The time required to calculate the daytime was from
6:00 a.m. to 6:00 p.m. (GMT−4).


