
JOURNAL OF 
NATURAL RESOURCES 
AND DEVELOPMENT

Adaptive Thermal Comfort in Learning Spaces: A 
Study of the Cold Period in Ensenada, Baja California 

Julio Rincón1*, Gonzalo Bojórquez2 , Víctor Fuentes3, Claudia Calderón1

1 Facultad de Ingeniería, Arquitectura y Diseño, Universidad Autónoma de Baja California, Ensenada, B. C., 22860, México
2 Facultad de Arquitectura y Diseño, Universidad Autónoma de Baja California, Mexicali, B. C., 21280, México
3 División de Ciencias y Artes para el Diseño, Universidad Autónoma Metropolitana, Ciudad de México, 02200, México

* Corresponding author: julio.rincon@uabc.edu.mx

Journal of Natural Resources and Development 2017; 07: 96-  107 96DOI number: 10.5027/jnrd.v7i0.12

Abstract

Received  25/09/2017
Accepted    13/12/2017
Published   24/12/2017

  Article history

Adaptive approach
Adaptive thermal comfort
Dry temperate bioclimate
Thermal environment
Thermal perception
Thermal sensation

  Keywords 

Environmental thermal conditions decisively influence people’s performance, comfort, well-being and 
mood. In closed spaces, where people spend 80 % of their time, thermal perception is a phenomenon 
studied from a multidisciplinary methodological approach. In Mexico, thermal comfort has been 
studied in isolation in different cities in the country, specifically at sites with warm, temperate or semi-
cold bioclimate. The thermal estimates presented in this paper are the result of a thermal comfort 
study carried out during the cold period in the city of Ensenada, Baja California, which has a dry 
temperate bioclimate. The study was carried out from January 30th to March 3rd 2017 and consisted of 
the application of a questionnaire and the simultaneous recording of temperature, relative humidity 
and wind speed. The questionnaire was designed based on the subjective assessment scale suggested 
in ISO 10551 and ANSI/ASHRAE 55, while the instruments for measuring and recording environmental 
variables were selected and used based on ISO 7726. A database with 983 observations was created, 
and the data were processed using the Averages Intervals Thermal Sensation method. The thermal 
comfort range estimated for indoor spaces was 16.8 °C to 23.8 °C, with an ideal neutral temperature 
of 20.3 °C. The percentage of satisfaction vote with these results was 91 %.

Research article

1. Introduction

The environment-human relationship has historically been studied in 
order to identify the effects that this implies on the health and the 
daily activities of humans. It is known that the atmospheric conditions 

on certain days stimulate people to carry out the activities; however, 
there are others days that repress the physical and mental efforts to 
realize them. In places that have extreme climatic conditions of warm 
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or cold, the energy consumption required to achieve adaptation to 
the environment is greater [1].

Thermal adaptation is "the response's gradual decrease of the organism 
to repeated exposures of stimuli received from a specific environment" 
[2]. In this sense, the sensation of thermal comfort is the result of 
the degree of adaptation that people manifest in relation to the 
conditions of the immediate thermal environment. Considering that 
people spend 80 % of their time in indoors spaces, the study of 
thermal comfort is important [3].

The parameters that make up a habitable space's thermal environment 
are meteorological, physiological, spatial (architectural or natural) and 
circumstantial type [4]. Air temperature, radiant temperature, relative 
humidity and wind speed are some of the parameters considered 
in the first classification and are the primary factors that influence 
mainly the thermal sensation people feel [5].

According to the adaptive approach, human thermal comfort 
depends on outdoor average temperature, time of permanence, 
level of activity and actions done to achieve it [6]. This phenomenon 
is a fundamental component in the habitability of architectural 
spaces and it can be understood as a condition that allows greater 
satisfaction and efficiency of the occupants in a building.

Over time, the human body has acquired relatively broad adaptability 
due to variations in the environment, so it can be exposed to extreme 
thermal conditions without protection and for short periods of time 
without suffering any damage. However, if the exposure to these 
conditions is prolonged, the organism shows certain disorders 
(stress, for example) and, as a result, its performance begins to 
deteriorate, with the risk of suffering lasting or irreparable damage 
to health (cardiovascular problems, nervous pathologies, respiratory 
diseases, to mention a few) [7]. For this reason, it has been observed 
that thermal comfort conditions contribute to establishing good 
interpersonal relations, higher productivity, good health and even to 
encourage creativity [7]. 

Human behavior is a determining factor in the search for and 
acquisition of thermal comfort. If there is a change in the environment 
causing discomfort, people instinctively react in order to restore 
the comfort conditions [8]. Neutral Temperature (Tn), or comfort 
temperature, is obtained from a linear regression analysis that 
correlates the responses given by people in a field study (subjective 
records) and measurements of environmental parameters measured 
with instruments (objective records). Based on the latter, the 
dependence of neutral temperature on outdoor average temperature 
has been found, a relationship that is most significantly visualized in 
naturally ventilated buildings [9]. 

In Mexico, different studies into thermal comfort have been carried 
out, among which is a study of six cities with a warm climate, where 
the thermal comfort in low-cost housing was estimated based on 
surveys [10]. There is also research into the implications of thermal 
comfort and energy saving from simulations and survey applications 

[11]. Likewise, there is another study into adaptive models for the 
different climates within Mexico from analysis of surveys by region 
[12]. These studies have concluded that Mexican’s thermal comfort 
in hot climates is higher than the values established by international 
standards.

Thus, the results presented in this paper are part of an integral 
research project on thermal comfort carried out from the adaptive 
approach during the four representative thermal periods in the city 
of Ensenada, Baja California. This publication shows only the values 
estimated from the study carried out during the cold period. The 
objectives for this content are to:

• Present the estimated values for Tn and thermal comfort ranges.
• Describe the methodology applied in the study based on the 

adaptive approach.

The methodological procedure that was applied in this study and 
that attends both the adaptive approach bases and international 
standards specialized in the thermal comfort phenomenon [5] [13] 
-[17] was classified in the following seven sections.

2.1. Study case and target population

Ensenada is located in the state of Baja California, México, with 
geographical coordinates: 31° 52’ latitude north, 116° 37’ longitude 
west and 1 to 1,900 meters above sea level [18], 90 km south of the 
USA border and on the northwest coast of Baja California (Pacific 
Ocean) (Figure 1).

Based on its climatic conditions and geographical location, it has an 
extremely dry climate [19] and a dry tempered bioclimatic [20]. In a 
typical year the annual mean temperature is 17.1 °C, relative humidity 
is 80.8 %, average annual rainfall is 246.7 mm and it has north-west to 
south-west prevailing winds with a mean speed of 3.9 m/s. Although 
relative humidity is high throughout the year due to the proximity to 
the sea, rainfall is low and for a short annual period, meaning that its 
climatic and bioclimatic classification is dry [21].

Ensenada has a population of 520,000 inhabitants, of them, 
according to the demographic pyramid of ages; the gross population 
is concentrated in ages between 15 and 19 years and between 20 
and 24 years [22]. In regular conditions, it is common to find this 
population segment in meeting points such as university education 
centers. 

For the above, the target population used to carry out the study was 
the student community of Autonomous University of Baja California, 
subjects on average aged from 18 up to 23 years, residents of 
Ensenada (native citizens or with at least one year of residence in 
the city), with sedentary activity (1.2 met) [16] and a mean thermal 
resistance by clothing insulation of 1.2 clo [5] in this thermal period.
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2.2. Study period

The criteria considered to establish the period to carry out the thermal 
comfort study were a typical year's minimum thermal conditions in 
the city: Cold period. With the above, the study was carried out from 
January 30th to March 3rd, 2017. 

The city has average temperaturesof 19.2 °C, 14.2 °C and 9.2 °C 
respectively, with average relative humidity (maximum, medium 
and minimum) of 89.5 %, 70.7 % and 46.2 % [21]. In Ensenada, the 
periods that indicate a typical year's extreme thermal conditions are: 
cold (February), warm (August) and the two transitions (May and 
November).

2.3. Design of statistical sample

The sample from which the study was carried out was designed with 
a confidence interval of 5.0 % and a confidence level of 95.0 %; in this 
way, the sample design corresponded to 383 observations. However, 
it was possible to collect 983 total observations, of which 917 had 
the degree of certainty necessary to perform data processing (458 
women and 457 men).

2.4. Design of survey questionnaire

The database was comprised of the total number of responses 
given by the people evaluated during the field study. To do this, the 
instrument used to collect the data and responses of each evaluation 
was a questionnaire designed with six sections and 35 questions 
(in Appendix 1), it was based on the ANSI/ASHRAE 55 standard 
questionnaire [5] and it was adapted to the local conditions of the 
city (linguistic regionalism) and the general objectives of the full 
study (environmental perception). The sections considered were:

A Control data.
B Participant information.
C Evaluation space information.
D Indoor environment sensation.
E Indoor environment preferences.
F Additional information.

Sections and questions related to thermal sensation were based on 
the seven-point subjective scale suggested in international standards 
specialized in thermal comfort [5], [14] (Figure 2), and its identification 
nomenclature was adapted as shown in Table 1.

Figure 1: Geographical location and urban polygon of Ensenada.

Table 1: Thermal sensation scale used in this study

Figure 2: Question from which the thermal sensation response of the people evaluated in field study was collected.
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2.5. Physical variables and data logging equipment

Physical variables logged simultaneously with the application of the 
surveys were: Dry Bulb Temperature (DBT), Black Globe Temperature 
(TG), Relative Humidity (RH) and Wind Speed (WS). In addition, 
clothing thermal insulation, metabolic activity and body mass index 
for each person surveyed were calculated.

Environmental variables were measured and logged with a Reed® 
SD-2010 heat stress meter DataLogger. This instrument presents 0.1 
°C resolution for temperatures and 0.1 % for RH; likewise, it has ± 
0.8 °C accuracy for DBT, ± 0.6 °C for TG and ± 3 % for RH. The WS 
was measured and logged with a Extech AN10 anemometer whose 
resolution is 0.1 m/s and ± (3 % + 0.3 m/s) accuracy.

The measurement instruments were selected and distributed based 
on international standards specialized in thermal environment 
[5] [15]. These standards recommend the heights at which the 
measurement instruments should be located (assessments with 
people sitting): 0.10 m (ankle level), 0.60 m (abdomen level) and 1.10 
m (head level) (Figure 3). Likewise, they provide the possibility of 
placing the measurement instruments at a geometric center of the 
evaluation space when resources permit it (Figure 4). Based on the 
above and considering that the evaluation spaces were classrooms 
(people sitting), laboratories and drawing workshops (semi-seated 
people), it was possible to adapt the measuring instruments heights 
to 0.10 m, 0.85 m and 1.40 m in architectural spaces with semi-seated 
people (Figure 3).

The above mentioned, allowed classification of the database obtained 
in each evaluation as class II [23], since the field study accurately met 
many of the technical indications given in the international standards.

2.6. Survey questionnaire application: collection of thermal 
sensation responses in field study

The study was conducted in classroom buildings (spaces where 
students spend most of their time) which show a typical architectural 
typology: Reinforced concrete and block buildings where internal 
spaces are naturally ventilated. The general procedure for conducting 
observations from questionnaire applications was as follows:

a) Groups were randomly selected from the following characteristics:
• Students must attend the third semester or later (minimum stay 

of one year in Ensenada).
• The group should cover a mixed student population.
• Groups should cover specific times (07 h 00 - 09 h 00 and 15 h 

00 - 17 h 00) in order to account for the most critical cold and 
warm moments of a typical day [24].

b) Two groups of students were evaluated on a daily basis: morning/
afternoon time shifts. The application started after 30 minutes 
from the class beginning in order to allow the acclimatization of the 
people to the environmental conditions of the indoor space [5],[17].

c) At the beginning of each evaluation, the data logging instruments 

were installed within the classroom as suggested by international 
standards in terms of position and heights [5] (Figure 4, Figure 
5) and a questionnaire was given to each person.

d) During the evaluation, a coordinator read the questionnaire, 
resolved doubts, recorded environmental variables as mentioned 
above and carried out the questionnaire (Figure 5). The total 
evaluation time was approximately 18 min. 

Figure 3: Measurement heights used in the field study with people 
sitting and semi-seated people.

Figure 4: Distribution of measurement instruments in classrooms.

http://jnrd.info/2016/01/10-5027jnrd-v6i0-01
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e) At the end of the questionnaire, weight and size of the subjects 
were optionally measured (Figure 6); the data were written on 
the report.

f) Finally, the questionnaires were collected neatly in order to 
define a survey serial number parameter. 

Based on this methodological procedure, 45 groups and 983 
observations were obtained.

2.7. Data processing

Data correlation analysis was carried out by Averages Intervals of 

Thermal Sensation method (MIST, acronym in Spanish) developed by 
Gómez-Azpeitia et al. [25], which uses descriptive statistics (standard 
deviation, SD) in the estimation of a neutral temperature value 
(defined as the comfort temperature) and two ranges of thermal 
comfort (an extended range by applying ± 2 SD and a reduced range 
by applying ± 1 SD) which can be not equidistant to the neutrality 
value.

The standard deviation is used as a measure of the dispersion of 
responses and it serves to determine the strata in which they can be 
ordered. According to some researchers [26], it is estimated that for 
normally distributed data, the range of ± 1 SD includes 68.3 % of the 
answers given by the study subjects, the range of ± 2 SD includes 
95.5 % of them, and, the ± 3 SD range includes 99.7 %.

For this study, data correlation was performed according to the three 
levels of activity (passive, moderate and intense), without distinction 
by gender, age or body size.

The degree of influence of each of the recorded environmental 
variables had on the subjects' thermal sensation (TS) in the field 
study, according to their coefficient of determination (r squared), was 
as follows: 1) TG (r2 = 0.2128); 2) DBT (r2 = 0.1977); 3) RH (r2 = 0.0353); 
4) WS (r2 = 0.0010). Although DBT, TG, RH and WS were recorded 
simultaneously during the field survey application and including the 
emission of comfort votes, this paper only shows the results obtained 
from TS and DBT correlations, based on ISO 10551 and ANSI/ASHRAE 
55 for cold period analysis.

Figure 7 shows the dispersion diagram generated with the 
correlational analysis of the TS’s comfort votes and the magnitude of 
DBT registered each case.

Thermal comfort votes given by people are located in four of the 
seven TS levels contained in the subjective scale of thermal sensation 
proposed by international standards [5], [14], [15]: cool, slightly cool, 
neutral and slightly warm (TS levels 2, 3, 4 and 5, respectively) (Figure 
7). However, 86 % of responses given by people were concentrated 
in TS levels slightly cool (346 votes) and neutral (442 votes) (Table 2). 
No person evaluated during the study manifested thermal sensation 
for any of the extreme TS levels: cold, warm or hot (TS levels 1, 6 and 
7, respectively) (Figure 7 and Table 2).

According to some researchers [27], when the thermal sensation 
of people is located in any of these three TS levels, it can be 
considered thermal comfort since the requirements of cooling or 
heating are low and can easily be achieved with human physiological 
adaptation (acclimatization). In this sense, the above may imply 
that the thermal conditions during the cold period (study period) 
in Ensenada are accepted by 91 % of people: 38 % feel slightly 
cool (low heating requirements), 48 % present total acceptance 
(neutral) and 5 % are slightly warm (low cooling requirements). 
Only 9 % of people feel cool thermal conditions (79 votes) (Table 2).

Journal of Natural Resources and Development 2017; 07: 96 - 107DOI number: 10.5027/jnrd.v7i0.12

Figure 5: Collection of thermal sensation responses in field study

Figure 6: Measurement of height and weight in field study.

3. Results and Discussion
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Figure 7: Cold period Dry Bulb Temperature – Thermal Sensation correlation by MIST method.

According to Figure 7, Tn estimated from the thermal sensation is 
20.3 °C (r2 = 0.9789), with a reduced thermal comfort range from 
18.5 °C to 22.0 °C (3.5 K) and an extended one from 16.8 °C to 23.8 
°C (7.0 K). The comfort ranges are equidistant to Tn, the lower limits 
represent the same distance as the upper limits, which is interpreted 
as a symmetrical climate.

The mathematical equation obtained with the linear regression of 
each of the values (Tn and comfort ranges limits) shows that the 
linear regression slope has a value equal to 0.7 for Tn, a value greater 
than 0.7 for the upper limits of the thermal comfort ranges and 
a value lower than 0.7 for the lower limits of the thermal comfort 
ranges. However, the five estimated values have an average slope of 
0.7, close to unity (Figure 7).

The application of questionnaires in the field study allowed to 
observe that the actions that people perform, such as physical and 
psychological adaptation type, to achieve the thermal conditions that 
favored their environmental perception, were: the closing of doors 
and windows during the day's cold moments, the simultaneous 
drinking of hot liquids during their activities, the increase of clothing 
in the morning time shift, the reduction in changes in body posture, 
the eventual search for places exposed to solar radiation, etc. This 
demonstrates that the indoors spaces in which the subjects were 
evaluated did not have the thermal conditions of comfort, so that an 
important number of subjects evaluated showed a constant search 
for thermal comfort in their immediate environment based on the 

possibilities they had at their disposal.

Based on the Auliciems and Szokolay equation [28] (eq. 1), the Tn 
is 22.0 °C, 1.7 K above the Tn value obtained in this study, which 
shows the degree of the psychological, physiological and attitudinal 
adaptation by the subjects to the local climatic conditions in the city 
of Ensenada. This may lead to precision of the results obtained in this 
type of study, since besides considering the environmental variables 
of architectural space, the individual perception of the people 
evaluated is considered.

  Tn = 17.6 + 0.31 Tmed       (1)

Tn: Neutral temperature.
Tmed:  Monthly mean temperature.

Statistically, the reduced comfort range includes 68.3 % of the 
analyzed population (± 1 SD), while the extended comfort range, 95.5 
% of that population (± 2 SD) [26], which is why Table 3 and Figure 
8 show the statistical estimate obtained for the thermal amplitude of 
each TS level of the extended comfort range only.

Table 3 shows the reduced and extended thermal comfort ranges 
obtained as a reference of thermal adaptability and thermal tolerance 
indoors, as well as patterns of local architectural design in Ensenada. 
In this matrix, the magnitude of thermal ranges can be seen in detail, 
and from this, according to the statistical processing performed,  
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anyone can perceive each of the subjective levels of thermal sensation.

Figure 8 shows a graph of the results contained in the previous table. 
The Tn and its thermal comfort ranges can be identified, as well as 
thermal amplitudes from which the evaluated people would feel each 
thermal level considered in the subjective scale. Blue bars refer to 
the three cold thermal sensations (cold, cool and slightly cool), the 
purple bar is of thermal comfort (neutral) and the red bars are the 

three warm thermal sensations (slightly warm, warm and hot). Color 
intensity indicates the approximation of the TS levels to the extremes 
thermal sensations: cold and hot.

In this sense, from a temperature below 16.8 ºC people begin to 
perceive cold, which is intensified for every 1.7 K that reduces the 
temperature; likewise, from 23.8 ºC people begin to perceive warmth, 
which is intensified every 1.6 K that increases the ambient temperature

Table 2: Thermal sensation levels perceived by the people during the field study.

Table 3: Thermal comfort ranges (reduced and extended) estimated for cold period of Ensenada city.

Figure 8: Thermal ranges by thermal sensation level for the cold period of Ensenada city.
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(Figure 8). This gives a local model of thermal comfort corresponding 
to the cold period in Ensenada, and from which can be derived 
different patterns of human performance, construction systems, 
architectural design, building materials, etc.

According to Figure 9 and Table 4, the thermal amplitude statistically 
estimated for the cold TS levels is: a) Cold, from 12.3 ° C to 13.8 ° C, 
b) Cool, from 13.8 ° C to 15.3 ° C and c) Slightly cool, from 15.3 ° C 
to 16.8 ° C; with a constant amplitude of 1.7 K. On the other hand, 
the thermal amplitude estimated for the warm TS levels is: a) Slightly 
warm, from 23.8 ° C to 25.2 ° C, b) Warm, from 25.2 ° C to 26.5 ° C and 
c) Hot, from 26.5 ° C to 27.9 ° C; with a constant amplitude of 1.6 K.

In Figure 9, the thermal amplitude estimated for each TS level 
and thermal comfort votes collected during the field study were 
superimposed, in order to identify, from the thermal amplitudes 
estimated with the MIST correlation, the percentage of people 
who were statistically in conditions of thermal comfort during 
their evaluation. Thus, it is possible to determine that 88 % of the 
population sample was evaluated in acceptable thermal conditions, 
demonstrating a high degree of adaptation by the people to achieve 
thermal comfort in their immediate thermal environment. 

However, it is also possible to observe that 3 % of people showed 
slightly warm, 4 % of people perceived slightly cool and 4 % of people 
felt cool (Table 4). This shows that 12 % of the population sample 
was evaluated in thermal conditions outside the thermal range 
statistically accepted by people. This means that with the extended 
range, statistically the response of 95.5 % of the study subjects is 
included (Figure 7), but that during the evaluation, the indoor spaces 
in which 88 % of the sample was evaluated was found in thermal 
comfort conditions (Figure 9, Table 4). 

Some limitations with which the study was conducted are:

a) The results presented here correspond only to the cold period 
in Ensenada; however, they are part of an extensive study 
that considers the four thermal periods of the year and other 

 environmental, psychological and physiological variables 
simultaneously. The results  of the remaining research will be 
published in other articles.

b) A university community was studied as a target population due 
to ease of access.

Figure 9: Thermal amplitude by TS level vs Comfort votes given by the people in the field study.

Table 4: Thermal comfort ranges (reduced and extended) estimated for cold period of Ensenada city.

http://jnrd.info/2016/01/10-5027jnrd-v6i0-01
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c) The target population corresponded to the group of students 
of the Autonomous University of Baja California; however, the 
people evaluated in the morning shift were different from those 
evaluated in the afternoon shift. Every day the groups to be 
evaluated were selected randomly, this ensured that during the 
study period the participants did not repeat the evaluation.

d) The thermal measurement instrument had an error range of ± 
0.4 ° C.

People have the ability to adapt to the thermal conditions in the 
immediate environment. This adaptability is a response to constant 
changes in environmental conditions. Human have achieved 
adaptation from the periodic modification of the immediate 
environment: living space and type of clothing; this modification is 
regularly performed consciously, however, it is sometimes performed 
unconsciously.

The actions performed by people to adapt their living space are 
varied; however, those most regularly performed include the control 
of opening and closing doors and windows, the operation of manual, 
mechanical or automated devices for conditioning the thermal 
environment and ventilation. The periodic modification of clothing 
also results from the thermal period of the moment.

From the present study, it can be concluded that food and drink intake, 
thermal history, birthplace, physical characteristics and expectancy 
are factors that also affect the thermal sensation of people and, 
consequently, their range of thermal comfort. The thermal comfort 
range estimated from the correlation between DBT-TS for indoor 
spaces during the cold period in Ensenada, Baja California, is 16.8 °C 

to 23.8 °C (7.0 K), with an optimum ambient temperature of 20.3 °C. 
The thermal amplitude of cold and warm TS levels was statistically 
estimated at 1.7 K cumulative below and above the thermal comfort 
range, respectively, implying that the thermal conditions of the study 
period were favorable for 88 % of the people evaluated during this 
study.

The difference found between the Tn value obtained with this 
study and the Tn value estimated from the Auliciems and Szokolay 
equation is 1.7 K, which suggests an important influence from 
local environmental conditions on people’s thermal perception. In 
compliance with this, the phenotypic adaptation of the subjects in 
a dry temperate bioclimate is a result of prolonged exposure to low 
temperatures throughout the year, which produces greater tolerance 
amplitudes and preferences compared to temperatures below 
Tn; in contrast, the subject reduces its thermal adaptive ability in 
environments with temperatures above Tn.

Neutral temperature and thermal comfort ranges can be used to 
identify the adjustment people apply to their thermal sensation, 
depending on their psychophysiological adaptation from the climatic 
conditions presented in the environment. In this study, the physical 
variables that had the greatest effect on the thermal perception of 
people were TG with a coefficient of determination (r2) of 0.2128 and 
DBT with an r2 of 0.1977.

Additionally, a feature observed with this study, mentioned here for 
the purposes of information only since it was not the main objective 
of this study, was that the environmental temperature represents an 
external factor that influences people's moods and, consequently, 
their interpersonal relationships, since a significant percentage of 
them indicated greater acceptance of low temperatures than by 
high temperatures, since the latter influence their relationships and 
communications with other people. 

4. Conclusions
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Appendix

Appendix 1: Questionnaire used during the application of surveys in the field studies (original language: Spanish)
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