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Abstract This study attempted to assess a bio-
climate index and the occurrence of an urban
heat island in the city of Campina Grande, north-
eastern Brazil, using data taken from mobile
measurements and Automatic Weather Stations
(AWS). The climate data were obtained during
two representative months, one for the dry season
(November 2005) and one for the rainy season
(June 2006) at seven points in an urban area. Ten-
minute air temperatures recorded by an AWS
installed in urban areas were compared to those
from a similar station located in a suburban area
to assess the urban heat island (UHI). The data
were collected using a 23X data logger (Campbell
Scientific, Inc.) programmed for collecting data
every second. The thermal discomfort level was
analyzed by Thom’s discomfort index (DI), and
an analysis of variance was applied for assessing
if there was any statistically significant difference
at the 1% and 5% significance level of thermal
comfort among points. Mann–Kendall statistical
test was used for identifying possibly significant
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trends in a time series for air temperature, rel-
ative humidity, and class A pan evaporation for
the city of Campina Grande. The present study
found UHI intensities of 1.48◦C and −0.7◦C for
the months taken as representative of the dry and
rainy seasons, respectively. Summer in the city has
partially comfortable conditions while the winter
is fully comfortable. There are significant changes
in DI hourly values between seasons. Only during
the rainy season did all points of the city have a
comfortable condition until 8:19 h, at which time
they become partially comfortable for the rest of
the day. Results indicated that there was a 1.5◦C
increase in air temperature and a 7.2% reduction
in relative humidity throughout the analyzed time
series. The DI also showed a statistically signif-
icant increasing trend (Mann–Kendall test, p <

0.01) for the dry and rainy seasons and annual
period of approximately 1◦C in the last 41 years
in the city of Campina Grande.

Keywords Discomfort index · Climatic
variables · Heat island · Mann–Kendal test ·
Urban area

Introduction

The expansion of cities has had several impacts
on urban environments caused mainly by an-
thropogenic activities and often, phenomena-like
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urban heat islands (UHI) may occur, which pro-
duce human discomfort. Urban areas all over the
world have been continually expanding due to the
influx of people from rural communities result-
ing in an almost exponential population increase.
The urbanization process has resulted in climate
changes as a result of its radioactive, thermal,
and aerodynamics characteristics. This has led to
changes of the natural solar and hydrological bal-
ance of the cities (Oke 1978). The human dis-
comfort level is a result of the effects of several
climatic elements. Many indexes have been used
to express the comfort level for areas or time
periods based on the combination of meteorologi-
cal and physiological data in equations that have
been based on experiments with controlled en-
vironmental conditions. Urban climate has been
widely studied in many parts of the world, and
the heat island phenomenon has been discussed,
along with its impacts on the urban thermal en-
vironment (Goldreich 1995; Scherer et al. 1999;
Lazar and Podesser 1999; Ichinose et al. 1999).
The assessment of the microclimate and the ef-
fects of urbanization on human comfort were
also studied by several researchers (Burian and
Shepherd 2005; Stathopoulos et al. 2004; Sarrat
et al. 2006).

The urban heat island intensity is character-
ized by a temperature increase in an urban area
when compared to a suburban area and the vari-
ability of other atmospheric variables such as
wind speed, relative humidity, and rainfall. It
also strongly alters local climate mainly where
there are industries and buildings. In recent years,
many researchers worldwide have shown that the
urbanization of cities alters the landscape and
changes local climate (Lazar and Podesser 1999;
Burian and Shepherd 2005; Kolokotroni et al.
2006; Giridharan et al. 2007). The magnitude of
UHI may be fairly large at times, and it depends
on weather conditions, urban thermo-physical and
geometrical characteristics, anthropogenic mois-
ture, and heat sources present in the area (Taha
1997). Urban heat islands develop in areas with
high percentages of nonreflective, water-resistant
surfaces, and low percentages of vegetated and
moisture trapping surfaces (Rosenzweig et al.
2005). According to Velazquez-Lozada et al.
(2006), the main factors contributing to the

formation of UHI are anthropogenic heat sources,
aerosols from pollutants, and fast water canaliza-
tion due to the presence of buildings and streets.
Taha (1997) studied some of the characteristics
of urban climates and the causes and effects of
UHI. The author observed that an increase in
vegetation in urban areas may result in a 2◦C
decrease in air temperature.

The index proposed by Thom (1959) provides
a reasonable measure of the degree of discom-
fort for several combinations of air temperature
and relative humidity (Mather 1978). The ap-
plication of Thom’s index is a reasonable alter-
native to energy budget modeling in hot–humid
environments for analyzing broad approximations
of stress changes in a city over time (Deosthali
1999).

Surface and atmospheric modifications caused
by urbanization may lead to a modified thermal
climate that becomes warmer than the surround-
ing nonurbanized areas (Voogt and Oke 2003).
Therefore, the growth process of cities influences
the level of human thermal comfort. Urban heat
islands are divided into three categories (Oke
1976): canopy layer heat island, boundary layer
heat island, and surface urban heat island. The
two first categories refer to a warming of rural
landscapes, whereas the third type refers to the
relative warmth of the urban surfaces as com-
pared to suburban areas. The current study used
the concept of the third UHI type to assess the
urban climate of a typically tropical city. It also
evaluated the hourly variability of a bioclimate
index for representative months of the dry and
rainy seasons as well as the time-series trends
of the human comfort level and some climatic
variables.

Study area and measurements

The study was conducted in the city of Camp-
ina Grande (7◦12′S; 35◦51′W; 508 m above sea
level), Paraíba state, Brazil, 120 km West of the
Atlantic Ocean Coast (Fig. 1). The region suffers
the influence of several large-scale precipitation
mechanisms. The rainy season occurs between
January and June and the dry season between July
and December. The wet season occurs between
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Fig. 1 Geographical
location of study area in
northeastern Brazil

March and May. The normal annual rainfall is
760 mm, and air temperature varies between 15◦C
and 33◦C (Silva 2004).

The urbanized area in the city of Campina
Grande encompasses approximately 52 km2 and
its population is about 350,000 people. The in-
vestigated urban sample area was selected in
downtown region, while the suburban sample area
was selected at approximately 10 km from down-
town at the meteorological station of the Federal
University of Campina Grande.

The field campaigns were carried out during
single months taken as representatives of the dry
season (November 2005) and rainy season (June
2006). The mobile measurements of air temper-
ature and relative humidity were taken hourly
at seven points (Table 1) from sunrise to sunset,

and average was obtained for two measurement
periods in order to assess the daily variability of
the human comfort conditions. The points were
selected based on judgment where the people usu-
ally choose a route for walking or another regular
physical activity. On average, the beginning and
end of each mobile measurement (“transect” tech-
nique) were the following: transect 1 (T1) = 5:14–
6:36; transect 2 (T2) = 7:05–8:19; transect 3 (T3) =
8:35–9:51; transect 4 (T4) = 10:09–11:28; transect 5
(T5) = 11:54–13:15; transect 6 (T6) = 13:52–15:02;
transect 7 (T7) = 15:6–17:1; and transect 8 (T8) =
17:31–18:34.

At the same time, 10-min air temperature and
relative humidity measurements, as well as solar
global radiation and wind speed at 2 m above
the surface, were recorded by two Automatic

Table 1 Geographical
coordinates (latitude
south and longitude west)
of the analyzed points in
the city of Campina
Grande, Paraíba, Brazil

Transect number Points Latitude Longitude

I Parque da Criança 7◦13′11′′ 35◦52′62′′
II Açude Velho 7◦13′17′′ 35◦53′64′′
III Açude Novo 7◦13′79′′ 35◦53′77′′
IV Av. Juscelino Kubitschek 7◦14′39′′ 35◦54′14′′
V Av. Ginásio O Meninão 7◦14′07′′ 35◦54′96′′
VI Av. Canal de Bodocongó 7◦13′76′′ 35◦54′39′′
VII Av. CPTRAN 7◦12′43′′ 35◦53′53′′
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Weather Stations (AWS) installed at two different
environments (urban and suburban areas). Global
solar radiation and wind speed were measured
using a radiometer (CM3, Kipp & Zonen) and cup
anemometer, respectively. All data were collected
by a 23X data logger (Campbell Scientific, Inc.)
programmed for collecting data every second and
storing the average of each 3-min interval for the
mobile measurements and the average of each
10-min interval for the fixed points (urban and
suburban areas). In order to assess the time-series
trends in climatic variables and human comfort
level, hourly data for air temperature and relative
humidity as well as the class A pan evaporation
and wind speed at 2 m above the surface for the
1965–2006 period were obtained from the records
of the Brazilian Company for Agricultural and
Animal Research (Embrapa Algodão).

Methodology and statistical analysis

The bioclimate index

The discomfort human level at the city of Camp-
ina Grande was evaluated by Thom’s discomfort
index (Thom 1959), modified before being used as
a function of air temperature and relative humid-
ity following the equation:

DI = T − (0.55 − 0.0055 RH) (T − 14.5) (1)

where discomfort index (DI) is the Thom’s dis-
comfort index (degree Celsius), T is the air
temperature (degree Celsius), and RH is the cor-
responding value of the relative humidity as a per-
centage. The Thom’s discomfort index is classified
as in Table 2.

Mann–Kendall test

The Mann–Kendall nonparametric test (Mann
1945; Kendall 1975) has been suggested by the
World Meteorological Organization to assess the
trend in environmental time series data (Yu et al.
2002). This test consists of comparing each value
of a time series with the other remaining values in
sequential order. The number of times that the re-
maining terms are greater than that under analysis

Table 2 Classification of the Thom’s discomfort index
(DI) expressed in degrees Celsius

Index values (◦C) Index classification

DI ≤ 21 No discomfort
21 < DI ≤ 24 Less than 50% of the population

feels discomfort
24 < DI ≤ 27 More than half population feels

discomfort
27 < DI ≤ 29 Most of the population suffers

discomfort
29 < DI ≤ 32 The discomfort is very strong and

dangerous
DI > 32 State of medical emergency

is counted. This test is based on the statistic S
defined as follows:

S =
n∑

i=2

i−1∑

j=1

sign
(
xi − x j

)
, (2)

where x j are the sequential data values, n is the
length of the time series, and sign (xi − x j) is −1
for (xi − x j) < 0, 0 for (xi − x j) = 0, and 1 for
(xi − x j) > 0. The mean E[S] and variance V[S]
of the statistic S may be given as:

E
[
S
] = 0 (3)

Var
[
S
]=

n (n−1) (2n+5)−
q∑

p=1
tp

(
tp−1

) (
2tp+5

)

18

(4)

where tp is the number of ties for the pth value
and q is the number of tied values. The second
term represents an adjustment for tied or cen-
sored data. The standardized test statistic (ZMK)
is computed by:

ZMK =

⎧
⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

S − 1√
Var (S)

if S > 0

0 if S = 0
S + 1√
Var (S)

if S < 0

(5)

The presence of a statistically significant trend
is evaluated using the Z value. This statistic is
used to test the null hypothesis that no trend ex-
ists. A positive ZMK value indicates an increasing
trend, while a negative one indicates a decreasing
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trend. To test for either increasing or decreasing
monotonic trend at p significance level, the null
hypothesis is rejected if the absolute value of Z
is greater than Z1−p/2, which is obtained from
the standard normal cumulative distribution table
(Modarres and Silva 2007). In general, the signif-
icance levels of p = 0.01 and 0.05 are applied. A
nonparametric estimate for the magnitude of the
trend slope was obtained as follows (Hirsch et al.
1982).

β = Median
[
(x j − xi)

( j − i )

]
for all i < j (6)

where x j and xi are data points measured at times
j and i, respectively.

Analysis of variance

The field experiments were setup by employing
the mobile measurements of air temperature and
relative humidity with three replications for each
analyzed point during 3 min in order to obtain
DI. All data were submitted to an analysis of vari-

ance using the ASISSTAT software (Silva 1996)
for assessing if there is any statistically significant
difference at the 1% and 5% significance level of
thermal comfort among sites expressed by DI.

Results and discussion

Analysis of DI among measuring points

Analysis of variance applied for the mean values
(dry and rainy seasons) of Thom’s DI using cli-
matic data from mobile measurement points in
the city of Campina Grande is shown in Table 3.
Results indicated that there was no significant
change in DI values for transects 5 (T5) and 6
(T6), i.e., from 11:54 to 15:02 h for both seasons
(dry and rainy) and no significant change in DI
values for the fixed points, except for in transect
6 (T6) during the rainy season.

However, the DI values for both the dry and
rainy seasons were statistically different at the
5% significance level during the morning at the

Table 3 Analysis of variance for the mean values (dry and
rainy seasons) of Thom’s discomfort index (DI) in degree
Celsius applied to the investigated points for representative

months of the dry and rainy seasons at the city of Campina
Grande, Paraíba, Brazil

Periods T1 T2 T3 T4 T5 T6 T7 T8

Parque da Criança (P1)
Dry 20.8eA 21.7dA 23.1cA 24.4bA 25.1aA 25.1aA 24.8abA 23.4cA
Rainy 17.9dB 19.9cB 21.8bB 23.4aA 24.0aB 23.5aB 23.3aB 21.5bB
Açude Velho (P2)
Dry 20.9fA 21.7eA 23.2dA 24.1cA 24.9aA 25.0aA 24.5bA 23.3dA
Rainy 18.5cB 20.0dB 21.8cB 22.8bB 23.8aB 23.8aB 22.9bB 21.3cB
Açude Novo (P3)
Dry 21.0eA 21.9dA 23.4cA 24.1bA 25.0aA 24.9aA 24.4aA 23.2cA
Rainy 18.4eB 20.2dB 22.1cB 23.2abB 23.5aB 23.7aB 22.8bB 22.0cB
Av. Juscelino Kubitschek (P4)
Dry 20.9eA 22.0dA 23.9bcA 24.8aA 25.0aA 25.2aA 24.4abA 23.1cA
Rainy 18.2eB 20.6dB 22.9bA 23.4abB 24.0aB 23.5abB 21.7cB 22.1cB
O Meninão (P5)
Dry 21.0fA 22.1eA 23.9cA 24.5bA 24.9aA 25.1aA 24.3bA 22.9dA
Rainy 18.7fB 20.9eA 22.9bcB 23.6aB 23.9aB 23.5abB 21.7dB 22.2cbB
Av. Canal de Bodocongó (P6)
Dry 21.3dA 22.7cA 24.3bA 24.7abA 25.1aA 25.1aA 24.2bA 22.9cA
Rainy 18.2gB 21.0fB 23.1cB 23.9abA 24.1aB 23.6bB 21.7eB 22.2dB
Av. da CPTRAN (P7)
Dry 21.3eA 22.8cA 23.7bA 24.7aA 24.9aA 24.9aA 23.7bA 22.4dA
Rainy 19.3eB 21.4dB 23.1bB 23.9aB 24.0aB 23.0bB 21.5dB 22.3cA

Means followed by a different letter, minuscule in line and capital latter in column, are significantly different at p < 0.05
according to Tukey’s test
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Table 4 Mean values and standard deviation of air temper-
ature, relative humidity, and Thom’s discomfort index at
urban and suburban environments during the representa-

tive months (June and November) of dry and rainy seasons
in the city of Campina Grande

Representative Urban environment Suburban environment
months Air temperature Relative humidity DI Air temperature Relative humidity DI

Dry season 24.4 ± 2.6 66.9 ± 20.6 22.2 ± 1.7 20.0 ± 3.3 69.5 ± 19.0 22.0 ± 1.7
Rainy season 21.0 ± 1.1 92.4 ± 2.7 20.7 ± 0.9 21.0 ± 1.2 92.9 ± 2.8 20.7 ± 1.0

first three transects according to Tukey’s test.
According to the diurnal variation in sensible heat
flux, the daily course of DI is similar to that of
air temperatures with minimums at sunrise and
sunset and the maximum at noon. This bioclimatic
index increases in the morning as a consequence
of gradual increases in heat conduction into the
soil layer from sunrise to noon and then a decrease
toward the nocturnal period when soil cooling
takes place.

For all points and transects the difference,
among DI values for both seasons were statisti-
cally different at the 5% significance level accord-
ing to Tukey’s test, except for transect 4 (T4) at
Parque da Criança (P1). Similar values in DI at
P1 in both seasons are likely to be caused by the
combined effects of vegetation and the presence
of a lake beside this point in the city. These
results suggest that the discomfort index is ade-
quate for detecting the hourly variation in comfort
level according to instantaneous changes in air
temperature and relative humidity. The highest
value of DI for all points occurred in transects
5 (T5) and 6 (T6; from 11:54 to 15:02 h) when
air temperature was at a maximum and relative
humidity was at a minimum, resulting in a partially
uncomfortable condition for the dry season and
a comfortable condition for the rainy season. In
transects 1 (T1) and 2 (T2), i.e., from 5:14 to 8:19 h,
the DI values were comfortable during the rainy
season, except at Av. da CPTRAN (P7), which is
the transition point for the next transect (T3).

Mean values of DI at urban and suburban
environments

On average, during the representative month
of the dry season, air temperature and relative
humidity were 4.4◦C higher and 2.6% lower,

respectively, in downtown areas as compared
to suburban areas. However, during the represen-
tative month of the rainy season, both air tem-
perature and relative humidity had similar values
in urban and suburban environments (Table 4).
Although there was no significant difference be-
tween mean values of DI between environments
for both representative months, mean values of
DI became more pronounced, with a difference of
1.5◦C for the urban environment and 0.7◦C for the
suburban environment. The smaller differences
between seasons in the suburban environment
were likely caused by the presence of vegetation
and low wind speeds, which is different than what
is found in other areas of the city (i.e., more
buildings and streets).

Relationship between DI and climatic variables

The relationships between air temperature and
relative humidity with Thom’s index provided de-
termination coefficients ranging from 0.98 to 0.97
and from 0.78 to 0.84 for dry and rainy seasons,
respectively (Figs. 2 and 3). The main effects of
global solar radiation and wind speed on DI were
not significant for the dry season, whereas for
the rainy season, this relationship was statistically
significant at p < 0.05. Therefore, air tempera-
ture has a higher influence on DI than relative
humidity. This discomfort index reflects only the
proportional contribution of air temperature and
relative humidity on human thermal comfort due
to the modified climatic conditions of an urban
area. Furthermore, other atmospheric variables
such as wind speed and solar radiation are also
equally important for human comfort levels, but
they have little effect on the bioclimate index
proposed by Thom. Air temperature values were
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Fig. 2 Relationship between Thom’s discomfort index and air temperature (a), relative humidity (b), global solar radiation
(c), and wind speed (d) for the dry season (n = 75)

higher than those of DI (Figs. 2a and 3a) and
both had a similar daily course as shown in Fig. 9.
Figure 4 shows the hourly course of discomfort in-
dex, air temperature, and relative humidity for the
dry (a) and rainy (b) seasons in Campina Grande
city. For both seasons, the maximum values of
air temperature and Thom’s discomfort index as
well as the minimum values of relative humidity
occurred around 13:00. For the time period be-
tween sunrise and 13:00 during the dry season, the
relative humidity decreased 39.9% while air tem-
perature and Thom’s discomfort index increased
26.4% and 18.8%, respectively (Fig. 4a). For the
same time period during the rainy season, a 23%
increase in air temperature and a 31.8% reduction
in relative humidity resulted in a 16.2% increase
in the Thom’s discomfort index (Fig. 4b).

Time variability in DI and climatic variables

Daily mean values of DI in the city of Campina
Grande for the beginning (1968), middle (1986),
and end (2002) of the study period, as well as
the average of the 1965–2005 period, are shown
in Fig. 5. The human thermal comfort conditions
during winter were comfortable (DI ≤ 21) and
were partially comfortable (21 < DI ≤ 24) during
summer. There was no uncomfortable condition
(24 < DI ≤ 27) during any analyzed period. On
average, minimum values of the daily mean DI
occur from June 23 to September 19, indicating a
comfortable condition. For the rest of year, the DI
values remain within the range of partially com-
fortable. The number of days within a comfortable
range was 121, 98, and 49 days for the years of
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Fig. 3 Relationship between Thom’s discomfort index and air temperature (a), relative humidity (b), global solar radiation
(c), and wind speed (d) for the rainy season (n = 75)

Fig. 4 Hourly course of Thom’s discomfort index, air temperature, and relative humidity for the dry season (a) and rainy
season (b)
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Fig. 5 Daily mean course
of Thom’s index in the
city of Campina Grande
for the years 1968, 1986,
and 2002, and for the
whole study period
(1965–2005)

1968, 1986, and 2002, respectively. These results
reveal a pronounced influence of urbanization on
the human comfort level in the city of Campina
Grande. For a 45-year time period, the Camp-
ina Grande city had an almost exponential urban
area expansion, from 18.0 km2 in 1960 to 53.7 in
2004 km2.

The annual course of DI throughout the annual
period and the dry and rainy seasons showed an
increasing trend that was more pronounced for
the rainy season in the last 41 years in the city
(Fig. 6). The trends of DI values for the dry
and rainy seasons and the annual period were

1.01◦C, 1.15◦C, and 0.83◦C, respectively, which are
statistically significant at the p < 0.01 significance
level, according to the Mann–Kendall test. Mean
values of DI for the three periods were similar,
ranging within partially comfortable conditions
from 21.3◦C (rainy season) to 22.4◦C (dry season),
while for the annual period, it was 21.9◦C. On
the other hand, if the Thom’s discomfort index
trend remains linear over a long time period,
the DI values for the dry and rainy seasons and
annual period will take 168, 182, and 231 years,
respectively, after the year of 2005, to change from
partially comfortable to uncomfortable. However,

Fig. 6 Annual mean
course of Thom’s
discomfort index in the
city of Campina Grande
for the dry, rainy, and
annual periods
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Fig. 7 Annual course of air temperature (a), relative humidity (b), class A pan evaporation (c), and Thom’s discomfort
index (d) for the 1965–2005 period in the city of Campina Grande

this result is uncertain once the expansion of ur-
ban area is nonlinear, so that in the future, some
human efforts such as reduction of CO2 emis-
sions and planning reforestation to the sustainable
city management can reduce the impacts on the
environment.

Figure 7 shows the temporal course of air
temperature (a), relative humidity (b), class A
pan evaporation (c), and wind speed (d) for the
1965–2005 period in the city of Campina Grande.
The data revealed an increasing trend in air
temperature and decreasing trends in relative hu-
midity, evaporation, and wind speed, which are
statistically significant at the p < 0.01 significance
level, according to the Mann–Kendall test. Over
the entire period, air temperature increased 1.5◦C,
while relative humidity, evaporation, and wind
speed decreased 7.2%, 0.51 mm, and 0.86 m s−1,
respectively. These results suggest that urban ex-
pansion and the use of construction materials of

high heat capacity and low solar reflectivity such
as asphalt and concrete cause changes in comfort
level and local climate not only for medium or
large cities but also for small cities.

The data for wind speed from 1965 to 1976
are missing due to technical problems with the
anemometer, but in the observational period, a
decreasing trend for wind was found as a conse-
quence of urban growth. On the other hand, the
decrease in evaporation can be attributed to the
global dimming effect as shown by Silva (personal
communication). This phenomenon refers to ob-
servation that the amount of solar energy reach-
ing the Earth’s surface has been gradually falling,
and this can be attributed to anthropogenic heat
emissions into the urban atmosphere. This effect
was first described by Stanhill and Ianetz (1996)
who compared Israeli sunlight records from the
1950s to current records. Both increase in air
temperature and reductions in relative humidity
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Fig. 8 Daily course of
global solar radiation and
Thom’s discomfort index
for the dry season (a) and
rainy season (b) in the
city of Campina Grande

are likely to be caused by the increasing levels
of aerosol particles into the atmosphere due to
human activities.

Figure 8 illustrates the daily course of both
global radiation and DI in the dry (November
2005) and rainy (June 2006) seasons. The time
course of global solar radiation was similar to that
of DI with maxima around noon and minima in
the early morning and late afternoon. The DI
values reached a maximum value of 24◦C during
a dry month, which still provides a partially com-
fortable condition. Global solar radiation rises
in the morning and reaches its maximum of
1,050 W m−2 at noon and then quickly decreases
to reach a minimum just after sunset.

Although the DI values varied a little with an
average value of 23.3◦C for dry month, the mean
global solar radiation showed wide variation.
Therefore, this result suggests that solar radiation
has little effect on the bioclimate index proposed
by Thom. Similar results were obtained by Girid-
haran et al. (2007) in Hong Kong. In the 2005 ob-
servational period, the average Thom’s index was
22.3◦C while the average global solar radiation
was 480.2 Wm−2. Kolokotroni et al. (2006), in a
study carried out in London, quantified the urban
heat island and observed that during a typical hot
week, the rural reference location provided 84%
more energy demand for cooling than in a similar
urban location.
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Fig. 9 Mean daily course
of air temperature (a),
relative humidity (b), and
Thom’s discomfort index
(c) at the urban and
suburban environments
for representative month
of the dry (November
2005) and rainy (May
2006) seasons in the city
of Campina Grande

Mean values of air temperature, relative hu-
midity, and DI at urban and suburban environ-
ments for the representative months of the dry
and rainy seasons are presented in Fig. 9. Both
DI and air temperature showed similar behavior
during the analyzed months and were the opposite
of the results for relative humidity. Of course, all
the analyzed variables had higher mean values for
the dry month than for the rainy month. How-
ever, around noon in both urban and suburban
environments, these differences were larger. For
the urban environment, DI values reached a min-
imum of 20.2◦C at 04:30 h and a maximum of
24.6◦C at 14:40 h during the representative month

of the dry season (Fig. 8a). Such behavior was
expected because DI is a function of air temper-
ature and relative humidity according to Thom’s
index. These maximum and minimum values are
also illustrated (Fig. 9b and c). For both months
and environments, the DI ranged from a minimum
value during the night from 20:00 to 7:00 h to a
maximum value near noon (Fig. 9c).

During the representative month of the rainy
season at the urban and suburban environments,
the DI values showed a partially comfortable
range during the day and a comfortable range
during the night. On the other hand, for both
environments, DI values reached an uncomfort-
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Fig. 10 Mean urban heat
island intensity for
representative months of
dry and rainy seasons in
the city of Campina
Grande

able range (27 < DI ≤ 29) from 9:00 to 17:00 h
during the dry month as a consequence of high air
temperature and low relative humidity. Neither
season nor environment showed DI values that
were highly uncomfortable.

Urban heat island intensity

The UHI in the city of Campina Grande for the
representative months of the dry and rainy sea-
sons is shown in Fig. 10. The maximum difference
in air temperature between urban and surround-
ing rural areas was 1.48◦C at 14:00 h during the
representative month of the dry season.

During the rainy season, the difference was
negative and reached −0.63◦C at 11:00 h and was
probably due to the variability in surface albedo
levels as compared to the dry season. Surfaces
with higher albedo generally have a better rate
of heat dissipation (Giridharan et al. 2007). Ac-
cording to Oke (1979), the UHI effect is more
pronounced on calm and clear nights. The higher
magnitude of UHI during the dry season was a
consequence of higher surface air temperatures
caused by the energy stored at the urban sur-
faces; this warmed the air by conduction and
convection. Otherwise, the lower UHI magnitude
for the rainy season was partially explained by
the homogeneity of climatic features across the
Campina Grande region. Sarrat et al. (2006) found
a formation of UHI over Paris, which was stronger

at night than during the daytime. More recently,
Giridharan et al. (2007) recorded variations in
UHI in the range from −1.31◦C to 3.4◦C in
Hong Kong.

Despite shorter periods of field measurements,
the sample months were representative for the dry
and rainy seasons because climatic variables such
as air temperature and relative humidity show
little variability throughout a single season in a
tropical region. Similarly, Tumanov et al. (1999)
using a moving sensor analyzed urban heat for the
city of Bucharest based upon three mobile mea-
surements in 1991 and 1992. Kolokotroni et al.
(2007) also used a short period of sampling for
assessing UHI in London based on two represen-
tative weeks, one with extremely hot weather and
one with typical hot weather.

Conclusions

Air temperature and relative humidity data were
obtained over 10-min periods from mobile mea-
surements, and the bioclimatic index most com-
monly used in urban climate studies was used for
evaluating human discomfort levels in the city of
Campina Grande, Brazil. Data collected during
two campaigns for a representative month of the
dry and rainy seasons allowed the evaluation of
UHI for the city. A long-term Thom’s DI was also
examined under a range of climate change. Sta-
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tistical analysis showed good agreement between
DI and air temperature, relative humidity, and
Thom’s discomfort index values. The relationship
between global solar radiation and wind speed
with DI was comparatively poor. The magnitude
of the DI is dependent upon air temperature,
rather than relative humidity, global solar radia-
tion, and wind speed. Results demonstrated that
the DI is not a good measure of thermal sensation
for a person experiencing particularly hot and dry
conditions in tropical regions. There is an increase
in air temperature of 1.5◦C and a reduction in
relative humidity of 7.2% for the last 41 years in
the city of Campina Grande. The DI time series
also showed an overall increase of 0.83◦C in the
same period. Human thermal comfort conditions
in all seasons in the city of Campina Grande are
comfortable, except in January when there is a
partially comfortable condition. Thom’s index is
mostly influenced by air temperature rather than
relative humidity, whereas solar radiation and
wind speed have little effect on human comfort
levels. The expansion process of the city produced
an urban heat island during the dry season with a
peak of 1.5◦C and a cool island of −0.7◦C during
the rainy season. Such phenomena is likely due to
the intense process of urbanization and by using
materials such as stone, concrete, and asphalt,
which produce an increase in local temperature
in comparison to suburban areas. The increasing
trends in DI and air temperature as well as the
reduction in relative humidity and evaporation
are likely due to local climate change. The ur-
banization process of the city caused a change
of the microclimate and led to variations in the
human comfort conditions; this is the definition
of an urban heat island. Results from the present
study provide information that can be used by
city authorities for future development and urban
planning.
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