
How to cite

Complete issue

More information about this article

Journal's webpage in redalyc.org

Scientific Information System Redalyc

Network of Scientific Journals from Latin America and the Caribbean, Spain and
Portugal

Project academic non-profit, developed under the open access initiative

Ciencia e Ingeniería Neogranadina
ISSN: 0124-8170
ISSN: 1909-7735

Universidad Militar Nueva Granada

González-Salcedo, Luis Octavio; Marmolejo-Villanueva, Francisco Adolfo; Quiroz-
Morán, Diego Alexander; Ospina-Trujillo, Karen Andrea; Malagón-Manrique, Ricardo

Monitoring and Characterization of the Thermal Environment of Special-
Use Buildings: Case Study in Pigpens Located in Palmira, Colombia*

Ciencia e Ingeniería Neogranadina, vol. 30, no. 2, 2020, July-December, pp. 81-95
Universidad Militar Nueva Granada

DOI: https://doi.org/10.18359/rcin.4435

Available in: https://www.redalyc.org/articulo.oa?id=91167857007

https://www.redalyc.org/comocitar.oa?id=91167857007
https://www.redalyc.org/fasciculo.oa?id=911&numero=67857
https://www.redalyc.org/articulo.oa?id=91167857007
https://www.redalyc.org/revista.oa?id=911
https://www.redalyc.org
https://www.redalyc.org/revista.oa?id=911
https://www.redalyc.org/articulo.oa?id=91167857007


81

2020
Vol. 30(2)

Editorial 
NeogranadinaCiencia e 

Ingeniería 
Neogranadina

DOI: https://doi.org/10.18359/rcin.4435

julio - diciembre 2020 ■ ISSN: 0124-8170 ▪ ISSN-e: 1909-7735 ■ pp. 81-95

Monitoring and Characterization  
of the Thermal Environment of  
Special-Use Buildings: Case Study in 
Pigpens Located in Palmira, Colombia*

Luis Octavio González-Salcedoa ■ Francisco Adolfo Marmolejo-Villanuevab  
■ Diego Alexander Quiroz-Moránc ■ Karen Andrea Ospina-Trujillod  
■ Ricardo Malagón-Manriquee

Abstract: One branch of civil engineering is construction engineering, geared primarily towards 
humans. However, this branch also includes buildings designed for animals called animal housing 
(dwellings or shelters or corrals). Like physical spaces for humans, animal housing requires sufficient 
conditions for an occupation that guarantees the performance of indoor activities pleasantly and 
comfortably. One of the parameters for characterizing and classifying the penned livestock farm 
environment is the thermal comfort range that reflects the indoor temperature behavior for animal 
welfare, together with other climatic elements such as relative humidity. This research carried out 
fieldwork to evaluate the thermal environment of pigpens located in Palmira, Colombia, in the time 
range between 07:00 and 21:00 hours. Using thermometers and hygrometers, we recorded and ana-
lyzed the indoor temperature behavior within the thermal comfort range associated with relative hu-
midity for the well-being of pigs. The records made it possible to calculate humidity and temperature 
index and humidity and black globe temperature index. According to the results, the pig rearing en-
vironment was classified as critical for breeding pigs and newborn piglets, suggesting the use of con-
trolled environment systems in pig facilities. In conclusion, monitoring the climatic environment by 
criteria that combine air temperature and relative humidity is a useful tool for planning pig facilities.
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Seguimiento y caracterización del ambiente térmico de edificaciones especiales:  
caso de estudio en porquerizas ubicadas en Palmira, Colombia

Resumen: una rama de la ingeniería civil es la ingeniería de la construcción, orientada en principio a los seres 
humanos. Sin embargo, también esta rama abarca otras edificaciones especiales para animales, denominadas 
alojamientos pecuarios (viviendas, refugios o corrales). Al igual que los espacios físicos para los seres humanos, 
los alojamientos pecuarios requieren de condiciones adecuadas para una ocupación que garantice el desarrollo 
de actividades internas de una manera agradable y cómoda. Uno de los parámetros para caracterizar y clasi-
ficar el ambiente de explotación pecuaria estabulada es la franja de comodidad térmica en la cual se refleja el 
comportamiento de la temperatura interna dentro del rango de bienestar animal y que permite asociar otros 
elementos climáticos como la humedad relativa. La presente investigación desarrolló un trabajo de campo cuya 
finalidad fue evaluar el ambiente térmico en el rango horario comprendido entre las 07:00 y 21:00 horas, en una 
porqueriza ubicada en Palmira, Colombia. En estos términos se registró y se analizó el comportamiento de la 
temperatura interna dentro de la franja de comodidad térmica asociada a la humedad relativa para las condicio-
nes de bienestar de los cerdos usando termómetros e higrómetros. Así mismo, los registros permitieron calcular 
los índices de temperatura y humedad, y de temperatura de globo negro y humedad. De acuerdo con los resul-
tados, el ambiente de crianza de los cerdos se clasificó como crítico para las edades de lechones al nacimiento y 
reproductores, para lo cual se sugiere el uso de sistemas de ambiente controlado en las instalaciones porcinas. 
Una conclusión general muestra que el seguimiento del ambiente climático con criterios que combinen la tem-
peratura del aire y la humedad relativa es una herramienta útil en la planificación de las instalaciones porcinas.

Palabras clave: estrés térmico; franja de comodidad térmica; índice de temperatura y humedad; índice de 
temperatura de globo negro y humedad; producción porcina.
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Introduction
A branch of civil engineering is building construc-
tion engineering, oriented mainly to humans [1]. 
However, other special-use buildings for animals, 
called animal housing (corral or shelter or pens), 
are also built. Like homes, offices, and other phys-
ical spaces for humans, livestock shelters require 
sufficient conditions for an occupation that guar-
antees the performance of indoor activities pleas-
antly and comfortably [2]. Professions related to 
agricultural exploitation and production rely on 
civil engineering and architecture to build live-
stock housing and assess the indoor environmen-
tal conditions of these buildings. However, civil 
engineers, architects, and other construction pro-
fessionals do not know how to do it.

One of the factors that influence livestock 
production is thermal stress, which should be 
considered in the evaluation of environments 
within livestock housing [3], [4]. On the other 
hand, Colombia’s climate is influenced by both 
geographical and atmospheric aspects that mod-
ify it; this creates a vast climate and microclimate 
mosaic, with variations in both temperature and 
relative humidity (rh) in different regions of the 
country [5]. The thermal environment evaluation 
of livestock housing is increasingly essential to 
livestock research and production, animal welfare, 
and thermal comfort [6], [7].

From the knowledge of the optimal thermal 
comfort conditions and climatic conditions, it is 
possible to determine the critical environmental 
conditions to be considered in a livestock produc-
tion project so that animal production delivers the 
best productivity and profitability, thus improving 
the decision-making for the correction of a pos-
sible malaise in the livestock species under con-
sideration [8]. The use of various criteria for the 
thermal environment classification of livestock 
housing is increasingly widespread in the discipli-
ne since it allows considering and combining the 
effect of temperature, rh, air velocity, and radia-
tion [9]–[11].

The literature reports various thermal comfort 
criteria that are used for thermal stress evaluation 
in animal production. Among them, the following 

stand out for their greater use in the thermal com-
fort and animal welfare evaluation: i.) thermal 
comfort range associated with rh conditions [12]; 
ii.) humidity and temperature index (hti) [13]; 
iii.) humidity and black globe temperature index 
(hbgti) [14]; iv.) radiant thermal load index [15]; 
v.) enthalpy calculation [16], and vi.) heat gain or 
loss calculation for livestock housing construction 
elements [12].

The livestock housing air conditioning is 
the creation of environmental conditions that 
approximate those deemed optimal for the ani-
mal species in question [17]–[19]. The most 
important environmental factors to consider for 
air conditioning are 1.) ambient temperature; 
2.) the harmful gases contained in the air; 3.) air 
humidity, and 4.) lighting [20].

Concerning the environmental temperature 
for domestic animals that are homeotherms, the 
margin where the heat produced is enough to 
keep the body temperature constant is called neu-
tral temperature. When the ambient temperature 
drops below the neutral temperature, the animal 
needs to produce more heat to keep the body tem-
perature constant, which is called the lower criti-
cal temperature. On the contrary, when the animal 
puts into operation the physiological mechanisms 
for transferring excess heat, the ambient tem-
perature is called the higher critical temperature 
[21]. Critical temperatures vary according to spe-
cies, and in turn, according to race, age, feeding  
level, and environmental conditions. Within the 
neutral temperature range, the temperature at 
which the best processing rates for derived prod-
ucts are obtained is referred to as optimal [12].

For the air humidity inside livestock accom-
modations, it may occur in greater or lesser quan-
tity in the form of water vapor from the animal 
respiration or drinking/cleaning/excrement water, 
among others [22]. The high rh is harmful when 
ambient temperatures are excessively high or low. 
In the case of high temperatures, the high rh hin-
ders the evaporation process. In the case of low 
temperatures, the high rh moisturizes the ani-
mals’ body, bed, and the livestock housing surface, 
increasing the cold effect when the evaporation of 
said moisture takes place [23]–[25].
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Table 1 shows the ambient temperature and rh 
values for pigs that are more suitable for exploita-
tion and production [12].

Table 1. Optimum Temperature and rh for Pigs 

Age or Stage Temperature (°C) rh (%)

Breeding pigs 10–15 70

Piglets at birth 30–32 60

Piglets in the first week 27–28 60

Piglets in the second week 26–27 60

Piglets in the third week 24–26 60

Piglets in the fourth week 22–24 60

Piglets in the fifth week 20–22 60

Feeder pigs weighing 20–35 
kg

18–20 60

Feeder pigs weighing 35–60 
kg

15–18 65

Feeder pigs weighing more 
than 60 kg

12–15 75

Source: Own elaboration based on [12].

According to [26], the thermal comfort indices 
were developed for characterizing and quantifying 
the adequate comfort zone for distinct domestic 
animal species, and operate with correlated vari-
ables that can express the resulting environment 
at a particular time [27]. Thermal comfort indices 
may be classified as 1) biophysical indices, based on 
thermal exchanges between the animal body and 
the environment correlated to the specific animal’s 
comfort elements; 2) physiological indices, based 
on the animal’s physiological responses initially 
compared to known ideal environmental condi-
tions; and 3) subjective indices, based on specific 
and subjective experimental data relating thermal 
sensation response and production [26], [28]. Sev-
eral publications have used thermal comfort indi-
ces in distinct environmental profiles, mainly for 
temperature and humidity [26], [28].

hti is one of the most widely used thermal 
comfort indices for evaluating the housing of ani-
mals that produce meat, milk, and eggs. In addi-
tion to the dry-bulb thermometer temperature, 
the index considers a measure of humidity, such 

as dew point temperature or rh; this allows relat-
ing the climatic conditions to the performance 
of animals. For its calculation, various equations 
(Equations 1–3) have been proposed by [13], [14], 
[29], [30].

hti = (0.72 * Tdb + Twb) + 40.6		  (1)
hti = 0.80 * Tdb + (Twb – 14.3) * (rh/100) + 46.3 	 (2)
hti = Tdb + 0.36 * Tdp + 41.5 			   (3)

Where Tbd is dry bulb temperature (°C), Twb is 
wet bulb temperature (°C), rh is relative humidity 
(%), and Tdp is dew point temperature. Tdp is calcu-
lated using Equation 4 [31]:

Tdp = ((hr/100)^(1/8)) * (112 + 0.9 * Tdb) + 0.11 * Tdb – 112  (4)

The ideal index values were established for pigs 
by [32], as follows: a) comfort for values between 
61 and 65; b) alert for values between 65 and 69; 
c) danger between 69 and 73; and d) emergency 
for values greater than 73. The classification of 
the index value into a range of impact on animal 
welfare has also been used to evaluate the ani-
mal condition in rearing, whether in protected or 
unprotected environments, alerting livestock pro-
ducers about unfavorable weather conditions or 
those that pose a risk to the animals under study 
[33]. Research carried out by [34] identified three 
factors that can be fatal for domestic animals 
during the summer: 1) an index greater than 84; 
2) A index of the duration of the occurrence per 
day and for consecutive periods greater than 84, 
and 3) the magnitude of the previous occurrence, 
meaning the number of hours and intensity of the 
index value, as expressed by [35].

Despite not encompassing other essential vari-
ables in the thermal environment quantifications, 
such as solar radiation and airspeed, this first 
index described is widely used to involve those 
climatic variables that can typically and easily 
be arranged (temperature and rh) [33]. However, 
and due to the preceding, some studies have found 
that it does not represent the climatic conditions 
in regions with a high radiation index as similar 
values are obtained in tropical regions, consider-
ing shaded and unshaded areas [36].
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hbgti was developed by [14] and is based on the 
consideration of direct and diffuse solar radiation 
as a source of heat, which is the cause of thermal 
stress. It is one of the most used thermal comfort 
indices since it considers the effects of tempera-
ture, rh, solar radiation, and air velocity in a single 
value [28]. It is regarded a the most suitable index 
for evaluating environments in livestock housing 
because, in these spaces, the environment puts 
animals under conditions that influence not only 
exposure to solar radiation but also its combina-
tion with the effects of radiation, air velocity, and 
both dry bulb and wet bulb temperatures [37].

[14] proposed Equations 5-6 to determine hbgti:

hbgti = Tbg + (0.36 * Tdp) + 41.5	 (5)

hbgti = 0.72 * (Tbg + Twb) + 40.65	 (6)

Where, Tbg is black globe temperature (°C) cal-
culated according to [38], using Equation 7:

Tbg = 0.456 + 1.0335 Tdb		  (7)

Based on various studies of the influence of the 
thermal environment on the well-being of pigs at 
different stages [39], we compiled the most appro-
priate index values, as shown in Table 2.

Table 2. Reference Values for the Classification of the 
Thermal Environment Based on hbgti for Each Pig Rea-
ring Stage.

Age or Stage hbgti Reference

Piglets 82–84 [40]

Growth 74–75 [41]

Growth/Sacrifice 70 [42]

Source: Own elaboration according to [39].

The present research carried out fieldwork to 
monitor and characterize the thermal environ-
ment of two pigpens by recording indoor tempera-
ture and rh. The indoor temperature behavior was 
analyzed for the appropriate values of pig produc-
tion based on the thermal comfort range associat-
ed with rh. Also, two thermal comfort indices were 

associated with the indoor environmental evalua-
tion of these physical spaces.

Materials and Methods

Project location
The study was conducted in two pigpens, called 
Pigpen no. 1 and Pigpen no. 2, both located at 
the Mario González Aranda Farm (coordinates: 
3°30’25.30”, 76°18’45.28W) Universidad Nacional 
de Colombia, Palmira campus. The farm is in the 
flat area of the geographical valley of the Cauca 
River, Southwestern Colombian, whose altitude 
zone is warm, with 900-1000 m.a.s.l.. The average 
temperature fluctuates between 23–25 ºC, while 
the rh ranges between 65–75 %, with a maximum 
annual rainfall of 1,882 mm for 109 days a year [5]. 
According to the Koppen-Geiger climatic classifi-
cation [43], the study location area has a dry tropi-
cal climate (As type) with dry summers [44].

The pigpen facilities are typical constructions 
for hot climates in Colombia, as described by [45], 
[46]. Its main construction elements are 1) struc-
tural system formed by steel columns and truss-
es; 2) concrete-based floors with good drainage; 
3) one-meter high walls in plastered clay brick 
masonry, and 4) roofs with asbestos-cement and 
clay tile, with heights of 3.5 and 2 meters in the 
ridge and eaves, respectively, which allow natural 
ventilation. Inside, they are divided into sections 
to house pigs at different ages and stages. Each pig-
pen has an area of 195 m2, and based on the study 
data, houses 156 Danish Landrace pigs (88 feeder 
pigs and piglets, 40 sows, and 28 breeding boars). 

Method
The air temperature and rh inside both pigpens 
were recorded following the guidelines of [47]. To 
this end, two measuring points were located inside 
each livestock housing, using a Davis 7978 stan-
dard weather station and the Traceable TM 8548 
hygrometer thermometer. They recorded the mea-
surements in the time range between 7:00– 21:00 
(one-hour interval) for three non-consecutive 
days (at weekly intervals) in each accommodation. 
For both pigpens, records were taken in different 
months (October and November 2016).
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The hti is calculated using Equations 1–3 pro-
posed by [13], [14], [29], [30], while the hbgti was 
calculated using Equations 5–6 suggested by [14]. 
From the values of altitude, rh, and dry-bulb tem-
perature, the wet-bulb temperature was calculated 
using the free Psicrom® simulator available on the 
Internet [48].

Results and Discussions

Temperature behavior inside pigpens
Fig. 1 shows the indoor temperature behavior of 
Pigpen no. 1. The majority of temperature mea-
surements were above 25 ºC without reaching 
maximums of 32 ºC; variations are reached in the 

time range between 11:00–17:00 hours. Concern-
ing the age of the species housed, the values show 
that piglets at birth have a thermal comfort range 
around 12:00–14:00 hours, from which we can 
infer that they would not require a heating appli-
cation. Piglets of different ages have an adequate 
thermal comfort range between 7:00–21:00 hours, 
from which we concluded that the use of heating 
is not required. For breeding pigs and feeder pigs, 
the records show that they do not have a thermal 
comfort range within the schedule of the mea-
surements because the temperature is higher than 
recommended in each case. Therefore, means are 
required to cool the environment and achieve low-
er temperatures than those presented.

Fig. 1. Temperature behavior inside Pigpen no. 1.

Source: Own elaboration.

Fig. 2. Temperature behavior inside Pigpen no. 2.

Source: Own elaboration.
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For the temperature behavior inside Pigpen 
no. 2, Fig. 2 shows a variation in the time range 
between 7:00–21:00 hours and a predominant 
temperature variation above 25 ºC during the 
day (8:00–20:00 hours) without reaching a maxi-
mum of 33 ºC. As to the age of the species, piglets 
at birth have a thermal comfort range between 
11:00-15:00 hours mainly, for which the applica-
tion of ambient heating processes is not necessary. 
Concerning piglets at the first and fifth weeks of 
age, a thermal comfort range is not available spe-
cifically; therefore, we deduce that in this case, 
an air conditioning process would be needed to 
refresh the environment where they are locat-
ed. For breeding pigs and feeder pigs, a thermal 
comfort range is not available, being necessary to 
continually refresh the environment in the places 
where they are located.

rh behavior inside pigpens
Fig. 3 shows the behavior of rh inside Pigpen  
no. 1. High rh was observed in the first and last hours 
of measurement, with values of 80 % on average 
and 60–70 % at 9:00–10:00 and 18:00–19:00 hours. 
At intermediate hours (11:00–17:00), we noticed 
a significant decrease in rh with values between 
50–60 %. Concerning the ages of the species, for 
all cases, the records on the figure suggest that in 
the time ranges between 7:00–8:00 and 11:00–17:00 
hours, the rh range is not suitable for the species 
and has extreme variations (high rh in the first time 
range, low rh in the second time range).

Fig. 4 shows the behavior of rh inside  
Pigpen no. 2. A trend in behavior similar to that in  
Pigpen no. 1 was observed. However, the measure-
ments recorded some days at some points of the 
housing show a high rh variation at the beginning 

Fig. 3. rh behavior inside Pigpen no. 1.
Source: Own elaboration.

Fig. 4. rh behavior inside Pigpen no. 2.
Source: Own elaboration.
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of the afternoon (15:00 hours). This variation could 
be due to additional factors inside the housing that 
dramatically increase the humidity in the environ-
ment, with a high saturation thereof. Those factors 
could be the high temperatures during the day that 
led to a high intake of moisture and its organic 
response in the animal (urination and perspira-
tion), as well as the possible indoor washing activi-
ties and low aeration of the environment.

For the age of the species, except for points with 
highly saturated air, we observed a behavior very 
similar to that in Pigpen no. 1 for conditions of 
animal welfare by rh. Fig. 4 shows a time range 
with adequate conditions of rh at 8:00–10:00 and 

18:00–21:00 hours, except for the days and points 
at which rh was higher than 80 % (in the time 
range between 16:00–21:00 hours).

hti behavior inside pigpens
Figs. 5–6 show the hti behavior inside the pigpens. 
The results using the equations proposed by [13], 
[14], [30] are concordant, while the calculations 
made using the equation suggested by [29] dif-
fer, being the estimate much higher for the latter. 
According to [34], different equations have been 
proposed for the estimation of this index. Howev-
er, the variation of its results and thresholds was 
adapted to consider areas of thermal stress (nor-
mal, alert, danger, and emergency).

Fig. 5. hti behavior inside Pigpen no. 1. 
Source: Own elaboration.

Fig. 6. hti behavior inside Pigpen no. 2.
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Thom 1958, 1959
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Thus, for [34], the equation proposed by [29] 
must be analyzed with higher thresholds (less than 
75, 75–79, 79–84, and greater than 84, respective-
ly); the figures reflect similar behavior patterns, 
despite the differences in values, with low values 
in the first and last hours of the day and high val-
ues for the central hours. They also state that, for 
different calculation formulas, a value lower than 
68 can be considered as a thermal comfort zone, 
and for all cases, its analysis must include both dry 
bulb temperature and rh. For the case study con-
cerned, the equations proposed by [13], [14], [30] 
are used, analyzing the thresholds proposed by 
[32], as shown in Figs. 5–6.

Regarding the hti behavior, Figs. 5–6 show that 
in both pigpens monitored, the index in question 
oscillates between values included in the alert zone 
(65 < hti < 69) for the time ranges at the beginning 
and end of the records (7:00–9:00, 19:00–21:00), 
while, at the central hours, the measurements 
reflect conditions in danger and emergency zones 

(69 < hti < 73, hti > 73). Of note is that accord-
ing to the appreciations of [34], [35], the results 
obtained using the equations proposed by [13], 
[14], [30] do not reflect risk factors for fatality since 
the hti is not greater than 84.

hbgti behavior inside pigpens
Figs. 7–8 present the behavior of the hbgti for 
the interior of the pigpens monitored. They show 
that, despite the use of different equations, index 
calculations are consistent. Their values reflect the 
same behavior pattern in both pigpens, with low 
values at the beginning of the morning, and some 
increases up to the maximum value at noon (hbg-
ti ~ 80). Then, the values reduced in the afternoon, 
obtaining the minimum value at the beginning of 
the night. Regarding the pig’s age/stage, the results 
demonstrate that most of the time, growing pigs 
and piglets have better welfare conditions, being 
more critical for adult pigs, which have poor wel-
fare conditions (7:00–9:00 and 19:00–21:00 hours).

Fig. 7. hbgti behavior inside Pigpen no. 1.

Buffington et al., 1981
Buffington et al., 1981
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Fig. 8. hbgti behavior inside Pigpen no. 2.

Discussion 
Pigs show maximum performance when housed 
in comfortable thermal environments; the right 
environment is at a temperature range in which 
the thermal regulation processes are minimal [14], 
[49]–[51]. The variation in the indoor tempera-
ture values ​​of pigpens for the time studied (Figs. 
1 and 2) requires environmental control mea-
sures because it is necessary to thermally adapt 
the different spaces appropriately to each age of 
the species concerned [14], [49], [52]. In particu-
lar, there is a critical variable for piglets at birth 
and breeding pigs, especially in lactating sows and 
their newborn piglets, for which it would be nec-
essary to adapt the space so that lactating piglets 
are exposed to high temperatures and adult sows 
to cold temperatures [14], [49], [52]. 

Concerning piglets at birth, they could be at 
risk of death in some cases and delayed devel-
opment in others. For adult pigs (breeding pigs), 
pregnant sows could have miscarriages, and in the 
case of lactating sows, there could be decreases in 
milk secretion caused by the loss of appetite and 
the amount of liquid they evaporate to regulate 
their temperature [53], [54].

As to the variation in rh, when not within the 
appropriate values ​​(Figs. 3 and 4), it affects animal 
welfare together with the increase in temperature 
[49]. In the case of the pigpens analyzed, their inte-
riors have low values ​​of rh within some time rang-
es; so, we infer that the pig at this time experiences 
a skin temperature lower than the ambient tem-
perature, its perspiration evaporates and cools the 
body, which could be considered a favorable effect 
in combination with high temperatures. However, 
for [17], [55], the formation of dust in the housing 
and the dryness of the pig’s airways can produce 
an unfavorable effect. There are also time ranges 
at which rh values increase, meaning that the pig 
experiences a temperature in its skin higher than 
the ambient temperature since perspiration occurs 
slowly, adversely affecting the maintenance of 
body temperature and the intake of food rations 
[53], [56].

The thermal environment not only encompass-
es air temperature and rh but other factors such as 
the effects of solar radiation and airspeed. In this 
regard, [57] states that the combination of tempera-
ture and rh is one of the main determining factors 
of thermal comfort and the general operation of 

Buffington et al., 1981
Buffington et al., 1981
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processes, for which the determination of hti and 
hbgti allows considering these climatic factors as 
a whole. For the hti values ​​obtained, we observed 
that for the days analyzed, the pigs remain in con-
ditions of thermal comfort only in the first hours 
of the morning and at the beginning of the night. 
At central hours, risk states are reached (alert and 
danger), including an emergency condition around 
noon, according to the thresholds proposed by 
[32]. However, the threshold of the normal zone in 
which thermal comfort should be experienced is 
hti < 65. 

The term “thermal comfort” used in this dis-
cussion is described as such because the value of 
hti ~ 68 is accepted for this condition; for values ​​
in the alert zone and up to hti = 72, the animals 
may experience a tolerable average discomfort 
[58]. The results obtained also make it possible to 
highlight that even though the behavior of the hti 
within central hours corresponds to danger and 
emergency zones (hti > 73), fatality events are not 
expected because the hti does not reach a value 
80 or higher, and the premises required for fatality 
defined by [35] are not met.

The hti classifies the behavior of temperature 
and rh in general zones of thermal comfort; none-
theless, it does not allow evaluating the conditions 
for the ages/stages of the animals. For this pur-
pose, this study employs another index, the hbg-
ti, whose behavior is shown in Figs. 7 and 8. The 
behavior of the index proves that piglets and pigs 
at younger ages have better welfare conditions in 
a wide range of hours of the day, while adult pigs 
are exposed to conditions of thermal discomfort. 
[34] states that smaller pigs tolerate higher climat-
ic stress than larger pigs may be due to the higher 
body temperature in small animals. In the partic-
ular case of adult pigs, they are more susceptible to 
heat stress due to their difficulty in cooling them-
selves through sweat, the presence of a layer of adi-
pose tissue, and a high percentage of lean muscle 
mass that contributes to increasing basal thermal 
production, as explained by [59].

A joint analysis of the climatic factors recorded 
(air temperature and rh) and climatic stress indi-
ces (hti and hbgti) show a consistent behavior, 
where the critical values of such indices occur for 

critical temperature conditions. rh (higher tem-
perature and lower rh) was as expressed by [60], 
who describes how the isolines of thermal stress 
(evaluated from hti) correspond to inverse rela-
tionships between air temperature and rh.

The monitoring of thermal stress that reflects 
thermal comfort suggests that these conditions 
compromise a variety of production parameters in 
the pigs housed in the pigpens studied, including 
growth, carcass composition, and reproduction. 
An extensive explanation of each parameter could 
be given, but it goes beyond the purpose of this 
paper.

A general discussion leads to establish that pig 
production should be carried out mainly in flat 
topographic areas with slightly warm climates to 
guarantee adequate thermal comfort, with tem-
peratures ranging between 18 and 27 °C that are 
suitable for pig development [10], [61], [62]. On the 
other hand, climate change and global warming 
have affected the climatic history of tropical areas, 
giving rise to more prolonged droughts and high 
temperatures that directly and indirectly affect 
pig production, such as high mortality, lower feed 
consumption, and low weight at the end of the first 
years of age [63]–[66].

Conclusions
The behavior of climatic variables such as air tem-
perature and rh within two pigpens has been 
studied. These pigpens are special-use buildings 
that are located in a hot altitude zone, with which 
their indoor thermal behavior will be subject to 
high-temperature values and creates unfavor-
able conditions in combination with rh values, 
as occurred in various time ranges. The research 
verified (data not shown in this document, which 
are available in [47]) that in the exterior of the 
pigpens, the temperature conditions are higher; 
therefore, the pigpens have a thermal resistance 
response due to its construction configuration, 
building materials, and ventilation spaces. How-
ever, the geographical location still affects the cli-
mate inside the pigpens.

The analysis of the thermal response shows 
that the ages corresponding to piglets at birth 
and breeding pigs must have spaces with air 



92

L. O. González-Salcedo ■ F. A.Marmolejo-Villanueva  

■ D. A. Quiroz-Morán ■ K. A. Ospina-Trujillo ■ R. Malagón-Manrique

Revista Ciencia e Ingenieria Neogranadina  ■  Vol. 30(2) 

conditioning within specific time ranges. About 
piglets at birth, space heating will be required to 
maintain constant temperatures around 30 ºC, 
while in the case of breeding pigs, the spaces must 
be cooled to maintain temperatures around 15 ºC. 
Maintain dual environments for lactating sows 
and their newborn piglets should be taken into 
consideration. The physical conditions of the mon-
itored pigpens show that they need to be modern-
ized with controlled environment systems.

As a general conclusion, monitoring physi-
cal facilities to characterize their indoor climatic 
environment using criteria that combine air tem-
perature and rh is an essential tool for planning 
pig production in facilities with confined condi-
tions. This tool allows making the best decisions 
to obtain the maximum performance during the 
production process and raising the pig in a techni-
fied way, in both cold and warm climates found in 
the Colombian territory.
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