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ABSTRACT. The purpose of this study is to carry out a climatological analysis of human thermal comfort in the São Paulo city, Brazil, for outdoor and indoor

environments, applying different indexes of thermal comfort in order to assess which of them represent best the weather characteristics of the São Paulo city. The

relationship between these indexes and the seasons (fall, winter, spring, summer) was investigated in the period from 1980 to 2005, for outdoor environments, and
during 2005, for the indoor environments. The results showed that the most appropriate index for São Paulo, both for internal and external conditions was the

Effective Temperature Index (ET) as it has a broad classification and can provide appropriate representations of the region’s comfort. According to this index, the
mornings during summer in the outdoor environments showed mild discomfort by cold, and the afternoons were comfortable. In winter, there was thermal stress by

cold during the mornings and a slight discomfort by cold during the afternoons. For indoor environments in the summer, most of the houses presented comfortable

mornings, and afternoons with discomfort in relation to the heat, while in the winter, period proved to be uncomfortable and stressful due to cold and the afternoons
characterized themselves as comfortable.

Keywords: thermal sensation, biometeorology, biometeorological indexes.

RESUMO. O objetivo deste estudo é realizar uma análise climatológica do conforto térmico humano na cidade de São Paulo, Brasil, para ambientes externos e

internos, aplicando diferentes ı́ndices de conforto térmico, a fim de avaliar qual deles melhor representa as caracteŕısticas climáticas da cidade de São Paulo. A relação
entre esses ı́ndices e as estações do ano (outono, inverno, primavera, verão) foi investigada no peŕıodo compreendido entre 1980 e 2005 para os ambientes externos,

como também durante o ano de 2005 para os ambientes internos. Os resultados mostraram que o ı́ndice de Temperatura Efetiva (TE) é o mais apropriado para São Paulo,
tanto para condições internas quanto externas, pois este possui uma classificação ampla e pode fornecer representações adequadas do conforto da região. Segundo

esse ı́ndice, as manhãs, durante o verão nos ambientes externos, apresentaram leve desconforto por frio, e as tardes estiveram confortáveis. Já no inverno, observou-se
estresse térmico por frio durante as manhãs e um ligeiro desconforto por frio no peŕıodo das tardes. Para os ambientes internos, a maioria das casas apresentou no

verão manhãs confortáveis e tardes com desconforto em relação ao calor; já no inverno, o peŕıodo das manhãs mostrou-se desconfortável e estressante devido ao frio e

as tardes caracterizaram-se como confortáveis.
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INTRODUCTION

The thermal acceptability of an environment and the perception
of comfort or discomfort are related to the production of heat by
the body’s metabolism, which is transferred to the environment in
order to maintain vital body function, resulting in a psychological
sensation and a body temperature. This transferred heat is influ-
enced by environmental factors such as air temperature, thermal
radiation, humidity and air speed. Also important are the personal
factors, such as type of physical activity and type of clothing. A
person is thermally comfortable, when all the heat produced or
gained by the human body is equal to the amount of heat lost to
the environment, by the same body and in the same proportion,
so the body maintains an energy balance. The feelings of comfort
varies from person to person, therefore, each person reacts differ-
ently in relation to the weather and climate. According to ASHRAE
(American Society of Heating, Refrigerating and Air-Conditioning
Engineers), the definition of thermal comfort would be “the condi-
tion of mind that expresses satisfaction with the external environ-
ment”. The issue of human thermal comfort involves many fac-
tors and variables (individual and environmental), becoming an
extremely complex matter, variable from individual to individual.
In order to estimate the combined effects of meteorological factors
on various physiological stimuli, many research works have en-
tered the biometeorological indexes that express mathematically
the thermal stress and physiological response of the human body
in a given environment.

Since the earliest days of human history, the interest of un-
derstanding or by necessity, or curiosity, the relationship between
the different weather conditions and human body’s physiological
response to these changes has always existed. Hippocrates, in
his book “Air, Waters and Places”, of about 400 BC, described
qualitatively the main variables that affect significantly the ther-
mal comfort: temperature, winds, relative humidity and radiation;
moreover, provided biometeorological advice for future doctors
(cited by Monteiro & Alucci, 2005). In the seventeenth century,
the first measurements of air temperature were held in Florence
and Beijing, however, if they wanted to seek views on thermal
sensations of certain environments, those were considered vague.
In early nineteenth century there were some preliminary studies
investigating the influence of thermal stress in the textile indus-
try workers who had health problems (Koenigsberger et al., 1977,
cited by Monteiro & Alucci, 1996).

Only in the twentieth century, however, the first scientific re-
searches related to human thermal comfort emerged. Houghten
& Yaglou (1923) proposed the Effective Temperature Index, that
considerated the aggregate effects of variables air temperature

and relative humidity, as psychological responses to sensations
experienced by people. Currently, among the most recent studies
include Olgay (1992) that in the years 1960 proposed a definition
for the environmental thermal comfort. Different areas of com-
fortable temperatures for various climates were identified, such
as: U.S., between 23◦C and 27◦C; England, from 14◦C to 21◦C;
23◦C to 24◦C for the tropics.

Maia (2002) analyzed the human thermal comfort during the
year 1989 in the city of São Paulo, and evaluated the influence
of one or more meteorological factors on the population (daily
hospital admissions for respiratory diseases and air pollution).
He used five biometeorological indexes, and applied them to a
given sample of the city’s population. The results showed that
the average hospital admissions for 1989 were associated with
meteorological parameters, levels of air pollution, and the in-
dexes of human thermal comfort. Braun (2003) examined the
human thermal comfort in the city of São Paulo during the period
1996 to 2000 and the related behavior of certain biometeorologi-
cal indexes, of meteorological variables and levels of air pollution
with cardiovascular disease in people over 65 years. The results
showed the period of the summer as the biggest influence to the
condition of thermal stress in due to heat. When the author re-
lated the mortality rate for this population sample to the weather
conditions, he found that the conditions related to cold were re-
sponsible for 45% of deaths in the city of São Paulo, while weather
situations related to heat accounted for 24% of deaths.

As we spend approximately 90% of our lives indoors, a good
understanding of thermal conditions found within such environ-
ments is natural and very important. In that sense, many studies
have been made taking into account not only the physical vari-
ables of the environment, but the characteristics of buildings and
behavior of their occupants. Such variables associated with the
development of empirical formulas, represented in the form of
biometeorological indexes, can express numerically the degree
of thermal satisfaction or dissatisfaction (though empirically) of
a given environment. The degree of thermal comfort (indoors) of
these environments could, for example, be estimated through in-
ternal measures of some variables such as air temperature and
relative humidity, which added up to the wind, could be crucial
for physiological, psychological and biological sensations felt by
the human body, and may well change their daily behavior.

The ASHRAE (American Society of Heating, Refrigerating
and Air-Conditioning Engineers), referential organization when
it comes to conditions for thermal comfort, set national stan-
dards for human occupation in indoor environments. This stan-
dard, called Standard 55-1992, describes experiments based on
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areas of thermal neutrality. The proposal is to specify a combina-
tion of an indoor environment and personal factors, which could
produce thermally acceptable conditions (thermal comfort), for at
least 80% of the occupants of a particular place, (ASHRAE, 1992).
These conditions are designed to healthy people, from the sur-
face to an altitude of 3000 meters for human occupation and pe-
riods of stay longer than 15 minutes, still, according to ASHRAE.
Analyzing popular houses, Viamont (1996) verified the quality of
thermal comfort of homes in a settlement in Cochabamba, Bolivia.
The effect of external temperature has been studied in homes to
determine optimal parameters of comfort and standards of con-
struction, to reduce the discomfort caused by high and low tem-
peratures. He noted that the thermal comfort can be improved
if some characteristics of housing were modified, among them:
ceiling with low thermal conductivity; more ventilation in summer
and infiltration control during the winter; use of bright colors on
the walls, causing high-reflection during the summer.

The influence exerted by occupants in thermal performance
in office buildings naturally ventilated was studied in Oxford and
Aberdeen, UK, (Givoni, 1994). In offices where the occupants
have full control of the environment (open windows, shutters, cur-
tains, etc.), they played an important role in changing conditions
internally observed. According to the author, although the resi-
dential and office buildings have different uses, occupations and
internal gain, the way the occupants use the environment may
modify its thermal performance and achieve the thermal comfort.

Givoni (1999) monitoring small households (not condi-
tioned) in the town of Pala, southeast of California, USA, has
developed simple formulas using a minimum amount of exter-
nal climate information to estimate the internal temperature of
their environments. When these homes were cooled by noctur-
nal ventilation and remained closed during the day, the maxi-
mum internal temperature, for example, could be predicted tak-
ing as a basis only average external temperature. Givoni & Vec-
chia (2001) describe a methodology for estimating temperatures
(maximum, medium and minimum) internal daily, in homes in
the city of Descalvado, Brazil. The formulas used were developed
based on data collected in September 2001 and validated through
a comparison with data collected in the months of November and
December of that year. It was found that the internal temperature
maximum, medium and minimum, could be estimated using the
daily average of the external temperature. They also concluded
that the prediction of indoor temperatures, maximum and mini-
mum can be slightly improved by incorporating the average daily
balance of sunlight and the daytime temperature, respectively,
to the formula.

Papst & Lamberts (2001) analyzed the thermal performance
of homes in the city of Florianopolis, southern Brazil. They ob-
served three different homes and monitored their daily internal
temperatures between April 1998 and May 1999. They compared
the behavior of these temperatures and correlated it with the daily
average outside. The results showed that the use of the environ-
ment by its occupants, the characteristics of households and the
external weather conditions were decisive factors for the thermal
performance analysis of the homes. In another study involving
the thermal performance of occupied buildings, Krüger & Givoni
(2003) analyzed three popular residences of different construc-
tive types in the city of Curitiba, Brazil, without any kind of in-
ternal conditioning. Then, they monitored the houses in peri-
ods (several days) of summer and winter, and the daily values
observed in the three homes were compared to the values ob-
tained by applying estimative formulas of internal temperature
(minimum and maximum) and values simulated by the software
(COMFIE). The results showed for the three homes, that the
minimum internal temperature showed the highest correlation
between observed and calculated values of temperature, with
R2 = 0.99. The lowest correlation was found with the internal
temperature maximum, with an average R2 = 0.9588. Still ac-
cording to the authors, “if there is any experimental representa-
tive data of the internal and external conditions, measured over
several weeks, it will be possible to estimate the thermal perfor-
mance of a building (residence), for any kind of weather”.

Relating the exposure of children and the indoor climate,
Nafstad et al. (2005) studied the relationship between the expo-
sure of children between three and five years old in “hospitals”
and respiratory problems, possibly attributed to humidity. From
175 hospitals analyzed in the study, 51% had a problem of hu-
midity inside it (infiltration from the ceiling or walls, leakage of
water). Through an analysis of multiple logistic regression with
the hospitals, it was found that none of the diseases or respiratory
symptoms studied were associated with problems of humidity,
or type of existing ventilation inside.

Considering that most of our lives (approximately 90%) is
spent in indoor environments (Sundell, 1999), and that a small
portion is devoted to outdoor environments, this study aims to
carry out a climatological analysis of various indexes of human
thermal comfort in outdoor environments in the metropolitan
region of São Paulo. This study aim to carry out a climatologi-
cal analysis of human thermal comfort in the city of São Paulo,
for outdoor and indoor environments, and so establish a ther-
mal comfort index to characterize the most realistic possible way
the weather conditions that impact on human health. The most
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typical indexes of thermal comfort for MRSP was applied to out-
doors and indoors environments, that is, also inside homes of
MRSP – within scope of the Wheezing Project – that examines the
influence of air pollution generated by the traffic of vehicles, and
its interaction with the adverse environmental and weather con-
ditions, in the development of diseases, respiratory infections,
allergy and atopic sensitization in children with a family history
of asthma, residents in the city of São Paulo.

MATERIALS AND METHODS

The Metropolitan Region of São Paulo (MRSP) is geographi-
cally situated in the southeast portion of Brazil with an area of
8000 km2 and a population of approximately 17 million inhabi-
tants, which represents the third largest urban agglomeration in
the world. Outlined by the Mountain Range of the Sea (Serra do
Mar), its topography is dominated by hills and mountains that
range from 650 to 1200 meters high. The climate of the MRSP
is considered subtropical (Cwa type, Köppen classification), with
annual average temperature of 19.3◦C (IAG/USP station, normal
from 1980 to 2007) and average temperatures during winter of
16◦C and of 22◦C during summer. Due to its proximity to the
Atlantic Ocean (60 km away) the region is influenced by the effect
of sea breeze that is a constant in the local weather (Oliveira &
Silva Dias, 1982). The average annual precipitation is 1317 mm,
according to Instituto de Astronomia, Geof́ısica e Ciências At-
mosféricas station, of the Universidade de São Paulo (IAG/USP)
that may be divided into two main seasons: a rainy season which
includes the period from October to April and another dry season
that goes from May to September. The rainy season is influenced
by continental warming, which, associated with cold fronts and
areas of instability, beyond urban heat island effect of the city,
favor the occurrence of abundant rainfall in the region. The dry
season is characterized by having winters with high concen-
trations of pollutants, influenced by the predominance of high-
pressure systems on the region.

Climatological data

The meteorological data used to represent the outdoor environ-
ment were obtained from the meteorological station of the State
Park (IAG/USP), located in the neighborhood of Água Funda,
southern city of São Paulo, 23◦37’S, 46◦37’W. Daily average data
of maximum and minimum temperature variables were acquired,
as well as wind speed, relative humidity, maximum and minimum,
for the period from 1980 to 2005. The next stage was to compile
such daily average data in order to see in which range these values

were found and thus verify which indexes of comfort, suggested
by the literature (Maia 2002; Braun, 2003; Gonçalves et al., 2007)
would be more suitable for thermally represent the MRSP. The
representative meteorological variables of the indoor environment
were obtained through experimental campaigns, inserted into the
“Wheezing Project”; carried out within 426 homes in the city of
São Paulo (Fig. 1). Measurements were made in the child’s bed-
room, with an analog Temperature/Humidity Datalogger, Oakton
brand, model 08369-70, for a period where one day is 24 hours
of observation – in this paper will be presented the measure-
ments for all seasons of the year 2005.

Thermal comfort index

To assess the thermal perception of the outdoor environment in
the MRSP, three indexes of thermal comfort were used: Discom-
fort Index, DI (Thom, 1959); Effective Temperature Index, ET (Mis-
senard, 1937); and Effective Temperature Index according to the
wind, ETw (Suping et al., 1992). For the calculation of these in-
dexes, three different combinations have been used: temperature
and average humidity, situation (1); maximum temperature and
relative humidity minimum, situation (2); minimum temperature
and relative humidity maximum, situation (3). The insertion of
these three situations is needed considering the extreme condi-
tions that affect in more pronounced way the thermal sensations
of the environment (outdoor), represented daily. To check the in-
door environment behavior, the Effective Temperature Index (ET)
was considered to assess the thermal conditions experienced in
those environments. Thus, the average wind was not considered in
the calculation, because wind speed inside the residences (child’s
bedroom) is very low, or nonexistent. In this environment, the col-
lection of data of meteorological variables air temperature and rel-
ative humidity, were held inside of 180 residences in 2005, count-
ing 1098 days with measures (∼ six days in each residences).
These homes are mostly located in the north and west areas of the
city and the measurements were made with an analog Tempera-
ture/Humidity Datalogger, Oakton brand, model 08369-70, for a
period where one day is 24 hours of observation (Figs. 1 and 2).
The samples were collected in the homes of newborn children,
residents in the city of São Paulo, who had a family history of
asthma. The instrument was installed in the child’s bedroom (of-
ten in the mother’s), that is, in the place where the child slept.
After collecting data, the calculation of the thermal comfort Effec-
tive Temperature Index (ET) was done, for the different residences
sampled and measured in the same period of time, in order to ex-
press and evaluate (although that empirically) the internal thermal
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Figure 1 – Localization of the households (black spots) sampled in the São Paulo city. Source: adapted from pt.wikepedia.org
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sensation of these buildings. Similarly to outdoor environment,
using the extremes of temperature and relative humidity variables.
It was possible to simulate different internal scenarios, or four
daily situations: maximum temperature and relative humidity max-
imum (hot and humid days: QU, situation 1); maximum tempera-
ture and relative humidity minimum (hot and dry days: QS, situa-
tion 2); minimum temperature and humidity maximum (cold and
humid days: FU, situation 3); minimum temperature and humidity
minimum (cold and dry days, FS: situation 4). The criteria used
to classify the comfort threshold of the residences was the range
from 22◦C to 25◦C, suggested as “‘comfortable zone” (Fanger,
1972), which classifies the thermal comfort in five classes, rang-
ing from very cold, until very hot. This zone is valid for a person
with average clothing in sedentary activity, and weak winds.

Discomfort Index (DI)

Thom (1959) describe the searches conducted by Thom and
Bosen about the problem of air-conditioned systems. These
searches represented an important role in the understanding of
the subject thermal comfort with the development of a Discom-
fort Index, DI (Thom, 1959). As several versions were created for
this index, this study used the form suggested by Giles et al.
(1990), already used by other researchers in Brazil (Maia, 2002;
Braun, 2003), from the following equation:

DI = T− 0.55[(1− 0.01UR)(T− 14.5)],
where:
T= air temperature (◦C);
UR= relative humidity (%);
DI = Discomfort Index (◦C).

Effective Temperature Index without wind (ET) and with
wind (ETw)

The Effective Temperature Index (ET) was developed by Missenard
(1937), who considers the meteorological parameters air temper-
ature (◦C) and relative humidity (%) in its calculation. However,
it is known that the thermal sensation perceived by people is of-
ten attributed also to the magnitude of wind and relative humid-
ity. Several authors have related these variables to express this
sensation in tropical climates environments. The relationship
described by Missenard (1937) to designate Effective Tempera-
ture (ET) considers that

ET = T− 0.4[(1− UR/100)(T− 10)],
where:
T= air temperature (◦C);

UR= relative humidity (%);
ET= Effective Temperature (◦C).

Just as in Houghten & Yaglou (1923), this calculation model
overestimates the effect of relative humidity and does not con-
sider a major effect in determining the effective temperature,
which would be the average wind. However, Suping et al. (1992)
appointed the effective temperature as being a function of the
relative humidity and wind speed (ETW). The shape of the equa-
tion is:

ETw =37− (37− T)
[(0.68− 0.0014UR) + 1/(1.76+ 1.4w0.75)]

− 0.29T(1− UR/100)

where:
T= air temperature (◦C);
UR= relative humidity (%);
w= wind average speed (m/s), and
ETw (◦C) is the Effective Temperature according to the wind.

Tables 1 and 2 show the thermal sensation and the thermal
stress degree (levels of discomfort and physiological stress), for
the DI, ET and ETw indexes. Please note that the thermal zones
(thresholds of temperatures for different thermal sensations) pro-
posed in Table 1 are valid for wind speeds less than those used
in the calculation of the index ETw, therefore, that is not a per-
fectly applicable zone for this situation. In other words, the wind
speeds considered by calculate to be smaller than they actually
occur in the observations (IAG/USP station), however, it assists
in the comparison with the other index.

RESULTS AND DISCUSSION
Outdoor Conditions

The different comfort indexes were calculated for the three differ-
ent situations (1, 2 and 3) for a period from 1980 to 2005 (9497
days). The climatological graphs of these indexes are presented
below and show the comfortable regions (in gray), and uncom-
fortable regions by heat and by cold.

Discomfort Index (DI)

The Discomfort Index was created to observe comfort in air-
conditioned environments and was reported here for the outdoor
environment. The results of this index are found for each situation
in Figures 2, 3 and 4.

Figure 2 shows the climatological graph DI for the situa-
tion (1). In this situation, using average values for the variables,

Revista Brasileira de Geof́ısica, Vol. 33(2), 2015
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Table 1 – Levels of classification of the Discomfort Index, DI (Thom, 1959).

DI (◦C) Level of discomfort Thermal sensation
<21 None discomfort Very cold

21–24 Less than 50% has discomfort Cold
24–27 More than 50% has discomfort Freeezing
27–29 The most of population has discomfort Comfortable
29–32 Every has discomfort Warm
>32 Attention for medical emergency Hot/Very Hot

Table 2 – Classification levels for ETw and ET (Fanger, 1972).

ETw and ET (◦C) Level of Phisiological stress Thermal Sensation
<13 Extreme Stress by Cold Very cold

13–16 Shivering Cold
16–19 Lightly cold of the body Slightly cold
19–22 Vasoconstrition Freezing
22–25 Thermal neutrality Comfortable
25–28 Quick perspiration; vasodilatation Warm
28–31 Sweating Slightly hot
31–34 Intense sweat Hot
>34 Fails in thermo-regulation Very Hot

Figure 2 – Climatological Graph of the Discomfort Index for situation (1).

Figure 3 – Climatological Graph of the Discomfort Index for situation (2).

Brazilian Journal of Geophysics, Vol. 33(2), 2015
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Figure 4 – Climatological Graph of the Discomfort Index for situation (3).

a greater concentration of values in the region of absence of dis-
comfort (DI<21◦C) was observed. It is interesting to note that
the highest peaks values considered for discomfort of the MRSP
was found in the months of January and February (the summer
season) of 1998, but during the same months in previous years,
some discomfort of the population was also observed.

Figure 3 shows the Discomfort Index for the situation (2),
maximum temperature and relative humidity minimum (hot and
dry days). There is a region with considerable lack of discom-
fort (comfortable), and some maximum values in regions where a
large part of the population feels mild discomfort (DI 27-29◦C).
Some episodes also occur where the entire population feels stress
by heat (DI 29-32◦C), caused by high temperatures observed
during the afternoons of the months of February 1985 (aver-
age temperature 28.6◦C) and October 2004 (23.6◦C). Figure 4
shows the graph of the Discomfort Index for the situation (3)
– minimum temperature and relative humidity maximum. It ap-
pears that almost the entire population feels no discomfort, ex-
cept for some periods of summer, as the month of February 1998,
whose cause was the high temperatures observed (discomfort by
warm). Table 3 shows the absolute frequency and relative fre-
quency for the classification of the Discomfort Index for each day
of the year. With more detail it is possible to see in situations (1)
and (3) that the number of days classified as “without discom-
fort” has significantly the highest values, 7010 (73.81%) for the
situation (1), and 9452 (99.53%) for the situation (3). For the
situation (2), beginning of the afternoon, 3507 (36.93%) of the
days were found in the classification “less than 50% of the popu-
lation feels uncomfortable” and 3021 (31.81%) of the days in the
classification “more 50% of the population feels uncomfortable”.
This result showed a balance between these classifications (situ-
ation 2), probably by the major influence of temperature for this
index. Thus, for the situation (1), 73.81% of days are comfortable
and 26.19% are uncomfortable. This showed that according to

the Discomfort Index (DI), the MRSP can be considered com-
fortable by the significant number of days in which this situation
occurred.

Effective Temperature according to the wind (ETw) and
Effective Temperature (ET)

The results of the evaluation of thermal sensation (ETw) in out-
door environment in the city of São Paulo are shown in Figures 5,
6 and 7. It was calculated the effective temperature, which takes
into account the temperature and the relative humidity, and the
effective temperature according to the wind that considers aver-
age wind besides the relative humidity and temperature. Average
wind always tends to milden values in the region uncomfortable
by heat, and enhance the values of the region presenting stress
by cold.

Figure 5 provides the Climatological Graph of the Effective
Temperature according to the wind for situation (1), average tem-
perature and average humidity of the day can be felt taking into
account beside relative humidity, the wind speed. It was observed
that most of the days were uncomfortable by cold, with some rapid
peaks in the region of comfort (ETw between 22-25◦C). It is no-
ticeable a lot of day observed in the “very cold” region (with ETw

<13◦C). These values of effective temperature according to wind
were low, possibly by significant average wind speed of these 25
years of studies (1.74 m/s). Again, the climatology for this index
shows the highest peaks in February 1998 and the lowest value
in the month of July 1988 (–2.2◦C). Figure 6 shows the climato-
logical graph of ETw for situation (2), maximum temperature and
humidity minimum. There is a considerable concentration of val-
ues in the “comfortable” region (ETw between 22-25◦C), as well
as, a big amount of values in the region of discomfort by cold. It is
worth noting also the emergence of a small uncomfortable range
relating to heat, “slightly warm” (ETw between 25-28◦C) and of
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Table 3 – Levels of classification of the Discomfort Index of the studied climatology (1980-2005).

Classification
Situation (1) Situation (2) Situation (3)

Days % Days % Days %
Without discomfort 7010 73.81 2738 28.83 9452 99.53

Less than 50% has discomfort 2421 25.59 3507 36.93 45 0.47
More than 50% has discomfort 66 0.69 3021 31.81 0 0.00

The most of population has discomfort 0 0.00 214 2.25 0 0.00
Every has stress 0 0.00 14 0.15 0 0.00

Attention for medical emergency 0 0.00 0 0.00 0 0.00
Total Comfortable 7010 73.81 2738 28.83 9452 99.53

Total Discomfortable 2487 26.19 6756 71.14 45 0.47

Figure 5 – Climatological Graph of the Effective Temperature according to the wind for situation (1).

Figure 6 – Climatological Graph of the Effective Temperature according to the wind for situation (2).

Figure 7 – Climatological Graph of the Effective Temperature according to the wind for situation (3).
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two periods considered uncomfortable by heat (ETw between 31-
34◦C). Figure 7 shows the ETw graph for the situation (3), min-
imum temperature and humidity maximum. There are rather un-
comfortable regions throughout the period, even presenting ex-
treme stress in relation to cold (ETw <13◦C). Table 4 offered
absolute frequency and relative frequency of the Effective Tem-
perature Index according to the wind (ETw) for all the studied
period. The classification “very cold” was felt most of the days
(3211 or 33.81%), in situation (1) and in situation (3), (6941 or
73.09%). But in situation (2), the number of days classified as
“slightly cold” was the biggest for 2586 days (27.23%), approach-
ing the comfortable sensation (2336 or 24.60%). This proba-
bly occurred by the action of wind, which reduced the discom-
fort, (maximum temperature and humidity minimum). Thus, sit-
uation (1) marked up in virtually all the days as uncomfortable
by cold (99.57%). For situation (2), 64% of the days had the
same classification and in situation (3), the whole period was con-
sidered uncomfortable by cold. The discomfort by heat was ex-
pressed only in situations (1) and (2), for 0.43% and 11% of the
days, respectively.

Figures 8, 9 and 10 show the graphs for the same studied
situations, but now for the Effective Temperature (ET), without the
action of the wind. It was observed for all situations similar pattern
graphs of the effective temperature according to the wind (ETw).
However, there was a shift of ET for the regions of higher temper-
atures (stress by hot), confirming that the wind speed is a vari-
able of fundamental importance to quantify and qualify their effect
on the sensation of comfort perceived by the human body. Ta-
ble 5 presents the absolute frequency and relative frequency for
the classification of the Effective Temperature Index (ET) of the
studied period. For situation (1), the feeling of “slightly cold” pre-
dominated in most days (3328, or 35.04%). In the situation (2),
the discomfort by “moderate cold” prevailed (3029, or 31.89%)
and for situation (3) – minimum temperature and humidity max-
imum – the classification comfortable was present in 3312 days
(34.87%). It was observed that for the three situations the feeling
of discomfort by cold prevailed in most of the days studied. The
feeling of comfort for the population of São Paulo was present
in situations (2) and (3) – Tmax and RHmin and Tmin and RHmax,
respectively. Only situation (2), presented physiological stress
caused by heat, that is, a short period (25%) over the 25 years
studied was representative to the discomfort by heat.

Table 6 shows the behavior of average values for each index
of comfort (ET and ETw) according to the seasons. Since an av-
erage of the indexes for each month was made, the result found
did not include the extreme values, giving an approximate clas-

sification of each season of the year. It is understood WD, With-
out Discomfort; SD, Some Discomfort; MC, Moderate Cold; VC,
Very Cold; C, Cold; SC, Slightly Cold; –50P, less than 50% of
the population feels discomfort; +50P, more than 50% of the
population feels discomfort; TC, Thermal Comfort. The hypothet-
ical situations (1), (2) and (3), are represented by the indexes
DI, ETw, ET, with their respective sub-indexes. Considering the
DI1 for situation (1) (Tavg, RHavg) it is observed that only dur-
ing the summer the index presented discomfort in relation to
the heat. The ETW1 always presented itself as uncomfortable by
cold (MC, C, VC, C), showing an average of summer and win-
ter months with extremes of “moderate cold”; and “very cold”,
respectively. Similar characteristics were shown by ET1 index,
moving sensations to less cold regions (SC, C), due to the ab-
sence of wind speed in calculation. For situation (2) (Tmax, RHmin)
the DI2 showed slight discomfort over the year, however, during
the winter such discomfort was not evident, suggesting that in
the afternoons (maximum temperatures) the high temperatures
milden the cold for this time of year. Observing the ETW2 and
ET2, it is noted that the summer afternoons were comfortable, and
in the winter, they ranged from moderately cold to slightly cold
(MC, SC). For situation (3) (Tmin and RHmax) the DI3 was found,
with absence of discomfort in all seasons. For the ETW3 and ET3

indexes, great discomfort by cold was presented in all seasons
throughout the year. The city of São Paulo during the winter, has
presented very cold mornings (VC), and during summer range
from cold to moderately cold mornings (C, MC). It is noteworthy
that for all the presented situations, the absence of wind in the
ET index tends to reduce the discomfort by cold during the morn-
ings, (Tmin and RHmax) in the winter and increase the discomfort
by heat during the summer afternoons (Tmax and RHmin), when
compared to the ETw average index for the same periods.

Both biometeorological indexes ET and ETw may be rep-
resentative of the climate conditions (outdoor) experienced in
the metropolitan region of São Paulo (MRSP). According to the
classification, the ET index is consistent in pointing out strong
thermal stress by cold during the mornings (ET1) in the winter,
and comfort conditions during summer (ET2). The presence of
wind in the ETw index moves the thermal sensation to inter-
vals of lower temperature, increasing the cold sensation ob-
served during winter and making summer afternoons comfort-
able (ETW2). During the rest of the year, the indexes showed that
there is discomfort in relation to cold and, as well as for the sum-
mer and winter, the action of the wind (ETW) tends to increase
this condition of discomfort. The representation of these indexes
leads to conclusion that São Paulo city suffers more from cold
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Table 4 – Levels of classification of the Effective Temperature according to the wind (ETw)
of the studied climatology (1980-2005).

Classification
Situation (1) Situation (2) Situation (3)

Days % Days % Days %
Very cold 3211 33.81 811 8.53 6941 73.09

Cold 2505 26.38 983 10.35 2181 22.97
Slightly 2600 27.38 1696 17.86 372 3.92
Freezing 1140 12.00 2586 27.23 3 0.03

Comfortable 41 0.43 2336 24.60 0 0.00
Warm 0 0.00 1048 11.04 0 0.00

Slightly hot 0 0.00 34 0.36 0 0.00
Hot 0 0.00 3 0.03 0 0.00

Very hot 0 0.00 0 0.00 0 0.00
Discomfortable by cold 9456 99.57 6076 63.97 9497 100.00

Comfortable 41 0.43 2336 24.60 0 0.00
Discomfortable by hot 0 0.00 1085 11.43 0 0.00

Figure 8 – Climatological Graph for Effective Temperature for situation (1).

Figure 9 – Climatological Graph for Effective Temperature for situation (2).

Figure 10 – Climatological Graph for Effective Temperature for situation (3).
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�

�

“main” — 2016/3/14 — 11:02 — page 196 — #12
�

�

�

�

�

�
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Table 5 – Classification of the ET index of the studied climatology (1980-2005) separated
by comfortable and uncomfortable days in the cold and hot region.

Classification
Situation (1) Situation (2) Situation (3)

Days % Days % Days %
Very cold 498 5.24 65 0.68 2595 27.32

Cold 1509 15.89 379 3.99 2792 29.40
Slightly 2966 31.23 1111 11.70 3029 31.90
Feezing 3328 35.04 2328 24.51 1078 11.35

Comfortable 1190 12.53 3312 34.87 3 0.03
Warm 6 0.06 2199 23.15 0 0.00

Slightly hot 0 0.00 96 1.01 0 0.00
Hot 0 0.00 7 0.07 0 0.00

Very hot 0 0.00 0 0.00 0 0.00
Discomfortable by cold 8301 87.40 3883 40.88 9494 99.97

Comfortable 1190 12.53 3312 34.87 3 0.03
Discomfortable by hot 6 0.06 2302 24.23 0 0.00

Table 6 – Classification of the average comfort indexes (ET and ETw), according to the seasons of
the years (1980-2005). Where: WD, Without Discomfort; SD, Some Discomfort; MC, Moderate Cold;
VC, Very Cold; C, Cold, SC, Slightly Cold; –50P, less than 50% of the population feels discomfort;
+50P, more than 50% of the population feels discomfort; TC, Thermal Comfort sensation.

Season DI1 DI2 DI3 ETW1 ETW2 ETW3 ET1 ET2 ET3

Summer –50P +50P WD MC TC C SC TC MC
Autumn WD –50P WD C SC VC MC SC C
Winter WD WD WD VC MC VC C SC VC
Spring WD –50P WD C SC VC SC TC C

than hot days. However, such conclusion could be influenced by
comfort zone unfit for the region, and that zone, should perhaps
be below the standard set for local population, in other words,
the thermal comfort sensation might be felt at range of temper-
atures smaller than here considered. A proper comfort zone for
the region could be determined by a study where in addition to
the measurements of all the variables involved between body and
environment, were applied a questionnaire about the thermal sen-
sations of the population (Givoni, 1999; Givoni & Vecchia, 2001;
Paps & Lamberts, 2001; Maia, 2002; Braun, 2003; Monteiro &
Alucci, 2005).

Indoor Conditions
The Figure 11 to Figure 14 present the behavior of the Effective
Temperature Index (ET), for each climate season of the year 2005.
The graphs for four different daily situations (QU, QS, FU and FS):
maximum temperature and maximum relative humidity (QU, sit-
uation 1); maximum temperature and minimum relative humidity
(QS, situation 2); minimum temperature and maximum humidity
(QU, situation 3); minimum temperature and minimum humidity

(FS, situation 4). Will be shown, within each season, the eight
dwelling that had more valid measures (date without errors) and
had similar periods of measures with other residences (in order to
compare, in pairs, different kinds of residences – your construc-
tive types and geographic localization). For each climatic sea-
son, there is a comparative graph of the external environmental
conditions (T and RH).

Autumn
Figure 11 (graphs 1 to 8) shows the distribution of the “indoor”
Effective Temperature Index (ET) for eight from 272 sampled res-
idences during the season of autumn of 2005, in the city of São
Paulo. In the same Figure 11 (graphs 9 and 10), it is given the
behavior of outdoor temperature and relative humidity (IAG sta-
tion) and their respective ET index (outdoor), calculated for the
autumn season. The houses were grouped two by two, purposely
to examine how they would respond to external synoptic condi-
tions, if these measures were held in the same period of time and
under the same external influences. This season is characterized
in general, as comfortable for 75% of the examined residences
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Figure 11 – Distribution of the ET indexes, for the autumn of 2005.
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(6 houses), however, during the mornings there is a mild discom-
fort in relation to cold at all of them. The afternoons were charac-
terized, according to the ET index, as comfortable and with very
mild temperatures, ranging between 21 and 27◦C. It is interest-
ing to note that, as the winter approaches, the internal discomfort
in relation to cold during the morning tends to increase (houses
1351, 1352, 1354), getting to persist for six days with temper-
atures around 17 degrees (FS/FU), (house 1354). This discom-
fort can be better illustrated if we observe the behavior of exter-
nal minimum temperatures (graph 9), which tend to decrease,
because, climatologically, the winter presents much lower tem-
peratures than the autumn. Perhaps that is the explanation for
that greater discomfort previously found. Through this prelimi-
nary analysis, it appears that residences respond in a way very
similar to each other, especially when referring to external condi-
tions. An example can be presented with houses 1170 and 1347,
where a maximum heating was observed externally on May 18.
House 1350 responded to this warming on the same day 18, but
house 1170, only on the 19th. There is a lag, for heating, of one
day. Regarding an episode of cold occurred on May 21, the same
houses (1170 and 1347) responded in similar way to external con-
ditions, and faster than in the previously cited heating episode.
Both houses identified such discomfort by cold (FS/FU, 18◦C)
on the same day (May 21).

So, regarding the delay in heating, previously cited, how can
we evaluate it? Questions like this can be answered through a
deeper analysis, based on the application of different statistical
methods to data and, with a better characterization of the resi-
dences. That is, it is necessary to evaluate, for example, the char-
acteristics and level of occupancy of their environments, to get
a better understanding of this issue.

Winter

Figure 12 (graphs 1 to 8) presents the behavior of the different
situations of time experienced with the ET index, and the behavior
of eight, from 60 residences sampled during the winter of 2005.
Still through the picture (graphs 9 and 10), it illustrates the be-
havior of temperature and relative humidity outside the houses
and the respective ET index. It may be noted that during the win-
ter in the vast majority of the houses (90%), there is the situation
of thermal discomfort (stress) due to cold and this happens mainly
during the morning (FS). The exception is the house 1174, which
presents practically during the whole period measured (seven
days), temperatures near and within the zone of comfort in the
mornings, and comfortable temperatures during the afternoons
(QS/QU), which may be due to the beginning of the spring (22/9),

when temperatures tend to be more mild. This is confirmed in the
graphs 9 and 10, where it is observed a rise with the approach
of spring, both in external temperatures as in the external ET in-
dex. The cooler days and therefore, of the greatest stress due to
cold, were in the period between June 22 and June 27, when the
lowest value for ET was calculated: 15◦C for the morning of the
22nd (houses 1359 and 1360). Externally, the minimum temper-
ature reached its lowest value on July 26: 5.2◦C. Another factor
that may be highlighted is that each residence responds differ-
ently during the season of winter. For example: residences mea-
sured in the same period have different thermal sensations. Peri-
ods which are considered as comfortable for a particular location
(house 1174), can be classified as extremely unpleasant for others
(house 1168). This suggests that there are differences between the
residences, either in relation to protection against the cold, or in
relation to lack of ventilation with the external environment, taking
into account that they are all exposed to the same external synoptic
conditions.

Comparing with the Figure 11, this thermal performance
does not happen to the residence during the season of autumn,
a fact that leads us to believe that during winter the exchanges of
heat with the external environment are less frequent. Just as for
the autumn, a further analysis is necessary, where we must take
into account several factors, more specific to each residence, like
the characteristics of housing (coverage; ceiling; orientation of
windows and walls in relation to the sun; Structure of the build-
ing), changes in external weather conditions and use of it by its
occupants.

Spring

Figure 13 (graphs 1 to 8) shows the distribution of the indoor
Effective Temperature Index (ET) for eight, from 479 days stud-
ied during the spring 2005. Graphs 9 and 10, in the same fig-
ure, present the behavior of outdoor temperature and relative hu-
midity (IAG station), and its respective ET index. It is possible to
see that the mornings had been uncomfortable and stressful due
to the cold (FS) in virtually all residences (90%) except house
1266 which presented comfortable mornings for four, of the six
days examined. This discomfort in relation to cold was higher
in the second half of September, which presented externally very
low temperatures for the period, especially in its last week, when
the minimum temperature reached 11◦C and the maximum tem-
perature has not passed the 14◦C (graph 9). However, with the
approach of the summer season (graphs 7 and 8), the mornings
become more pleasant and the days tend to be more comfortable.
In the spring afternoons, there was almost no stress related to
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Figure 12 – Distribution of the ET indexes, for the winter of 2005.
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Figure 13 – Distribution of the ET indexes, for the spring of 2005.
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Figure 14 – Distribution of the ET indexes, for the summer of 2005.
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heat. Rather, it was observed that the afternoons had been com-
fortable and pleasant, with mild temperatures for half (50%) of the
examined residences, also in the months of November and De-
cember when the temperatures begin to increase because of the
approach of summer.

Observing the external behavior of temperature (graph 9),
we note that the spring of 2005 was characterized by very low
temperatures, throughout the entire season, even surpassing the
extremes of cold in winter, with the mark of 10.7◦C.

Summer

Figure 14 (graphs 1 to 7) presents the distribution of the in-
door Effective Temperature Index (ET) for 7 residences studied
(due to the finish of the project, only 7 dwellings were mea-
sures). Graphs 8 and 9, in the same figure, show the behavior
of outdoor temperature and relative humidity (IAG station), and
their respective ET index. It is worth emphasizing that the pe-
riod in which the measures were taken is the end of the sum-
mer (March 2005) and as such, the preliminary comfort anal-
ysis in this station could provide only a partial idea of thermal
comfort/discomfort of residences, not being representative for the
three months that comprise the season of summer. It is possible
to observe that the majority of the residences (60%) showed heat-
related-discomfort during the afternoons, with the combination
of high temperatures and high humidity (QS/QU). The greatest
stress with the ET index was reached on March 17, reaching
the mark of 33◦C, however, that discomfort was representa-
tive for four (houses 1032, 1101, 1039, 1297), from the seven
analyzed residences. Moreover two houses (1043, 1141) were
comfortable during practically all analyzed days. The mornings
for this season, in general, were characterized as comfortable,
although it altered slight feelings of discomfort by cold. The ex-
ception was the house 1049 (graph 5), which remained very
uncomfortable due to cold for the seven measured days, even
presenting values of the order of 15◦C, during the morning of
day eighteen. This residence has a poor (underprivileged) local-
ization in the city and receives little sunlight (in a slum, with one
house on the other).

As for the external conditions (graph 9, IAG station) for the
summer season, there were mornings that alternated periods
of mild discomfort until very uncomfortable in relation to cold
(16.5◦C, on March 17). The afternoons showed temperatures
close to the comfort zone, except for day 17, when a slight dis-
comfort in relation to the heat was recorded (28◦C).

CONCLUSIONS
The biometeorological indexes ET and ETw analyzed in this study
are similar and corroborate (agree) previous studies (Maia, 2002;
Braun, 2003) that also show that these (indexes) may be repre-
sentative of the climate conditions (thermal sensations) experi-
enced in the metropolitan region of São Paulo (MRSP). The ET1

index is consistent in pointing out strong thermal stress by cold
during the mornings in the winter, and comfort conditions dur-
ing summer (ET2). The presence of wind in the ETw index moves
the thermal sensation to intervals of lower temperature, increas-
ing the cold sensation during winter, however, making summer
afternoons more comfortable (ETW2). During the rest of the year,
the indexes showed that there is discomfort in relation to cold and
the action of the wind (ETw) tends to increase this condition of
discomfort.

The representation of these indexes (mainly ET, ETw) leads to
the conclusion that the population of São Paulo (MRSP) suffers
more from the cold than the hot, however, that conclusion could
be influenced by the existence of a comfort zone unfit for the re-
gion, and that zone, should perhaps be below the standard set
for the local population. A proper comfort zone for the region
could be determined by a study where in addition to the mea-
surements of all the variables involved between body and en-
vironment a questionnaire about the thermal sensations of the
population was applied.

Regarding the indoor environment, the ET index also showed
that there is a grant thermal discomfort within the city residences.
As well as the outdoor environment, the ET index was represen-
tative of the condition experimented daily by the population of the
São Paulo, and recorded high stress by cold, mainly during the
winter (morning) and in other season alternating periods between
comfortable and discomfortable feelings (during afternoons).
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